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FOREWORD 
"New Perspectives in Forestry" is a recently coined 

term that describes the need for holistic approaches to 
forest management practices. It recognizes the broad 
range of resources that must be accounted for in forest 
management activities. Forest managers have long recog
nized this need and have responded accordingly-to a 
lesser degree in forests where a single resource value 
predominates and to a greater degree in forests where the 
various resource values are about equal. However, in 
nearly every case, the knowledge base needed for holistic 
management is incomplete and not readily available to 
those who must make the tough management decisions. 
This has particularly been the case for those ecosystems 
whose resources have had little demand in the past but 
whose values are rapidly being recognized. Whitebark 
pine ecosystems fit that definition and were the subject 
of a preliminary workshop February 24, 1987, and of a 
major symposium March 29-31, 1989, at Montana State 
University, Bozeman. This proceedings is a product of the 
1989 symposium "Whitebark Pine Ecosystems: Ecology 
and Management of a High-Mountain Resource." 

This symposium explored the ecology and management 
of high-mountain ecosystems of western North America 
where whitebark pine and its associated flora and fauna 
predominate-a subject of rapidly emerging recognition 
and importance. This was the first symposium that ex
amined in depth these fragile high-mountain areas so 
important for their total complement of resource values. 
Specific objectives of the symposium were to ferret out 
and present the best information available for these rela
tively unexplored forests-forests that harbor the grizzly 
bear, mountain sheep, and elk; that provide late-season 
water for the valleys below; that provide expansive views 
and solitude for the high-mountain visitor; and, to a lesser 
extent, provide some of the wood products for North 
America. 

Some striking similarities to European and Asian eco
systems were pointed out, and we in North America can 
learn much from our colleagues who research and manage 
the ecosystems in Eurasia. While our high-elevation 
ecosystems in North America have seen little occupancy 
and use to date, those in Eurasia have a long history of 
use and abuse as pointed out by Drs. lves, Holtmeier, 
Lanner, and Ross in their papers. Much of what is 
learned there will likely be applicable in North America. 

Happily, far more information was available about 
whitebark pine ecosystems than we envisioned at the 
outset of planning for this symposium, and the 52 papers 
and 14 poster synopses document that fact. About 150 
people attended all or part of the symposium and 25 went 
on the postsymposium field trip into whitebark pine for
ests at Big Sky, MT. 

The symposium program consisted of five major ses
sions: (1) High-Mountain Resources of the World, (2) 
High-Mountain Resources of North America, (3) Ecology 
ofWhitebark Pine Forests, (4) Management Implications, 
and (5) Where Do We Go From Here? 

The symposium was sponsored by the Forest Service, 
U.S. Department of Agriculture; National Park Service, 
U.S. Department of the Interior; Montana State Univer
sity; and the Society of American Foresters, with designa
tion as a SAF Regional Technical Conference. 

The symposium was planned by: 

Co-Chairmen: 

Wyman C. Schmidt, Project Leader and Research 
Silviculturist, Intermountain Research Station, 
Bozeman,MT 

Richard Kracht, Forest Silviculturist, Gallatin National 
Forest, Bozeman, MT 

Coordinators: 

Steve Arno, Research Forester, Intermountain Research 
Station, Missoula, MT 

Kathy Hansen-Bristow, Associate Professor of Geography 
and Earth Sciences, Montana State University, 
Bozeman, MT 

Wendel Hann, Regional Ecologist, Northern Region, 
Forest Service, Missoula, MT 

Dave Mattson, Wildlife Biologist, Interagency Grizzly 
Bear Team, Bozeman, MT 

Melanie Stocks, Events and Promotion Specialist, 
Montana State University, Bozeman, MT 

Tad Weaver, Plant Ecologist, Biology Department, 
Montana State University, Bozeman, MT 

I want to acknowledge the planning committee mem
bers, and the organizations that supported them, for their 
imaginative, enthusiastic, and dedicated efforts in the 
planning and conduct of this symposium. Also, I wish to 
acknowledge Gina Gahagan who designed the logo; 
Stephan Custer, Robert Breazeale, Laurence Lassen, 
Carter Gibbs, Robert Gibson, and Stewart Coleman who 
served as moderators; and a particular thanks to Kathy 
McDonald who processed all of the papers for this 
proceedings. 

The world faces many environmental problems with 
acid rain, global warming, air pollution, and other factors 
affected by human activities. There are strong indications 
in the world literature that high-mountain ecosystems are 
particularly vulnerable to these disturbances and may 
indeed prove to be a sensitive monitor of subtle changes 
in the environment. The knowledge presented at this 
symposium should prove to be a springboard for acceler
ated research and intelligent management of these high
mountain ecosystems. 

-WYMAN C. SCHMIDT 
Project Leader and Research Silviculturist 
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High-Mountain Resources of the World 

Wyman C. Schmidt 
Session Coordinator 

The papers in this section examine worldwide ecosystems that are 
similar to the high-mountain whitebark pine ecosystems of North 
America, providing an international perspective at a time of increasing 
concerns with changes in global environments. The primary purpose 
is to learn from the research and management of "Old World,. ecosys
tems that have had many centuries of use and abuse, and attempt to 
capitalize on the knowledge gained there to better manage high
mountain ecosystems of the ~~New World,. in North America. Papers 
in this session dealt with European and Asian findings and provided a 
glimpse into the future of high-mountain biological research in North 
America. 



IDGH-MOUNTAIN FORESTS OF 
THE WORLD: ENVIRONMENTAL 
SIMILARITIES AND RESOURCE 
USE ISSUES 

Jack D. Ives 

ABSTRACT 

The high-mountain forests of the world display remark
able similarities, at least from a physiognomic point of 
view (the inner tropics excepted). The lapse rate, in terms 
of its impact on the length and warmth of the growing 
season, is the most significant control on the upper limits 
of growth of these forests for any particular l~titude. · The 
principal environmental characteristics include: low tem
perature, high radiation receipts, azonalsoils, high gradi
ents, and potential slope instability, as well as relative 
inaccessibility. 

Over much of the "Western~ world inaccessibility and 
low growth rates of these forests have reduced their direct 
economic importance; dependency on fuelwood virtually 
ended some decades ago. This is not the case in Third 
World countries, where the manner of over-exploitation 
by subsistence peoples is closely following that which was 
typical of the Alps, for instance, throughout the Middle 
Ages and into the first decades of the present century. 
The most important resources of these forests relate to rec
reation and wildlife reserves, watershed management, and 
defense against mountain hazards. Efficient forest man
agement is often hindered by the persistence of anachronis
tic forest laws that stand in urgent need of reappraisal 
and adjustment. Hand in hand with this, is the need for 
a much fuller understanding of two aspects of the dynam
ics of the mountain forest environment: (1) the history of 
deforestation (and natural reforestation); and (2) the ac
tual physical impacts of deforestation, and especially the 
perceived distant downstream impacts. 

ENVIRONMENTAL SIMILARITIES 
The physical environment and associated resources of 

the world's high-mountain forests embrace an enormous 
topic of great complexity. In detail, upper montane forest 
belts and their forest-alpine tundra ecotones display con
siderable variation in terms of their floristics, topography, 
climate, soils, and in the histories of their resource use, as 
well as in their current status. Nevertheless, some useful 
generalizations can be made for the purpose of this confer
ence on the whitebark pine ecosystems. 

PapeT presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

Jack D. lves is President, International Mountain Society and 
Professor and Chairperson, Department of Geography, University of 
California, Davis, CA 95616. 
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Temperature constraint is one common denominator 
of the world's upper montane forest belts. It is necessary 
to consider the progressive reduction in the length and 
warmth of the growing season with increasing altitude. 
On a global scale this "standard" lapse rate is the ulti
mate control on the altitude to which tree species can 
maintain themselves. It displays itself in simplified form 
by the regular reduction in the elevation of the highest 
surviving trees from the subtropics to polar latitudes 
(fig. 1). The 10 °C mean isotherm for the warmest month 
is frequently used as a surrogate for timberline but, as 
is generally understood, this isotherm conceals a great 
amount of complexity. And even this gross simplification 
breaks down between the tropics where, across the 
Equator in its extreme form, summer occurs every day 
and winter every night. In the inner continental interi
ors, such as the eastern Pamirs, and the Hoggar and 
Tibe~ti of the southern Sahara, extreme aridity prohibits 
establishment of any form of mountain forest belt. None
theless, on a world scale, the work of Arno and Habeck 
(1972), Hansen-Bristow and lves (1985), Tranquillini 
(1979), Troll (1973), Wardle (1974), and others, can be 
combined by relating upper timberline in some very broad 
manner to temperature-in effect, the length and warmth 
of the growing season. This leads to a low latitude-high 
altitude to high latitude-low altitude energy continuum. 
A caution is needed even here, however, in that some tree 
species have the ability to live a very long time, especially 
those equipped to endure wind deformation and to repro
duce assexually by layering. Thus it is necessary to be 
aware that the actual upper tree species limit, and the 
forest-alpine tundra ecotone as a whole, have the ability 
to withstand a degree of climatic vicissitude and may not 
necessarily be in synchroneity with the present climate, 
however that may be defined (lves and Hansen-Bristow 
1983). This has important implications for high-altitude 
forest management. 

Any consideration of the functioning and manipulation 
(resource use) of high-mountain forests must relate to the 
temperature constraint on forest growth at altitude, 
which has several vital consequences. First, growth rates 
are progressively reduced with increasing altitude. In 
conjunction with steep slopes, however, this restraint is 
associated with azonal soils, frequently oflow nutrient 
value. Thus, ecosystem manipulation based on short
term economic considerations can result in long-term 
environmental and economic losses. At issue here is 
the potentially very long recovery period, if recovery 
is at all possible, following disturbance. Witness the 
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Figure 1-Giobal cross-section of the alpine regions, showing the highest summits, snowline, and 
timberfine (lves and Barry 1974; partly after Swan 1967). 

lack of success in restoring timberlines in the Alps, de
spite much research and great expense in high-altitude 
planting. 

These considerations are of particular value where cli
matic climax forests prevail-in other words, in the com
paratively little disturbed high-mountain forest belts of 
North America. For much of the rest of the world upper 
timberlines have been extensively disturbed by human 
intervention, sometimes over thousands of years. This 
leads into the issue of the associated resources of the 
high-mountain forest belts: an issue beset with value 
judgments and resource-use conflicts. 

RESOURCE USE ISSUES 
Societies have undergone significant changes in the 

values placed on high-mountain forests. These changes 
have occurred over both long and short periods of time, 
and they also occur in space, in the sense that very differ
ent sets of values are placed on montane forest resources 
in different parts of the world today. 

These changes in the value placed on high-mountain 
forest resources relate to the second common denominator
relative inaccessibility. In subsistence societies, such as 
the Alps of the Middle Ages, and the Himalaya and Andes 
of today, the forests both were, and are, closely integrated 
with subsistence living. Thus they provided multiple 
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subsistence products, fuel wood not necessarily being the 
most important, together with a vital array of secondary 
products, such as wild game, berries, fruit, mushrooms, 
and open grazing for domestic animals. In many moun
tain areas it was the growing pressure on grazing land, 
to provide for increases in human populations, that led 
to extensive, even catastrophic, lowering of the upper 
timberlines. This is particularly well documented for 
the Alps. 

From the perspective of present management of high
mountain resources in many developing mountain coun
tries (the so-called Third World) a serious problem has 
arisen. This results from conflicts between aid agencies 
and governments, and mountain subsistence communi
ties, in terms of how the forests are perceived. There is 
a "Western," or Eurocentric, view that regards the forests 
as a "sustainable resource," whereas many, although by 
no means all, mountain subsistence communities regard 
them as a "convertible resource." Thus, as long as moun
tain farmers view their forests as an opportunity for ex
pansion of arable fanning through forest clearance, it 
would appear that grandiose schemes for reforestation 
imposed from "outside" will have little chance of success. 

The remainder of this paper will be devoted to a dis
cussion of some of these issues. Brief case studies are 
presented to illustrate the complexity of high-mountain 
resource use issues on a global scale. 



The Alps 
As already mentioned, the Alps have experienced mas

sive forest manipulation over many centuries. Deforesta
tion of the upper montane forest belt, especially on adret 
(sunny) slopes, has resulted in progressive lowering of the 
timberline between 200 and 600 m (Tranquillini 1979). 
Periodic natural disasters, such as snow avalanches, 
mudflows, landslides, and floods, were recognized long 
ago to be related to unwise deforestation. 

Several, if intermittent, attempts were made to control 
the loss of forest cover, but with limited success. Never
theless, continued environmental deterioration resulted 
in the initiation of a series of forest laws in the closing 
decades of the last century that have been strengthened 
progressively up to the present (Price 1988). Switzerland, 
for instance, has a more extensive forest cover today than 
it had 90 years ago. However, during these last nine 
decades, the Swiss in particular, and residents of the en
tire Alpine region in general, have radically changed their 
perceived priorities of various upper montane forest uses. 
Subsistence use and export of commercial timber have 
virtually ceased. Esthetics, watershed management, and 
protection against natural hazards have come to dominate. 

The irony is that current forest management is severely 
hindered by what were originally progressive forest laws 
and what are now anachronisms. The situation is made 
the more complex by the continued expansion of tourism, 
especially winter sports, and second home construction, 
and by the recent forest dieback, at least in part associ
ated with atmospheric pollution. It is a remarkable fact 
that the cost of harvesting timber in the Alps is so high 
today that Finland has become a major source oflumber 
for Swiss mountain chalets. 

The Rocky Mountains 
Price's (1988) comparative study of the Swiss and 

Colorado forest laws and their impacts brings to light 
a number of fascinating points. The forest laws of the 
United States developed along lines very similar to those 
of Switzerland, both in terms of objectives and timing. 
More specifically in Colorado, pressure on the montane 
forests in the latter half of the last century derived pre
dominantly from the mining boom and widespread firing, 
both natural and deliberate; this caused extensive official 
concern eventually resulting in enactment of a series of 
forest laws. 

Once again, however, the majority of forest users today 
perceive the forests of the Rocky Mountains as valuable 
primarily for recreation, watershed management, wilder
ness, and wildlife preservation. There remain serious 
conflicts, nevertheless, in terms of ski resort and second 
home development and an economically marginal, but 
subsidized, timber industry. The controversy over fire 
suppression, at least in part, must be regarded as being 
exacerbated by now anachronistic forest laws. 
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The Nepal Himalaya 
The World Bank (1979), many individuals (Eckholm 

1976; Myers 1986), and many other agencies, have reiter
ated so often that Nepal will have no accessible forest 
cover by the year 2000 that this view of impending envi
ronmental disaster has had a momentous impact on for
eign aid policy. The issue is a particularly fascinating 
one because a series of virtually "sacred" truisms has been 
used to convince governments, United Nations agencies, 
non-government organizations, and the conservationist 
public at large, that the "ignorant" and overly fecund 
mountain subsistence farmer, because of the supposed 
extensive deforestation, is responsible for massive damage 
to the life-support base of several hundred million people 
on the Ganges and Brahmaputra plains. This concern 
reached a crescendo in September 1988 when reportedly 
unprecedented flooding in Bangladesh, which put more 
than 60 percent of the entire country under water, was 
blamed in large part on the irresponsible mountain 
farmer. The Government of Japan is reportedly offering 
to collaborate with the United States and Bangladesh to 
reduce, or even prevent, future flooding through a series 
of massive infrastructural interventions, entailing the 
expenditure of billions of dollars. This would include 
extensive reforestation in the Himalaya, major head
stream storage reservoirs, barrages, main channel canali
zation, and construction of artificial levees. 

Unfortunately, the assumptions upon which such albeit 
preliminary policy formulation is based are at least 
largely unproven, or even totally false. This highly 
controversial statement is too complicated for adequate 
discussion here. It is the topic of a new book-"The 
Himalayan Dilemma: Reconciling Development and 
Conservation" (lves and Messerli 1989). Yet some general 
statements are warranted. 

Our claims concerning unproven, even false, assump
tions are based upon an array of individual, small-scale 
studies that led to the serious questioning of the validity 
of many widely assumed cause-and-effect relationships 
that go to the heart of any attempt to evaluate there
source management approaches to high-mountain forests. 

In many areas of the Himalaya, where reasonably reli
able information is available, it appears that deforestation 
has not been a dramatic post-1950 phenomenon associ
ated with the population explosion, as is so often stipu
lated (fig. 2). Deforestation in the Middle Mountains of 
Nepal (the region of major population concentration 
throughout history), and in many other parts of the 
Himalaya, was well advanced by the beginning of the 
18th century and accelerated due to the imposition of 
government policy after the militant unification of Nepal 
under the House of Gorkha in 1769. Rapid conversion of 
mountain forest land to terraced agriculture was set in 
motion by the taxation structure, and continued through
out the last century. It appears, however, that by the 
1930's most convertible forest land had been converted; 
the last 50 years have seen little change in forest area, 
although considerable depauperation of the remaining 
forest has occurred (Griffin 1988; Mahat and others 1986). 



There is little reliable evidence to causally link defores
tation, soil erosion, and landslide incidence (lves and 
Messerli 1989, chapter 5), and there is even less support 
for the widely held assumption that land-use changes 
in the mountains have had serious impacts on the plains 
(lves and Messerli 1989, chapter 6) (fig. 3). It has been 
claimed that Bangladesh is flooded because it periodically 
rains a lot (Hamilton 1987)! This seemingly outrageous 
statement demands the introduction of a number of 
others: 

1. Deforestation on steep mountain slopes, particularly 
in tropical and subtropical regions, does not necessarily 
lead to increased soil erosion and slope instability-what 
rather is at issue is the manner of forest cutting and the 
alternative uses to which the cleared land may be put 
(fig. 4). 

2. Despite widespread claims to the contrary, general 
Third World mountain deforestation is not a recent 
phenomenon. 

3. Flooding and siltation on the flood plains of great 
mountain rivers, such as the Ganges, the Brahmaputra, 
and the Yangtze, are largely inevitable natural processes 
that have occurred throughout geological time. Recent 
deleterious impacts, if influenced to any extent by human 
activities, are more likely due to human intervention on 
the flood plains themselves, rather than to land-use 
changes in the upper catchments. 

4. Deforestation is not necessarily "BAD." 
5. Development of mountain resources requires sensi

tive understanding of the desires, objectives, and indige
nous environmental knowledge of the local people. 

Figure 2-Sindhu Palchok District, Nepal Middle Mountains, near Chautara. Is 
deforestation really bad? The densely wooded steep slopes in the distance give 
an indication of what the foreground would have looked like before human impacts 
initiated in the 18th century. Now these magnificently constructed and tended 
khet, or irrigated, terraces grow multiple crops of paddy rice and winter wheat. 
They also represent an excellent soil conservation approach to steep mountain 
slopes without outside aid or interference. 
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Figure 3-(A) Photograph from the Trisuli Road below 
Kakani, in the Nepal Middle Mountains. The landslide 
occurred during the preceding monsoon season, 
(1978) and was regarded as exceptionally unstable 
and likely to enlarge. (B) The same view as shown 
in (A), but taken in October 1987. It is now almost im
possible to determine the location of the landslide and 
it is unlikely that, without access to photo (A), the visit
ing •expert• would ever understand the land-use his
tory of this site. Several houses, visible in A, have 
been moved or pulled down and the forms of many 
of the undamaged terraces have changed markedly. 
This is a very dynamic landscape. 



The Hengduan Mountains, 
Northwestern Yunnan 

Many of the dire predictions for environmental collapse 
ascribed to the Himalaya have been used to categorize 
the high-mountain and plateau forest lands of southwest 
China. In 1985, 10 weeks were spent undertaking de
tailed biogeographic and geomorphic research in the 
Yulongxue Shan (Jade Dragon Snow Mountains) of north
western Yunnan (Ives 1985; Ives and Messerli 1989). 
Somewhat similar conclusions were obtained to those 
outlined for the Nepal Himalaya. In this case it was con
cluded that much of the widespread deforestation of the 
Yunnan Plateau, attributed to Chairman Mao Tsedung, 
the Great Leap Forward, and the Cultural Revolution, 
actually represents centuries, if not more than a thousand 
years, of progressive conversion of forests to agriculture. 
In the higher mountains a very complex situation was 
at least partially unraveled. Replication of high-quality 
photographs, taken in the 1920's and 1930's by Dr. Joseph 
F. Rock and kindly made available by the National Geo
graphic Society, facilitated direct comparisons offorest 
cover over a 50- to 60-year period (fig. 5). In some specific 
localities forest cover was more luxurious and forest can
opy more complete in 1985 than in Rock's time; in other 
localities there was little discernable difference (fig. 6); 
and in yet others serious and recent deforestation ha d 
occurred (figs. 7 and 8). In part, this can be explained by 
differences in relative accessibility, but it is also related 
to management policies oflocalleaders (fig. 9). 
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Figure 4-This hillside, Lalitpur outside the 
Kathmandu Valley, was previously photographed 
from the air in 1981 by Brian Carson. His picture 
showed more than a hundred landslides caused 
by torrential rain. Many of the landslide scars still 
can be seen but only very faintly. They are 
largely revegetated and careful inspection is 
needed. A casual visitor to the area would 
probably notice nothing unusual. 

These general remarks are in no way intended to indi
cate that China does not face serious land-use problems 
in the important forest region of the southwest. Rather 
they support the claim that there is a need for develop
ment of a much longer historical perspective. The lesson 
to be learned, once again, is that mountains, and moun
tain peoples, are extremely diverse from region to region 
and that generalization and simplification are fraught 
with the risk of producing inaccurate conclusions. In 
addition it raises a challenge to the tendency for over
dramatizing environmental catastrophe without first 
obtaining reliable data. 

CONCLUSIONS 
What can be learned from the foregoing, admittedly all 

too brief, commentaries on widely scattered areas of the 
high-mountain forests of the world? How is this relevant 
to concerns about the ecology and management of the 
whitebark pine ecosystems? 

It would seem evident that we are still lacking high
quality, replicable information about high-mountain 
forest ecosystems, and this is likely as true for Montana 
as it is for the Alps and the Himalaya. It follows that, 
in view of the limited available resources for effective re
search, a rigorous intellectual approach is needed for the 
identification of vital gaps in knowledge so that there
search resources that are available can be used most 
effectively. A corollary is tha t a much more efficient sys
tem for sharing information and experience is required. 
A succession of conferences to follow this one should be 
seriously considered. 
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Figure 5-(A) Photograph taken in 1928 by Dr. Joseph F. Rock, Lijiang autonomous 
county, northwestern Yunnan. The time is postmonsoon and the doline is partly filled 
with water forming a shallow lake; it is usually dry by the following spring. Note the 
rather poor condition of the forests, both in the foreground, and especially on the steep 
slope on the right, and on the opposite side of the lake. (Courtesy, Dr. Barry C. 
Bishop, National Geographic Society). (B) Replicate of photograph shown as (A) 
taken in April1985 by the author. The lake is now dry because of the season. Note 
the closed crown cover on the steep hillslope to the right. Also, despite the consider
able distance, it is clear that the forests on the far side of the lake are more extensive 
and more luxuriant than they were in 1928. 
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Figure 6-(A) The east face of the 
Yulongxue Shan, northwestern Yunnan, 
as seen by Dr. Joseph F. Rock in 1928. 
Rock's camp is situated on the far side 
of the karst lake. The forest cover in the 
middle ground is somewhat open and 
immature, being cut over and fired from 
time to time. (Courtesy Dr. Barry C. 
Bishop, National Geographic Society). 
(B) The same scene as that shown in 
(A), but taken in April 1985 by the au
thor. The lake is now dry. The con
spicuous rock in the foreground greatly 
aided the location of Rock's camera po
sition. The forest in the middle ground is 
in approximately the same condition 
although most of the trees are only 25 to 
40 years old (based on tree ring count); 
the area is being actively harvested 
today. Most of the trees of Rock's time 
were subsequently felled. 



Figure 7-Hengduan Mountains, northwestern Yunnan, People's Republic of China. With the 
recent (post-1979) improvement in housing, additional pressures have been put on the forests 
nearest the villages. This view in Lijiang autonomous county looks across the Jinsha Jiang 
(Yellow River) onto heavily impacted mountain slopes. Note the numerous skid trails, some 
converting into gullies, with the more inaocessible slopes retaining a much fuller forest cover. 
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Figure 8-Large sections of the Yunnan Plateau 
have been totally deforested and soil erosion has 
proceeded to such an extent that the C-horizon has 
disappeared exposing the bedrock. This scene is 
traversed by the main road between Kunming and 
Dali, which is lined with eucalypts. Only on sheltered 
valley floors has enough soil been preserved to 
permit agriculture. Natural climax vegetation would 
be closed-crown monsoon rain forest. This defores
tation, however, occurred hundreds of years ago, if 
not more than a thousand. 

Figure 9-A once densely forested section of the 
high Yunnan Plateau between the Jinsha Jiang 
and the Mekong trench. Lack of coordination 
between loggers and transport authorities resulted 
in many square kilometers of logs being left on the 
ground to rot. In contrast to figure 8, this is mod
em, and very destructive, deforestation. 



It also seems arguable that much that pervades the 
popular press, as well as some of the scientific literature, 
may be based upon misconceptions, false assumptions, 
even manufactured data. There is the need to challenge 
unproven assumptions in the context of good research 
that should lead to better management of high-mountain 
ecosystems. Mountains, even those without indigenous 
cultures of many centuries standing, are some of the 
world's most complex biophysical systems. Therefore, 
superficial generalization can lead to ill-founded conclu
sions, and in turn, misconceived management policies. 
It follows that the mountain researcher has a responsibil
ity to enter the political arena and help correct false im
pressions that are being generated among the public at 
large. 

The earlier remarks, suggesting a lack of relationship 
between deforestation and soil erosion, implying that 
deforestation is not necessarily "BAD," therefore, it might 
be "GOOD," are not intended as relevant to the whitebark 
pine ecosystems. What I would urge, however, is that, in 
our evaluation of high-mountain resource management 
issues, we must avoid mixing value judgments, old wives' 
tales-or "sacred cows," if you will-and scientifically 
based conclusions. But we must also recognize that 
society's values change with time and vary widely from 
one part to another of our present-day world. There is 
a need to demonstrate, unemotionally, that forest laws, 
or land management regulations in general, frequently 
do not keep pace with the changing values; this in tum 
has important implications for effective management. 
Additionally, the prospects for long-term environmental 
and economic losses that can ensue from unsound ma
nipulation of these cold-stressed mountain forest ecosys
tems must be presented forcefully to the decision makers 
concerned. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Lawrence McHargue}-ln view of some simi
larities in both terrain and climate, are any of the pines 
of the Central Asian mountains as long-lived as Pinus 
spp. around the Great Basin? 

A.-I have no direct information with which to answer 
this question, nor have I been able to find anything in the 
literature. But now that the Central Asian mountains are 
becoming much more accessible, it would be most inter
esting to find out. 

Q. (from Ray Brown)-You mentioned that one of the 
best things we in western countries could do for people 
in high-mountain regions of the Third World would be to 
leave them alone. However, we have learned a great deal 
about such things as revegetation techniques for alpine
subalpine disturbances, natural successional processes in 
these life-zones, and methods of selecting adaptive native 



plant species for revegetation practices. Don't you think 
we could initiate a program wherein we, on both sides, 
could demonstrate and teach what we have learned, and 
also learn from them new approaches and techniques? 
If not, why not? 

A-1 have to agree that such a course ought to be very 
worthwhile. I am not so much dedicated to the isolation 
of mountain minority groups in the Third World, as to the 
need to treat them, both collectively and individually, as 
equals. In such circumstances the learning process would 
be two-way. Foreign aid would then progress from being 
a charity (a humiliating experience) to gift-exchange (an 
elevating experience). As "mountaineers" we should be 
enthusiastic about the latter! My remarks that provoked 
this eminently reasonable question were essentially a 
reaction to the nearly pervasive imposition of "outside" 
and "appropriate" (so often inappropriate) technologies 
that have frequently caused more harm than good, de
spite the sincerity and goodwill associated with them. 

Q. (from Harry Hutchins)-How can we work with local 
cultures to improve subalpine forests in areas such as 
Tibet and Yunnan, China? 

A-I think tqat there is a good chance to work with 
local cultures in Tibet and Yunnan, despite the current 
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political difficulties. It first would be necessary to achieve 
a sensitive collaboration on two fronts, both with the 
Chinese authorities and the local people. I think that 
the former would be relatively easy in many situations; 
the latter more difficult. However, the recent work of 
Drs. M. Goldstein and C. Beall, as anthropologists work
ing with the nomads on the Tibetan Plateau (see National 
Geographic Magazine, June, 1989) is cause for consider
able optimism. I am implying here that much of the 
"environmental" problem is political at several levels; it 
is necessary to break through the communication difficul
ties and to find a truly appropriate approach. 

Q. (from Tad Weaver)-Whyhave agricultural terraces 
been deserted in the Soviet Pamirs? Is there similar de
sertion elsewhere? 

A-The abandonment of agricultural terraces in the 
Soviet Pamirs was primarily a 1930's to 1960's phenome
non. During this period marginal mountain peoples were 
attracted to the commune and state farms of the lowlands 
in response to the labor shortage with the development 
of irrigated agriculture (cotton and fruit). Widespread 
mountain depopulation occurred. Since 1986 a reverse 
flow has developed, the impacts of which will be extremely 
interesting to follow. 



BIOLOGY, TAXONOMY, EVOLUTION, 
AND GEOGRAPHY OF STONE PINES 
OF THE WORLD 

Ronald M. Lanner 

ABSTRACT 

Stone pines (Pinus subsection Cembrae) are morpho
logically defined by wingless seeds and cones that remain 
closed at maturity, retaining their seeds within. These 
characteristics have been attributed to selection by the 
nutcracker (Nucifraga spp.), which caches seeds of these 
pines, causing them to regenerate from subsoil caches. 
Arguments are presented in support of retaining Pinus 
pumila Regel and P. albicaulis Engelm. in Cembrae. New 
data are presented on seed retention in P. koraiensis cones. 
Stone pines are shown to have similar environmental 
tolerances and successional roles. 

section STROBUS 

subsections -STROBl CEMBRAE 
strobus 
monticola 
lambertiana 

**flexilis 
**strobiformis 
* ayacahuite (in part) 
peuce 

**armandii 
griffithii 
dalatensis 

* parviflora (in part) 
morrisonicola 
fenzeliana 
wangii 

**albicaulis 
**cembra 
**koraiensis 
**pumila 
**sibirica 

STROBUS 

INTRODUCTION 
The Stone pines are those species of section Strobus 

that have five-needled fascicles, wingless seeds, and cones 
that remain closed at maturity (subsection Cembrae 
Loud.) (Little and Critchfield 1969). They are whitebark 
pine (Pinus albicaulis Engelm.), Swiss stone pine (P. cem
bra L.), Korean stone pine (P. koraiensis Sieb. and Zucc.), 
Japanese stone pine (P. pumila Regel), and Siberian stone 
pine (P. sibirica Du Tour). The uniting of these species 
into a group or subsection has been common practice since 
Shaw did so in "The Genus Pinus" (1914). It is not with
out controversy, as we shall later see. 

Winglessness is a common trait in the subgenus 
Strobus (fig. 1), though it is rare among the hard or yellow 
pines of subgenus Pinus. 

section PARRY A 

subsections 
~r---.___ 

BALFOURIANAE CEMBROIDES 
balfouriana **cembroides 
aristata **edu/is 
longaeva **juarezensis 

GERARDIANAE 
*gerardiana 
*bungeana 

**monophylla 
**culminicola 
**maximartinezii 
**pinceana 
**nelsonii 
**johannis 
.... discolor 
**remota 

Figure 1-Distribution of wingless-seeded(**) and nearly wingless-seeded(*) pines within subgenus Strobus. 

Paper presented at the symposium on Whitcbark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31,1989. 

Ronald M. Lanneris Professor, Department of Forest Resources, Utah 
State University, Logan, UT. 
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The "indehlscence" of cones (Little and Critchfield 
1969; Shaw 1914) is, in contrast, absent from all other 
pine subsections, and it is thls characteristic that really 
sets the stone pines apart. 

It sets them apart not only in the taxonomic sense, as 
a diagnostic morphological feature, but in a more pro
found sense as well. This strange cone, and the wingless 
seeds withln, provide an essential link to those corvids of 
the genus Nucifraga-the nutcrackers-that have played 
a central role in the biology, taxonomy, evolution, and 
geography of these fascinating pines. That is a very long 
story, and one that cannot be comprehensively covered in 
this paper. Instead, I will discuss just a few of the issues 
regarding the Cembrae that have received relatively little 
attention, with the objective of showing the essential 
coherence of thls group of species. 

BIOLOGY 

In the only detailed report on the behavior of stone 
pine cones, Lanner (1982) showed that many undisturbed 
albicaulis cones remain on the tree and retain their seeds 
at least until the following July, long enough for the seeds 
to become inviable. The cone scales become loose in the 
fall, but do not part enough to allow seeds to fall out. 
Failure of the scales to reflex is apparently due to the 
absence of a layer of coarse tracheid strands beneath the 
adaxial surface-as first pointed out by Shaw (1914)
which, in other pines' cones, shrinks longitudinally, pull
ing the scale open (Harlow and others 1964). The absence 
of that tissue also makes the cone scales brittle and easy 
to break off, despite the formidable appearance lent by 
their massive apophyses. When they are broken ofT, the 
fracture zone is usually just distal to the midpoint of the 
subtended seeds, so most of the seeds remain in place, 
held in the "core" of the cone. Thus scale removal displays 
their seeds to the animal that removes the scales (Lanner 
1982). These morphological and anatomical traits (fig. 2) 
facilitate the harvest and dispersal of albicaulis seeds by 
Clark's nutcracker (Nucifraga columbiana Wilson), as 
described in detail by Tomback (1978). Prior to ripening, 
the cones are pulpy, and can be pecked apart by nutcrack
ers feeding on the immature seeds. 

The visibility of exposed stone pine seeds may be 
enhanced by conspicuous dark-brown to black markings 
(about 3 by 4 mm) on the hilum. These prominent 
"eyes" are not found in albicaulis, but occur on seeds of 
koraiensis from Japan (fig. 3), sibirica from Symansky 
Pass, Siberia, and cembra from the Austrian Alps. 
Sketches by Saito (1983a; 1985) show them in Japanese 
pumila as well. 

Following harvest, nutcrackers cache many whltebark 
pine seeds in the soil, allowing those not later recovered 
or destroyed by predators to germinate. Thus the cone 
characteristics of albicaulis help ensure its regeneration. 
In a comparative study that assessed the role of nutcrack
ers and other animals in albicaulis regeneration, resident 
mammals and birds other than nutcrackers "did not have 
the requisite behaviors to systematically disperse or es
tablish whltebark pine, and the pine was therefore de
pendent on the nutcracker for its regeneration" 
(Hutchlns and Lanner 1982). 
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Figure 2-Mature Pinus albicau/is cones that 
are intact (left), partially divested of scales so 
as to expose the seeds within (upper right), 
and completely divested of scales and seeds, 
showing fragility of fracture zones (lower 
right). (From Lanner 1982.) 

The situation appears similar among the other stone 
pines. Pinus cembra has been studied in detail by a num
ber of investigators (Crocq 1978; Holtmeier 1966; Mattes 
1982; Oswald 1956) in the Alps of Austria, Switzerland, 
and France. Its relationship there with the European 
nutcracker (Common names of subspecies of N. caryo
catactes follow Dement'ev and others [1954)). N. caryo
catactes ssp. caryocatactes is strikingly similar to the 
albicaulis-Clark's nutcracker mutualism. According to 
Oswald (1956) natural reproduction of cembra without the 
nutcracker is "scarcely conceivable." Mattes (1982) re
ferred to the nutcracker as "an essential help in reforesta
tion." In Poland, where specific studies of nutcrackers 
appear not to have been made, the nutcracker's role as a 
"sower" of cembra has been recognized (Myczkowski and 
others 1975). A difference between cembra and albicaulis 
is that seeds of the former are cached on stumps and in 
trees as well as in the soil (Holtmeier 1966; Mattes 1982). 
Seeds of sibirica are cached beneath moss polsters (Konev 
1952). 

Studies in the Soviet Union have shown an almost 
identical situation in the Urals and across much of 
Siberia, where the Siberian nutcracker (ssp. macro

rhyncos) harvests and stores the seeds of P. sibirica , a 



Figure 3-"Eyes· formed by the dark hilum of 
Pinus koraiensis seeds exposed by removal of 
cone scales. 

species of economic value for its edible nut crops as well 
as its timber. Turcek and Kelso (1968) documented the 
extensive Russian literature on this subject. 

In the Far East research has been less active. Little 
information is available, for example, on the harvest and 
storage of P. koraiensis seeds by the Siberian nutcracker, 
which is found throughout the range. This was true of 
pumila until the recent studies of Saito (1983a; 1983b; 
1985), performed in a mountainous area of northern 
Hokkaido. Not surprisingly, Saito reported Japanese 
nutcracker (ssp.japonicus) behavior and pumila ecology 
almost exactly like that reported in Europe and North 
America, with allowances for such differences as the 
often-prostrate habit of the local stone pine species. Ac
cording to Saito, the J apanese nutcracker is "the most 
effective disseminator of seeds of the (Japanese stone) 
pine" (Saito 1983a). 

The strength of the stone pine-nutcracker interaction 
is dramatically illustrated by events-published here for 
the first time-in the lake district of southern Finland 
during the past two decades. Finland has numerous plan
tations of sibirica that were established as a hedge 
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against crop failures when that country was under the 
Russian czars, apparently a common practice in 
Scandinavia and Russia (Holzer 1972). In 1968 Siberian 
nutcrackers invaded from the east, and a population of 
10 to 15 pairs subsequently settled in Punkaharju. Orni
thologists from nearby Savonlinna have observed these 
birds breeding in the vicinity, and congregating among 
the stone pines each fall , where they harvest pine nuts. 
Regeneration of sibirica has been observed some distance 
from the seed stands, presumably due to nutcrackers 
transporting and caching the seeds (Koski 1987; Vaisanen 
1987). 

The interaction of stone pines with nutcrackers has 
important biological consequences for the trees. To the 
degree that regeneration depends on seed caching by 
nutcrackers, site is determined by the bir d's caching pref
erence. Thus the tree will seldom have the opportunity to 
establish on a site not used for caching; but it will fre
quently have that opportunity on sites where nutcrackers 
do make seed caches. Caching does not automatically 
lead to seedling establishment, but merely creates the 
potential. Sites on which stone pines become established 
should be regarded as a sub-set of sites on which nut
crackers cache seeds. When sites within the range of both 
organisms lack stone pines it may be due to a lack of 
caches or failure of cached seeds to become established. 

Re~eneration of stone pines from seed caches results, 
characteristically, in multiple germinations that lead to 
a high frequency of clumped stems (table 1). Clumping 
data have been reported for all the stone pines except 
P. koraiensis. The occurrence of many of a stone pine's 
stems in clumps has genetic implications. Fumier and 
others (1987) found that albicaulis trees within a clump 
were far more closely related to each other than to trees of 
other clumps, probably because they originated from 
seeds of the same cone; they were sibs or half-sibs. Such a 
genetic structure can potentially lead to heavy inbreeding, 
but this has not yet been examined. 

Because nutcrackers cache seeds in an array of sites 
exhibiting a variety of physical and vegetational condi
tions, they become a factor in successional development. 
For example, albicaulis colonizes burned-over areas and 
rocky outcrops; or it may grow up through the gaps of an 
older canopy consisting of albicaulis and Engelmann 
spruce (Picea engelmannii), thereby acting as both a pio
neer and a climax species (Lanner 1980). In a study of 
albicaulis establishment on the meadows of Squaw Basin 
in Togwotee Pass, WY, Snethen (1980) showed that this 
species was a pioneer on rocky outcroppings and mo
raines, and that only after pine groves had become estab
lished did Engelmann spruce grow up in their shade. 
Eventually the shade-tolerant spruce dominated the can
opy, but nutcrackers continued to cache albicaulis seeds 
in the forest, maintaining large seedling and sapling 
populations of that species. The net effect of nutcracker 
activity in Snethen's study area was to accelerate secon
dary succession from a sagebrush (Artemisia)-grass mix
ture to a spruce-pine forest. As individual tree groves 
expanded, they formed a near-continuous cover, the shade 
of which supported numerous plants and animals not 
present in the sagebrush-grass vegetation type. In this 



Table1-Frequencies of multistem clumps among stone pines (Pinus, subsection Cembrae) 

Number of Trees In Stems 
trees In multlstem per 

Tree species Place and reference sample clumps clump 

n Percent Range 

P. albicau/is Wyoming, USA 

(Lanner 1980) 1,270 47 2-8 

P. cembra Alps, France 

(Crocq 1978) 167 89 2-11 
156 70 2-6 

(Lanner 1988) 154 66 2-6 

Alps, Switzerland 

(Mattes 1982) 345 31 2->7 

214 39 2->7 

P. pumila Hokkaido,Japan 

(Saito 1983a)' 69 94 2-19 

P. sibirica Sayan Mts., Siberia, USSR 

(Konev 1952)2 ca. 3,600 2-23 

1Saito's (1983a) data are based on seedlings, therefore avoiding errors that could be incurred due to 
layering ofbrancbes in this species. 

'Percent of trees in multistem clumps cannot be calculated fiom Konev's (1952) data. 

sense the nutcracker was a builder, or "edificator" of ecosys
tems in the sense of Reimers (Turcek and Kelso 1968). 
Reimers (1953) reported on the reforestation of sibirica by 
nutcrackers following fire and large-scale defoliation. Zykov 
(1953) pointed out the establishment of this species on the 
tundra margin. 

Several authors have reported P. cembra in European 
larch (Larix decidua) stands, forming an understory. In 
Wyoming, whitebark pine sometimes becomes an under
story in lodgepole pine (Pinus contorta) stands or in groves 
of quaking aspen (Populus tremuloides). 

The environments in which the various stone pine spe
cies grow bear a striking resemblance. Albicaulis is found 
"in the highest elevation forest and at timberline" in a cli
matic zone that is "cold, windy, snowy, and generally moist" 
(Arno 1989). It is commonly associated with Engelmann 
spruce. 

Pinus cembra was described by Plaisance (1977) as "an 
Alpinist .•. on bare rock to 2,400 m (7,900 ft), braving 
storms, snow, ice, wind." It too has a spruce associate, Picea 
abies. 

Mirov (1967) stated that sibirica, which grows "in plains, 
in river valleys, and in the mountains of northern European 
Russia and Siberia" also occurs up to timberline in the Altai 
Mountains. According to Malyshev (1960) it reaches 
1,950 m (6,400 ft) in the rugged Eastern Sayans, where its 
creeping, flat-topped growth resembles that of pumila grow
ing in the alpine zone. Its common spruce associate is Picea 
obovata (Haddock 1977). 
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Pinus pumila "grows on very cold sites .•. in exposed 
and windy places" and cannot survive climates with hot 
summers (Saho 1972). Again, there is a spruce--Picea 
glehnii-associated with it in Hokkaido (Saito1985), 
and probably Picea obovata in Kamchatka. 

Pinus koraiensis is found on a wide range of sites, 
from the relatively mild summer-rain region of Korea to 
the subarctic forest zone where it experiences tempera
tures as low as --35 °C (Hyun 1972). In Japan it is asso
ciated with Picea jezoensis. 

It is beyond the scope of this paper to catalog the 
birds and mammals common to stone pine forests, but 
in addition to nutcrackers, chipmunks, squirrels, jays, 
and other animals typical of northern coniferous forests 
worldwide are common inhabitants of stone pine 
forests. 

TAXONOMY AND EVOLUTION 

Critchfield (1986) recently summarized the most 
commonly cited classifications of the white pines, in
cluding the stone pines, so there is no need to do so 
hllre. Instead, I will review and rebut Critchfield's 
reasons for rejecting the stone pines as a cohesive group 
of species sharing a common ancestor; and for suggest
ing that pumila and albicaulis do not belong with the 
"core species" of the Cembrae. 

Critchfield (1986) expressed skepticism that the 
Cembrae really share "indehiscent" cones. He wrote: 



"The indehiscent cone does not necessarily remain tightly 
closed at maturity" and detailed information on this point 
is "sparse and contradictory." He pointed out that in 
albicaulis, cone scale separation occurs "sometimes;" and 
that it is "usual" in koraiensis and pumila. This is mis
leading. I reported (Lanner 1982) that albicaulis cone 
scales become "loose enough to be displaced about 1-2 mm 
with slight pressure on the apophyses ... upper scales 
frequently part as much as 8 mm, allowing seeds inside to 
be seen, but not enough to let seeds fall out when the cone 
is turned or shaken" (emphasis added). This is the impor
tant point, because the retention of seeds in the cone has 
been suggested as a nutcracker-selected characteristic 
that facilitates harvest of the seeds (Lanner 1982). 

With regard to koraiensis, of which little has been 
written, I report here unpublished data of which 
Critchfield was unaware: 

In December 1981 I experimented with mature 1981 
koroiensis cones provided by the Kanto Forest Tree 
Breeding Institute at Mito, Japan. On many cones, sev
eral seeds were visible between slightly parted scales, 
especially in the distal area. 

Experiment L Twenty-five cones each from lots 
Ohtaki-101, -104, -116, and -123 were rotated while being 
shaken. From these 100 cones only 11 of an estimated 
8,140 seeds shook loose (0.14 percent). 

Experiment 2. On 10 cones each from lots Ohtaki-
101 and -123, 10 scales from mid-cone were broken off by 
finger pressure. The number of exposed seeds held in the 
cone core was counted. Cones were shaken and rotated, 
and the fallen seeds counted. 

In lot 101, 160 seeds were exposed by removing scales; 
41 of these (26 percent) were shaken loose. In lot 123, 131 
seeds were exposed, of which 50 (38 percent) were shaken 
loose. 

I conclude that koraiensis cones remain closed tightly 
enough to retain all but a minor portion of their seeds. 
(In February 1989, more than 7 years after being picked, 
they had opened no further). The majority of seeds are 
retained in the cone even after scale removal and vigorous 
shaking. 

With regard to pumila, Saito (1983b) stated unequivo
cally: "The mature cones remain closed and do not release 
their seeds." Critchfield (1986) did not question the seed
retention abilities of cembra or sibirica cones, but should 
such questions arise in the future, the following should be 
noted: Crocq (1978) described how nutcrackers break off 
cembra cone scales one by one and added: "a dozen seeds 
or more are thus exposed." As for sibirica, I have found, 
in a cone from Symansky Pass, that seeds do not fall 
out when the cone is turned even after the scales are re
moved. It should be pointed out that these observations 
merely confirm Shaw's (1914) unequivocal characteriza
tion of all the Cembrae as having "indehiscent" cones that 
are "inert under hygrometric changes and may always be 
recognized in herbaria by their persistent occlusion •.. ". 
Critchfield's (1986) skepticism of the effectiveness of these 
cones in retaining their seeds has, therefore, little basis. 

Critchfield (1986) relied on de Ferre (1966) for findings 
that suggest pumila has closer affinities to parviflora 
than to the Cembrae. But de Ferre's conclusions are 
hardly definitive. For example, she wrongly stated that 
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parviflora, like pumila., is wingless. This is not so (see 
below). De Ferre (1966) pointed out that pumila and 
parviflora, unlike cembra and sibirica, have folds in the 
walls of their mesophyll parenchyma cells, as do all other 
pines (Critchfield 1986). A later study of mesophyll cells 
showed that of three subtypes of cells with folds among 
Cembrae and Strobi species, pumila and albicaulis were 
of subtype 1, koroiensis and a.rmandii of subtype 2, and 
strobus andflexilis of subtype 3 (Litvintseva 1974). And 
in a study of pollen morphology, Kuprianova and 
Litvintseva (1974) placed pumila with cembra and sibir
ica. De Ferre (1966) also found that both pumila and 
parviflora have warty epidermal cells and thick-walled 
subepidermal cells; but they differed in needle resin duct 
diameter and presence of sclerified fibers in the central 
cylinder. When cone-scale umbos and mucros are the 
criteria, pumila is again placed with cembra and sibirica, 
with parviflora ancestral to many of the Strobi (Klaus 
1980). 

There is similar interspecific variation among the 
Cembrae species in oleoresin composition and in heart
wood phenolics. Using the latter characteristic as a 
common denominator, Critchfield combined koraiensis, 
cembra, and albicaulis with ayacahuite and flexilis. He 
suggested this group has phylogenetic significance but 
admitted "it is not readily compatible with any other 
proposed scheme of white pine relationships." In fact, 
it appears that "affinities" are in the eye of the beholder, 
and are determined by the characteristics chosen for 
study. 

It seems risky to connect pumila closely to parviflora 
because of the unsettled nature of parviflora, which is 
regarded by many Japanese specialists as consisting of 
two species, P. pentaphylla Mayr in the north and P. 
himekomatsu Miyabe and Kudo in the south (Saho 1972). 
N umata (197 4) referred toP. parviflora var. pentaphylla, 
P. pentaphylla, and P. pentaphylla var. himekomatsu 
within the covers of the same book! The southerly taxon, 
himekomatsu, has large seeds with reduced wings. The 
northern, pentaphylla, has large seeds with longer wings 
that are, however, stubbier than wings typical of wind
dispersed Strobus pines. According to Saito (1986), 
Japanese nutcrackers disseminate the seeds of 
pentaphylla. I predict that further study will show 
himekomatsu to be a nutcracker-dispersed species; and 
that its relationship to pentaphylla will be analogous to 
that of flexilis to strobiformis (Lanner 1980). 

Let us now examine Critchfield's reasons for linking 
albicaulis to the flexilis complex. He stated that except 
for its cones, a.lbicaulis "closely resembles" flexilis, but 
this overlooks clear differences in bark characteristics and 
pollen cone color. In addition to similarity in the number 
and placement of their accessory needle resin canals, 
albicaulis and flexilis share three other characteristics 
(Critchfield 1986): 

1. Their needles have few or no marginal teeth. 
2. Their needles have many stomata on abaxial 

surfaces. 
3. The transition of vascular tissue arrangement oc

curs in the base of the hypocotyl rather than in the vicin
ity of the cotyledons, according to de Ferre (1965). 



But as Critchfield pointed out, none of these traits is 
unequivocal. Marginal teeth, for example, are "sometimes 
sparse or obscure" in pumila a nd in three other white 
pines. Abaxial stomates also are found in strobiformis 
and monticola. In addition, the pinyons provide an ex
ample of an unquestioned subsection (Cembroides) in 
wh1ch some species lack abaxial stomates (P. juarezensis, 
P. discolor) while others have them (P. edulis, P. 
cembroides) . The vascular organization tha t characterizes 
albicaulis andflexilis, which occurs only in "a minority of 
their seedlings," occurs also in monticola, ayacahuite, and 
aristata. On the other hand, albicaulis and flexilis have 
the same pollen type (Kuprianova and Litvintseva 1974), 
and they share umbo and mucro characters (Klaus 1980). 

Crossing results are equally inconclusive. Although 
albicaulis and flexilis commonly occur together at inter
mediate elevations (for example at 2 400-2 600 m 
[7,900-8,540 ft] in Togwotee Pass,~. no'suspected hy
brids have been reported. Bingham and others (1972) 
reported 20-50 attempted crosses of albicaulis x flexilis 
resulted in less than one filled seed per cone. The hybrid
ity of these seeds was not a uthenticated. Critchfield 
(1986) added that in seven of 14 other crosses seven 
mature cones were produced. Four of these yielded sound 
seeds that were intennediate to the parents in germina
tion characteristics. But the putative hybrids resembled 
albicaulis in their slow growth rate a t the Institute of 
Forest Genetics, Placerville, CA. They subsequently 
languished a nd died, their hybridity never having been 
established (Critchfield 1989). 

Critchfield (1986) therefore concluded that the pro
posed monophyletic origin of the Cembrae-type cone is 
undennined; that P. pumila is most closely allied to the 
P. paruiflora group; and that P. albicaulis stems from 
the P. strobiformis-P. flexilis line. This required him to 
postulate that the indehiscent cone "has evolved inde
pendently a t least twice in Eurasia ... and once in North 
America .... " In other words, the Cembrae pines are 
end-products of convergent evolution in independent 
lineages. 

Despite Critchfield's formidable argument, I think 
there is still a strong case that the Cembrae cone evolved 
once, under the selective pressure of an early nutcracker 
progenitor, a nd that speciation follO\ving that event has 
resulted in albicaulis, cembra, koraiensis, pumila, and 
sibirica (La nner 1980; 1982). I base this argument on two 
grounds: 

First, the cones of the Cembrae pines, whose unusual 
features have been interpreted as adaptations to nut
cracker seed harvest (Lanner 1982), are similar in such 
detail that postulated origins in three gene pools on two 
continents grossly violate the concept of parsimony usu
ally striven for in science. Second, in other cases where 
seed-retaining cones have evolved, convergence has not 
occurred. 

For example, within the subsection Cembroides , the 
pinyon pines, every species has cones that hold their 
seeds in the seed cavities with flange-like fragments of 
spermodenn (fig. 4). This characteristic is unknown in 
other pines, and is perhaps the defining morphological 
characteristic of this ecologically and geographically co
herent group. 
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Figure 4-Pinus monophyl/a cone showing 
the flange-like extensions of cone-scale tissue 
preventing seeds from falling . 

The two nearly-wingless-seed species of subsection 
Gerardianae h ave evolved different seed-wing adaptations 
to retain seeds in the cone. Pinus gerardiana has reduced 
wings that adhere to the lower surface of the scale above. 
This was first noted by Shaw (1914), a nd I have confirmed 
it in a large number of cones from the Himalaya. In P. 
bungeana, the tip of the greatly reduced wing adheres to 
the upper surface of its own scale (fig. 5). This wing-tip is 
membra neous, but wing tissue fonns a thick wreath 
around the seed. 

Only one other white pine has seeds that are retained 
in the cone-P. paruiflora (fig. 6). It has "seeds with a 
large nut a nd a short broad wing, often temporarily ad
herent to the cone-scale a nd breaking a part at the fall of 
the nut .. .. The frequent but not invariable retention of 
the seed-\ving in the cone is due to adhesion. Many seeds 
fall with their wings intact, others break away from the 
wing which, a fter awhile, loosens and also fall s" (Shaw 
1914). This appears to be the least effective of the seed
retention mechanisms. Yet, that of pumila, which 
Critchfield views as an offshoot of paruiflora, is a n ex
ample of the most effective. Pinus pumila has completely 
wingless seeds, and a n indehiscent cone; paruiflora has 
winged seeds and cones that open normally. I think 
it is reasonable to regard the various seed-retention 
mechanisms-those of the Cembrae pines, the pinyons, 
gerardiana, bungeana, a nd paruiflora-as having evolved 
independently. All the Cembrae are known to be "Bird 
Pines," as are several of the pinyons (Vander Wall; 
Vander WaJJ a nd Balda 1977, 1988) a nd paruiflora var. 
pentaphylla (Saito 1986). The nutcracker subspecies N. 
macella occurs with bungeana (Dement'ev a nd others 
1954). Pinus gerardiana has not yet been found subject 



Figure 5---Cone of Pinus bungeana showing adherence 
of the narrow seed-wings to the cone scale. The seed
wing at right center has become separated from its seed 
during handling, but still adheres to the cone scale. 

Figure 6-Cone of Pinus parviflora showing 
adherence of the tip of the seed-wing to the cone 
scale surface. These seed-wings have become 
separated from their seeds, perhaps due to 
handling. 
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to avian seed dispersal, but a nutcracker subspecies 
(multipunctata) is endemic to this pine's distribution area 
(fig. 7). 

After considering the evidence summarized above, 
Critchfield (1986) commented that "the contradictions 
between reproductive characters, vegetative morphology, 
crossing data, and biochemical variations appear to be 
irreconcilable, and to undermine most classifications of 
the species within section Strobus." His solution is to 
seek common characteristics unrelated to coevolved cone 
and seed adaptations. This, of course, can only fragment 
the Cembrae. I would prefer to regard those cone and 
seed characteristics, consistent within the Cembrae, as 
evidence of speciation from a common ancestor. In other 
words, I see the nutcracker progenitor as the ultimate 
architect of these pines. The numerous solutions to the 
problem of the seed-retaining cone suggest that they vary 
with the gene pool tha t is challenged, and it seems un
likely that Cembrae-type cones, having evolved once, 
would do so again. 

A final comment on the origin of albicaulis: elsewhere 
I (Lanner 1980) have argued that the patterns of 
variation in nutcrackers and stone pines are similar. 
Dement'ev and others (1954) recognized 10 subspecies of 
the Eurasian nutcracker, while Clark's nutcracker has no 
recognized subspecies. Eurasia holds four stone pines of 
which all but little-known koraiensis have several named 
botanical forms, varieties, or subspecies. In contrast, 
albicaulis, the only North American stone pine, has none. 
These patterns are consistent with a long occupation of 
Eurasia by both bird and pine, and a recent arrival of 
both across the Bering land bridge. Amadon (1944) of
fered other reasons for regarding Nucifraga as being of 
Old-World origin. My conclusion may be arguable, but 
the important point is that the evolution of stone pines 
cannot be profitably discussed without also considering 
the nutcracker. 

GEOGRAPHY 
Pinus albicaulis is North American; the other stone 

pines are Eurasian. The eastern range of albicaulis is 
mainly in the Northern Rocky Mountains of western 
Wyoming, western Montana, central and northern Idaho, 
western Alberta, and British Columbia. Outliers to these 
populations occur in northern Nevada and northeastern 
Oregon. A second series of populations extends south
wards down the Coast Mountains of British Columbia 
through the Cascades and Sierra Nevada, as far south as 
the headwaters of the Kern River overlooking the Owens 
Valley, CA. There are outliers in the Warner and 
Siskiyou Mountains, CA (Critchfield and Little 1966). 

Pinus cembra is usually regarded as alpine in distribu
tion, because its most famous stands are in Switzerland, 
Austria, France, and the Dolomitiche and Bergamasche 
Alpi of Italy. But there is a cembra presence in extreme 
northwestern Yugoslavia, and there are significant popu
lations farther east in the Carpathians. These include 
stands in the High Tatra of Poland and Czechoslovakia, 
and an archipelago-like scattering of stands in the 
Gorgany Mountains of the Ukrainian SSR and in several 
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Nucifraga caryocatactes 

subspecies: 

1 - caryocatactes 

2 - macrorynchos 

3 - kamtschatkensls 

4 - rothschild! 

5 - japonlcus 

6- macella 

7 - junnanensis 

8- owstoni 

9 - hemispila 

10 - multipunctata 

Figure 7-Geographic ranges of Eurasian wingless-seeded and nearly-wingless-seeded Strobus 
pines (after Critchfield and Uttle 1966) and subspecies of the Eurasian nutcracker (after Dement'ev 
and others 1954). 

mountain ranges in Romania's Carpatil Meridionali 
("Transylvanian Alps"): the Rodnei, Calimanilor, 
Fagarasului, Busegi, Sebesului, Retezatului, and Banat 
(Myczkowski 1975). 

Pinus koraiensis extends from around Sovetskaya 
Gavan' in southeastern Siberia (Primorskiy Kray) south 
along the east face of the Sikhote Alin mountains on the 
coast of the Sea of Japan, into North Korea, and westward 
into Manchuria (Kirin and Heilungkiang). There are 
outliers in high mountains of South Korea and in central 
Honshu and Shikoku in Japan (Critchfield and Little 
1966; Hyun 1972). 

Pinus pumila is the only pine of section Strobus found 
north oflatitude 70° N, approaching to within about 100 
km (60 mi) of the Arctic Ocean at the Kolyma River delta. 
It is also the farthest-ranging Strobus pine, and is ex
ceeded in this respect among pines only by P. syluestris. 
Its range includes the coast of the far eastern USSR 
from about Khatyrka on the Bering Sea, around the 
Kamchatka Peninsula along the Sea of Okhotsk, and 
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south along the Sea of Japan nearly to Vladivostok. In
land it ranges across eastern Siberia to the Lena River 
and Lake Baikal, even entering Mongolia. It is in the 
Kurile Islands, Sakhalin, and south through Hokkaido 
and Honshu to just south of Tokyo. There are outliers in 
North Korea and Manchuria (Critchfield and Little 1966; 
Saho 1972). 

Pinus sibirica extends from the Urals and western 
Siberia east across the Central Siberian Plateau to the 
Aldanskoye Upland. It occurs widely in northern 
Mongolia from Lake Uvs east to Uuldza. It grows 
throughout the Altai Territory and Eastern and Western 
Sayans ofKrasnoyarsk Territory, in the Irkutsk region 
and the Transbaikal. There are outliers on the Kola 
Peninsula near Murmansk, about 1,000 km (600 mi) from 
the main range in the northern Urals (Critchfield and 
Little 1966). 

An aspect of stone pine geography that may be worthy 
of attention is that of range overlap with other wingless
seeded pines. If species are sympatric, and if their cone 



crops do not fail in the same years, then avian seed dis
persers would be insulated against seed-crop failure in 
either species. For example, the Rocky Mountain range 
of albicaulis is often paralleled at lower elevations by that 
of the wingless-seededflexi.lis. In years when albicaulis 
in Togwotee Pass, WY, has borne no cones, I have seen 
large flocks of nutcrackers foraging among flexilis trees 
in woodlands within 10 km (6 mi) and beyond. Though it 
has not been shown that the same birds feed alternately 
upon the two pines, the availability of both within the 
reach of a mobile bird species strongly suggests so. 
Vander Wall (1988) has recently shown how nutcrackers 
utilize two wingless-seeded pine species in similar 
circumstances. Pinus monophylla's range, at the east foot 
of the Sierra Nevada, also parallels, at lower elevations, 
that of albicaulis. Tomback (1978) has described how 
nutcrackers forage on both species as well as the winged
but-large-seeded P. jeffreyi that grows with albicaulis. 

Pinus koraiensis and pumila are in close proximity in 
the Primorskiy region of southeast Siberia: koraiensis is 
along the coast and lower slopes, and in interior valleys, 
while pumila is in the higher regions. In central Honshu, 
Japan, the community type in which koraiensis was found 
had a characteristic elevation of 2,080 m (6,900 ft), while 
pumila scrub occupied elevations over 2,400 m (7,900 ft) 
(Franklin and others 1980). 

Pinus pumila is also widely sympatric with sibirica in 
a huge area-about the size of the Scandinavian 
Peninsula-surrounding Lake Baikal and extending 
northeast to the Aldan and Stanovoy Mountains. High
elevation forms of sibirica have been reported from the 
Altai, the Sayans, northern Mongolia, and the 
Transbaikal region. They include P. sibirica f. humistrata 
(MiddendorO Novae,£ coronans (Litv.) Krylov, f. depressa 
Kom., and f. turfosa Gorodkov (Pravdin 1963). Pravdin 
(1963) pointed out that the recognition of these "forms" 
may reflect an interest in plants growing in bogs and on 
high mountains, and that proper study of intraspecific 
variation in sibirica has been lacking. 

Pinus cembra alone among the Cembrae pines is not 
sympatric with any other wingless-seeded Strobus pine. 
In none of the cases ofsympatry cited here has there been 
an indication of interspecific hybridization. 

It seems noteworthy that a very hungry nutcracker 
could, theoretically, eat its way through nearly 6,400 km 
(4,000 mi) of stone pines from Chelyabinsk to the Bering 
Sea! While such an event may have a low probability, it 
does focus the mind on the immensity of the nutcracker
established stone pine forest of northern Asia; and the 
general lack of appreciation of the ubiquity of the pine
corvid mutualism. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from R. H. Smith)-Do you think "buried" seeds 
germinate and survive better than wind-disseminated 
seeds? Therefore, is the winglessness actually an advan
tage to stone pines? 

A.-However a seed is disseminated, it is most likely to 
germinate successfully if it is covered with soil. Small 
winged seeds may frequently find themselves wedged into 
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tiny cavities in the soil microtopography, large seeds less 
frequently unless animals put them in the soil. Obviously 
both systems work well enough. 

Q. (from Earle F. Layser)-Bristlecone pine has a 
winged seed. It is widely dispersed on mountain tops, 
crags, etc. in the Southern Rockies. Why does it seem to 
have a similar pattern as stone pine in its occurrence at 
high elevation (obviously not strictly wind dispersed)? 

A.-Great Basin bristlecone, though it has a small, 
winged seed, is indeed often dispersed and established by 
Clark's nutcracker at high elevations. See my recent 
article in Arctic and Alpine Research 20: 358-362, August 
1988. 

Q. (from Doug Tumer)-Do pine seeds undergo any 
needed changes while in the crops of nutcrackers or are 
the seeds able to germinate if humans plant them? Any 
speculation or evidence of why nutcrackers fly so far to 
cache in bums if they can successfully cache under 
unburned canopies? 

A.-No changes are known to occur to seeds while they 
are in the nutcracker's pouch. Sometimes the seeds are 
there for only a few minutes. We urgently need more 
information on nutcracker behavior, so until we get it you 
will have to either guess at their motives or ask them 
about it. 

Q. (from Tad Weaver)-ln tree islands, what comes 
first- Pinus or Abies? What's your evidence? 

A.-My only experience is with establishment of groves 
in Squaw Basin, WY. Here Karen Snethen (1980) found 
whitebark pine pioneering on moraines, and Engelmann 
spruce later coming in under the pines. See her master's 
thesis for evidence in the form of chronosequences. 



DISTURBANCE AND MANAGE:MENT 
PROBLEMS IN LARCH-CEMBRA 
PINE FORESTS IN EUROPE 

Friedrich-Karl Holtmeier 

ABSTRACT 
Cembra pine (Pinus cembra) and larch (Larix decidua) 

form the uppermost forests in the Central Alps. Due to 
human influences, the timberline became lower and the 
species composition and structure of these forests changed. 
In general they are over-aged. As a consequence of the 
modern decline of pasturing, the natural succession from 
larch to cembra pine forest has been revived. In places it 
may be hampered by the larch bud moth, which may kill 
young cembra pines in the understory. Abandoned alpine 
pastures are invaded mainly by cembra pines. The larch
cembra pine forest as well as high-altitude afforestations 
and the invading cembra pines must be managed with the 
objective to restore the climatic timberline and to produce 
well-structured forests. 

INTRODUCTION 
In Europe cembra pine (Pinus cembra), which is closely 

related to whitebark pine (Pinus albicaulis), is common 
only in the Alps (fig. 1). In the Tatra and southern 
Carpathian Mountains, cembra pine is restricted in 
occurrence. Therefore, this paper focuses on the Alps. 

The Alps extend from west to east for about 1,000 km 
(746 mi). Their width ranges between 150 km (93.2 mi) 
in the west to about 250 km (155 mi) in the middle and 
eastern parts. The Alps are deeply dissected and charac
terized by rugged topography. The mountain rim is ex
posed to moisture-carrying air currents from northern, 
western, and southern directions. Thus, the climate of 
the outer ranges is rather maritime compared with the 
Central Alps, which are sheltered from these maritime 
influences (fig. 2). 

Consequently, the upper timberline occurs from about 
1,600 to 1,800 m ( 4,980 to 5,906 ft) in the outer ranges 
and from 2,200 to 2,400 m (7,218 to 7,873 ft) in the central 
region. In the outer mountains the montane and sub
alpine forests are dominated by spruce (Picea· abies) and 
in places by beech (Fagus sylvatica), while cembra pine is 
found there only as relict stands in the upper subalpine 
belt and at the upper forest limit. Above the subalpine 
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spruce forest occurs a more or less unbroken belt of pros
trate mountain pine (Pinus mugo). This mountain pine 
belt is quite different from the krummholz belt in the high 
mountains of the western United States, because the 
prostrate growth form of P. mugo is genetically predeter
mined and not the result of the actual climatic environ
ment (Holtmeier 1973, 1981). 

In the Central Alps, the uppermost forests are formed 
by cembra pine and European larch (Larix decidua); 
spruce is common only at lower elevations. In general the 
range of cembra pine does not extend below 1, 700 m 
(5,577 ft), because the species cannot successfully compete 
with spruce. Cembra pine is almost excluded from the 
outer ranges, which are characterized by heavy snow fall 
and long melting periods, because it is highly susceptible 
to snow fungi infections. 

Ia Pinus cembra 

Figure 1-Distribution of cembra pine 
(Pinus cembra) in Europe. 
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Figure 2-Annual amount of precipitation (left) and number of days with 
mean temperatures above 0, 5, 10, and 15 oc (right) in the Central Alps 
and in the outer ranges (after Ellenberg 1978). 

Following Pleistocene glaciation, dissemination of seeds 
by the European thickbilled nutcracker (Nucifraga caryo
catactes caryocatactes ) (fig. 3) probably enabled cembra 
pine to spread from its refugial areas in the lowlands close 
to the southern Alps and the Carpathian Mountains and 
quickly resettle the high mountains. Some good evidence 
suggests that cembra pine spread faster than spruce 
(Mattes 1978, 1982). 

There is no mountain pine belt above the larch-cembra 
pine forests. Mountain pine and green alder (Alnus 
uiridis), which is another true krummholz species, are 
confined to avalanche tracks and similar sites unsuitable 
to upright tree growth. 

The Alps, like many other high-mountain regions of 
Eurasia, were already settled in prehistoric time, which 
means there was persistent use of the mountain forests 
throughout history. Many of the forests were heavily 
grazed or cleared for agriculture and alpine pastures. 
Others were destroyed by ore mining, salt works, and 
charcoal production, especial.ly during the Middle Ages. 
Overgrazing of the alpine vegetation caused severe soil 
erosion, which also was harmful to the subalpine forest 
below. As a consequence of these activities, not only did 
the upper timberline become lower, but also the species 
composition and structure of the mountain forests 
changed considerably. In many central alpine valleys, 
larch could spread at the cost of cembra pine. The situ
ation in the Upper Engadine serves as a good example of 
human history and ecological changes in the Central Alps. 
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Figure 3-European thickbilled nutcracker at a winter 
feeding place. 



THE UPPER ENGADINE FORESTS 
The Upper Engadine is located in the eastern part of 

Switzerland and comprises the uppermost drainage area 
of the Inn River. The bottom of the main valley is situ
ated at an altitude of 1,700 to 1,800 m (5,185 to 6,300 ft); 
the tributary valleys climb up to 2,300 m (7,546 ft). The 
highest peaks' elevations are about 4,000 m (13,123 ft). 

Due to the geographical location and the high mass
elevation of the Engadine, the climate is rather continen
tal. Although lowered by human disturbances by about 
150 to 300m (492 to 984ft), the upper limit of the larch
cembra pine forest is located at about 2,200 to 2,300 m 
(7,217 to 7,546 ft;) at places. Solitary crippled trees may 
still be found at a nd even above 2,500 m (8,202 ft) 
(Holtmeier 1965, 1967). 
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Distribution Patterns 
The Engadine larch-cembra pine forests belong to the 

so-called silicate type (Larici-Cembretum, Ellenberg 1978; 
Larici Pinetum cembrae, Oberdorfer 1970), which is com
mon to the crystalline Central Alps. Depending on the 
local site conditions, the forests display subtypes that can 
be distinguished by the different plant communities of the 
understory vegetation (grasses, dwarf shrubs). Thus, the 
uppermost cembra pine forests, which are relatively open, 
are characterized by Rhododendron ferrugineum and 
Vaccinium myrtillus (Larici-Cembretum rhododendret
osum ferruginei) (fig. 4). Cembra pine regenerates vigor
ously there if not destroyed by red deer or livestock. 
Larch seedlings are very rare. The soil is a Ferro Orthic 

Figure 4-0pen larch-cembra pine 
forest with dwarf shrubs (Rhododendron 
ferrugineum, Vaccinium myrtil/us) as 
understory vegetation. Upper Engadine, 
northwest-facing slope of the main valley 
at 2,200 m (6, 710 It). 



Podzol (FAO tenninology), characterized by a thick, raw 
humus layer with high moisture capacity. In the forests 
below 2,000 m (6,562 ft), Calamagrostis uillosa may domi
nate the undergrowth, especially if the crown cover lets 
the sunlight pass to the forest floor. There, Rhododen
dron, Vaccinium, and other dwarf shrubs are often out
competed and replaced by wannth- and light-demanding 
species. However, the dense grass cover especially 
Calamagrostis villosa, not only hampers the regeneration 
of larch, but of cembra pine also (fig. 5). 
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Figure 5-Cembra pine re
generates successfully in the 
dwarf shrub vegetation (back
ground) but is almost excluded 
by Calamagrostis villosa (fore
ground). God da Ia Stretta, 
1 ,830 m (5,582 ft). Photo 
by H. Ma«es. 

In general, cembra pine is found on steep, rocky, and 
inaccessible slopes and north exposures. Although usu
ally mixed with larch, it also fonns pure stands. Larch 
prevails in easily accessible locations with southern expo
sures and on gentle foothills at the base of the steep walls 
of glacially molded valleys (figs. 6, 7). There we find ex
tensive pure larch forests. The distribution patterns of 
larch and cembra pine are entirely due to human distur
bances (Auer 1947; Holtmeier 1967). 

Figure &-Distribution pa«em 
of cembra pine and larch. 
Pure larch forest covered the 
valley bo«om and the talus 
cones at the base of the steep 
walls of this glacially molded 
valley. Pure cembra pine 
stands are confined to rocky, 
inaccessible sites. Roseg 
Valley, view to southwest. 
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Figure 7-Distribution of the tree species in the Bernina Valley, Upper Engadine. 
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Under natural conditions larch, which is a shade
intolerant species, prevails in the pioneer stages of forest 
succession and then is gradually replaced by cembra pine. 
Cembra pine is more shade-tolerant, and because of its 
heavy, energy-rich seeds, regenerates successfully, even 
in thick, raw humus and dense plant cover. Thus, pure 
larch stands are expected only on screes, boulder fans, 
talus cones, and similar sites rich in bare mineral soil 
and lacking dense grass, dwarf shrubs, or both . 

However, although cembra pine can be regarded as 
typical of advanced successional stages of forest develop
ment, it may also occur as a pioneer species on bare boul
der fields, on moraines, or in front of retreating glaciers 
(fig. 8). 

Disturbances 
Cembra pine not only hampers the regeneration of 

larch, but it also prevents the growth of herbs and grasses 
on the forest floor because of its dark, shade-giving crown 
and slowly decaying needle litter. As a result, the cembra 
pine was systematically eliminated by people on sites 
suitable for grazing and restricted to inaccessible sites 
and northern exposures (figs. 6, 7). In addition, its soft 
wood was used for different purposes, such as wood carv
ing, construction of wood trunks, furniture, and artifacts. 
Also, cembra pine suffered more from burning than de
ciduous larch, which is protected by thick, cork-like bark 
and may refoliate after burning. Finally, larch was fa
vored by grazing, because the plant cover was frequently 
destroyed by trampling; thus, a suitable seedbed (exposed 
mineral soil) was provided. 

Cyclic mass outbreaks of the larch bud moth (Zeira
phera diniana), which nowdays occur at intervals of 8 to 9 
years, have been intensified by the expansion of the larch 
forests. These outbreaks very seldom kill larches, because 
they are able to refoliate. However, young cembra pines 
in the understory may be destroyed when the larvae leave 
the defoliated larch crowns to feed on cembra pine needles 

Figure 8-Pioneer cembra pines invading the 
lateral moraine of the Morteratsch Glacier (Upper 
Engadine). Elevation 2,100 m (7,350 It). 
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Figure 9-Cembra pines invading an ungrazed 
larch forest (2,000 m; 6,100 It). 

(Baltensweiler 1975; Campell1955). Thus, the natural 
succession might have been retarded. Most of the former 
pasture forests have become completely over-aged (fig. 4). 

As a consequence of modern changes in the economic 
structure of the alpine regions, human activities today 
are quite different than those of the past. Tourism has 
become the main base of existence. Thus, the use of forest 
pastures and alpine pastures has declined. In many 
places the natural succession from larch to cembra pine 
forest, which had been interrupted by humans for hun
dreds of years, is going on again. 

Though cembra pine produces good cone crops only 
periodically, there are always enough viable seeds for 
effective regeneration. The seeds are spread by squirrels 
(Sciurus vulgaris) and other rodents such as the common 
vole (Microtus arualis), bank vole (Clethrionomys glareo
lus), by woodpeckers (Dendrocopus major), willow tits 
(Parus montanus), nuthatches (Sitta europaea), and by 
the European nutcracker into the former pasture-forests 
(Mattes 1985). Although these animals feed on the seeds, 
abundant quantities are left to guarantee vigorous regen
eration of cembra pine. Dense groves of cembra pines 
have grown up below the canopy of the ungrazed larch 
forest (fig. 9). 

However, this process may be slowed by damage caused 
to the terminal shoots and needles of the young cembra 
pines in the understory by the caterpillars of the larch 
bud moth and by secondary parasites such as different 
kinds of beetles (for example, Pissodes pinii, Pityogenes 
bistridentatus, Pityophterus knotecki, Ips amitius). Thus, 
the trees may become crippled or killed. In general, cem
bra pines shorter than 5 m (15.25 ft) are most seriously 
injured (Baltensweiler and Rubli 1984). The mass out
breaks of the larch bud moth seem to be more harmful 
to young cembra pines than to mature larch trees. Never
theless, high proportions oflarch can only be maintained 
by removal of the dense grass and dwarf shrub vegetation 
on the forest floor and by exposing the mineral soil. 
Otherwise, in the long run, larch is going to be replaced 
by cembra pine on most sites . 



Natural Reforestation of Alpine 
Pastures 

Just as conspicuous as the revived succession in the 
larch-cembra pine forest is the invasion of abandoned or 
rarely grazed alpine pastures. Surprisingly, it is cembra 
pine, not larch, that is most successful in resettling these 
areas (Holtmeier 1965, 1967). This is primarily caused by 
the dense grass and dwarf shrub vegetation that prevents 
the light larch seeds from reaching a suitable seed bed. 
Seeds of cembra pine are approximately 90 times heavier 
than larch seeds (Auer 1947). 

The heavy, wingless seeds of cembra pine (fig. 10) are 
chiefly spread by the European nutcracker , which places 
food caches of nuts in the soil, rotten trunks, and in other 
suitable places, particularly at sites on small ridges, 
spurs, knobs, and rocky outcrops (Holtmeier 1966; Mattes 
1978, 1982). Thus, the distribution of cembra pine de
pends more on the nutcracker's home range or area of 
activity than on the distance from the seed trees in the 
subalpine forest. In contrast, the occurrence oflarch 
seedlings declines rapidly with increasing distance from 
the mother tree, as is characteristic of windborne tree 
seeds (Holtmeier 1974; Kuoch 1965). 

Many of the seeds hoarded by nutcrackers remain 
unused and thus may give rise to cembra pine seedling 
clusters (fig. 11). Almost no cached cembra pine nuts are 
lost to mice. Above the timberline only the common vole 
(Microtus arualis) is common a t places. However, the 
common vole prefers dense plant communities such as 
Deschampsia meadows, which provide sufficient protec
tion from predators. The nutcracker does not establish 
seed caches in these plant communities (Mattes 1978, 
1982). 

It is not only the distribution of seeds over rela tively 
great distances, but also the specific choice of locations 
or the food caches that makes the nutcracker and cembra 
pine an important factor in natural high-altitude refores
tation. This must be viewed in relation to the drastic 
environmental change that took place when the upper
most forest belt was destroyed by humans in the past. 
Above the closed forest, tree growth is impeded more by 
unfavorable site conditions than one would expect at the 
present level of the timberline. When the forest was re
moved, the windflow near the soil surface and the amount 
of solar radiation became strongly influenced by the local 
topography. 

Sites vary in their exposure to solar radiation, wind 
velocity and directions, height and duration of the snow 
cover, length of the growing season, distribution of the soil 
temperature, soil moisture, and other factors. At present, 
sites relatively favorable to tree growth are near sites 
without trees. At exposed sites, which lack snow cover or 
are only occasionally covered with snow in winter, young 
trees suffer from desiccation, frost damage, and ice par
ticle abrasion (fig. 12). On leeward slopes and in other 
places characteri zed by heavy snow accumulation, the 
growing season may be too short and evergreen conifers 
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Figure 10-Cone and seeds of cembra pine. 

Figure 11-Cembra pines that rose from 
a nutcracker's seed cache. Muottas da 
Celerina, Upper Engadine, at about 
2,250 m (6,883 ft). 

such as cembra pine are heavily damaged or even killed 
by snow fungi (for example, Herpotrichiajuniperi, H. 
coulteri, Phacidium infestans, Lophodermium pinastri). 
In addition, thick, raw humus layers, typical of cool and 
moist north-facing sites, may prevent germination of 
seeds and growth of seedlings. And finally, the mycor
rhizal flora was reduced by past disturbance and thus 
nutrient uptake by the seedlings may be considerably 
hampered. Even in the long-term, successful natural 
restocking will be confined to the favorable localities. 

The sites chosen by the nutcracker for its food caches 
appear to be relatively favorable to successful growth of 
seedlings and saplings. Furthermore, the distribution 
of young cembra pines in tree clusters is advantageous 



---Wind-----,>~ 

0 

lee particle abrasion 
Desiccation 

/ ""' 

5m 
~------------~ 

Figure 12-lnfluence of wind and snow cover on the distribution of ground vegetation and on young cembra 
pines in abandoned alpine pastures (schematic, following the conditions on the northwest-facing slope of 
the upper Engadine main valley (Holtmeier 1965, 1971 )). (1) Rhododendron ferrugineum; (2) Vaccinium 
myrtillus; (3) Vaccinium uliginosum, Empetrum nigrum; (4) Loiseleuria procumbens, lichens (Aiectoria 
ochroleuca, Thamnolia vermicularis, Cladonia spp.), Juncus trifidus; (5) Trichophorum caespitosum, Erio
pherum scheuchzeri, Carex spp.; (6) boulder. 

to those saplings growing up in the center of the clusters. 
Those trees a re fairly well protected by the outer saplings 
from injurious climatic influences such as desiccation and 
ice blast-at least for a while. Nevertheless, as time goes 
on, many of the trees will succumb to root competition 
and also to snow fungi. 

Fungi infections often become a detriment to cembra 
pines even on sites exposed to wind that, previous to 
seedling establishment, ha d little snow cover in winter 
(fig. 13). As seedlings grow taller, they begin to influence 
local windflow, and as a result snow accumulations near 
the soil surface (fig. 14). Thus, more snow will be accumu
lated within the tree clusters, and the duration of the 
snow cover may increase greatly. 

The invasion offormer alpine pastures, especially by 
cembra pine, ca nnot be compared to the invasion of natu
ral subalpine meadows by trees in many mountain r a nges 
in the western United States. The changes in the Alps 
are caused by cessation of disturbances; the changes in 
montane North America may be the result of more favor
able climatic conditions. 
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Figure 13-Cembra pines planted by the 
nutcracker above the closed forest on the 
northwest-facing slope of the Upper 
Engadine main valley at 2,270 m (6,924 ft). 
The lower needles have been destroyed by 
Phacidium infestans after tree growth re
sulted in increased snow accumulations. 
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Figure 14-lnfluence of growth of cembra pines 
on windflow and snow accumulation. 

MANAGEMENT OF THE LARCH
CEMBRA PINE FORESTS 

NE 

It is clear that in the Engadine, as in the Alps in gen
eral, no forests remained untouched by humans. The use 
of the land has completely changed in modem times, but 
the legacy of disturbance and deforestation still has pro
found effects. Due to the extensive deforestation and 
over-utilization of the remaining forests, natural catastro
phies such as avalanches, torrential floods, soil erosion, 
and land slides have increased and become a permanent 
threat to the people living in the mountain valleys. About 
60 percent of the avalanches, for example, are released 
within the deforested area above the timberline. Mainte
nance of the remnant forests by careful silvicultural 
treatment and reforestation up to the climatic limit of 
tree growth, combined with fence construction when nec
essary, have proved to be the best way to reduce such 
catastrophies. 

The first efforts to restore the uppermost forests were 
made about 130 years ago. Many of these early high
altitude afforestations failed completely because the en
vironmental conditions, such as local climate, soil, and 
plant competition, had not been understood. However, 
it is evident that it is insufficient to protect the existing 
critical forests from commercial timber harvesting and 
to reforest the mountain slopes as high as possible. The 
forests should be managed to produce natural forest struc
ture (age classes, density, coverage, etc.) and a variety of 
successional stages (Campe111955; Mayer 1979). 

In practice, opinions concerning specific silvicultural 
methods may differ considerably and recommendations 
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can only be given with regard to the local situation. In 
the upper subalpine forests in the Engadine, cembra pine 
must be treated as part of the larch-cembra pine forest 
ecosystem. Natural succession in the ecosystem depends 
on the competition between cembra pine and larch. 

For practical reasons, it seems appropriate to first look 
at the contiguous forest and then at the reforestation 
above the contemporary human-caused timberline. On 
the level foothills at the bottom of the glacial valleys and 
on the lower, sun-exposed slopes where open, over-mature 
larch forests still prevail, the cyclic mass outbreaks of the 
larch bud moth cause the most serious problems in devel
oping a well-structured and healthy forest. Direct control 
of the larch bud moth with insecticides and bacteria has 
proved unsatisfactory. Also, there is increasing opposition 
by the public to chemical control. The best result could 
probably be achieved by appropriate silvicultural manage
ment (Baltensweiler 1975; Baltensweiler and Rubli 1984). 

Thus, at sites not threatened by avalanches, high stem 
density and a rotation age of 150 to 200 years could re
duce forest damage, because the larch bud moth popula
tions grow most quickly in over-aged, open, and wann 
larch forests. Additionally, larch should be controlled 
for the benefit of cembra pine. Since the growth of cem
bra pine in the understory of the larch forests may be im
peded by the larvae of the larch bud moth, a mixed forest, 
which consists of stands of pure larch and stands of cem
bra pine, might be most successful. 

Most of the uppermost forests are over-mature, open, 
and consequently very sensitive to disturbances by 
windthrow, avalanches, and snow slides. Due to the short 
growing season, trees grow very slowly, and only occa
sional regeneration occurs. Luxuriously growing dwarf
shrubs and grasses hamper not only the natural regenera
tion oflarch, but also of cembra pine. Big snow masses 
accumulate within the scattered tree stands. In clearings 
less wide than the height of the surrounding trees, the 
energy balance becomes negative because the incoming 
solar radiation is intercepted by the trees while the loss 
of out-going, long-wave radiation is almost unimpeded. 
Increased snow accumulation and negative energy bal
ance result in delayed snow melt. Thus, scattered seed
lings and saplings of cembra pine are more often damaged 
by snow fungi than trees in dense forests that offer more 
protection against snow (fig. 15). Consequently, the objec
tive of silvicultural management must be to improve con
ditions for the regeneration oflarch, which does not suffer 
from snow fungi. Ifnecessary, the dense ground vegeta
tion should be removed to provide suitable seed beds. In 
addition, larch should be planted. In the course of time 
the deposition of snow will be reduced by the closing 
crown cover. Thus, cembra pines in the understory, less 
threatened by snow fungi, could better survive. 

To minimize the risk of disturbance and simultaneous 
decay of over-mature forests, a great variety of succes
sional stages should be produced by silvicultural meas
ures. Ongoing regeneration oflarch trees, for example, 
can only be maintained if the bare mineral soil is exposed 
within the forest openings. 



Figure 15-Young cembra pine that lost almost 
half of its needle foliage (circled) by Phacidium 
infestans activity. Morteratsch Valley, Upper 
Engadine at 2,170 m (6,618 It). 

The ongoing natural invasion of abandoned alpine pas
tures, especially by cembra pine, should be aided by man
agement. This process will not succeed without help, 
because only a continuous compact, uneven-aged forest 
belt reaching as high as possible provides sufficient pro
tection. Thus, in many areas the forest must be brought 
back by active management. However, the disturbance
caused lower timberline has become as formidable an 
ecological barrier as the natural climatic timberline had 
been before (Holtmeier 1965, 1974, 1987). Consequently, 
reforestation has to be carried out with respect to the local 
site patterns. That means excluding all sites from affores
tation that are unfavorable to tree growth at the begin
ning of the efforlr-sites characterized by low solar radia
tion, low soil temperature, and long-lasting snow cover. 
If necessary, afforestation must be combined with artifi
cial constructions such as avalanche walls and snow 
fences. 
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It has become obvious that cembra pine and larch are 
the species most appropriate for high-altitude afforesta
tion in the Alps. Within plantations at timberline level 
in the Dischma Valley (west of the Engadine), after 8 
years the survival rate was 71 percent for cembra pine 
and 81 percent for larch. Only 59 percent of mountain 
pine survived (SchOnenberger 1985). The lower survival 
rate of cembra pine compared to larch was due to increas
ing fungi infections. Dense groups of 50 to 100 cembra 
pine trees should be planted. The distance between the 
individuals should not exceed 50 to 100 em (1.6 to 3.2 ft). 
The groups should be separated by glades 6 to 8 m (19.7 
to 24.3 ft) wide (Schonenberger 1986). This distribution 
will favor the accumulation of snow within the glades, 
thus keeping the risk offungi infections low in the tree 
groups. However, reports from the Dischma Valley study 
site stated that adult cembra pines on wind-exposed spurs 
were heavily infected by Phacidium infestans. Two other 
fungi, Ascocalyx abietina and S cleroderris lagerbergii, 
seem to have become increasingly injurious to cembra 
pine during the last 20 years. Damages caused by 
Ascocalyx are most common on cool and moist north
facing sites and in gullies with late-melting snow cover 
(SchOnenberger 1985). 

Large populations of game animals and continued live
stock grazing are other threats to forest regeneration. 
Cembra pine is very sensitive to browsing and trampling 
by red deer (Cervus elaphus) and livestock (fig. 16). 
Sheep, especially, are a most detrimental factor. Larch 
may more easily recover from damages caused by brows
ing animals. Winter feeding has reduced annual losses 
of red deer by starvation, resulting in unnaturally large 
populations. This never would have been possible in an 
undisturbed natural environment. Thus, all kinds of 
grazing should be excluded from the forest and areas that 
are being invaded by trees. 

Figure 16-Young cembra pines damaged by 
livestock, 2,200 m (6, 715 ft). 
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Charcoal production 
Salt works 
Timber harvesting 

(Construction wood, 
furniture, artifacts, 
firew~od) 

Degradation 
- retreat of timberline 
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Increase of larch at the cost 
of cembra pine 

Increase of mass outbreaks 
of the larch-bud moth 
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- increase of torrential washes 
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moth to understory cembra pines 
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Management objectives l 
Establishment and maintenance of an effective 

avalanche-protection forest 

Restoration of climatic timberline 
- Afforestation with respect to local site conditions 

(climate, soil, plant competition, etc.) 
- Support of natural restocking (mainly 

cembra pine) above present timberline 

Natural forest structures 
- sufficient regeneration 
- different age classes, density, coverage 

Reduction of snow fungus infection 
(cembra pine) 

Reduction of damage by grazing game 
animals and livestock 

Figure 17-Synopses of human impacts, effects, and management possibilities to restore 
the larch-cembra pine timberline and maintain a healthy forest 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Richard G. Krebill)-Is Pinus cembra as 
heavily damaged by the blister rust as is Pinus strobus? 

A.-There is almost no damage by the blister rust to 
Pinus cembra, which seems to be very resistant. 

Q. (from Ward W. McCaughey)-Do larch and cembra 
pine grow as well in mixed as in pure stands? Does cem
bra pine, growing in pure stands, develop a straight bole? 

A.-Larch and cembra pine grow as well in mixed as in 
pure stands. That.depends on the site conditions and the 
human interferences described in my paper. Pure stands 
of cembra pine are normally found on steep, rocky, and 
inaccessible slopes. Larch prevails on gentle terrain, 
exposed to the south, and easily accessible where cembra 
pine was eliminated by humans. 

The bole appearance depends to a great extent on the 
age of the trees and on site conditions. In dense stands 
straight boles may prevail. However, trees that origi
nated from seed caches of nutcrackers are usually multi
stemmed. Very old trees display a candelabrum-like 
growt~ form. 



THE FUTURE OF IDGH-MOUNTAIN 
BIOLOGICAL RESEARCH 

Eldon W. Ross 

ABSTRACT 
The emerginc importance of the Nation~ high-mountain 

forests for nontimber uses, such as watershed, recreation, 
and wildlife, is discussed. Attention is focused on the 
frcgility of these ecosystems and the need for silvicultural 
options to maintain their presence and values. The need 
to better understand these complex ecosystems through 
research is reviewed. 

I appreciate the opportunity to join you at this unique 
meeting. It is my understanding that this may well be 
the first ecology and management meeting in the United 
States devoted solely to high-mountain resources. Your 
timing for such a meeting is very appropriate. Scientifi
cally, these resources are not as well understood as other 
forest systems. For an array of reasons, we have not ade
quately explored the various silvicultural options avail
able to use in managing high-mountain forests. But of 
even more importance is a lack of appreciation of the 
numerous values and benefits of high-mountain systems 
by both the general public and, to a lesser extent, by some 
land managers. 

In the next few days, you will review what is known 
about selected ecosystems and individual forest types that 
characterize portions of western high-mountain forests. 
You will review their early history and some of the many 
factors shaping current stand structures. By the end of 
this meeting, you will have provided a basis for re
examining the information needs necessary for managing 
this complex resource in the future, and your information 
will provide a sound basis for maintaining the health of 
high-mountain forests. 

High-mountain forests are not like the major forest 
types now under management at lower el~vations. Some 
of the oldest living trees and stands are to be found in 
these forests. Yet this system is rather fragile. There
ported decline in the spruce-fir forests of the Eastern 
United States and the high-elevation forests of Europe 
certainly suggests this fact. A slight shift in the degree of 
stress, be it caused by humans or natural, can accelerate 
the decline of such ecosystems. We may argue over the 
causes of these declines, but they are taking place. In the 
next few years, a number of major research initiatives will 
be directed toward establishing the relationship between 
environmental changes and forest conditions. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

Eldon W. Ross is Associate Deputy Chief for Research, Forest Service, 
U.S. Department. of Agriculture, Washington, DC. 
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In both Europe and the United States, high-mountain 
forests are now considered mainly as multiple-use forest 
resources. Their real value lies not in traditional forest 
products, such as timber or fiber, but in their value as 
wildlife habitats, recreational areas, water resource man
agement units, and as sensitive environmental indicators. 
The consequences of the various uses are not adequately 
known and attention must be paid to possible negative 
impacts on these ecosystems. 

Their value as a major catchment for snow may well 
prove to be a prime reason for their careful management 
in the future. In the last few years, some areas of Europe 
had to relearn that high-mountain forests are a major 
source of protection from the massive movement of snow. 
Thus, their value as protection forests will determine the 
extent and type of management, if any, that will be 
applied. 

As wildlife habitat, the mountain forests are somewhat 
unique. Their value as a wildlife habitat is well known to 
some but is still undervalued by many. During their dif
ferent seasons, mountain forests provide an everchanging 
array of food sources as well as shelter. Many of the wild
life species spend only a portion of their time in these 
forests. Yet it is often a critical portion of time in tenns of 
reproduction and maturation. How more intensive man
agement and use, especially recreation, will impact on the 
maintenance of viable wildlife populations must be a 
priority research item. Strengthening management 
strategies for maintaining rare and endangered species 
that are associated with the high mountains must also 
receive additional attention. Some of these issues you will 
address in your section on animal interactions. Such 
research needs to be directed at an array of different . 
mountain ecosystems. 

With our highly mobile society and the apparent in
creasing desire for a broader array of recreational oppor
tunities, we are beginning to experience wider use of high
mountain forests. People pressures will be manageable in 
wilderness areas. However, there are already demands to 
increase the number of ski slopes and some are now under 
construction in once untouched mountain forests. What 
will be the impact on the ecological stability of there
maining stands? What will be the impact on the protec
tion value of reduced forest cover? These are research 
areas we must be willing to support now if we are to con
tinue wise use. Lest you feel this is an academic subject, 
let me remind you of events in the Italian Alps in the last 
few years. The number of summer mudflows and snow 
avalanches has increased with expanded recreational 
development at higher elevations. Finn evidence is in 
hand that the ecological stability of the protection forest 
has been greatly reduced through thinning operations 
designed to create trails and additional ski slopes. Even 



in Europe with its relatively long history of mountain 
silviculture, I suspect much still remains to be learned. 
Yet, what is our current level of knowledge of appropriate 
European silvicultural practices that we could apply? 

Finally, I would like to review briefly a viewpoint sug
gesting that high-mountain forests, because of their eco
logical sensitivity to their environment, are a barometer 
of climate change. Currently, a number of concerns exist 
in the scientific community and the general public. Those 
concerns include global warming caused by the rise in 
carbon dioxide levels from the use of fossil fuels as well 
as other gases-the so.called "Greenhouse Effect" -or the 
depletion of the ozone layer, which also contributes to a 
possible warming trend. We also have the presence of 
acid rain and related issues of pollution. To be sure, all 
of the facts related to these various issues are not avail
able and we certainly can and will argue about what is 
really happening. Still, there are some indications that 
suggest we need to get on with focused research on sensi
tive ecosystems that will permit us to at least develop a 
rational level of understanding of what is happening. The 
first indication of forest decline was found in the high
mountain spruce-fir forests of Yugoslavia before it became 
apparent in lower elevations. To a degree, this also ap
pears to be the case for the so-called spruce-fir forest 
decline in New England and decline in high-mountain 
forests of the Southeast. The causes for these forest 
declines are not known nor have current published re
search results completely clarified the situation. In West 
Germany, where the decline of European white fir and 
Norway spruce forests has received considerable atten
tion, a review of earlier records suggests that in at least 
some forest regions, the declines were first apparent at 
higher elevations before they were detected in lower 
elevations. If we accept the premise that high-mountain 
ecosystems tend to be fragile and have limited elasticity 
to respond to change, then this early response to addi
tional stress is not surprising. 

If this concept that high-mountain forests are, in fact, 
a useful indicator of climate changes or environmental 
stresses, is correct then what type of research would prove 
useful? As noted earlier in this meeting, there are a num
ber of descriptive ecological studies of at least the white
bark pine ecosystem. Certainly, we need a better under
standing at the community level. This suggests the need 
to expand our studies to still other high-mountain sys
tems and determine if there are some common ecological 
patterns. We need to strengthen our understanding of the 
genetic patterns of these systems, including the relative 
level of gene flow, if any, between related systems. Fi
nally, I suspect that physiologically, high-mountain spe
cies will prove to be very different and interesting in their 
ability to respond to, and cope with, environmental 
changes. Research in Austria has for some time been 
focusing on certain aspects of comparative physiological 
studies of mountain species. Such research does suggest 
that high-mountain species do, in fact, have physiological 
coping mechanisms somewhat different from nonmoun
tain species. How we can apply such information 
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generally is not clear, nor have we adequately established 
the relationship of individual physiological responses to 
the interrelationships among competing species in a 
community. Mountain biological systems may be an ideal 
situation for establishing such relationships. Such com
plex questions clearly demonstrate the need to integrate 
the knowledge developed by different scientific 
disciplines. 

There is great competition for research funding, but in 
establishing priorities for future programs we should not 
forget that high-mountain ecosystems are extremely im
portant and deserve much more of our research attention. 

Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Ron Lanner)-Should not special efforts be 
made to preserve, in place, high-elevation forests, as a 
research resource? Is the Forest Service going to do so? 

A.-I certainly agree that high-elevation sites should 
be made available as a research resource. CuiTently the 
Forest Service is in the process of identifying different 
forest types or areas with unique features to be set aside 
as Research Natural Areas (RNA's). A number have al
ready been designated and surely some of them will be 
high-mountain ecosystems. If you desire to know the 
location of specific RNA's or to conduct research on them 
you should contact the responsible Station Director or 
Regional Forester. 

Q. (from Anonymous)-Will the Forest Service really 
give sustained support to high-mountain resources 
research? 

A.-As I noted in my presentation there is strong com
petition for research funding. While we may have the 
desire to sustain long-term research programs in such 
areas as the high-mountain forests, we constantly have to 
re-evaluate our priorities. Therefore, it is very important 
that the public has a high awareness of the importance of 
such research. This is where you can help. Anytime you 
have an opportunity to address the importance of re
search in high-mountain forests in public gatherings or 
brief Congressional delegations, you should do so. 

Q. (from Diana Tomback)-ln view of the fragility of the 
high-mountain ecosystems, do you foresee any policy pro
tecting these ecosystems from any commercial impact in 
National Forest and wilderness areas in the near future? 

A.-There will certainly be increasing pressure for com
mercial development in high-mountain resources. We are 
already seeing increased requests for development of 
winter recreation. Officially designated Wildernesses are, 
of course, already protected from further development; 
however, nonwildemess areas in National Forests are 
available for multiple use. Good research is the key 
element in establishing sound future policy on use of 
these areas. The better we understand the high
mountain ecosystems, the better we will be able to 
manage development. 



High-Mountain Resources of Nonh America 

Richard Kracht 
Session Coordinator 

The United States and Canada have much in common with the 
geology and biology in the high mountains of the West that span the 
borders of these two countries-both can benefit from the knowledge 
gained on either side of the border. This session aimed at describing 
what resources result from this commonly shared environment and 
how resources are viewed under different public land management 
objectives. 
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LATE QUATERNARY IDSTORY 
OF WHITEBARK PINE IN THE 
ROCKY MOUNTAINS 

Richard G. Baker 

ABSTRACT 

The fossil record of whitebark pine (Pinus albicaulis) 
is still sketchy. Only two fossil sites older than the last 
glacial advance contain whitebark pine pollen and macro
fossils, but they show that it was present in the Yellow
stone National Park region for over 100,000 years. The 
history ofwhiteba.rk pine during the last 15,000 years in 
parts of the Rocky Mountains is fairly well understood. 
Pinus albicaulis apparently survived the last glaciation 
in protected areas throughout much of the Northern Rocky 
Mountains. It was well adapted to colonizing the treeless 
sites with mineral soils that prevailed during late-glacial 
times (about 15,000 to 10,000 years ago). Whitebark pine 
remained abundant, probably as a subalpine forest spe
cies, in many areas at the beginning of the early Holocene 
(about 10,000 to 8,000 years ago). During "Altithermal• 
warming in the middle Holocene of the Rocky Mountains 
(about 8,000 to 4,000 years ago), the species apparently 
was confined to high-altitude sites, and it has not substan
tially recovered during the slightly cooler climates of the 
late Holocene (the last 4,000 years). 

INTRODUCTION 
To understand the ecology and distribution pattern 

of any plant species, it is useful, if not essential, to know 
its history through the study of fossil remains. When 
extensive fossil records became available for many species 
in both the eastern and southwestern United States, new 
concepts of community evolution and biogeography were 
mandated (Davis 1983; Spaulding and others 1983; 
Thompson 1988; Watts 1983; Webb 1988). Unfortunately, 
the fossil record is incomplete; for most species and most 
regions, such information is not available. The fossil 
record for whitebark pine (Pinus albicaulis) in the north
western United States and Canada has been investigated 
during the past two decades, and the resulting paleoecol
ogical and paleogeographical information may help in 
understanding its present status. The purpose of this 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management or a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

Richard G. Baker is Professor or Geology and Botany, and Director, 
Iowa Quaternary Studies Group, University or Iowa, Iowa City, lA 62242. 
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paper is to outline the evidence of the Late Quaternary 
occurrence ofwhitebark pine as it is known from the fossil 
record. The longest records and strongest evidence come 
from Yellowstone National Park and surrounding areas 
near the southeastern margin of its range, and these 
sequences will be emphasized. Other records from north
em Montana, Idaho, Washington, and Alberta, Canada, 
will also be discussed. 

The past distribution of whitebark pine can be inferred 
from (1) the present distribution, (2) the occurrence of 
high percentages ofhaploxylon pine pollen, (3) high PAR 
(pollen accumulation rate) values ofhaploxylon pine pol
len (measured in grains per square centimeter per year), 
and (4) the occurrence of needles or other macrofossils of 
pine. 

Using present distribution of whitebark pine or any 
other species to infer past ranges is the most speculative 
approach. It has often been suggested, for example, that 
the disjunct occurrence of trees like eastern white pine 
(Pinus strobus) and larch (Larix laricina) in the Midwest 
was a relict of the last (Wisconsinan) glacial episode; fossil 
evidence indicates that they are late Holocene immigrants 
(Davis 1979; Webb 1988). 

Pollen percentages are a more useful though still imper
fect method of studying past pine distribution. There are 
numerous pollen sequences in some areas of the Rocky 
Mountain region. The problem is in identifying pine pol
len to species (Hansen and Cushing 1973). Two studies 
that deal with identification of conifer pollen do differenti
ate species of pine in the Northern Rocky Mountains 
(Bagnell1975; Weir and Thurston 1977), using the scan
ning electron microscope. Virtually all routine pollen 
analysis, however, is done with a light microscope, and 
thus few palynologists use tl:e criteria of Bagnell (1975) 
and Weir and Thurston (1977) in identifying pine to spe
cies. In fossil pollen studies, identifications are generally 
only to the subgeneric level, and many are only to the 
genus level. 

Few pine species presently grow in the N orthem 
Rocky Mountains, and the assumption is often made 
that only these species have been present during late 
Quaternary time. Support for this argument comes from 
the American Southwest, where there is strong evidence 
that several pine species moved vertically up and down 
mountain slopes and did not show major geographic shifts 
during this period (Thompson 1988). In the Northern 
Rocky Mountains, macrofossil studies suggest that the 
same type of movement occurred at least during the last 



15,000 years. Pinus albica.ulis and limber pine (P. flexilis) 
are the only haploxylon pines in most of the Rocky 
Mountain region, though western whitepine (P. manti
cola) is present in northern Idaho and Montana. The co
occurrence ofhaploxylon-type pine pollen with Picea and 
Abies may help to distinguish P. albicaulis from P. flexilis 
and P. monticola, which have different associations in 
this region today. Studies of the modem pollen rain in 
Yellowstone and Grand Teton National Parks indicate 
that haploxylonldiploxylon pine pollen ratios are highest 
at high elevations at or near treeline, and are associated 
with peaks in spruce (Picea) and fir (Abies) pollen. Ratios 
are lowest in lodgepole pine (Pinus contorta) forests, and 
are intermediate and associated with Douglas-fir (Pseu
dotsuga) pollen at lower treeline, where P. flexilis occurs 
(Baker 1976; Bamosky 1987). 

PAR values are more precise in determining the local 
presence of a taxon. PAR values reflect the actual deposi
tion rate of pollen through time. Generally, these values 
are very low or zero when a taxon is absent, and they 
jump rapidly to high values when the taxon anives at a 
site. Calculation of PAR requires an accurate chronology 
established by radiocarbon dating or varve record to pro
vide the deposition rate, and few studies in the Rocky 
Mountains have used this method. 

Studies of plant macrofossils are also not common, but 
where available, they establish more firmly the local pres
ence of the tree. Fossil needles of P. albicaulis can be 
detennined on the basis of morphology: they have both 
dorsal and ventral stomata, distinguishing them from 
P. monticola, and strongly thickened endodermal cells 
compared with P. flexilis. Even if this latter distinction 
cannot be made (perhaps because of poor preservation), 
the association ofwhitebarkllimber pine needles with 
those of subalpine fir (Abies lasiocarpa) and Engelmann 
spruce (Picea engelmannii) in the Central and Northern 
Rocky Mountains would suggest that whitebark pine was 
present on ecological grounds. In this region limber pine 
is associated with the lower treeline and whitebark pine 
with the upper treeline. A cautionary note is needed, 
however, because in the Southern Rocky Mountains, 
where whitebark pine is absent, limber pine grows at 
the upper treeline. 

The modem distribution of P. albicaulis is likely 
controlled by a number of factors, of which climate is 
probably most important. Amo and Hoff (1989) have 
summarized climatic factors that characterize modem 
P. albicaulis stands. The general distribution follows 
boundaries of airmasses that determine when precipita
tion occurs (Mitchel11976). Whitebark pine grows in 
areas of mainly high winter precipitation and dry sum
mers in interior locations, and of both summer and winter 
precipitation in the Sierra and Cascade Ranges. 

The Quaternary climatic history of the Yellowstone 
National Park region has been summarized by Porter and 
others (1983) and Richmond (1986a, 198Gb). The region 
has a long and complex history of glaciations and intergla
ciations extending back to over 2 million years. Since the 
last (Sangamonian) interglaciation ended about 120,000 

41 

yr B.P., the Wisconsinan Glaciation (about 120,000-10,000 
yrs B.P.) occurred, but glaciers were not extensive during 
that entire interval. Part of that period was dominated 
by nonglacial climatic episodes that ranged from warm 
to cold, based on both physical and biological evidence 
(Baker 1986; Richmond 1986a). As the last Wisconsinan 
glaciers retreated, a period of cool climate persisted prior 
to postglacial warming; this interval is herein called the 
"late-glacial" (15,000-10,000 yrs B.P.). The Holocene 
follows the late-glacial, and is used in this paper to mean 
the relatively warmer period during the last 10,000 years, 
with the exact timing of the warming depending on geo
graphic position and altitude. 

YELLOWSTONE NATIONAL PARK 
REGION 

Although Pinus albica.ulis probably arose from ances
tral stock (in the Subgenus Strobus, Section Strobus, 
Subsection Cembrae) tens of millions of years ago during 
the Tertiary Period (Axelrod 1986), apparently no fossils 
referable to that stock are known in North America. In 
fact, I do not know of any published fossil records of 
whitebark pine older than Late Quaternary. 

Earliest Records 
Several unpublished pollen sequences have been com

pleted from Early to Late Pleistocene sediments by E. B. 
Leopold, J. P. Bradbury, and W. Mullenders (Richmond 
1978). Although no separation of pine pollen is made in 
these reports, association with spruce and fir would sug
gest that whitebark pine may have been present. 

The earliest published records known from the Quater
nary date back only to the waning stages of the previous 
(lllinoian) glacial period, approximately 140,000 yr B.P. 
The lowest exposed levels of a deltaic section along 
Beaverdam Creek in the southeastern part of Yellowstone 
National Park (fig. 1) contain pollen of spruce, fir, and 
haploxylon pine along with that of juniper, sagebrush, 
grass, and sedge (Baker 1981). This pollen assemblage 
strongly resembles much younger late-glacial assem
blages in the Yellowstone Park region, and indicates a 
cold, near-treeline environment. No macrofossils were 
recovered from this section, but it is likely that the pine 
is whitebark pine. 

Somewhat higher in the same deltaic sequence, overly
ing a very warm -climate pollen sequence, haploxylon pine 
pollen and needles are associated with pollen and macro
fossils of spruce, fir, Douglas-fir, poplar, and dwarfbirch 
(Baker 1986). This assemblage is much more heterogene
ous, and the pine could be either whitebark or limber 
pine. Poor needle preservation precluded sectioning 
to determine which species was represented. 

Another climatic fluctuation began an estimated 
80,000 yr B.P. (Richmond 1986a) and is recorded by the 
sequence at Grassy Lake Reservoir, near the southwest 
corner of Yellowstone National Park (Baker 1986) (fig. 1). 
Pollen percentages of total pine are low ( <30 percent) at 
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Figure 1-Location of sites considered in this paper. Squares (in the Yellowstone area inset) = sites older 
than 50,000 years B.P.; triangles= sites younger than 20,000 years B.P.; open markers indicate that pollen 
on1y was studied; filled markers indicate that both pollen and macrofossils were stucrJed. 1-Beaverdam Creek 
(Baker 1981, 1986; Baker and Richmond 1978); 2-Grassy Lakes Reservoir (Baker 1986); 3-Buckbean Fen 
(Baker 1970, 1976); 4-Cub Creek Pond (Waddington and Wright 1974); 5-Biacktail Pond (Gennett and Baker 
1986); 6-Gardiner's Hole (Baker 1983); 7-Cub Lake (Baker 1983); 8-group of five sites studied by Bamosky 
(1987); 9-Lost TraH Pass Bog (Mehringer and others 1977); 10-Forest Lake site (Brant 1980); 11-Telegraph 
Creek site (Brant 1980); 12-sheep Mountain Bog (Mehringer 1985); 13-Teepee Lake (Mack and others 
1983); 14-Guardipee Lake (Bamosky 1989); 15-Hager Pond (Mack and others 1978b); 16-Big Meadow 
(Mack and others 1978a); 17-Waits Lake (Mack and others 1978c); 18-Bonaparte Meadows (Mack and 
others 1979); 19-Carp Lake (Bamosky 1984, 1985); 20-Davis Lake (Bamosky 1981); 21-Castle Peak site 
(Clague and Mathewes 1989); 22-Wilcox Pass site (Beaudoin and King 1989); Watchtower and Excelsior 
sites (Luckman and Kearney 1986); Lake O'Hara (Reasoner and Hickman in press); 23-Sherd Lake (Baker 
1983; Burkart 1976); 24-Antelope Playa (Margraf and Lennon 1986). 

the base, indicating that pine trees were scarce to absent 
at the site, but the percentages are strongly dominated by 
haploxylon pine pollen. Spruce, sagebrush, grass, and 
sedge pollen are dominant. In the overlying zone, spruce 
pollen percentages and macrofossils rise first, followed 
shortly by those ofwhitebark pine type and fir, and last 
by those of lodgepole pine. This sequence also is similar 
to late-glacial sequences and indicates vegetational 
change from tundra to open parkland and finally to forest. 
Apparently spruce was the first migrant in the area, with 
whitebark pine following shortly after. 
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A second, stratigraphically younger sequence along 
Beaverdam Creek (fig. 1) extends from 70,000 yr B.P. to 
possibly 50,000 yr B.P. This thick section of laminated 
lake sediments records cold tundra conditions for nearly 
the entire period represented. An apparently short-lived 
interval near the base has peaks in haploxylon pine, 
spruce, and fir pollen (Baker and Richmond 1978). The 
same interval at a nearby section contained needles of 
spruce and whitebark pine (Baker 1978). Apparently 
trees were scarce during this long, cold period, but they 
were near enough to colonize local habitats during this 
earlier, slightly warmer interval. 



The interval from about 50,000 to 15,000 yr B.P. is 
very poorly known. No known sequences in Yellowstone 
National Park contain sediments of this age, and during 
much of that time the Park was almost completely cov
ered by a Late Wisconsinan ice cap (Pierce 1979; Porter 
and others 1983). Elsewhere, few long records from 
unglaciated areas in the Rocky Mountains and Pacific 
Northwest are available. Sites in western, west
central, and southern Washington date back more than 
20,000 yr B.P. and record very cold conditions. There, 
however, the first pine to colonize was lodgepole, not 
whitebark, pine (Barnosky and others 1987; Heusser 
1983, 1985). Another sequence that extends back more 
than 20,000 yr B.P. is from the Chuska Mountains of 
New Mexico (Wright and others 1973), well beyond the 
present range ofwhitebark pine. Some of the most reli
able identification of pollen from several species of pine 
was performed there (Hansen and Cushing 1973), and 
no evidence ofwhitebark pine was found. 

A different type of record provides paleoecological 
information from full-glacial and late-glacial time from 
the American Southwest (Spaulding and others 1983; 
VanDevender and others 1987). Packrats build nests 
and middens of local plant materials, which accurately 
represent the surrounding vegetation. Preservation of 
plant macrofossils in ancient nests is superb, and they 
have been used extensively in the arid mountains and 
deserts to provide key information on the distribution 
of many plant species, including several pines. Unfortu
nately, whitebark pine has not been record~d in these 
middens. 

Late-Glacial and Holocene Records 
Several sites in and near Yellowstone National Park 

contain late-glacial (about 15,000 to 10,000 yr B.P.) and 
early Holocene (about 10,000 to 8,000 yr B.P.) remains 
of whitebark pine. The record at Buckbean Fen (fig. 1) 
(elevation 2,380 m) is typical (Baker 1970, 1976). Prior 
to about 12,000 years ago sagebrush (Artemisia) and other 
shrubs and herbs dominated the pollen sequence. Pollen 
percentages of Pinus were low, but the dominant type was 
haploxylon, probably P. albicaulis (fig. 2). Macrofossils 
indicate that common juniper, (Juniperus communis), 
dwarf birch (Betula glandulosa), and open-ground sub
alpine and alpine herbs were present. Together these 
data indicate that an open landscape of tundralike vegeta
tion prevailed. Engelmann spruce and whitebark pine 
may have been present in locally favorable microhabitats. 
Engelmann spruce, whitebark pine, and poplar (probably 
balsam poplar) were the first trees to migrate onto raw 
mineral soils of the deglaciated area. As the climate be
came warmer about 11,500 years ago, the pollen and 
macrofossil record indicates that P. contorta immigrated 
into the area, and a mixed forest of P. albicaulis and 
P. contorta covered the region. By about 10,000 yr B.P. 
pine dominance in the pollen and macrofossil record 
shifted from P. albicaulis toP. contorta, indicating that 
whitebark pine was gradually phased out, and P. contorta 
forests became dominant as they are today. During the 
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Figure 2-Total pine and whitebark pine-type 
pollen percentages from Buckbean Fen and 
Cub Creek Pond, Yellowstone National Park. 
Modified from Baker 1976 and Waddington 
and Wright 197 4. 
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late-Holocene, even though Picea and Abies pollen and 
macrofossils became more abundant, P. albicaulis did 
not return to this site (Baker 1970, 1976); 

The other sites in Yellowstone National Park (fig. 1) 
show similar pollen sequences. These sites include Cub 
Creek Pond (elevation 2,485 m) (Waddington and Wright 
1974), Gardiners Hole (elevation 2,215 m) (Baker 1983), 
Blacktail Pond (elevation 2,018 m) (Gennett and Baker 
1986), and Cub Lake (elevation 1,840 m) (Baker 1983). 
The late-glacial pollen spectra at all these sites are simi
lar to that at Buckbean Fen, with high percentages of 
nonarboreal pollen, and maxima of spruce and fir percent
ages and of whitebark-pine-typellodgepole-pine-type 
pollen ratios. Although macrofossils are not available 
for these sites, the pollen sequences indicate comparable 
late-glacial paleoenvironments, even at low elevations. 

The late-glacial to Holocene transition at 10,000 yr 
B.P. also is similar, with a rapid rise in total pine, mostly 
haploxylon, followed by a period ofwhitebark pine and 
lodgepole pine dominance. Pinus contorta is dominant 
during the middle and late Holocene, though P. albicaulis 
pollen rises slightly in the late Holocene at Cub Creek 
Pond (fig. 2), the highest elevation site sampled in the 
Park. Presumably P. albicaulis was confined to timber
line sites during the middle Holocene, and remained at 
relatively high elevations during the late Holocene. 
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Barnosk.y (1989a) has studied several sites ranging in 
elevation from 2,073 m to 2,634 m between the southern 
boundary of Yellowstone National Park and Jackson Hole, 
WY (fig. 1). She has used pollen percentages and pollen 
accum'utation rates, as well as macrofossils, to establish 
patterns of colonization after deglaciation. Her work 
indicates that a period of treeless vegetation followed 
deglaciation, as in Yellowstone National Park. Subse
quently, P. engelmannii arrived at most sites, followed 
shortly by P. albicaulis and A. lasiocarpa,. In early 
Holocene time P. contorta and Pseudotsuga menziesii 
forests prevailed, and low levels ofhaploxylon pine pollen 
suggest that whitebark pine was confined to exposed sites 
at high elevations. 

Pinus albicaulis is not present today in the Bighorn 
Mountains in eastern Wyoming (figs. 1 and 3), and pollen 
analysis from three sites there suggests that it never grew 
there during the last 13,000 years (Baker 1983; Burkart 
1976). It also never occupied the Wyoming basins during 
late-glacial times; at least the Powder River Basin (figs. 1 
and 3) was apparently covered by late-glacial steppe 
(Markgraf and Lennon 1986). There is an excellent record 
of whitebark pine in the Bitterroot Mountains (fig. 1) to 

the west of Yellowstone National Park (Bright n.d.; 
Mehringer and others 1977). Both P. albicaulis and 
P. engelmannii pollen and needles appear about 11,500 
yr B.P. at Lost Trail Pass Bog (elevation 2,152 m) and 
were codominants with P. contorta andA.lasiocarpa 
during the early Holocene. After a mid-Holocene warm 
period about 8,000 to 4,000 yr B.P., when an open forest 
of Pseudotsuga was apparently present, closed forests of 
P. albicaulis, P. contorta, A. lasiocarpa., and P. engelman
nii returned to the site and remain to the present time •. 

NORTHERN ROCKY MOUNTAINS 
AND ADJACENT AREAS 

Brant (1980) found pine pollen curves similar to those 
in Yellowstone National Park at two sites in west-central 
Montana (fig. 1). Haploxylonldiploxylon pine pollen ratios 
were highest during the late-glacial period, when total 
pine percentages were relatively low, and both haploxylon 
and diploxylon pines were present during the early Holo
cene (fig. 3). Whitebark pine apparently was not abun
dant during the late Holocene, although it is still present 
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there. A very similar sequence occurs farther northwest 
at Sheep Mountain Bog (elevation 1,920 m) in northwest
central Montana (Mehringer 1985), where the high ratios 
ofhaplox:ylon/diplox:ylon last until about 9,500 yr B.P. 
Needles ofwhitebark pine confirm the tree's presence in 
this lower elevation site (Mehringer 1989). At this site, as 
at Lost Trail Pass Bog, haploxylon pine pollen remains at 
moderate levels throughout the Holocene. Both P. flezilis 
and P. albicaulis occur in the area at present; in the 
middle and late Holocene, limber pine may also have 
contributed to the haplox:ylon pine pollen rain. 

Apparently the Great Plains adjacent to the Northern 
Rocky Mountains were not tree covered in late-glacial 
time, despite the lowering of treelines and forest zones 
(figs. 1 and 3). Pine pollen percentages are predominantly 
diplox:ylon and suggest that lodgepole pine was important 
in the nearby mountains, but that the trees were not 
present at Guardipee Lake east of Glacier National Park 
during the last 12,000 years (Barnosky 1989b). 

A number of sites between the Northern Rocky Moun
tains and the Cascade Range provide pollen, but not 
macrofossil evidence for the past distribution of whitebark 
pine (see summaries in Baker 1983; Barnosky and others 
1987; Heusser 1983, 1985; Mehringer 1985). Pinus 
monticolo, P. flexilis, and P. albicaulis are all present 
today in the Northern Rocky Mountains, so the identifica
tion of P. olbicaulis on pollen morphology alone is less 
certain in these studies. Nevertheless, it is the most 
likely contributor ofhaplox:ylon pine pollen in the late
glacial and early Holocene, based on other conifers pres
ent at that time. 

Several sites in northwestern Montana and northern 
Idaho (fig. 1) show that both haplox:ylon and diplox:ylon 
pine pollen were part of the late-glacial pollen flora 
(fig. 3), along with Picea and Abies (Mack and others 
1978a, 1978b, 1978c, 1979, 1983). The haplox:ylon pine 
pollen probably represents mostly whitebark pine, al
though some P. monticolo pollen has been found according 
to Mack and others (1978b). The diploxylon pine pollen is 
thought to represent P. contorta, as opposed toP. porukr
osa, which also grows there today. These conifers were 
apparently present in an open parkland, judging by the 
large amount of nonarboreal pollen in the late-glacial. 

From the west side of the continental divide to the east 
tlank of the Cascade Range in Washington (fig. 1), a num
ber of sites indicate that a steppelike environment with 
scattered pine was. present in the late-glacial and early 
Holocene (Barnosky and others 1987; Mehringer 1985). 
At the west end of this transect the pine pollen is mostly 
diplox:ylon. Apparently whitebark pine was rare or absent 
along the base and eastern slope of the Cascade Range. 
However, a recent report on fossil logs at timberline in 
southern British Columbia (figs. 1 and 3) indicates that 
P. albicaulis grew in the southern Canadian Cordillera 
9,000 years ago (Clague and Mathewes 1989). In fact, 
timberline was 60 to 130 m higher at that time in the 
Pacific Northwest. Few, if any, pollen studies in the 
Cascades indicate that whitebark pine was present there. 
Whitebark pine was not present in a very careful study 
of plant macrofossils from the tlanks ofMt. Rainier, for 
example (Dunwiddie 1986). Further careful work on the 
source of the pine pollen in that area is needed. The 
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presence of both haplox:ylon and diplox:ylon pine pollen 
in the northeastern Washington highlands suggests that 
mixed P. olbicaulis-P. contorto parklands were present 
there shortly after deglaciation. It is likely that P. albi
coulis has been present, if not abundant, ever since in 
that area. 

Recent studies in the Canadian Rocky Mountains 
(fig. 1) also indicate the early Holocene presence of P. 
albicaulis (fig. 3) (Beaudoin and King 1989; Kearney and 
Luckman 1983; Luckman and Kearney 1986; Luckman 
and others 1984; Reasoner and ffickman in press). It is 
the only high-altitude haplox:ylon pine in the region, and 
all sites investigated are in alpine meadows near the 
upper treeline. Both pollen and macrofossils (needles) 
of P. albicaulis were present shortly after deglaciation. 
Apparently whitebark pine survived glaciation locally 
and was able to colonize new sites effectively. It was 
relatively abundant during the early Holocene, became 
less common during the warmer middle Holocene, and 
again increased in abundance in the late Holocene. 

DISCUSSION 
From the fossil evidence, it seems clear that P. albicou

lis was an important early invader on deglaciated ground 
throughout the Central and Northern Rocky Mountains. 
Its present ecology is well suited to such an environment. 
Arno and Hoff (1989) described its present treeline posi
tion, where it is well adapted to mineral soils and open, 
sunny habitats. These conditions must have been preva
lent over large areas during late-glacial time. 

The fossil records show that whitebark pine established 
much of its modem range by at least 10,000 yr B.P. 
(fig. 3). It seems likely that the tree survived glaciation 
in protected habitats in most areas. Present distribution 
of whitebark pine is heavily dependent on Clark's nut
crackers, which are almost solely responsible for dispersal 
of the tree (Hutchings and Lanner 1982; Tomback 1978). 
These birds collect, transport, and bury its seed!J in 
caches. The common occurrence of many boles of white
bark pine is ample evidence of the effectiveness of these 
birds as agents of dispersal. It is likely that Clark's nut
crackers coevolved with the pines long before the last 
glaciation, and thus they would have been effective in the 
rapid dispersal of whitebark pine from sites where it sur
vived full-glacial conditions. Similar relationships are 
present between fagaceous trees and blue jays in eastern 
North America, and blue jays have been cited as an im
portant factor in the rapid dispersal of oaks in the early 
Holocene (Johnson and Webb in review). 

During the early Holocene, whitebark pine apparently 
remained abundant in many areas, along with spruce, fir, 
and lodgepole pine. P. olbicaulis probably occupied both 
of its present niches (climax at treeline and seral in 
spruce-fir-whitebark pine forests) (Arno 1986). Warm 
conditions during the middle Holocene may have been 
responsible for the apparent decline of whitebark pine. 
In a few places, pollen sites near treeline indicate that 
the tree became more abundant again during the late 
Holocene, but it never seems to have returned to its early 
Holocene prominence. If warmer climate was responsible 



for middle Holocene decline, then global warming from 
the "greenhouse effect" could be very detrimental to the 
future of the whitebark pine ecosystem. 
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Speakers answered questions from the audience foll~w
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Lawrence McHargue)-Does the recent history 
of whitebark pine in the Sierra Nevada parallel that in 
the Rocky Mountains? 

A.-It is difficult to say for two reasons. One, there are 
many more species of pine today in the Sierras, and this 
causes greater uncertainty in the identification of pine 
pollen to species. Second, work in the Sierras is still in its 
infancy, and few detailed studies are available. People 
from the University of Arizona and from Northern Ari
zona University are working there, so we may soon have 
some answers. 

Q. (from Anonymous)-Do you ever check: (a) current 
pollen catch with stan~ composition? and (b) differential 
degradation of pollen? 

A.--{a) Several studies have related pollen rain to sev
eral different quantitative measures of stand composition, 
but these were mostly in the Eastern United States. We 
have done this qualitatively in Yellowstone, but quantita
tive stand data were not available. This is a very worth
while project, and I hope that workers in the Rocky 
Mountains will soon be doing this. (b) Palynologists are 
very aware of differential degradation of pollen. Many 
taxa are simply never preserved, because their pollen 
wall is not resistant. For example, Juncaceae pollen is 
never found in the fossil record. Other pollen taxa have 
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variable preservation. Populus is commonly cited here. 
It is often found where preservation is good, but it is one 
of the first pollen types to degrade under less-than-perfect 
conditions. 

Q. (from Wendel Hann)-Why do you think white
bark pine has not spread into similar environments in 
Colorado? 

A.-I really do not know. It may be climate, effective 
moisture, temperature, or possibly some combination may 
be limiting. Another possibility is that the distance be
tween mountain ranges between Wyoming and Colorado 
is too great for Clark's nutcrackers to cover. It is a long 
way from the Wind River Range to the Snowy Range, or 
from the Wyoming Ranges to the Uinta Range. It is in
creasingly apparent, though, that many taxa in the Rocky 
Mountains did not move great distances horizontally 
during the last glaciation. Many moved up or down the 
mountain slopes. The reasons for this are also unclear. 

Q. (from Mike Simpson)-How far can pollen travel to 
be deposited in one of your sections? 

A.-Individual pollen grains can travel thousands of 
kilometers, but most of the pollen that accumulates in 
an area originates within a few tens of kilometers. In 
mountainous regions, several studies show that there is 
considerable vertical transport as well. Nevertheless, it 
is generally possible to recognize present-day communi
ties from their modem pollen rain. 

Q. (from Stephen Harvey)-How do you assume that 
Artemisia pollen is from shrubby species rather than 
subalpine species such as A michauxiana? 

A.-I do not assume that at all. I feel that both lowland 
and subalpine-alpine Artemisia pollen are represented, 
especially in late-glacial samples. Samples from modem 
tundra contain relatively high percentages of Artemisia, 
but not nearly as high as those from 15,000 to 10,000 
years B.P. In both sets of samples, there are pollen types 
from such strictly lowland plants as greasewood (Sarcoba
tus), other chenopods, and Mormon tea (Ephedra.) so it is 
likely that lowland Artemisia also is present. Modem 
pollen studies show that in many mountain ranges, strong 
winds blow pollen grains up from below. On the other 
hand, high-elevation species also are likely to be repre
sented; they are close at hand, and pollen from other taxa 
of high-altitude plants is also present. I do not think that 
the source of Artemisia pollen is an either/or situation. 



mGH-MOUNTAIN RESOURCES 
ON NATIONAL FOREST LANDS 

John W. Mumma 

ABSTRACT 
The high-mountain ecosystems are a component of 

National Forest lands that help make the National Forest 
System unique in its values. These ecosystems, character
ized by whitebark pine, have a complex set of values. 
People have historically used the8e ecosystems for a range 
of commodity and noncommoclity values. Common uses 
have included timber; livestock grazing; mining; camping; 
hiking; horseback riding; viewing wildlife, plants, and 
scenery; fishing; and hunting. Because of their unique 
environments, high-mountain ecosystems also have an 
important value in maintaining a diversity of plant and 
animal life. The value of these lands as watersheds and 
for producing water has not been recognized at the level 
deserved. Demands for all the products and values of 
these lands will increase. National Forest land managers 
and the public will need to use an integrated approach to 
develop, implement, and monitor management of these 
areas. 

The value of whitebark pine as a food source for grizzly 
bears, and the complex relationship among grizzly bears, 
squirrels, and the Clark's nutcracker, is an example of the 
type of chain of effects that must be considered in manage
ment prescriptions. The. potential loss of whitebark pine 
to blister rust is a problem that we must face and do our 
best to overcome. 

INTRODUCTION 
This paper will provide an overview of the high

mountain ecosystems of National Forest lands, a look at 
some of the important resources and values related to these 
ecosystems, and a discussion ofkey man~ement issues. 

LAND AREA 
There are approximately 162 million acres of land in 

the National Forest System (USDA 1987). Of this, about 
13 million acres are in high-mountain ecosystems, within 
the geographic range ofwhitebark pine (Pinus albicaulis). 
This is about 8 percent of the National Forest System. 
States that have National Forest high-mountain environ
ments within the geographic range of whitebark pine 
include Washington, Oregon, California, Nevada, Idaho, 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
Man:h 29-31, 1989. 
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Montana, and Wyoming (Arno and Hoff 1989). The total 
area of high-mountain ecosystems in National Forests, 
which includes high-elevation ecosystems outside the 
range ofwhitebark pine, would be considerably more. 

The 13 million acres is a rough estimate. Inventory 
data for the National Forests is fairly limited in these 
environments, for several reasons. The primary reason 
is that these environments are usually not intensively 
managed and there has not been a demand in the past 
for refined inventory data. A second reason is that much 
of this land is unroaded and designated as wilderness or 
semiprimitive management areas. In addition~ it is diffi
cult to aggregate inventory data over such a large area. 

In the future we will have better inventory data and 
a better geographic data base system to help store and 
summarize that information. The National Forest System 
is rapidly moving into the era of "information manage
ment." With systems such as stand exam (USDA, Forest 
Service, Northern Region, 1987) and ecodata (Hann and 
Jensen 1988) we can provide detailed vegetation and site 
data for different types of ecosystems. Our stand and soil 
survey map data bases linked to a geographic information 
system will provide us information at the geographic level 
that will serve for both small- and large-scale analysis. 
By the year 1991, the Northern Region plans to have a 
fairly complete data base for all lands. Most of the other 
Regions in the Forest Service have similar objectives. 

DIVERSITY OF ECOSYSTEMS 
Although there are roughly 13 million acres of high

elevation National Forest ecosystems within the geo
graphic range ofwhitebark pine, only a small part of it 
is dominated by whitebark pine. The majority of this land 
is dominated by other high-elevation species. Other com
mon subalpine tree species include subalpine fir (Abies 
lasiocarpa), lodgepole pine (Pinus contorta), spruce (Picea 
engelmannii and Picea glauca), mountain hemlock (Tsuga 
mertensiana), and alpine larch (Larix lyallii). Nonforest 
communities, dominated by a wide variety of herbaceous 
and shrub species, are also common in the subalpine and 
alpine zones. This wide range of flora and site conditions 
within these ecosystems provides for a wide diversity in 
plant and animal life. 

A diversity of disturbance is also an integral component 
of the high-elevation ecosystems. Fire has played a domi
nant role in shaping the landscapes of the subalpine zone 
(Fischer and Bradley 1987; F)scher and Clayton 1983). 
In many of these ecosystems the interval between natural 
fires may be long, but the influence in shaping communi
ties and in creating a variety of successional communities 
can be seen many years after a fire. Insects also play a 



key role along with fire. Although the mountain pine 
beetle kills mature lodgepole pine, it sets the stage for a 
stand-consuming fire. Natural regeneration oflodgepole 
pine is highly fire dependent, since it requires an ash or 
mineral seedbed and the cones often require heat treat
ment to release the seeds. Thus, the continuance of the 
lodgepole species depends on the disturbance factors that 
destroy the mature species. 

The environment of high-elevation ecosystems itself 
causes continual disturbance to the vegetation. Freezing 
temperatures during any month of the year, wind dam
age, and snow damage can change communities and initi
ate successional change. Avalanche areas usually contain 
a distinct complex of communities that only occur due to 
the environment created from repeated disturbance. 

In many areas of high-elevation ecosystems the commu
nities are developing for the first time on substrate that 
is forming from primary succession after glacial retreat, 
flooding, erosion, or debris slides. Soils of these ecosys
tems are usually poorly developed and slopes are often 
steep. This great complexity of environments results in 
an equally large complexity of communities. 

Animal communities in these ecosystems also often 
have complex relationships. Due to the severe environ
ments, animals and plants have developed complex inter
relationships that aid their ability to survive and repro
duce. The interesting relationship among the Clark's 
nutcracker, squirrels, grizzly bears, and whitebark pine 
is a classic example of this type of intricate ecological 
relationship. 

The diversity of the high-elevation ecosystems is exem
plified by whitebark pine and the diversity of associated 
plants and sites where it occurs. Whitebark pine can be 
found as a common component with lodgepole pine on 
moist, lower elevation subalpine fir habitat types (Cooper 
and others 1987; Pfister and others 1977; Steele and oth
ers 1981). It is also found on high, subalpine ridgetops 
growing in open parklike stands associated with species 
such as mountain big sagebrush (Artemisia tridentata 
vaseyana) or Idaho fescue (Festuca idahoensis). At tim
berline, whitebark pine can be found with alpine species 
such as mountain heath (Phyllodoce empetriformis) and 
alpine willow (Sali% arctica). 

POSTSETI'LEMENT USE AND 
IMPACTS 

The great diversity of animal and plant communities 
and the rugged landscapes of the high-mountain ecosys
tems result in a wide variety of resources and values. 
During the early settlement of the late 1800's and the 
early 1900's, the primary resources that were valued by 
society were the potentials for mineral development and 
forage for domestic sheep. Since the mid-1900's, there 
has been a steady trend of society to emphasize a different 
set of values for these ecosystems. These values are more 
noncommodity in nature, such as hiking, camping, and 
viewing wildlife or scenic features. 

During the period of extensive, and often heavy, sheep 
grazing in the West, which lasted from the middle 1800's 
to the early 1900's, many of these lands were severely 
impacted. At the same time, mining operations with 
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associated widespread cutting of timber for mine shafts 
and lumber and poorly designed roads often led to severe 
impacts on the land and watersheds. Time, improved 
management, and rehabilitation have healed many of 
the problems resulting from these past impacts. 

There has been a more subtle effect than that of mining 
or grazing on the high-mountain ecosystems, related to 
settlement by Europeans, that has caused a significant 
change in the resource values. This is the effect of fire 
suppression. In the ecosystems where natural fire fre
quencies were quite long, 50 to 70 years of fire suppres
sion has not had a significant effect. In other ecosystems 
where the natural fire frequency is short to moderate, 
there has been a significant effect (Gruell1983). The 
result of a departure from this natural fire frequency 
has been an increase in mature timber types, a shift of 
nonforest types to forest types, and a decrease in diversity 
of structural classes across the landscape. The resulting 
increase in fuels and fuel continuity can lead to signifi
cant problems when wildfires occur, as was evidenced by 
the 1988 fire season. The change in communities has also 
resulted in a reduction in habitat values for many animal 
species that depend on forage from early successional 
stages, such as elk and grizzly bears. A planned program 
of prescribed fire and fuels management should rees
tablish the natural balance. 

An additional subtle impact of Europeans has been 
the introduction of exotic insects, diseases, plants, and 
animals. In the high-elevation ecosystems the introduc
tion of blister rust, which attacks whitebark pine, and the 
introduction of exotic weeds have resulted in significant 
problems. Blister rust is causing a significant reduction 
of whitebark pine in many National Forests. This poses 
a challenge to managers and researchers to develop strat
egies to aid whitebark pine in regeneration and survival 
in the face of this exotic disease. 

The introduction of exotic plant species by livestock, 
people, horses and mules, and other means is a signifi
cant problem and is causing a reduction in resource val
ues. A good example of a plant species that historically 
has been introduced by domestic sheep to high-elevation 
lands is mountain knotweed (Polygonom phytolacefolium). 
Kentucky bluegrass (Poa pratensis) and dandelion (Ta
raxacum oflicinale) are two species that many people 
think of as being naturalized. In a sense they are, in that 
they have filled most of the niches that are available. 
However, the cost in loss of niches, and therefore diversity 
of native species, is significant. As time passes and other 
species, such as spotted knapweed (Centaurea repens) and 
leafy spurge (Euphorbia esula) fill their niches, they may 
also be accepted. The management of these species may 
well prove to be a much more difficult challenge tore
searchers and land managers than the fire management 
situation. 

PRESENT USE AND IMPACTS 
Mining, livestock grazing, and limited timber harvest 

are still important resource uses ofhigh-mountain Na
tional Forest lands. However, the emphasis relative to 
the importance of the high-mountain resources, the types 
of resource use, and the impacts has changed significantly 



within the last 30 years. At present, one of the most im
portant uses of these lands is for recreation. Because of 
the diversity and rugged beauty of high-elevation lands, 
people find a lot of el\ioyment in various activitiesin these 
areas. These activities include camping; hiking; horse
back riding; picnicking; photography; viewing landscapes, 
plants, and animals; rock and mineral collecting; fishing· 
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an unting. 
Along with the increase in recreational use, there have 

been associated impacts. Many of the high-elevation 
ecosystems are very fragile. People and their recreational 
stock or equipment can cause damage, just as mining and 
d~estic sheep caused damage during the early days. 
This damage occurs at campsites, on trails, and along 
lakes, streams, and rivers. People also continue to aid 
the spread of exotic plants. Management of people and 
their recreational activities is a significant challenge that 
integrates sociology with resource management. 

Of equal importance as recreation on the high-elevation 
lands is their value as watersheds. These lands provide 
catchment basins, sediment filters, and storage for water 
that is used at lower elevations during the summer. This 
water is critical in many areas for municipal use, irriga
tion, fisheries, industrial use, power development, and 
recreation. 

The high-mountain lands of the National Forests play 
a key role in maintenance of biological diversity. The 
grizzly bear is probably one of the more well-known users 
of these ecosystems that is important to biological diver
sity. In drier areas, whitebark pine is a key food source 
for grizzly bears during the fall. The loss of whitebark 
pine due to the exotic blister rust disease not only is re
ducing the diversity ofwhitebark pine, but could hamper 
the gri~zly bear recovery effort. Many other rare plants 
and ammals are key components of diversity in these eco
systems. The common plants and animals and mainte
nance of their genetic diversity must be just as much a 
consideration for managers and researchers. At a larger 
scale, the diversity of communities or the landscape mo
saic is an important resource, not only for wildlife and 
esthetics, but to provide ecosystem stability. 

Air quality is a resource. It is a resource that is very 
difficult to manage because the pollutants that can de
grade air quality can come from sources over which we 
have no control. The degradation of the ozone layer and 
the increase in C02, which could result in climatic change, 
are also effects that are difficult to manage. These are 
problems that we must deal with in large-scale coopera
tive efforts if we are to maintain environmental quality. 

Wilderness, semiprimitive areas, and other natural 
areas are also a resource. These areas provide more than 
just recreation, watershed, and wildlife values. They 
provide a land system that is very important from other 
aspects. Because the management philosophy is to main
tain natural systems, these areas provide excellent base
lines for understanding ecological functions and values 
and can be used to evaluate effects of human activities 
on lands managed for products. They are also a reservoir 
for biotic diversity and provide a natural laboratory for 
scientific investigation of the natural world. Of most im
portance may be their value as an outdoor classroom for 
people young and old to learn about the natural world 
and how they fit in that world. 
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MANAGEMENT OF HIGH-MOUNTAIN 
ECOSYSTEMS 

The National Environmental Policy Act of 1969 and 
the National Forest Management Act of 1976 have signifi
cantly changed the way National Forest activities are 
analyzed and evaluated. Forest Plans have been or are 
being completed for all the National Forests. These plans 
specify how the Forests will be managed for a 10-year 
period and set general direction for long-term manage
ment. The plans are developed with strong public in
volvement looking at a broad range of alternatives. Once 
the. plan is complete the process of implementation begins, 
which takes a closer look at how and where projects will 
be carried out with continued public involvement. 

Based on these plans, much of the lands that are high
elevation ecosystems will be managed as wilderness 
semi primitive recreation and wildlife areas, and de;el
oped recreation areas. Some of these lands are being 
managed for production of livestock, minerals, and timber 
values. However, projects are analyzed and planned us
ing an integrated approach that assures that ecosystem 
quality is maintained or enhanced. In many cases road 
construction, timber management, and livestock grazing 
are used to improve access or vegetation composition for 
recreation, wildlife, and watershed purposes. Fire man
~me~t plans are developed for each Forest and for spe
cific wlldernesses. These plans are designed to use fire 
as a tool to maintain the natural mosaic of communities 
and fuels. 

The key to good management in these ecosystems is 
to have biologically and socially sound objectives sup
ported by a thorough analysis. This analysis must be 
supported by a good inventory of the site, vegetation, 
and animal characteristics. The team members that con
duct the analysis need to have a thorough understanding 
of the ecosystem relationships in reference to the types 
of site conditions, disturbances, and uses that are being 
planned. With this type of approach we can manage the 
National Forests to produce the desired values and main
tain environmental quality. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Anonymous)-ln your talk you referred to 
integrated management of National Forest lands. With 
the functional emphasis on specific resources, such as 
timber or wildlife, do you feel the Forest Service can 
actually conduct management in an integrated manner? 

A.-During the development of the Forest Service and 
even now, there has often been a heavy emphasis on spe
cific resource functions. However, with the completion 
of Forest Plans, we have a commitment to implement 
management in an integrated manner. It is difficult 
to move a large organization through rapid change, but 
we plan to meet that challenge, and become a better
rounded integrated management organization. 



IDGH-MOUNTAIN RESOURCES OF 
NATIONAL PARK SERVICE LANDS 

Don G. Despain 

Resources are usually thought of as those raw materials 
that are put through some manufacturing process to yield 
a product needed or useful to mankind. Such a definition 
cannot be applied to the high-mountain lands admini
stered by the National Park Service. The management 
goal of the Park Service is to maintain ecosystems as 
uninfluenced by modem technology as possible. However, 
there are a number of"commodities" produced in the high 
country used by a number of species for maintenance and 
growth. 

The high-elevation areas are summer ranges for large 
mammals. Temperatures are cool and grass is produced 
abundantly in the moist meadows at these elevations. 
Whitebark pine (Pinus albicaulis) produces a large, oil
rich seed important to squirrels, Clark's nutcrackers, and 
grizzly bears. The cool climate also attracts large num
bers of backpackers and campers, and mountainous cliffs 
and peaks draw many mountain climbers. 

On lands outside the Parks (and often acijacent to them) 
the management objectives call for exploitation of re
sources such as timber. Even in wilderness areas, prac
tices such as livestock grazing and hunting are used to 
harvest some of the resources. One special contribution 
of the National Parks is providing a benchmark against 
which the effects of other, more-extractive management 
practices may be judged. 

Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Anonymous)-In order to ensure "naturalness" 
what measures is the NPS undertaking to reduce the 
impacts of high-intensity recreation that are characteris
tic of NPS lands? 

A.-I can not presume to speak for the entire Park 
Service and am not too sure that I can speak for Yellow
stone National Park. However, I can make a few personal 
observations. First, high intensity does not characterize 
all recreational use ofNPS lands. Only 1 percent of 
Yellowstone is developed, and only the developed areas 
are sites of high-intensity recreation activity. The rest 
of the Park is backcountry, and even our backcountry use 
is largely limited to trails and designated campsites. I do 
not want to imply that this use does not affect the "natu
ralness" of the Park. It does. I guess it depends on 
whether you want to see the cup 95 percent full or 5 per
cent empty. 

Summary of remarks presented at the Symposium on Whitebark Pine 
Ecosystems: Ecology and Management of a High-Mountain Resource, 
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There are a number of regulations in force that limit 
what recreationists and others (including researchers) can 
do within the Park boundaries. Activities that alter the 
environment are generally discouraged. Where fishing 
pressure is high, catch-and-release fishing regulations 
are in place, and the fish populations are responding phe
nomenally well. Strict regulations regarding food storage 
at campsites have been instituted and enforced to keep 
bears from being unduly impacted by the visitors and vice 
versa. It appears now that the bears are returning to a 
more natural distribution. Overnight backcountry use is 
allowed by permit only, and the number of people at any 
one site is restricted. The number of climbers on popular 
climbing routes in other Parks is regulated to keep the 
natural environment as intact as possible. Some areas 
are intensively used. The frontcountry campgrounds are 
nearly full every night during the peak summer season. 
The developed areas are visited by enormous numbers of 
people. We do not operate under the pretense that places 
like Old Faithful and other developed areas are natural, 
but we try to keep the 99 percent that is not developed 
as "natural" as possible. For the most part, I think we 
are doing a pretty good job. Periodically we receive com
plaints that there are so many restrictions a person can 
not really enjoy camping and hiking in Yellowstone. 

Q. (from Ron Hamilton)-Do you consider the man
agement activities carried on in the acijacent National 
Forests surrounding Yellowstone an "experiment"? 

A.-Yes! Our knowledge of this fragile, interconnected 
ecosystem-the environment, the organisms involved, 
and their relationships and interactions-is so rudimen
tary and fragmentary that I think we are a long way from 
managing it with any certainty of the outcome of our 
actions. Ecology is still a new science. We are still devel
oping tools with which to look at our activities. The public 
furor over forest management practices is fueled to a 
certain extent by some ecologists and other scientists. 
That criticism is not entirely unjustified. This is not to 
say that the Forest Service is derelict. We have to man
age according to the best available knowledge and politi
cal realities. I mean only to say that the best available 
knowledge is not sufficient enough to allow us to abandon 
the control areas or to assume that our management prac
tices are anything but experiments. We still desperately 
need areas like the Park Service natural areas and others 
to act as benchmarks against which the results of our 
activities can be assessed. Until we can predict with a 
high degree of certainty the final outcome of our actions 
in all parts of the ecosystem we need to regard our man
agement actions as experimental. 



DISTRffiUTION AND ECOLOGY 
OF WHITEBARK PINE IN WESTERN 
CANADA 

R. T. Ogilvie 

ABSTRACT 
In the Provinces of British Columbia and Alberta, white

bark pine (Pinus albicaulis) extends from latitude 49° to 
55° N., through the Rocky Mountains, the Columbia 
Mountains, the Interior Plateau, the Cascade Mountains 
and the Coast Mountains. The species is usually restricted 
to the upper subalpine forest, occurring most abundantly 
at timberline, where it grows with Engelmann spruce 
(Picea engelmannii) and subalpine fir (Abies lasiocarpa) 
in the eastern mountains, and with mountain hemlock 
(Tsuga mertensiana) in the western ranges. It rarely 
forms stands with alpine larch (Larix lyallii), the other 
timberline tree in the southeastern ranges of these moun
tains. Whitebark pine occurs at 2,000 to 2,450 m above 
sea level in the eastern ranges, and 1,800 to 2,000 m in the 
western Coast and Cascade Mountains. Typical habitats 
are ridge crests and upper steep southwest-facing slopes 
with high wind-exposure and shallow snow. The growth 
form varies with altitude and habitat, ranging from tall, 
single-stemmed upright trees to dwarf single-stemmed 
bush krummholz and multistemmed krummholz. Limited 
age-class analyses show broad age-ranges and abundant 
young age-classes. The soils are shallow and rocky on 
colluvial and glacial till parent materials,· their moisture 
regime varies from dry to mesic. Soil reaction varies from 
predominantly basic and calcareous to acidic. Regosols, 
Brunisols, and Podzols are the major soil profile types. 
In drier habitats, whitebark pine occurs in the Juniperus 
communis, Arctostaphylos uva-ursi, and Shepherdia 
canadensis vegetation-types,· in the more mesic, snowier 
habitats it occurs in the Vaccinium scoparium, Cassiope 
mertensiana, Phyllodoce glanduliflora, and P. empetri
formis vegetation-types. 

INTRODUCTION 

Whitebark pine (Pinus albicaulis Engelm.) is one of the 
neglected coniferous species of western Canada. It has 
restricted distribution and sparse abundance; it is remote 
and difficult to access, and is of minor commercial impor
tance. Although listed in botanical floras and tallied in 
forestry inventories, this species has received slight atten
tion from botanists and foresters alike. Information on 
the distribution and ecology ofwhitebark pine in western 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, 
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Canada is scattered over a wide variety of sources: her
barium collections, field notes, graduate student theses, 
published and unpublished survey reports, and biophysi
cal and resource inventories. Many of the sources deal 
with the subalpine forest as an entity, and the informa
tion on whitebark pine is peripheral. Where appropriate 
I have cited the source of information. Other sources of 
information on the species are in an Additional Readings 
section following the References section. 

DISTRmUTION 
Figure 1 shows the distribution of whitebark pine in 

British Columbia and Alberta. This map is based on 
collections in the herbaria of the Royal British Columbia 
Museum, the University of British Columbia, the Univer
sity of Victoria, and the Canadian Forestry Service, 
Victoria. Additional distributional data were provided 
by the Canadian Forestry Service from their records of 
fungal and insect collections on whitebark pine. These 
data were correlated with the map published by Krajina 
and others (1982). 

In western Canada, whitebark pine is restricted to 
Alberta and British Columbia, extending from latitude 
49° to 55° N. and from longitude 114° to 128° W. It is a 
species restricted to high mountains, occurring in several 
physiographic regions (Holland 1964). Whitebark pine 
is present in numerous ranges of the Coast Mountains, 
but primarily on their drier eastern slopes. In the 
Cascade Mountains it occurs in the Skagit Range, the 
Hozameen Range, and the Okanagan Range. On the 
Interior Plateau the species has scattered distribution 
on the isolated mountain peaks and ranges. This pine 
occurs extensively in the main ranges of the Columbia 
Mountains: the Monashee, Cariboo, Selkirk, and Purcell 
Ranges. The major occurrence of whitebark pine is in the 
Rocky Mountains on both sides of the Continental Divide, 
in the Border, Kootenay, Main, and Front Ranges. 

The environmental diversity of these different moun
tains is considerable. The climate varies from the more 
maritime conditions of the Coast and Cascade Mountains 
to the dry continental climate of the Interior Plateau and 
the Rocky Mountains and the moister continental climate 
of the Columbia Mountains. In addition, the latitudinal 
differences are significant. The southernmost peaks of 
the eastern Cascade, Interior Plateau, Columbia, and 
Rocky Mountains have a pronounced summer-dry climate, 
with much of the growth water originating from snow
melt. In contrast, at the northern extremities of these 
mountains the climate is more boreal, with lower summer 
temperatures, and little or no moisture deficit. 



Figure 1-Whitebark pine (Pinus albicaulis) in western Canada. 

ALTITUDINAL RANGE 

Whitebark pine is typically an upper subalpine species, 
occurring most abundantly at timberline. It may grow as 
scattered trees as much as 700 m below timberline, and 
extend 300 m above timberline as small individuals less 
than 50 em tall. On the west slope of the northern Rocky 
Mountains, valley bottom stands ofwhitebark pine occur 
at approximately 1,067 m elevation (Brayshaw 1989). On 
the lee side of the northern Coast Mountains, whitebark 
pine forms two altitudinal bands, one along the valley 
bottom at 900 m, and the other in the upper subalpine 
at 1,300 to 1,600 m (Pojar 1978; Yole and others 1989). 
· The upper altitudinal occurrence of whitebark pine 

krummholz is given in table 1 for the different mountain 
ranges of western Canada. These values for the altitudi
nal range of whitebark pine are consistent with the gener
alized geographic patterns of timberline: the species oc
curs at higher elevations in the southern mountain ranges 
and in the more continental and drier mountains. 
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Table 1-The upper altitude of whitebark pine in western Canada 

Mountain range Locale within range Elevation limit 

Meters 

Rocky Mountains southern 2,300-2,400 
central 2,200 
northern 2,100 

Columbia Mountains Purcell Mountains 2,100-2,300 
Selkirk Mountains 2,000-2,200 
Monashee Mountains 2,200 
Cariboo Mountains 1,600 

Interior Plateau Okanagan Highlands 2,300 
Thompson Plateau 2,000-2,200 
Fraser Plateau 1,900-2,000 
Nechako Plateau 1,700 

Cascade Mountains Okanagan Range 2,200 
Hozameen Range 1,900-2,100 
Skagit Range 2,100-2,200 

Coast Mountains southern 2,000 
central 1,900 
northern 900and 

1,300-1,600 



GROWTH FORM 
The growth form ofwhitebark pine varies with altitude 

and habitat. In the more favorable habitats at lower 
elevations, the upright single-stemmed tree form occurs. 
Typically, these trees are short, attaining only 12- to 15-m 
heights. Exceptionally tall trees grow in southwestern 
Alberta and adjacent southeastern British Columbia at 
1,676 m elevation, with trees 24 to 33 m tall and 51 to 
79 em diameter at breast height (Day 1967). Day re
ported that these trees were being logged and milled for 
pine lumber. The ages of these trees were over 250 years; 
other age measurements reported from Alberta are +300 
years and 405 years (Baig 1972). This upright, single
stemmed tree form grows in mixed stands of hybrid 
spruce (Picea engelmannii x Picea glauco.), subalpine fir 
(Abies lasiocarpa), and lodgepole pine (Pinus contorta var. 
la.tifolia). Stands oflarge, saw-timber-size whitebark pine 
also occur in the central Purcell Mountains at approxi
mately 1,524 m elevation (Brayshaw 1989). 

At higher elevations in the timberline zone, whitebark 
pine grows in a flat-topped candelabra form and a multi
stemmed form. K.rummholz colonies of whitebark pine 
grow in the exposed, highest part of timberline. This 
form consists of a prostrate, multistemmed, low scrubby 
growth, with a few short upright flag stems (Baig 1972; 
Ogilvie 1978a). Signs of repeated injury and mortality of 
terminal branches from winter frost-drought (Tranquillini 
1979) are indicative that the candelabra, multistemmed, 
and krummholz growth forms are environmentally in
duced, although a genetic basis comparable to mugo pine 
(Pinus mugo) in the European Alps has been speculated 
for these forms by Clausen (1963, 1965) and Crawford 
(1989). 

LONGEVITY 
Maximum ages of whitebark pine have been reported 

from dendrochronological studies of timberline trees in 
the central Rocky Mountains (Luckman and others 1984). 
In Mount Robson Park, BC, Oat. 52°42' N., long. 118°21' W.) 
17 isolated whitebark pines at timberline (1, 760 m) were 
aged by ring counts. Two trees had more than 450 annual 
rings, one snag had 520 rings, and the oldest tree had 713 
rings, which when extrapolated to the center pith was an 
estimated 743 to 763 years. In Jasper Park, AB, (lat. 
52°14' N., long. 117°14' W.) a single whitebark pine at 
upper treeline (approximately 2,200 m) had 550 annual 
rings. At the same locality, several dead standing snags 
of Engelmann spruce (Picea engelmannii), subalpine fir, 
and whitebark pine were dated by 14C at between 900 to 
1,160 yr BP (Jozsa 1989; Luckman and others 1984). 

AGE COMPOSITION AND STAND 
DYNAMICS 

Very few age analyses have been made ofwhitebark 
pine stands in western Canada. Day (1967) reported the 
results of a regeneration survey in two 5-acre mature 
stands of mixed spruce, subalpine fir, and lodgepole pine. 
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Although there were only two parent trees ofwhitebark 
pine, the advanced regeneration (60 to 90 em tall) of 
whitebark pine exceeded that oflodgepole pine, indicating 
that the former is a more successful competitor under 
closed stands with heavy shade and root competition. 

Baig (1972) reported age analyses of six mature stands 
of mixed white bark pine, Engelmann spruce, subalpine 
fir, and lodgepole pine in Alberta. All of the stands con
tained whitebark pine regeneration; two stands had sub
alpine fir regeneration, and only one stand had spruce 
regeneration. Whitebark pine had the largest number 
of individuals per stand, the broadest age range, and the 
oldest individuals. The dynamic trends of these stands 
indicate either pure whitebark pine stands, mixed white
bark pine and subalpine fir, or whitebark pine and spruce. 

Many more age analyses are needed of stands from the 
different mountain systems to clarify the role of white
bark pine in relation to the other subalpine trees such 
as Engelmann spruce, subalpine fir, mountain hemlock 
(Tsuga mertensiana), and alpine larch (Larix lyallii). 

GEOLOGY 
The bedrock is highly variable in the different mountain 

systems in which whitebark pine occurs (Farley 1979; 
Holland 1964). In the Rocky Mountains, where whitebark 
pine has its major occurrence, the predominant rocks are 
sedimentary, consisting oflimestones, sandstones, and 
shales. The Purcell Mountains consist of complex, folded 
limestones and quartzites with granitic intrusions. The 
Selkirk Mountains have complex, folded, erosion-resistant 
quartzites and limestones, gneiss, volcanics, and granitic 
intrusions. The Monashee Mountains are underlain by 
sedimentary and metamorphic gneissic rocks and volcanic 
intrusives. The Cariboo Mountains have folded and 
faulted, erosion-resistant quartzites and granitic rocks. 
Folded, intercalated volcanic and sedimentary rocks, and 
flat-lying lava flows, underlie the Interior Plateau. The 
Cascade Mountains are composed of folded and metamor
phosed sedimentary and volcanic rocks with granitic in
trusives. Batholithic intrusions of granites and gneisses 
predominate throughout the Coast Mountains. 

SOILS 
Soil parent materials derived from these rocks included 

bedrock debris at various stages of weathering, colluvium, 
and glacial tills. Very coarse fluvial and glacio-fluvial 
parent materials are reported by Pojar (1978) and Yale 
and others (1989) for valley bottom stands of whitebark 
pine in the northern Coast Mountains. The soil profile 
types are Lithic Regosols: (L-H), (Ah), C; Dystric and 
Eutric Brunisols: (L-H), Ah, Bm, C; and o,thic Humo
Ferric Podzols: L-H, As, Bfh, C (Canadian Society of Soil 
Science 1976; Canadian Soil Survey Committee 1978; 
Clayton and others 1977). The soil profiles are typically 
shallow, rocky, and coarse. Soil moisture conditions vary 
from dry to mesic. Whitebark pine in the Rocky Moun
tains is frequently associated with calcareous and basic 
soils, although some soil profiles are acidic. 



Detailed soil profile descriptions and classifications 
are given in Achuff and others (1984a, 1984b), Coen and 
Holland (1976), Coen and Kuchar (1982), Coen and others 
(1977), Holland and Coen (1982), Lea (1984a), Sneddon 
and others (1972a, 1972b), van Ryswyk (1969), and Yole 
and others (1989). Discussions of problems in classifying 
and mapping subalpine and alpine soils are presented in 
Knapik (19_78), Luttmerding and Shields (1978), and 
Valentine (1978). 

General ecological descriptions of whitebark pine are 
given by Angove and Bancroft (1983), Krajina (1969), and 
Krajina and others (1982). According to these sources, 
whitebark pine occurs on xeric to mesic, nutrient-rich 
(subeutrophic) soils, is adapted to low temperatures, has 
high frost resistance, and low shade tolerance, and grows 
on high-nutrient soils rich in calcium and magnesium. 
Yole and others (1989) report very low nutrient status 
(oligotrophic to submesotrophic) for the soils ofwhitebark 
pine in the northern Coast Mountains. Soil pH and cal
cium content are given for whitebar~ pine soils in the 
Rocky Mountains by Baig (1972) and Smyth (1989a, 
1989b). Approximately two-thirds of the soil profiles are 
calcareous and basic or circumneutral. Additional soil 
nutrient analyses (N, P, K, Ca, Mg, SO 

4
, and CEC) have 

been made by Smyth (1989a, 1989b). 

STAND COMPOSITION 

Throughout the Rocky Mountains, Columbia Mountains, 
and the Interior Plateau, whitebark pine forms stands 
with Engelmann spruce, subalpine fir, and the succes
sional lodgepole pine. Occasionally, whitebark pine may 
extend to lower elevations in contact with hybrid spruce, 
in the Rocky Mountains and Selkirk Mountains. Al
though whitebark pine is sympatric with alpine larch 
in the southern Rocky Mountains, southern Purcell 
Mountains, and Cascade Mountains, the two species 
rarely form mixed stands, because they occupy different 
habitats. Generally, whitebark pine grows on drier, well
drained, southerly and westerly slopes, with shallow snow 
cover; in contrast, alpine larch occupies more mesic habi
tats with finer soils, on northerly and easterly slopes, and 
in deep snow accumulation areas. The geographic range 
ofwhitebark pine also overlaps with limber pine (Pinus 
flexilis) in the southern Rocky Mountains of Alberta and 
British Columbia. However, the two species are ecologi
cally separated; limber pine grows at lower elevations in 
the foothills and front ranges well below the occurrence 
of whitebark pine. 

In the Coast Mountains and the Cascade Mountains, 
whitebark pine forms stands with mountain hemlock, 
subalpine fir, Engelmann spruce, and lodgepole pine. 
In these mountains, whitebark pine may grow adjacent 
to stands with Alaska-cedar ( Chamaecyparis nootkatensis) 
and Pacific silver fir (Abies amabilis), although they do 
not form mixed stands. In the northern Coast Mountains, 
the stands have an open canopy of whitebark pine, sub
alpine fir, lodgepole pine, and mountain hemlock, with 
seedlings and regeneration of all of these species (Pojar 
1989; Yole and others 1989). In the northern Selkirk 
Mountains, whitebark pine also grows with mountain 
hemlock, subalpine fir, and hybrid spruce. 
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VEGETATION TYPES 
There is considerable diversity in the species composi

tion of whitebark pine stands. Whereas forest-line and 
tree-island stands appear discrete and clearly demar
cated, the highest timberline stands have very open 
vegetation with widely spaced plants and widely spaced 
krummholz and dwarf trees. Problems arise in the de
lineation of such stands, and decisions may be difficult 
as to whether a patch of vegetation is part of a krumm
holz colony or a separate entity within a vegetation mo
saic ofkrummholz and alpine meadow or krummholz and 
alpine heath. 

One of the widespread whitebark pine vegetation types 
is the Juniperus communis series of dry habitats. Some 
of the major associated species are russet buffaloberry 
(Shepherdia canadensis), shrubby cinquefoil (Potentilla 
fruticosa), and bearberry (Arctostaphylos uva-ursi). This 
vegetation is widespread in the Rocky Mountains of 
Alberta (Baig 1972; Corns and Achuff 1982) and British 
Columbia (Achuff and others 1984a; Kuchar 1978; Lea 
1984a, 1984b; Smyth 1987, 1989b). This vegetation also 
occurs in the southern Selkirk, Monashee, and Cascade 
Mountains, and in the Chilcotin Range of the east slope of 
the southern Coast Mountains (Selby 1980; Selby and Pitt 
1984). A series of floristically related communities, also 
in dry habitats, occurs in the southern Rocky Mountains: 
the Shepherdia canadensis type (Lea 1984a, 1984b), the 
Arctostaphylos uva-ursi type (Smyth 1987, 1989b), and 
the Festuca scabrella type (Smyth 1987, 1989b). 

Another widespread series of vegetation types are the 
heath communities of mesic, snow-accumulation habitats. 
The Vaccinium scoparium vegetation type occurs in the 
Rocky Mountains of Alberta (Baig 1972; Corns and Achuff 
1982; Kuchar 1978; Ogilvie 1963, 1978a, 1978b) and adja
cent British Columbia (Krajina 1969; Lea 1984a, 1984b; 
Smyth 1987). The Phyllodoce glanduliflora, P. empetri
formis vegetation is common in the Rocky Mountains 
(Achuff and others 1984a; Baig 1972; Ceska 1989a, 1989b; 
Corns and Achuff 1982; Krajina 1969; Kuchar 1978; 
Ogilvie 1963, 1978a, 1978b) and in the Selkirk Mountains 
(Achuff and others 1984b). The Cassiope mertensiana 
vegetation type occurs in the Rocky Mountains (Achuff 
and others 1984a; Baig 1972; Ceska 1989a, 1989b; 
Krajina 1969; Kuchar 1973, 1978; Ogilvie 1963, 1978a, 
1978b) and in the Selkirk Mountains (Achuff and others 
1984b). The Vaccinium membranaceum vegetation type 
occurs in the Rocky Mountains (Achuff and others 1984a; 
Baig 1972; Corns and Achuff 1982; Kuchar 1978) and in 
the Selkirk Mountains (Achuff and others 1984b). A dis
tinctive lichen community occurs on the east slope of the 
northern Coast Mountains. Cladina rangiferina and 
Cladonia spp. form the main ground cover under a sparse 
shrub layer with Vaccinium membranaceum and Cassiope 
mertensiana (Pojar 1978, 1989; Yole and others 1989). 

The distinctive Xerophyllum tenax vegetation type 
occurs in the Rocky Mountains of southwestern Alberta 
(Baig 1972; Kuchar 1973; Ogilvie 1963, 1978a) and adja
cent southeastern British Columbia. The Dryas octopet
ala vegetation type in wind-exposed, snow-free habitats 
is described from the southern Rocky Mountains of 
British Columbia (Lea 1984a, 1989b). 



Within the subalpine and forest-line zone the 
Rhododendron-Menziesia vegetation type occurs in the 
southern Rocky Mountains of Alberta (Kuchar 1973) 
and southeastern British Columbia (Lea 1984a, 1984b) 
and in the northern Rocky Mountains of British Columbia 
(Ceska 1989a, 1989b). The tall willow-forb (Salix spp.
Valeriana) vegetation types are reported from the Rocky 
Mountains of Alberta (Baig 1972) and southeastern 
British Columbia (Kuchar 1978; Lea 1984a, 1984b). 

PALEOECOLOGY 
In a review of the main species encountered in the late 

Quaternary pollen record, Ritchie (1987) discussed the 
problem that none of the five western Canadian pines can 
be identified at the species level. Although our five-needle 
pines-whitebark pine, limber pine (Pinus flexilis), and 
western white pine (P. monticola)-have the distinctive 
Haploxylon pollen, they are not separable at the species 
level. Macrofossils are the only means of species identifi
cation. Until recently there had been no paleobotanical 
record ofwhitebark pine in western Canada. 

In 1987, John Clague and RolfMathewes found buried 
logs ofwhitebark pine on the eastern slope of the south
em Coast Mountains in British Columbia (Clague and 
Mathewes 1989; Mathewes 1988; Mathewes and Clague 
1989). The age of the logs ranges between 8,200 
to 9,100 yr. B.P., and associated with the logs are pollen 
and macrofossils of russet buffaloberry. The logs occur 
between 60 and 130 m above the present timberline, indi
cating a higher timberline and warmer climate at that 
time. 

FUTURE STUDIES 
As mentioned in the introduction to this paper, very 

little research has been done specifically on whitebark 
pine in western Canada. Research in most areas is 
needed for better understanding of this species. 

The diversity of growth forms at timberline warrants 
attention. Population studies are required to determine 
the occurrence of altitudinal, latitudinal, geographic, and 
coastal versus continental races and ecotypes. Demo
graphic analyses of whitebark pine stands are needed to 
understand its growth dynamics in relation to other tim
berline species, as well as to provide basic information 
for stand management. Soil chemistry studies are re
quired to ascertain the relationship of whitebark pine to 
soil nutrients and to specific substrates such as limestone. 
Knowledge of the behavior of whitebark pine at the ex
tremities of its range-in the Coast Mountains and in the 
northern Rocky Mountains and Interior Plateau-is of 
special interest since it can provide insight into the pri
mary factors governing whitebark distribution and habi
tat relations. 
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This session provided state-of-the-art physical and biological infor
mation about the high-mountain ecosystems of whitebark pine. In
cluded are papers describing geology, climate, fire, succession, seeds 
and seedlings, insects and diseases, ecological interactions of birds, 
squirrels, and grizzly bears, and modeling. Invited and volunteer 
papers provide a surprising amount of qualitative and quantitative 
information about high-mountain ecosystems and serve as the basis 
for management implications in the session that follows. 
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ABSTRACT 
Whitebark pine (Pinus albicaulis) stands grow on a 

variety of soil parent material lithologies (crystalline, 
volcanic, sedimentary [sandstone, argillite, limestone, 
interbedded sandstone and shale}) and surficial materials 
(glacial till, mass failure, colluvium, and residuum). The 
distribution of whitebark pine on calcareous parent mate
rials appears to be limited to the Northern Rocky Moun
tains, from Canada into southern Montana. 

Landforms within whitebark pine ecosystems result 
from the interaction of bedrock type and structure with 
surficial processes of mountain environments (freeze-thaw, 
mass failure, mass wasting, and glaciation). Those land
forms include ridge tops and dissected mountain slopes, 
glacial trough walls and moraines, cirque headwalls and 
basins, landslides, hogback ridges, talus slopes, rock gla
ciers, and rock slides. In most cases, whiteba.rk pine is 
found on landforms with good drainage and relative 
stability. 

Because of severe climate that limits biological activity, 
soils of whitebark pine ecosystems are minimally devel
oped and highly influenced by underlying parent material. 
Soil textures range from sandy to loamy and fine loamy, 
often with abundant rock fragments (skeletal). Soil reac
tion is usually acidic, except on calcareous substrates. 
Many of these soils are classified as Cryochrepts and 
Cryobora.lfs. Nutrient levels may generally be low in 
comparison with most forest soils. 

INTRODUCTION 

Whitebark pine (Pinus albicaulis) ecosystems are found 
predominantly at the highest elevations of forest growth, 
a result of the ability of this pine to tolerate the harsh 
climate at elevations where other tree species are not as 
dominantly competitive. Within these high elevations the 
precise location of whitebark pine stands is partially de
termined by the sites' geology, geomorphology, and soils. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

Katherine Hansen-Bristow is Associate Professor of Earth Sciences 
and Clifford Montagne is Associate Professor of Plant and Soil Science, 
Montana State University, Bozeman, MT 69717. Ginger Schmid is a 
Ph.D student of Geography, University of California, Davis, CA 95616. 
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This paper will provide generalized, cited information 
on the geology, geomorphology, and soils of high eleva
tions of western North America where whitebark pine 
ecosystems may occur. Specific field and laboratory data 
from previous studies illustrate geologic, geomorphic, 
and soils relationships. Data have been cited from habi
tat and cover type maps of the Gallatin National Forest, 
Forest Service, U.S. Department of Agriculture, soil sur
veys, and from communication with staff of the Beaver
head, Bridger-Teton, Deerlodge, Flathead, Kootenai, and 
Gallatin National Forests. Literature searches provided 
relevant sources of data; however, there is little published 
material on this subject. 

GENERAL GEOGRAPHY 
In the Rocky Mountains, whitebark pine extends from 

British Columbia and Alberta, through Montana, Idaho, 
and Utah, to the Wind River Range in Wyoming. White
bark pine also extends from the British Columbia coastal 
ranges through the Cascade and Sierra Nevada ranges. 
It occurs in isolated mountain ranges in Nevada, 
California, Oregon, and Washington (Arno and Hoff 
1989) (fig. 1). 

The high-elevation settings in which whitebark pine 
ecosystems are found are characterized by geography 
common to many mountain environments. Specific dis
tributional information is available for selected stands 
within the general range ofwhitebark pine (table 1). 
As shown, whitebark pine is found on a wide variety of 
aspects and on wide-ranging slopes. In accordance, how
ever, with expected latitudinal controls on the elevation 
of upper treeline species, the pine is found at highest ele
vations in the southern sites of the Sierra Nevada and the 
Bridger-Teton National Forest, WY. At more northerly 
locations, the pine's upper elevationallimit may be de
pressed by both snow and lower energy budgets, resulting 
in its lower distribution. 

At many tree-line and tree-limit sites, trees reach their 
maximum elevationallimits on convex rather than con
cave slopes. Nocturnal temperature inversions often 
produce inverted tree lines at concave sites; in contrast, 
convex sites may have a warmer microclimate that ex
tends the length of the growing season (Hansen-Bristow 
1986). In some of the harshest microclimates, however, 
the uppermost trees are found at slope concavities where 
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Figure 1-The distribution of whitebark 
pine illustrates its widespread occurrence 
in westem North America (from Amo and 
Hoff 1989). 

Table 1-Available data on some site characteristics of some whitebark pine stands (derived 
from Baig 1972; Clausen 1965; Holland and Coen 1982; Lueck 1980; Steele and 
others 1983; Winthers 1989) 

Site Slope Aspect Elevation 

Banff and Jasper 
National Parks, Canada 

-whitebark 
dominated 

-whitebark 
codominant or 
subdominant 

Rathead National 
Forest, MT 

Ga!latin NationaJ 
Forest, MT 

Bridger-Teton 
National Forest, WY 

Cascade Mountains 
(Bachelor Butte, OR) 

Siena Nevada Mountains 
(Slate Creek, CA) 
-whitebark 
dominated 

-whitebark 
subdominant 

Percent 

10-75 

37-70 

20-90 

0-45 

5-90 
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NWto NE 
SWtoSE 

Wide variety 

NE 

Wide variety 

SandW 

Wide variety 

N 

SandE 

SandE 

m(ft) 

2,000-2,280 
(6,560-7,480) 
1, 720-2,320 

(5,645-7,610) 

1,675-2,440 
(5,500-8,000) 

2,075-2,620 
(6,81 0-8,600) 

2,400-3,050 
(7,875-1 0,000) 

2,350-2,530 
(7, 71 0-8,300) 

3,050-3,190 
(10,010-10,456) 

3,200-3,350 
(10,500-10,990) 

3,050-3,200 
(10,010-10,500) 



winter snow accumulation provides insulation and protec
tion from wind-blown ice crystals and winter desiccation. 
These snow-accumulation sites also provide moisture for 
growth. Because pines illustrate a superior adaptation 
to unshaded sites (more drought and radiation tolerant) 
(Wardle 1974), they often play a pioneering role at high 
elevations, occupying open meadow sites. They often 
serve as nuclei for establishment of other tree species. 
Such is the case at Logan Pass, MT, within Glacier 
National Park, where old whitebark pines, surrounded 
by younger subalpine fir, have formed "tree islands" 
(Habeck 1969). 

GENERAL GEOLOGY, 
GEOMORPHOLOGY, AND SOILS 

The lithology and structure of rock within a mountain 
environment tend to control landscape development 
(through the resistance and strength of its constituent 
material) and, therefore, influence a site's potential to 
support tree growth. Outliers and ridges are often associ
ated with resistant crystalline rocks, such as granite or 
quartzite, while valleys may more often be formed in 
weak and friable rocks, such as limestone or shale 
(Price 1981). 

Lithology-Mountains with whitebark pine include 
a variety of geologic types. The Cascades of Oregon and 
Washington are primarily volcanic while the Sierra 
Nevada is primarily igneous. Many of the mountains 
found in the continental interiors, such as much of the 
Central Rocky Mountains, are composed of ancient crys
talline cores of Precambrian rock. Other ranges, such as 
the Northern Rocky Mountains, are composed chiefly of 
marine sediments, which have often been metamorphosed 
and injected with volcanic material. Coarse-textured 
bedrock lithologies often predominate. Where there are 
fine-textured lithologies, the surficial geologic materials 
usually have abundant coarse rock fragments. Acidic rock 
types are more prevalent than basic rock types. 

Structure-A variety of geologic structures are found 
in environments occupied by whitebark pine. For ex
ample, the Northern Rocky Mountains are a major folded 
and faulted range, as exemplified by Montana's Lewis 
Overthrust in which Precambrian sedimentary rocks were 
uplifted and thrust over younger shales and sandstones. 
The Basin and Range mountains of the western United 
States result from tensional forces stretching the earth's 
crust and creating abrupt and spectacular fault scarps. 
The Sierra Nevada provides an example of a faulted 
range, dipping gently to the west, while the east-facing 
slopes rise abruptly as a fault line scarp. 

Geomorphology 
The landscapes of white bark pine are influenced by 

both constructive and destructive processes and, there
fore, these high-elevation sites are often characterized 
by a high rate of energy transfer, particularly where steep 
slopes prevail. Additionally, the type and rate of geomor
phic processes are affected by the structure, form, climate, 
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and composition of a particular mountain range. These 
factors result in a wide variety of environments and land
scapes for whitebark pine. 

Process-The high-mountain landscape is character
ized by instability, variability, rapid physical weathering, 
and a continual transport of earth materials downslope. 
Many geomorphic processes are intensified in areas with 
steep slopes and a mountain-type climate. Low tempera
tures tend to be the dominant climatic feature at higher 
elevations, producing landscape regimes that are glacial, 
nivational, and periglacial (Embleton and King 1974; 
Price 1972; Washburn 1973). 

Although many scales of geomorphic processes operate 
in mountains, large-scale features such as mudflows, 
landslides, and avalanches can reach catastrophic dimen
sions and do more geomorphic work in a matter of min
utes than day-to-day processes can accomplish in centu
ries (Price 1981; Rapp 1960; Rapp and Fairbridge 1968). 
These processes often create both suitable and unsuitable 
sites for tree growth. For example, an avalanche slope is 
genemlly unsuitable for tree growth due to snow move
ment (Rapp 1959) and enhanced downslope drainage of 
cold air. In contrast, debris piles at the base of the ava
lanche slope may provide a shaded habitat for seedling 
survival. 

Glaciation-Glacial processes, directly shaping the 
land with ice movement, produce some of the most dis
tinctive and striking landscapes in the world. In sites 
where glacial erosion has occurred, such as bare cirque 
walls, trees are genemlly excluded. In contrast, soils on 
glacial and glacio-fluvial deposits often provide potential 
habitat for successful tree establishment and survival 
(Price 1981). 

Periglacial-The entire periglacial system, character
ized by low temperatures, frost action, mass wasting, and 
nivation, occupies large areas of mountain landscapes at 
high elevations, and is a dominant influence on whitebark 
pine distribution. Periglacial processes such as frost ac
tion (freezing and thawing of earth surfaces) form pat
terned ground (sorted and nonsorted circles, polygons, 
nets, steps, and stripes), and blockfields. Generally these 
landform surfaces are quite unstable, often to the point of 
elimination or prohibition of vegetative cover. 

Mass wasting, achieving its greatest development in 
mountain landscapes because of steep slopes, great relief, 
and environmental variability, is the downslope move
ment of material due to gravity without the aid of a spe
cific transporting medium (Price 1981). Many landforms 
resulting from mass wasting are the product of more than 
one type of motion, including creep, solifluction, mudflows, 
slumps, rockfalls, landslides, and debris avalanches, and 
often are unstable to the point of exclusion of trees. 

Nivation, erosion within the narrow zone of the snow
line area, creates hollows and depressions on the land
scape. In many areas, benches, terraces, and rounded 
or flattened summits (altiplanation or cryoplanation ter
races) are attributed to nivational processes (Price 1981). 
These processes often create more diverse microsites suit
able for tree establishment due to substrate accumula
tions or shelter, once active erosion and deposition have 
ceased. 



Soils 
Soil development processes are functions of Jenny's 

Five Factors of Soil Formation (Jenny 1941)---dimate, 
biological activity, relief or landscape position, geologic 
parent material, and time. High-elevation climates of 
whitebark pine ecosystems severely limit both biological 
activity and chemical weathering. Due to their position 
within usually mountainous landscapes, whitebark pine 
soils often occupy steep-slope landscape positions where 
erosion of various forms is the predominant surficial proc
ess. As mentioned earlier, many of the geologic parent 
materials at high elevations in western North America 
tend to produce coarse, sandy-textured, rock-fragment
rich soils. The bedrock chemistry is usually acidic. Due 
to landscape position, whitebark pine soils often occupy 
less stable slope positions where erosion predominates; 
therefore, soils ofwhitebark pine ecosystems tend to be 
young and minimally developed. 

The five factors of soil formation limited by climate, 
biological activity, and coarse-textured geologic parent 
materials interact to produce minimally developed soils 
that are often low in plant-available water-holding capac
ity and nutrients. Whitebark pine soils are most often 
classified as Cryochrepts (cold-climate soils with light
colored surface horizons and minimally developed subsur
face horizons). In some cases, whitebark pine soils are 
Cryoboralfs (cold-climate soil with light-colored surface 
horizons and clay accumulation in a subsurface horizon), 
Cryorthents (minimally developed cold-climate soils), or 
Cryoborolls (cold-climate soils with dark, organic-matter
enriched surface horizons) (Kuennen 1989). 

GEOLOGY OF SPECIFIC 
ECOSYSTEMS 

In Banff and Jasper National Parks of the Canadian 
Rockies, both calcareous Oimestone and dolomite) and 
noncalcareous (sandstone, shale, siltstone) parent materi
als support whitebark pine (Baig 1972; Holland and 

Coen 1982). Many of the stands found in northwestern 
Montana are found in the Belt Supergroup, which in
cludes metasediments of argillite, siltite, quartzite, and 
limestone. In southern Montana (Gallatin National For
est), whitebark pine stands are found on a variety of par
ent materials, including crystalline, volcanic, and sedi
mentary rocks (table 2) (fig. 2). Eighty-five percent of the 
whitebark pine stands sampled by Weaver and Dale (1974) 
in central and southern Montana were on igneous parent 
materials. In northern Wyoming, whitebark pine is found 
on a variety of bedrock types, including quartzite, sand
stone, limestone, and dolomite. 

A question exists concerning the distribution of white
bark pine and limestone substrates. Weaver and Dale 
(1974) commented that whitebark pine is definitely not 
found on limestone substrates, with the exception of its 
occurrence on Wheeler Ridge, near Bozeman, MT. In the 
Gallatin National Forest soil survey, 11 percent of the 
acres are mapped in Abies lasiocarpa/Pinus albicaulis 
habitat types (9.5 percent) and Pinus albicaulis/Abies 
lasiocarpa habitat types (1.5 percent). Limestone is asso
ciated with 11.5 percent of the mapped acres, but only 
1.5 percent of the acreage has Abies lasiocarpa!Pinus 
albicaulis habitat types and limestone. Pinus albicaulisl 
Abies lasiocarpa habitat types are not found associated 
with limestone. Arno's work (referred to in Pfister and 
others 1977) also indicated whitebark pine is not found 
on limestone. Whitebark pine is, however, found on lime
stone in the Canadian Rockies (Baig 1972; Holland and 
Coen 1982), the Flathead National Forest (Martinson and 
Basko 1988), and in the Bridger-Teton National Forest 
(Winthers 1989). Bamberg and Major (1968) mentioned 
stone pine (Cembrae or stone pine is a subsection of 
Pinus; it includes albicaulis) on calcareous parent 
material at three Montana locations: the Big Snowy 
Mountains, Siyeh Pass in Glacier National Park, and 
the Flint Creek Mountains. Whitebark pine also grows 
in limestone-derived soils in the Gravelly Range of south
western Montana (Svoboda 1989). This relationship 
needs further study. 

Figure 2-A whitebar1< pine stand in the Gallatin National 
Forest on metamorphic parent rock materials. 
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Table 2-Characteristics of Gallatin National Forest soil map units with whitabark pine as a habitat type species (PIAL-ABLA is Pinus albicaulis-
Abies /asiocarpa habitat type, ABLA-PIALNASC is Ables lasiocarpa-Pinus albicsu/is/Vsccinium scoparium habitat type) (from Davis 
and Shovic 1984) 

Habitat type 
(percent of map unit) Landform Parent material 

PIAL-ABLA Glacial troughs Hard crystalline 
(10-50) Cirque headwalls rocks 

PJAL-ABLA Talus slopes Undifferentiated 
(5-30) Rock glaciers mixed colluvium 

Rock sHdes 

PIAL-ABLA Cirque basins Hard crystalline 
(10-20) rocks 

ABLA-PIALNASC Moraines Glacial till-hard 
(80) crystalline rocks 

ABLA-PIALNASC Moraines Glacial till-
(80) volcanic rocks 

ABLA-PIALNASC Moraines Glacial till-hard 
(75) crystalline rocks 

ABLA-PIALNASC Rounded ridgetops Hard crystalline 
(70) rocks 

ABLA-PIALNASC Rounded ridgetops Volcanic rocks 
(70) 

ABLA-PIALNASC Dissected Hard crystalline 
(65) mountain slopes rocks 

ABLA-PIALNASC Dissected Volcanic rocks 
(65) mountain slopes 

ABLA-PIALNASC Moraines Glacial till-
(60) volcanic rocks 

ABLA-PIALNASC Dip slopes Folded sedimentary 
(60) rocks (ss and shale) 

ABLA-PIALNASC Landflows Mass failure deposits-
(55) weathered volcanics 

ABLA-PIALNASC Landftows Mass failure deposits-
(50) weathered soft 

sedimentary rocks 

ABLA-PJALNASC Moraines Glacial till-soft 
(50) sedimentary rocks 

Umestone 

GEOMORPHOLOGY OF SPECIFIC 
ECOSYSTEMS 

The majority of sites dominated by whitebark pine in 
Banff and Jasper National Parks are on colluvial slopes. 
Where whitebark pine is found on moraines and landslide 
deposits, it is often codominant or subdominant with sub
alpine fir, Engelmann spruce, and lodgepole pine (Baig 
1972; Holland and Coen 1982). 

In northwestern Montana (Kootenai and Flathead 
National Forests) whitebark pine is often found on 
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Slope Aspect Bevatlon Soli classification 

Percent m(ft) 

45+ Variable 2,500+ Dystric and typic 
(8,200+) cryochrepts 

20-45 Variable 2,130-2,990 Rubble land 
(7,000-9,800) 

0-20 E-NW 2,590+ Dystric and litic 
(8,500+) cryochrepts 

0-20 Variable 2,315-2,590 Dystric 
(7 ,600-8,500) cryochrepts 

0-20 Variable 2,375-2,590 Mollie 
(7,800-8,500) cryoboralfs 

45+ Variable 2,375-2,590 Dystric 
(7,800-8,500) cryochrepts 

0-20 Variable 2,375-2,590 Dystric 
(7,800-8,500) cryochrepts 

0-20 Variable 2,375-2,590 Mollie 
(7,800-8,500) cryoboralfs 

45+ Variable 2,070-2,500 Dystric 
(6,800-8,200) cryochrepts 

45+ Variable 2,375-2,590 Mollie 
(7 ,800-8,500) cryoboralfs 

45+ Variable 2,375-2,590 Mollie 
(7 ,800-8,500) cryoboralfs 

10-20 North 2,440-2,680 Typic 
(8,000-8,800) cryoboralfs 

0-20 Variable 2,375-2,590 Typic and mollie 
(7,800-8,500) cryoboralfs 

0-20 Variable 2,375-2,620 Typic aquic mollie 
(7 ,800-8,600) cryoboralfs 

0-20 N-NE 2,440-2,590 Mollie 
(8,000-8,500) cryoboralfs 

glacially scoured sites. It is found in both cirque basins 
and on bedrock-dominated sideslopes. In addition, the 
soils there are subject to frost churning (Kuennen 1989). 
As displayed in table 2, in south-central Montana white
bark pine seems to exist on nearly all mountain landforms 
including glacial cirque basins, troughs, headwalls, mo
raines, landflows, and both dissected mountain slopes 
and rounded ridgetops (fig. 3). 



SOILS OF SPECIFIC ECOSYSTEMS 

Characteristics of general forest soils can be compared 
with soils ofwhltebark pine sites (table 3). The usually 
lower pH and percent base satura tion ofwhitebark pine 
site soils may be due to acidic, coarse-textured parent 
materials. Higher organic matter levels of whltebark 
pine soils may be related to the cool, dry, and windy 
decomposition-limiting climates of high elevations. 

Soil pedon descriptions are available for 24 whltebark 
pine sites within Banff and Jasper National Parks (Baig 

Table 3-Properties of soils in whitebark pine ecosystems 

General forest Montana 

Gallatin NF, Gallatin NF, and 
MT MT Wyoming 

Soli (Montagne and (Montagne and (Weaver and 
properties Munn 1980) Munn 1980) Dale 1974) 

'n= 335 n = 19 n = 19 

Percent sand 42 54 42 
silt 34 35 

clay 24 11 

pH 6.2 5.4 5.4 

OM (percent) 2.3 2.9 6.1 

Total N (percent) .09 .000 

Ca (meq/100 g) 10.7 3.5 1.3 
Mg (mec¥100 g) 2.5 .84 .6 
Na (meq/100 g) 0.2 .07 .48 
K (meq/100 g) 0.5 .40 .30 

CEC (meq/100 g) 21 .2 16.0 

BS (percent) 61 .0 25.8 

EC (mmhos/cm) .48 .82 0.3 

'n =number of horizons analyzed. 

67 

Figure 3-A ridge in the Gallatin National 
Forest, MT, provides the setting upon which 
whitebark pine exist. 

1972; Holland and Coen 1983). Half of these are sites 
dominated by whitebark pine (for example, Pinus 
albicaulis-Picea engelmannii or Pinus albicaulis-Abies 
lasiocarpa). The other half are sites where whltebark 
pine is codominant (Pinus albicaulis-Abies lasiocarpa and 
Pinus albicaulis-Pinus contorta) or subdominant (for 
example, Abies Lasiocarpa-Picea engelmannii-Pinus 
albicaulis; Abies lasiocarpa-Pinus albicaulis; Picea 
engelmannii-Pinus albicaulis). Neither study documented 
any stands that are pure whitebark pine. The soils at all 
these sites are shallow with limited profile development. 

Whltebark ~lne sites 

Wind Banff and 

Kootenai River Jasper NP, Banff and 
NF,MT Range, AB Jasper NP, 

(Kuennen WY (Holland and AB 
1989) (Reed 1976) Coen 1983) (Balg 1972) 

n =7 n=5 n = 31 n=31 

(siltloams) 54 51 
49 38 35 
9 8 16 

5.1 5.1 6.2 6.5 

4.2 3.0 2.2 

.095 

.4 8.2 1.1 

.1 1.8 .3 

.4 .1 

.2 .7 .1 

15.5 5.3 

6.0 45.8 

.12 



Those with the highest degree ofhorizonation are found 
on sites where whitebark pine is codominant or sub
dominant. At these sites both AE and AB horizons are 
identified. Depth to C horizons ranged from 8 to 46 em 
(3 to 18 inches) on the sites dominated by whitebark pine, 
and from 0 to 90 em (0 to 36 inches) on all other sites. 
Textures in all horizons are silt loams, or coarser, with 
a majority of horizons being sandy loams. All are consid
ered well drained with at least 20 percent (by weight) 
coarse fragments. Soils at the sites dominated by white
bark pine are classified as Dystric Brunisols and RegoB?ls 
(Orthic, Cumulic, and Lithic). The other sites are classi
fied as Dystric and Eutric Brunisols and Orthic Regosols 
(Brunisols are equivalent to Inceptisols, Regosols to 
Entisols). 

Pfister and others (1977) summarized soil properties 
ofwhitebark pine-associated habitat types of the Forest 
Service's Northern Region (Montana and Northern Idaho) 
(table 4). In the northern Region, whitebark pine estab
lishes on soils of high-elevation, subalpine-climate land
scapes that are usually low in day (with exception of some 
soils in the Gallatin and Beaverhead National Forests) 
and high in rock fragments (fig. 4). These soils are 
Cryochrepts, Cryoboralfs (day rich), Cryoborolls, and 
Cryandepts (if influenced by volcanic ash) (Holdorf 1989). 

In the Kootenai National Forest of northwestern 
Montana, whitebark pine exists on Cryochrepts (Typic, 
Andie, and Lithic) and Cryandepts with loamy-skeletal 
textures of mixed mineralogy and relatively low pH 
(5.5 to 6.5) (fig. 5). Most of these soils have a volcanic ash
influenced surface layer found over metasedimentary re
siduum of the Belt Supergroup. Two example soils have 
horizons influenced by silt-loam volcanic ash found over 
gravelly and rocky subsoils. Levels of acidity (pH) range 
from 4.0 to 5.7 with a cation exchange capacity of 6 to 23 
meq/100 g. Percent base saturations are 4 to 14 percent 
and the surface horizons have 5 to 8 percent organic mat
ter. Amounts of extractable calcium, magnesium, sodium, 
and potassium are generally less than 1 ppm. 

The Flathead National Forest draft soil survey 
(Martinson and Basko 1989) describes four mapping units 
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Table 4-Soil properties of whitebark pine habitat types, Northam 
Region, Forest Service (Pfister and others 1977) 

Habitat type 

ABLA-PIAU 
VASC PIAUABLA PIAL 

(n= 22) (n = 15) (n = 5) 

Mean percentage 
surface rock 4 13 2 

Mean percentage 
bare soil 6 3 

Mean pH of 
upper soil 5 4.9 6 

Mean percentage 
gravel 26 45 25 

within the upper subalpine forest that include whitebark 
pine. Like the Kootenai National Forest soils, these 
have volcanic ash surface layers, acidic pH's, and abun
dant coarse fragments. In these whitebark pine land
scapes the cirque basins have Andie Cryochrepts (fig. 5) 
in soil accumulation positions and Entic Cryandepts 
(fig. 6) on the steeper sites. Whitebark pine-subalpine 
fir is the major habitat type, occupying over 35,615 ha 
(88,000 acres). The bedrock-dominated sideslopes have 
over 3,640 ha (9,000 acres) of mixed forests of whitebark 
pine, subalpine fir, Engelmann spruce, and lodgepole 
pine, with subalpine fir-whitebark pine/grousewor:le~erry 
as the major habitat type. Soils are Ochrepts conststmg 
of volcanic-ash-influenced silt-loam surface horizons over 
bedrock. 

Weaver and Dale (1974) summarized soil properties 
for 19 whitebark pine stands found mostly in central and 
southern Montana. These were thin soils, with a median 
pH of 5.4 and loam to silt-loam textures with low clay 
content (average clay, 8.5 percent). These soils have aver
age extractable nutrient amounts of: P, 153; K, 121; Ca, 
260; Mg, 72; and Na, 110 (in ppm). 

Figure 4-Whitebark pine is found in Montana and 
Idaho on soils that are usually low in day and high 
in rock fragments. 
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Figure 5-A typical soil profile of whitebark 
pine stand in the Kootenai National Forest. 
MT (typical soil classification is an Andie 
Cryochrept,loamy-skeletal. mixed). 

silt loam 
pH 5 

gravelly loam 
pH 6 

c ~ 
~ c ~ 
~ ~ 

£?joo 
\ 

Figure 6-A typical soil profile of an 
Entic Cryandept 
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The Gallatin National Forest soil survey (Davis and 
Shovic 1984) described soils in three whitebark pine
associated habitat types (table 5) reflecting the variety 
of bedrock parent materials within that forest. Dystric 
Cryochrepts (moderately acidic) are found on Precam
brian crystalline rock, while volcanic and sedimentary 
parent materials develop more base-rich and more clay
rich Alfisols (Mollie and Typic Cryoboralfs) and Molli
sols (Argillic and Typic). These sites have short grow
ing seasons (most with less than 50 frost-free days) and 
may be droughty in summer. 

The Beaverhead National Forest in southwestern 
Montana has whitebark pine on both clayey limestone 
(Mollie Cryoboralfs in the Gravelly Range) and nonlime
stone-derived soils. Other whitebark pine sites have 
acidic soils (Dystric Cryochrepts) fonned in glacial till and 
in residuum from sandstone, gneiss, and granite (Svoboda 
1989). 

In the Wind River Range at the southeastern limit 
of whitebark pine (Steele and others 1983), whitebark 
pine habitat types are found on coarse (sandy loam), 
rock-fragment-rich, Typic or Lithic Cryochrepts. These 
soils are developed on parent materials of reSiduum and 
glacial till from granitic and gneissic bedrock. Average 
soil pH's for these three habitat types range from 5.6 
to6.2. 

In the Bridger-Teton National Forest south of 
Jackson, WY, whitebark pine habitat types occupy soils 
that are developed in slope-wash mantles over resid
uum and bedrock. Map units are complexes of Alfisols 

Table 5-Properties of soils associated with whitebark pine in 
the Gallatin National Forest, MT (from Montagne and 
Munn 1980) 

Habitat type 
groupsDystrlc 
Cryochrepts 

Habitat Habitat In habitat 
t}fpe series groups 

ABLAIPIAL ABLAIPIAL with PIAL 

(n= 12) (n= 15) (n = 19) 

Bulk density 1.34 1.35 1.3 
Percent sand 35 43 54 
Percent silt 45 40 39 
Percent ctay 20 17. 11 

Available water (em) 3.8 3.4 2.8 

Percent organic matter 2.6 2.8 2.9 
pH 6.7 6.4 5.4 

Cation exchange 
capacity (meq/1 00 g) 20 19 16 

N (total percent) 0.07 0.057 0 
P (available ppm) 148 120 90 
K (extractable ppm) 176 156 155 
Ca (extractable 

meq100g) 14 11.1 3.5 
Mg (extractable 

meql100 g) 1.6 1.3 0.84 

Percent base saturation 56 46 26 



(Mollie Cryoboralfs), Inceptisols (Typic Cryochrepts), and 
Mollisols (Typic Cryoborolls), all with a loamy-skeletal, 
mixed mineralogy. These soils are gravelly to very cobbly 
loams with pH's mostly near 6, but as high as 8. 

SUMMARY 
The distribution of whitebark pine at upper timberline 

is influenced, to some degree, by the geology, geomorphol
ogy, and soils of these high-elevation environments. 
Whitebark pine is found on a variety of geologic parent 
materials including sedimentary deposits, crystalline 
metamorphics, and volcanics. Presence of the pine on 
calcareous parent material appears to be limited to the 
northern extent of whitebark pine distribution in North 
America. 

The landforms of whitebark pine environments are in
fluenced by mountain building and high-elevation surfi
cial processes. Whitebark pine grows on a variety of slope 
angles and aspects. Soils under whitebark pine tend to be 
shallow with minimal horizon development and are classi
fied mainly as Cryochrepts and Cryoboralfs. Whitebark 
pine soils are predominantly coarse textured with an 
abundance of coarse fragments and low nutrient levels. 
These soils will be acidic except in northern areas where 
whitebark pine is found on calcareous substrates. 

The information presented in this paper has been gath
ered from a review of published whitebark pine studies 
and through contact with Forest Service personnel. There 
is minimal information compiled about the soil-related en
vironment ofwhitebark pine. We hope the summariza
tion presented here will help direct further research on 
the geology, geomorphology, and soils ofwhitebark pine. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Ray W. Brown}-The soils and geologic materi
als you described were similar to severely 4isturbed sites 
at high elevations (especially in the Beartooth Mountains 
of Montana and Wyoming and in the Rocky Mountains of 
Colorado) where P. albicaulis is absent. Would you be 
willing to say, in view of the types of geologic materials 
and soils that whitebark pine grows on, that this species 
is early successional and that it may be useful in revege
tation as a colonizer? 

A.-We agree that the soils and geologic materials upon 
which whitebark pine is found are very similar to those at 
disturbed high-elevation sites (they are young, thin, often 
rocky, and relatively nutrient poor). We further agree 
that this species may be early successional at these sites, 
and may even maintain itself as a pure stand at its upper 
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most elevations. Because there is a critical need to re
vegetate and rehabilitate many severely disturbed sites 
at high elevations, we recommend a strong emphasis 
be placed on research aimed toward successful artificial 
planting and use of whitebark pine as a colonizer in these 
areas. This effort will require a detailed study of the 
specific site characteristics where the pine is naturally 
regenerating, of the seed germination requirements of the 
pine, and of techniques of planting that will assure estab
lishment and survival. 

Q. (from Stephen Harvey}-How about presenting ele
vation as "elevation below timberline," thereby avoiding 
latitude problems? 

A.-Actual elevational occurrences provide the impor
tant perspective of the influences oflatitude (radiation 
budgets and snow influence, in particular) on the geo
graphic extent of whitebark pine. Presenting elevation 
as "elevation below timberline" would be useful for under
standing the local extent of the pine; however, much of 
the data on the elevation of timberline are either lacking 
or have been determined by a variety of means. For ex
ample, timberline has been defined as the upper unit of 
trees greater than 2 m tall, as the upper limit of sexual 
reproduction, and as the extreme upper limit of tree 
growth. This variety of interpretations leads often to 
erroneous comparisons of studies. 

Q. (from Friedrich-Karl Holtmeier}-With regard to 
microbial activity and to the pedo-ecological conditions, 
it would be interesting to learn something about the C/N 
ratio. Did you investigate this point? If yes, what were 
the results? 

A.-Carbon-nitrogen ratios could provide some interest
ing insights into soil pedogenic conditions in whitebark 
pine ecosystems. None of the data available to us, bow
ever, included C/N ratios, so we were unable to investi
gate this relationship. Further research with whitebark 
pine soils should consider the importance of C/N ratios. 



CLIMATES OF SUBALPINE 
PINE WOODLANDS 

T. Weaver 

ABSTRACT 
The climate of whitebark pine (Pinus albicaulis) wood

lands is generally cold (average daily maxima and min
ima in January are -2 and -11 °C, respectively) and snowy 
1 to 3 m maximum pack) in winter and warm (July aver
age temperatures are 21 and 4 °C, respectively) and dry 
(July to September precipitation averages 102 mm and 
individual months can be rain free) in summer. The tree's 
lower altitudinal limit probabily is set by the competition 
of trees better able to compete for necessary resources such 
as light, water, and nutrients. In contrast its upward 
extension may be limited zonally by summer frosts and lo
cally by clesicC(l.tion. While the presence of one stone pine 
species is apparently a good indicator of an equivalent 
climate for other stone pine species, its presence does not 
indicate an identical climate and may therefore not indi
cate an equivalent climate for nonpine species with differ· 
ent climatic requirements. 

INTRODUCTION 
Climate is a major determinant of plant (or community) 

presence, and due to this linkage, particular climax com
munities suggest particular climates and vice-versa. Ex
tant vegetation and climatic data cannot, however, predict 
each other perfectly because other factors also affect 
dominance; these include propagule availability, sub
strate, biotic (for example, grazer or pathogen) or abiotic 
(for example, fire or windthrow) disturbance, and time. 
While they are less than universal, good predictions can 
be had by stratifying out the confounding factors one by 
one, that is, by focusing on one biotic region, one sub
strate, only undisturbed stands, and only mature stands. 

Plant or community indicators of climate have been 
useful historically to new settlers of unexplored, undis
turbed, and uninstrumented areas. And they are still 
useful in areas too complex to instrument economically. 
Climate-vegetation relationships have been studied at 
the world and continental levels by ecologists including 
Clements (1916), Holdridge (1947), Schimper (1903), 
Walter (1973), Walter and others (1975), and Whittaker 
(1975). The work is naturally extended to mountain re
gions where managers wrestle with moderately large land 
units containing "a world of variation." Work relevant to 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 2g.31, 1989. 

T. Weaver is Plant Ecologist, Department of Biology, Montana State 
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the Northern Rocky Mountains includes that of Baker 
(1944), Callison and Harper (1982), Daubenmire (1956), 
Harper and others (1980), Holdridge (194 7), Price and 
Evans (1937), and Weaver (1980). 

This paper describes and compares climates of pine 
woodlands near timberline. Its objectives are: (1) to char
acterize the climate ofwhitebark pine (Pinus albicaulis) 
communities with respect to factors important to the tree 
and its associates, (2) to compare the climate of whitebark 
pine woodlands with those of communities immediately 
above and below them with the object of generating hy
potheses to explain the distribution of each type, and 
(3) to compare the whitebark pine climate with the cli
mates of Eurasian stone pines as a test of the hypothesis 
that stone pine woodlands indicate similar climates 
worldwide. 

METHODS 
The climates of whitebark pine woodlands were charac

terized by summarizing data(CDOT 1961-70; Leeson 
1989; Losleben 1983; and USDC 1951-80) collected in 
stands representative of the community. The temptation 
to include data from stations not in whitebark pine wood
lands, but in some imagined "whitebark zone," was resisted 
because the heterogeneity of high-altitude microclimate 
makes it probable that such data would misrepresent the 
vegetation studied. While use of a longer record would 
have been desirable, data were summarized for 
10 years, because few stations have a longer record and 
use of the same record length facilitates comparison of ex
tremes. Ecologists consulted on the choice of stands are 
listed under "Acknowledgments." Data from Kings Hill, 
MT, Crater Lake, OR, and Old Glory Mountain, BC, were 
complete. Temperature data were unavailable from 
Ellery Lake; thus I violated my approach and substituted 
temperature data from a site (White Mountain I = Crooked 
Creek [3,123 m]) without whitebark pine, but with similar 
latitude, longitude, and altitude, and a more continental 
climate. Data from the Sunshine Station at Banff were 
gathered for avalanche forecasting, and only those from 
1978 were sufficiently complete for my application. 

Whitebark pine climates are contrasted with those of 
adjacent vegetation types. Instrumented subalpine fir 
environments with occasional or seral whitebark pine 
appear at Yellowstone Lake, WY, and Cooke City, MT 
(Despain and Rankin 1989). Alpine stations would ideally 
be paired with whitebark woodland sites from the same 
region-as the Lake or Cooke and Kings Hill sites almost 
are-but no data from alpine stations other than Niwot 
Ridge, CO, and White Mountain, CA, were available. 



While White Mountain II (Barcroft, 3,837 m) temperature 
data probably represent conditions above whitebark 
krumm- holz reasonably, the White Mountains are far 
drier than mountains usually containing whitebark pine. 
Data from Niwot Ridge, CO, undoubtedly represent condi
tions above whitebark krummholz better (Billings 1989). 

Climates of environments dominated by closely related 
stone pines (Lanner, this proceedings; Mirov 1967) were 
compared with those ofwhitebark pine by summarizing 
data from stations in those types. Decade-long data 
sets from three Pinus cembra sites were supplied by 
Tranquillini (1989). Since Pinus sibirica and Pinus 
pumila occupy more homogeneous "plains areas," I felt 
reasonably confident in summarizing data from stations 
chosen with the help of Critchfield and Little (1966) Lieth 
(1988), and Mirov (1967). Stations used to represent 
Pinus sibirica were Serov (24), Surgut (28), Kolpasevo 
(SO), Jenisejsk (32), Irkutsk (34), Tura (41), Kirensk (47), 
and Krasnojarsk (73). Stations used to represent Pinus 
pumila were Anadyr (13), Apuka (14), Petropavlovsk
Kamcatskij (37), Vitujsk (48), Jakutsk (49), Verchojansk 
(51), Ochotsk (53), and Zyranka (54). The numbers fol
lowing each place name indicate the station number in 
Muller's (1982) compendium of climatic data. 

Some climatic parameters were studied as indices of 
"killing conditions." Absolute maximum and minimum 
temperatures and absolute maximum and minimum 
monthly precipitation recorded in a decade suggest long
term values, but these undoubtedly underestimate ex
tremes experienced by long-lived trees (Gumbe11954). 
Ot~~r pa~ameters are reported as indices of average 

conditions hkely to have a greater influence on the per
formance (for example, photosynthesis, respiration 
growth, and seed yield) of established trees: mean 
monthly maximum and minimum temperatures, mean 
annual precipitation, and mean summer (July to 
September) precipitation. While data from a 10-year 
record are minimal for estimating extremes, a decade 
of observations should reasonably represent average 
conditions. 

RESULTS 
Data for describing extreme conditions in the climates 

of three whitebark pine woodlands (Ellery Lake, CA, 
Crater Lake, OR, and Kings Hill, MT) and two krumm
holz stands (Old Glory, BC, and Banff, AB) are presented 
in table 1. The seasonal progression of temperature and 
precipitation data for one woodland (Kings Hill) and one 
timberline (Old Glory) site are presented graphically in 
figures 1 and 2. 

Data comparing the climates of sites in which white
bark pine woodlands are climax with forest sites below 
them and alpine tundra sites above them also appear in 
table 1. Data from stands representative of subalpine fir 
forests below the whitebark pine zone (Cooke City, MT, 
su~alpine fir with occasional and seral whitebark pine), 
whitebark pine woodland (Kings Hill, MT), krummholz 
(Old Glory Mountain, BC), and alpine tundra (Niwot 
Ridge, CO) above the range of the tree are compared 
in figures 1 and 2. 
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Data comparing the climates of Pinus albicaulis (white
bark pine), Pinus cembra, Pinus sibirica and Pinus 
pumila appear in table 2. ' 

THE CLIMATE OF WHITEBARK 
PINE WOODLANDS 

The climate of woodlands where whitebark pine domi
nates Oatitude 37° to 47° N.) is interpolated from data 
gathered in the Sierra (Ellery Lake, CA), the Cascades 
(Crater Lake, OR), and the Rocky Mountains (Kings Hill 
MT). I summarize the data from all three stands with a' 
description (following paragraph) organized around the 
passage of seasons in a whitebark pine woodland; please 
refer to table 1 to develop a feeling for regional variation 
in the woodland climate. 

The average January day warms from a nightly low of 
-11 oc (-14 to -8 °C) to a high of -1 oc (-3 to 1 °C). The 
snow pack maximizes at 1 to 3 m in February to April and 
shields roots, decomposers, and small animals from hard 
frosts. Melt-out proceeds rapidly in May, when swelling 
buds and newly exposed organisms may experience frosts 
as cold as -10 to -19 °C. While the average July day 
warms from a low of 4 °C (3 to 5 °C) to a high of 21 °C 
(19 to 22 °C), the probability of a frost (0 °C) is still about 
7 percent. Because the coarse soils ofwhitebark pine 
~tes are usually more than saturated by snow melting 
1n May to June, large differences in winter snowpack be
tween sites or seasons are dissipated by runoff and proba
bly go unexpressed in summer production. Production 
a~ve a minimum set by the site's soil water holding cap~ 
aCJty may be supported by July to September rains whose 
total deposits range from 25 mm to 180 mm (average 
92 mm). The rain is deposited in five to 11 monthly show
ers, of which over half are so small (less than 2.5 mm) 
that they are probably useful only to insects and nonvas
cular plants (Weaver 1985). While snow showers occur 
in September and October, snow does not accumulate per
manently until near the first of November. 

CHANGES IN CLIMATE ACROSS THE 
WHITEBARK PINE ZONE 

In the Northern Rocky Mountains, USA, whitebark 
pine is absent from foothill grasslands, Douglas-fir 
(Pseudotsuga menziesii) forests, and the lower part of 
a subalpine zone largely dominated by fir (Abies lasio
carpa at climax) and pine (P. contorta at subclimax). 
The species appears as an occasional and seral tree in 
the upper half of the subalpine zone, dominates wood
lands just below timberline, is often important in krumm
holz, and is absent again in the alpine tundra. One would 
ideally describe changes in climate along this altitudinal
vegetational gradient by summarizing data from weather 
stations arranged along two to three geographically well
separated transects across the gradient (Marr 1961; Price 
and Evans 1937). In the absence of such data, changes 
in climate across the gradient are demonstrated on a syn
thetic gradient, that is, with graphs comparing, one by 



Table 1-Ciimate1 of high-altitude environmental types of the western United States 

Environmental tlfl!e and locatlon2 

High-elevation fir WBwoodland WB timberline Alpine 
Lake Cooke Ellery Crater Kings Glory Sunshine Niwot White 

WY MT CA OR MT BC AB co CA 

Temperature (°C) 

Abs. minimum -44 ~9 -32 -29 -38 -38 -38 ~7 
Abs. May min -19 -16 -19 -13 -10 -13 -26 -17 

Jan. mean min -18 -16 -13 -8 -14 -12 -21 -17 -12 
Jan. mean max -5 -6 1 1 -3 -7 -15 -10 -5 

July mean min 4 3 3 4 5 6 1 4 2 
July mean max 22 23 19 20 22 14 17 12 12 

Abs. max 33 29 26 32 31 27 30 21 20 
July frost days 4 3 6 4 2 3 1 6 

Precipitation3 (mm) 

Mean annual 559 672 604 1,611 755 757 1,059 497 
July-Sept 130 159 68 89 120 130 137 86 

Driest summer month 7 9 0 0 15 1 1 0 
Wettest summer month 127 118 87 136 90 150 95 114 

Summer shrs >0.02 11 11 5 6 11 10 10 11 4 
Summer shrs >2.54 6 7 2 4 7 5 5 6 2 

Snow4 

Months >Ocm 7 8 7 7 7 
>30cm 4 6 6 5 5 
>50 em 4 6 4 5 4 

Mean max (ern) 102F 290M 135M 173A 81M 

Location 

Latitude (oN) 44 45 37 42 46 49 51 40 37 
Longitude (0W) 110 109 119 122 110 119 115 105 118 
Altitude (ft) 7,700 7,553 9,545 6,475 7,300 7,700 7,042 12,165 12,470 

(m) 2,369 2,324 2,937 1,992 2,246 2,369 2,167 3,743 3,837 
Decade 61-70 70-79 71-80 61-70 51-60 61-70 1978 71-80 61-70 

1Ciimatic descriptions are based on a decade specified near the bottom of the table; standard error of the means would be smaller 
and extremes larger if a longer period had been used. Because summer data from Sunshine are available for 1978 only, only 1978 
data are reported. 

2Stations are Yellowstone Lake, WY, Cooke City, MT, Ellery Lake, CA, and White Mountain I, CA, Crater Lake, OR, King's Hill, MT, 
Old Glory Mountain, BC, Sunshine-Banff, AB, Niwot. CO, and White Mountain II, CA. Because no temperature data were recorded at 
Ellery Lake, temperature data were taken from a White Mountain Station with a similar latitude (37),1ongitude (108), and altitude 
(3,123 m). 

3Precipitation (mm) is reported for the entire year, the dry season (July to September), the driest summer month in the decade, and 
the wettest summer month in the decade. The average number of showers (>2.5 mm = 0.1 inch and >0.025 mm = 0.01 inch) is re-
ported for the June to September period. 

4The duration of snow pack greater than 0 em, 30 em, and 50 em is reported along with the maximum depth reported and its month 
(February, March, April). 
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Figure 1-Comparison of temperature data from 
tundra, timberline, woodland, and high subalpine 
forests. Monthly data are summarized over a 
1 0-year period and plotted against time. The 
data plotted come from the Niwot Ridge, Old 
Glory Mountain, King's Hill, and Cooke City 
weather stations; data from other comparable 
stations appear in table 1. 

75 

m 
z 
0 

~ • 
~ I ' ' I 

I '• .. a.. I .. • .. I "Q. u 'tf 
w 
0:::: 
a_ 

120 

100 
X w 80 
0 
z 60 

1- 40 
w 

20 

0 

JO 

0 
~ 25 
......... 
(/) 20 
0:::: w 

15 3: 
0 
I 10 
(/) 

5 

M 

I 
2. I-a.. w 1. 0 

3: 1. 

0 
z 
(/) 

Figure 2-Comparison of precipitation data from 
tundra. timberline, woodland, and high subalpine 
forests. Monthly data are summarized over a 
1 0-year period and plotted against time. A PIT 
index value of 1 indicates a relatively droughty 
season (Daubenmire 1956; Walter and others 
1975); no alpine point falls below 5; timberline 
and fir types have 2 near-droughty (I = 2 to 5) 
months, and the woodland had 3 near-droughty 
months. The data plotted come from the Niwot 
Ridge, Old Glory Mountain, King's Hill, and Cooke 
City weather stations; data from other comparable 
stations appear in table 1. 



Table 2-Ciimate 1 of stone pine communities of North America and Eurasia 

Species and location 
P. slblcsulls P. cembra P. s/blrlcs P.pumlls 

North America Euro-Aips Siberia N. China 

Temperature2 {°C) 

Abs. min -34 ± 2 -23 ± -55 ± 2 -52 ± 4 
May min -16 ± 2 -10 ± -18 ± 2 -21 ± 2 

Jan. mean min -14 ± 2 -8 ± 0 -27 ± 2 -30 ± 8 
Jan. mean max -5 ± 3 -1 ± 1 -19 ± 2 -24 ± 9 

July mean min 4 ± 5 ± 12 ± 1 8 ± 0 
July mean max 18 ± 14 ± 21 ± 1 15 ± 2 

Abs. max 29 ± 27 ± 2 37 ± 1 33 ± 1 

Precipitation3 {mm) 

Total 2S31 ± 229 939 ± 9 432 ± 21 ~07 ± 137 
Summer 102 ± 14 323 ± 36 187 ± 11 143 ± 43 

Summer dry month 4 ± 4 45 ± 16 8 ± 2 4 ± 2 
Summer wet month 116 ± 16 214 ± 15 181 ± 8 165 ± 25 

June-Sept showers {No.) 8 ± 14 ± ± 1 

1Values presented are mean :1: one standard error. Sample size Is 4 for P. a/blcau//s (except average max and mlns for 
January and July, n ... 5), 3 for P. cembra, 8 for P. sib/rica, except for average max and mlns for January and July, n • 4), 
and 8 for P. pumlla (except for average max and mlns for January and July, n • 4). 

Zfemperature data (OC) are the mean :1: one standard error. Absolute temperatures are recorded for 10 years In 
P. alblcaulls and P. cembra; records for the Asian pines are longer (and unspecified). 

3Precipitatlon (mm) data are total (sum of all months), summer (July, August, plus September), driest summer month 
(July to September) recorded, wettest summer month (July to September) recorded, and average number of showers In 
June toSeptember. High variances In total precipitation for P. alblcaulls and P. pumila are reduced tD 705 :1: 51 mm and 
274 :1:37 mm by omission of the Crater lake and Petropavlovsk stations, respectively. 

one, the annual course of nine factors at Cooke City, 
MT (subalpine fir with seral whitebark), Kings Hill, MT 
(woodland), Old Glory Mountain, BC (treeline =upper 
krummholz), and Niwot, CO (alpine). The reader should 
refer to table 1 to become convinced that the stations 
presented do reasonably represent other stations in their 
zones and, thus, that the comparison of data from these 
sites accurately represents climatic changes that would 
occur on a gradient across a whitebark pine woodland at 
any single location. 

In the following discussion the climates of high-altitude 
vegetation zones will be related primarily to whitebark 
pine performance. A reader wishing to relate the data to 
other organisms or phenomena can do so by using commu
nity characteristics (for example, seral whitebark, white
bark woodland, whitebark krummholz, or above white
bark's range) as indicators of the position of a different 
phenomenon (for example, performance of another organ
ism) in the climatic gradient. 

White bark pine is most likely excluded from low
altitude grasslands and forests by high temperatures or 
scarcity of water. While temperatures at lower altitudes 
are warmer [average July maxima are 28, 26, 25, and 
20 °C in foothill grasslands, Douglas-fir forests, low sub
alpine fir forests, and whitebark woodlands, respectively 
(Weaver 1980) (table 1)], high seedling photosynthesis at 
temperatures as high as 30 to 35 °C (Jacobs and Weaver, 
this proceedings) as well as the survival of specimen trees 
in lawns in the foothill grassland zone argue against tem
perature control. Lesser precipitation [380, 580, and 
755 mm in foothill grasslands, Douglas-fir forests, and 
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whitebark woodlands (Weaver 1980 and table 1)] and 
longer droughts [drought indices of 1.8, 0.3, and 0.0, re
spectively (Weaver 1980)] probably exclude wbitebark 
pine from the grassland and Douglas-fir zones. 

It seems unlikely that whitebark pine is excluded from 
lower parts of the subalpine fir zone by drought, since 
warmer (25 versus 20 °C) and perhaps rainier (82 versus 
60 to 75 mm) conditions in the lower subalpine zone com
pensate to produce an equally drought-free condition 
(0.0 month drought index, Weaver 1980). If drought 
stresses and substrates are, in fact, similar, it seems 
likely that the lower limit of whitebark pine forests is set 
by competition rather than by climate (Arno and Weaver, 
this proceedings). 

We reason, from the preceding, that the lower limit 
of whitebark dominance is set by conditions that limit 
the performance of its competitors upslope. The expecta
tion that low temperatures probably eliminate whitebark 
competitors from the higher subalpine woodland zone is 
supported by the observation that whitebark pine and 
spruce range farther down into cold-air pockets than do 
lodgepole pine or subalpine fir. Two climatic differences 
between whitebark woodlands and subalpine forests 
below them seem contrary to this expectation: average 
minimum temperatures are higher and frost days are 
fewer in the higher altitude forest (fig. 1). I believe that 
the conclusion suggested-that whitebark woodlands 
require warm nights-is spurious and that the data re
sult from a correlation between the presence of the tree, 



coincidental climatic data, and topographic-edaphic condi
tions which actually control locally. In the high subalpine 
zone the tree often grows on steep, rocky ridges from 
which cold air drains (yielding the warm night condition) 
and on which excessive drainage occurs (causing drought 
better tolerated by whitebark pine than subalpine fir). 
A scan of the other climatic data available (figs. 1 and 2) 
shows no differences-in either "killing factors" (absolute 
maximum or minimum temperatures) or factors likely to 
affect growth and competitiveness (average maximum 
temperatures, average mean temperatures, or drought 
months)-between the climates of climax whitebark wood
lands and subjacent subalpine fir forests with whitebark 
subclimates. 

Above the whitebark pine woodlands the tree gives way, 
via krummholz, to alpine tundra. The low stature of tun
dra vegetation makes the possibility of its competitive 
domination of forest trees seem unlikely. One therefore 
hypothesizes that one or more physical factors control tree 
distribution (Amo 1984; Tranquillini 1979) and looks to 
climatic data to clarify some possibilities. First, tempera
ture effects. On our synthetic temperature gradient the 
small drop-relative to the temperature range observed 
within whitebark pine communities-in absolute high, 
average maximum, and average minimum temperatures 
from whitebark to alpine sites is so small that control by 
high or average temperatures (heat sums) seems unlikely 
(fig. 1). The far larger drop in absolute lows across the 
woodland-alpine gradient-and especially so in summer
suggests that growing season frosts could be an important 
factor in the final elimination of whitebark from high
altitude sites (fig. 1). This conclusion is supported by the 
absence of whitebark pine from the depths of frost pock
ets. As to mechanism, Tranquillini (1979) argued that, 
while early summer frosts may deform them, trees are 
more likely killed by winter desiccation, desiccation due 
to a cuticle inadequacy attributed to a short growing sea
son. The climatic feature controlling cuticle development 
may be frosting (correlated with lows) rather than inade
quate heat sums (correlated with averages) since opening 
and closing of the photosynthetic season is largely in
duced by frosts (Tranquillini 1979). Second, neither pre
cipitation nor a drought index that ignores wind flow, 
become more unfavorable as one ascends from whitebark 
pine woodland to the tundra above. Third, other factors
such as high wind [contributing to desiccation through 
blasting and water transports (Hadley and Smith 1986; 
1987)] and bleaching radiation (Tranquillini 1979)-for 
which we add no data, may contribute, in concert, to the 
disappearance of trees. Fourth, whether one factor or 
several acting in concert prohibit trees, the fact that tim
berline vegetation changes faster on the altitudinal gradi
ent than any postulated climatic factor is nicely explained 
by the observation that, until the canopy begins to open, 
trees provide mutual shelter (Tranquillini 1979). This 
explanation applies to all factors from frost damage to 
frost-free period, degree days, wind blasting, desiccation, 
UV damage, or other factors considered by Tranqui11ini 
(1979) and Arno (1984). 

Snow data (fig. 2) show that snow depth and duration 
generally increase with altitude. While the shielding 
of roots from hard frosts is probably important to trees, 
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I doubt that the small differences observed control tree 
distribution. On the other hand, deep, long-lying snow 
undoubtedly benefits low organisms (for example, seed
lings including those of whitebark pine, low plants, de
composers, and small animals) by shielding them from 
frost or predators-and may hinder them by crushing 
or supporting snow mold. It simultaneously affects large 
animals by covering their foodstuffs. Benefits and dis
benefits are magnified on wind scour and wind deposit 
sites both above and below timberline. 

Rain shower numbers in the Rockies range from 20 per 
month in winter to 10 per month in summer (fig. 2); sum
mer showers are half as common on the Sierra-Cascade 
axis (table 1). Summer shower numbers vary little with 
altitude (Weaver 1985) and vary little between high
altitude types. About half of the showers at this altitude 
deposit less than 2.5 mm (table 1). While showers less 
than 5 mm may be important to mosses, lichens, and 
small animals ranging from insects to squirrels, their 
shallow penetration and rapid evaporation from both 
plants and soil render them largely ineffective to most 
vascular plants (Weaver 1985). 

STONE PINE CLIMATE 
Two stone pines (Pinus sibirica and Pinus pumila) 

dominate vast areas in northern Eurasia and two stone 
pines appear in high-altitude woodlands in the Alps 
(Pinus cembra) and the Rocky Mountains (Pinus albicau
lis) (Crichfield and Little 1966). Their close relationships 
and ecological similarities (Mirov 1967) invite comparison 
of their climates as a test of the hypothesis that similar 
communities indicate similar climates. 

While winter temperatures are especially low in stone 
pine communities of northern Eurasia, summer tempera
tures are similar in areas dominated by all four trees. 
Since the trees are dormant at midwinter, transplanted 
Pinus albicaulis and Pinus cembra, which normally expe
rience absolute lows of only -21 to -38 °C, might tolerate 
the -34 to -67 oc lows experienced by their near-relatives 
of northern Eurasia. Frost danger is much more similar 
during the growing season; for example, at a hypothetical 
bud break in May absolute lows are all in the -10 to -21 °C 
range. Absolute highs are higher on Eurasian plains than 
in subalpine woodlands (table 2). Average maximum tem
peratures in July are slightly warmer in pine communi
ties of the Eurasian plains (15 and 21 °C) than in pine 
communities of more southerly mountains (14 and 18 °C). 
Average minimum temperatures in July are also higher 
on the Eurasian plains (8 and 12 °C) than in subalpine 
woodlands ( 4 and 5 °C). 

Although precipitation regimes differ considerably 
among stone pine habitats, the water regimes are appar
ently equivalent. In contrast to whitebark pine's winter 
wet/summer dry climate, all the Eurasian pines experi
ence a winter dry/summer wet climate. In all four re
gions, however, snow accumulates over winter, melting 
snow saturates the soil, and excesses run off. Thus, wher
ever soil water-holding and drainage properties are simi
lar, runoff should eliminate any effect of the large differ
ences in October-June precipitation (603 to 829 mm for 
Pinus albicaulis, 616 mm for Pinus cembra, 245 mm for 



Pinus sibirica, and 264 mm for Pinus pumila) and provide 
similar starting conditions. Stored soil water must pro
vide survival water during occasional summer months in 
which rainfall provides as little as 0 to 13 mm, regardless 
of the region and community type. To the extent that 
moss-lichen-insect biotas are controlled by temperature 
and superficial moisture (numbers of June to September 
showers) these biota may differ little between stone pine 
communities. 

Comparison of production data among these forests 
should suggest the degree to which growth-as opposed 
to survival-is limited by water availability. While grow
ing season water availability differs considerably among 
regions (July to September precipitation for Pinus albic
aulis, Pinus pumila, Pinus sibirica, and Pinus cembra 
is 102 mm, 143 mm, 187 mm, and 323 mm, respectively), 
there is probably little difference in other factors likely 
to control growth. Temperatures are similar (table 2). 
Nutrient availabilities are unlikely to differ systemati
cally among regions so large. And underlying genetics 
(as suggested by taxonomic status) are similar. 

I conclude that, while stone pine woodlands in one re
gion indicate very similar climatic conditions, the degree 
of climatic similarity may decline with increases in the 
distance between the regions considered. Climatic differ
ences increase as one compares stone pine climates in 
Montana with others in Montana, Oregon, and Eurasia. 
The climates appear, however, to be equivalent for stone 
pines; that is, effective growing season temperatures and 
water availabilities seem so similar as to permit success 
in transplanting. These equivalences should apply to 
other species with similar requirements, but they deterio
rate for very different organisms: a person moving from 
a stone pine community in Montana to one in Eurasia will 
have to buy a warmer coat and a bigger umbrella. Indica
tor organisms are, then, good indicators of equivalencies 
for their near relatives, but relatively poorer indicators of 
conditions needed for the success of increasingly different 
species. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from R. Brown)-ls summer or winter desiccation 
more limiting to the distribution of whitebark pine? 

A.-My study is correlative and therefore generates 
hypotheses rather than testing them. Altitudinally, I 
speculate that whitebark is excluded from grasslands, but 
not from subalpine forests and alpine tundra, by summer 
drought. Tranquillini (1979) argued that the upper limit 
of Pinus cembra is set by winter desiccation, possibly 
because of inadequate cuticle; a similar explanation for 
whitebark's distribution is not inconsistent with the data 
presented. Geographically, I speculate that whitebark's 
dominance declines to the north and west when more 
water-demanding competitors are supported, to the east 
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when mountain sites with climates cool enough to exclude 
competitors or moist enough to support the tree disap
pear, and to the south when high-altitude sites become 
too dry, probably in the summer (Arno and Weaver, this. 
proceedings). · 

Q. (from L. McHargue)-ls summer rainfall important 
to whitebark pine and, if so, would you expect especially 
resistant ecotypes in the summer-dry Sierra Nevada? 

A.-Whitebark must maintain a minimal water content 
in the summer. Its dominance is greatest in summer-dry 
regions, and in these regions it must depend for survival 
water on soil water stored during the winter. Near and 
north of the Canadian border (Arno and Weaver, this 
p~eedings) summer rainfall becomes more plentiful; 
mnce ecotypes (ecoclines) develop along most environ
mental gradients, I would expect some ecotypic variation 
with respect to late-season activity across the north-south 
range of the tree. 

Q. (from M. Merigliano)-Might the near-absence of 
whitebark pine on interior Great Basin ranges-as op
posed to the Cascade-Sierra axis-be due to the clear, 
sunny rather than more overcast winter days? 

A.-Tranquillini suggests that upper timberline is con
trolled by winter desiccation. On this basis, one might 
expect the timberline in a region with clear, sunny winter 
days to be lower than that of a cloudier region. If timber
line were pushed down to levels with summer warmth 
great enough to support competing trees, whitebark might 
be squeezed out. 

Q. (from R. Krebill)-You have described the present 
climates of sites now occupied by whitebark pine. Are 
those climates the same as the climates the stands estab
lished in? Are whitebark stands "in sync" with today's 
environment? 

A.-Weather varies from day to day and year to year; 
climate (average weather) varies from decade to decade 
and century to century (consider the little ice age, the 
hypsithermal, and the Wisconsin glaciation); and the 
difference between the two depends on the life span of 
the observer. In the Northern Rocky Mountains, I see 
reproduction throughout the altitudinal range of white
bark pine and I presume it exists throughout the geo
graphic range of the species. If so, from the viewpoint 
of whitebark pine, the regional climate has not changed 
significantly and the tree is "in sync." Global warming 
of 1 to 5 °C, predicted by some (not all) current climatic 
models, may be comparable to that which occurred during 
the hypsithermal, and while it might not drive the tree 
from the region, it would surely induce a redistribution. 
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ABSTRACT 
The Glacier Lakes Ecosystem Experiments Site (GLEES) 

is a high-elevation ecosystem in the Snowy Range west of 
Laramie, WY, that is perceived to be highly sensitive to 
changes in chemical and physical climate. Deposition of 
atmospheric chemicals to this ecosystem is, in part, gov
erned by the wind pattern. The GLEES has numerous 
wind-swept areas where the coniferous vegetation growth 
pattern is characteristically wind deformed or krummholz. 
Studies conducted in 1988 determined direction and de
gree of wind deformation of Engelmann spruce (Picea 
engelmannii) and subalpine fir (Abies lasiocarpa) trees. 
Where both species occurred together, their wind deforma
tion was similar. Limber pine (Pinus tlexilis) occurred as 
scattered, isolated individuals on exposed ridges with 
extensive deformation, but because of its sparse occurrence 
was not useful in determining windspeed and direction in 
the GLEES. Engelmann spruce and subalpine fir tree 
deformation patterns were used to determine wind fields, 
which were compared with measured meteorological data 
at GLEES. 

INTRODUCTION 
In recent years, forest managers have been faced with 

questions concerning the impact on sensitive ecosystems 
of atmospheric deposition of air pollutants from new or 
proposed point sources. Air quality legislation, written to 
prevent significant deterioration of present air quality in 
Class I or wilderness areas, requires forest managers to 
determine potential impact of pollutant sources on the 
ecosystems they manage. Alpine and subalpine wilder
ness ecosystems are thought to be particularly sensitive 
to increased atmospheric deposition. The existence of 
these high-elevation ecosystems is already fragile; any 
additional stress might have a large negative impact on 
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their growth and survival. Few data are available to 
determine the potential effects of increased atmospheric 
deposition on such sensitive ecosystems. 

A study area has been established in southeastern 
Wyoming to examine the effects of atmospheric deposition 
on alpine and subalpine ecosystems. The Glacier Lakes 
Ecosystem Experiments Site (GLEES) is a 200-ha alpine 
and subalpine watershed on the Medicine Bow National 
Forest, about 70 km west of Laramie, WY. The following 
site characteristics make it ideal for studying the effects 
of atmospheric deposition on wilderness ecosystems. 

1. High elevation (3,400 m) typical of many western 
U.S. wilderness ecosystems 

2. Management to preserve its natural state, but not a 
statutory wilderness area restricting research use 

3. Exposed, slowly weathering bedrock, with shallow 
immature soils having low base saturation 

4. Habitats similar to western wilderness ecosystems, 
with alpine and subalpine types dominated by spruce-fir; 
wind deformed spruce, fir, and willow; extensive meadow; 
and cushion plants 

5. Low pollution impact at present, yet ecosystem is 
sensitive to any additional stress such as atmospheric 
pollutants 

6. Lakes with low acid neutralizing capacity 
7. Short growing seasons with cool temperatures and 

summer frosts 
8. Deep snowpack that accumulates atmospheric 

pollutants 
9. Complex terrain with rapid changes in topography 

10. Persistent, high winds 

Windspeed and wind direction are climatological . 
components that exert major influence on alpine and sub
alpine ecosystems. Winds interact with teiTain, produc
ing local changes in wind direction, turbulent zones, and 
windspeeds over and through the surface vegetation. 
They determine precipitation patterns, snow distribution, 
snow pack accumulation, and resultant vegetation type 
and growth form. Atmospheric deposition will likely be 
greatest in areas where windspeeds are low, and turbu
lence is enhanced. Low windspeed allows particulates to 
settle. With greater turbulence, gaseous pollutants have 
greater potential for absorption or plant uptake, due to 
increased vertical mixing. 



Meteorological data on wind direction and speed are 
expensive and difficult to obtain at remote, high-elevation 
sites. A surrogate for wind instrumentation has been the 
use of asymmetric tree deformation to indicate direction 
and speed of prevailing wind. Direction of wind is indi
cated by compass direction of the deformation. Speed is 
calculated from empirical equations derived from actual 
windspeed data and amount of tree deformation in areas 
where both weather monitoring and tree deformation data 
are available. 

The relationship between windspeed and deformation 
varies with tree species. Some species are more suscep
tible to deformation than others. Deformation is caused 
by ice crystal abrasion and desiccation ofleafbud and 
foliage tissue on the windward side of the tree (Holtmeier 
1980). This tissue is killed, causing a slow development 
of surviving buds and branches on the lee side of the tree. 
Such selective upwind mortality leads to growth and de
velopment of branches and foliage primarily on the pro
tected, lee side of the tree. As branch development and 
growth become dominant on the lee side of the tree, the 
tree becomes asymmetric. The degree of asymmetry or 
deformation is related to the speed of the wind. Season 
of high wind is also important, since plant tissue differs 
in sensitivity to wind abrasion with stage of development. 
Data from GLEES indicate that wind direction varies 
little with season. Although windspeeds are highest dur
ing the winter and spring months, winds are still strong 
during sensitive stages of plant growth. Measurement of 
amount of tree deformation also will give a long-term 
integrated estimate of snow depth at individual tree loca
tions, as indicated by snow cover effects on tree growth 
and development. 

The objectives of this study were to determine wind 
direction, windspeed, and snow depth in the GLEES 
watershed from tree deformation indices. The resulting 
information will be used to estimate areas of greatest 
impact from atmospheric deposition. Engelmann spruce 
(Picea engelmannii) and subalpine fir (Abies lasiocarpa) 
are the dominant coniferous species in the watershed. 
Scattered individuals of limber pine (Pinus flexilis) also 
occur. Limber pine rarely fruits in the watershed, and 
young trees are rare. For Engelmann spruce and sub
alpine fir, seedling trees are evident in the lower, sub
alpine portions of the watershed; but most reproduction 
near alpine appears to be vegetative by layering. 

EXPERIMENTAL METHODS 
Tree deformation indices have been developed to 

estimate windspeed. The Griggs-Putman technique 
(Robertson 1987) rates degree of deformation on a scale 
of 1 to 8, with 1 indicating no deformation and 8 indicat
ing deformation such that tree growth is flattened against 
the ground in what is often referred to as "krummholz" 
form. This method uses regression techniques with con
stants from empirical data to calculate windspeed. The 

81 

Wade-Hewson deformation ratio (Wade and Hewson 
1979) measures the asymmetry of the crown and the 
down-wind bending of the trunk. The tree is photo
graphed perpendicular to the maximum deformation, and 
analyzed using a grid overlay on the photo to measure 
deformation angles. Tree ring analysis can also be used 
to estimate windspeed (Robertson 1986). Tree sections 
are measured for ring width on the lee and windward side 
of the trunk, with ring width wider on the lee or branched 
side. This technique is less sensitive as an indicator of 
wind deformation than the others, and requires destruc
tive sampling. 

In many mountainous areas, maximum snow depth 
occurs early in the snow season, often as early as January 
(Schild and Gliott 1981), with additional snowfall settling 
and compacting the snowpack. Therefore, the portion of 
the tree exposed to wind desiccation and snow or ice crys
tal abrasion remains somewhat constant throughout the 
coldest part of the winter. This maximum depth of snow
pack on trees can be measured by observed differences 
between snow-covered and snow-free portions of the 
crown resulting from the long period of exposure to their 
snowy or snow-free environment. 

Snow depth is estimated on trees by two contrasting 
methods, depending on the density of the canopy. In 
dense canopies with deep snow, brown felt blight 
(Herpotrichia juniperi) develops on snow-covered foliage 
resulting in death of the needles. This is indicated by 
areas of dead, fungus-covered needles, or defoliated 
branches near the base oflarger trees. The top of the 
dead area generally marks the maximum snow depth. 
The other method relates directly to wind deformation, 
caused by ice abrasion at the top of the snow pack (Hadley 
and Smith 1986; Holtmeier 1985). Beneath the snowpack, 
asymmetric deformation does not occur. Above the snow
pack, often delineated by a sharp line of a few centime
ters, tree deformation becomes evident. This indicator of 
snow depth is much more distinct than the snow mold 
technique, but is not useful in dense canopies where wind 
abrasion and deformation may occur only in the tops of 
the tree crowns. Some evidence of the depth of the snow
pack is also indicated by the bending of branches down
ward from the weight and settling of the snowpack; but 
subalpine conifers are remarkably resilient in resisting 
this type of damage. 

For this study, the GLEES was divided into 100-meter 
grid mapping units, with a tree sampled for deformation 
near each grid intersection. Individual trees near each 
grid point, considered typical of that area in amount of 
deformation, were selected as sample points. This scale 
of sampling was considered adequate to identify areas of 
different atmospheric deposition potential within the 
watershed. Individual trees sampled were identified on 
aerial photos for precise location of winds peed and direc
tion data within the watershed. Wind direction was de
termined by measuring compass direction of the primary 
orientation of asymmetry or bending. Windspeed was 



calculated using both the Griggs-Putman and Wade
Hewson index methods described above. Snow depth was 
estimated from tree deformation markers at the lower 
portion of the tree trunk. · 

RESULTS AND DISCUSSION 
Results of the study indicated that tree deformation 

indices for Engelmann spruce and subalpine fir were 
useful for estimating wind direction, windspeed, and snow 
depth at the GLEES. Wind direction was consistent, 
generally from a westerly direction at all sites within the 
watershed. The wind direction indices reflected local 
patterns of topography, with wind generally following 
parallel to a steep ridge bordering the watershed, but 
with some minor channeling around smaller ridges and 
knolls. Some convergence was evident in a small valley, 
and slight divergence of flow was evident where it passed 
over a ridge line as it exited the watershed. 

The windspeed calculations for both the Griggs-Putnam 
and Wade-Hewson index methods provided similar wind
speed values for individual trees. Because of their simi
larity, an average of the two methods was used as the 
estimate of windspeed at each data point in the water
shed. The windspeed data, derived from individual trees 
based on their deformation indices, varied from 3 to 11 
m/sec at different sites throughout the watershed, with an 
average watershed windspeed of 7.4 m/sec. The data 
derived from tree deformation indices are consistent with 
limited (1-year) data from a meteorological tower located 
within the watershed. The meteorological tower data 
indicate an average windspeed of9.4 m/sec at that par
ticular site. Tree deformation at a grid point located 20 m 
southeast of the tower indicated an identical windspeed of 
9.4 m/sec. This degree of accuracy is perhaps coinciden
tal, but demonstrates the usefulness of tree deformation 
as a surrogate for meteorological instrumentation. 

The snow depth estimations from height of fungal in
jury and initiation of tree deformation indicated that 
snow depth varied from less than 0.5 m to over 4.5 m 
within the watershed. The average snow depth within 
the watershed estimated from tree indices in this study 
was 1.9 m. Precipitation data recorded from a raingauge 
located within the watershed from 1979 to 1988 have 
indicated an average maximum seasonal snowfall of about 
2.1 m. This estimate is based on a 20-percent adjustment 
for observed collection inefficiency of raingauges located 
in windy sites (Sommerfeld and others in preparation). 
This correction may be low, particularly for snowfall at 
high wind sites (Sturges 1986). It also does not account 
for snowpack settling. On the other hand, the tree defor
mation index of snow depth is also likely low, since trees 
would be deformed to the lowest point on the trunk during 
low snowfall years. The techniques used for identifying 
snow depth on trees in this study would indicate this 
minimum height of snow accumulation on the tree trunk. 

Engelmann spruce and subalpine fir tree species were 
useful to estimate wind direction, windspeed, and snow 
depth. These species occurred at sufficient frequency to 
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allow adequate coverage of all areas of the watershed 
except the highest elevation alpine meadows, talus slopes, 
and snowfields. These treeless areas, on the lee side of 
the large ridge bordering the watershed, accumulate large 
amounts of snow and appear to experience high wind
speeds. Tree deformation indices indicated increases in 
windspeed moving upslope toward these areas. 

Engelmann spruce occurred most frequently in the 
lower subalpine portions of the watershed. However, the 
species did occasionally occur as krummholz at the higher 
elevations. Subalpine fir was most abundant in the upper 
portions of the watershed near alpine, where it was exten
sively wind deformed as krummholz. Individuals of sub
alpine fir also occasionally occurred at the lower eleva
tions. Where both species occurred together, no difference 
was noted in the degree of wind deformation. At higher 
elevations, both species formed ribbons and hedges 
(Holtmeier 1978, 1980, 1982), wave patterns typical of 
high-wind areas in the Rocky Mountains. Engelmann 
spruce and subalpine fir krummholz forms were indistin
guishable at a distance. 

Limber pine deformation was not useful for determin
ing wind and snow depth parameters in the watershed. 
Limber pine did not occur in lower elevation or protected 
areas where subalpine fir and Engelmann spruce were 
more abundant and less wind deformed. Limber pine was 
found primarily as widely scattered, isolated individual 
mature trees on ridgetop sites. Occasionally, it occurred 
as isolated, scattered individuals in the higher elevation 
areas of the extensive krummholz mats of Engelmann 
spruce or subalpine fir. Although almost always wind 
deformed at the exposed sites where it occurred, its scat
tered distribution prevented observations sufficient to 
determine wind direction and speed throughout the 
watershed. Since no rooting of the species was evident, 
extensive mat or wave patterns typical of Engelmann 
spruce and subalpine fir did not occur with limber pine. 
The inability of limber pine to reproduce vegetatively by 
layering likely contributed to its limited distribution in 
the watershed. 

On the exposed sites where limber pine did occur, it was 
often extensively wind deformed; windspeed, direction, 
and snow depth could be determined from those individ
ual trees. In areas where it might occur in denser, more 
widespread stands, it may be useful to estimate wind
speed and direction. However, since it did not occur in 
more protected areas of the GLEES, sensitivity of the 
species to deformation at lower windspeeds could not be 
determined. At a few exposed sites at the GLEES, limber 
pine, Engelmann spruce, and subalpine fir occurred to
gether. At these high-wind sites, limber pine appeared to 
indicate wind deformation patterns similar to those of the 
spruce and fir. 

Limber pine and whitebark pine (Pinus albicaulis) are 
closely related species that occur in similar habitats. It is 
expected that whitebark pine would respond similarly to 
limber pine in susceptibility to wind deformation. White
bark pine has been documented to occur in krummholz 
form (Arno and Hoff 1989; Tomback 1986). Although 



rooting ofkrummholz whitebark pine by layering can 
occasionally occur (Arno and Hoff 1989), vegetative repro
duction of the species in krummholz is rare. Reproduction 
of the species is predominately from seed transported to 
timberline sites by birds (Tomback 1986). Local seed 
production in krummholz stands is low, and seeds pro
duced have lower germination capacity than nonkrumm
holz stands (Tomback 1986). Scavenging of seed cones by 
birds and mammals is high in these sites (Tomback 1986). 
Thus the distribution ofwhitebark pine in sites subject to 
wind deformation is limited compared to distribution of 
Engelmann spruce and subalpine fir, which readily 
spread in krummholz stands by layering. 

As with limber pine, only where whitebark pine occurs 
at least as densely as that required here (100-m or 
smaller grid) would it be useful as a surrogate to deter
mine windspeed and wind direction data in a watershed. 
Another closely related species, European stone pine 
(Pinus cembra), grows in similar habitats and is com
monly wind deformed. This species has been used to 
relate deformation to windspeed and direction in moun
tainous terrain (Holtmeier 1985). 

The 100-m grid was sufficient to delineate wind direc
tion, which changed little throughout the watershed, and 
proved adequate for windspeed. Refinement of windspeed 
would have been possible with survey at a closer grid 
pattern. The snow depth determinations appeared to be 
the least precise. Snow depth varied on a very small 
micro-relief scale, and changed with the particular tree 
chosen for sampling. Amount of tree deformation and 
direction changed little at a given site. This suggests that 
more precise snow depth delineation might have been 
possible from sampling at a finer scale of resolution. We 
were, however, able to refine the precision of the snow 
depth measurements for the watershed using a series of 
aerial photos of snow fields during melt to determine 
where areas of acijacent, similar snow depth might occur. 
In such cases, care was taken not to compromise the in
tegrity of the snow depth data from tree deformation 
indices. For example, aerial photographs suggested that 
isopleths of particular snow depths may have closed in 
certain areas where they might have been drawn parallel. 

The snow depth estimates from tree indicators provided 
data that generally corresponded with topographic fea
tures, such as lower snow depth on windswept ridges, and 
greater depth in the lee of ridges, where upslope condi
tions prevailed, and on the windward side oflarge open 
areas such as lake surfaces. However, a regression of 
windspeed on snow depth/tree as indicated by tree defor
mation indices was not significant. This was likely due to 
the lack of precision by tree indicators of snow depth, and 
the sensitivity of snow depth to small changes in topogra
phy. Maps showing wind direction, windspeed, and snow 
depth within the watershed are being published else
where (Wooldridge and others in preparation). 

This study has demonstrated the usefulness of tree 
deformation indices to estimate wind direction, wind
speed, and snow depth in situations where meteorological 
instrumentation is not available or too costly to obtain 
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such data. Engelmann spruce and subalpine fir were 
useful tree species to indicate these parameters at the 
GLEES, a small alpine, subalpine ecosystem in southeast
em Wyoming sensitive to atmospheric deposition. The 
data obtained in this experiment will be useful for deter
mining areas of maximum atmospheric deposition in the 
watershed, and will be useful in modeling water and 
chemical transport through the different subcatchments 
of this ecosystem. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: · 

Q. (from Richard Baker and Earle F. Layser}-Your 
preconference paper title and abstract mentioned white
bark pine, while your paper and talk referred to limber 
pine. Isn't the Snowy Range outside the range of white
bark pine? 

A.-The species that occurs at our study site in the 
Snowy Range has few individuals; these rarely produce 
cones. No seedlings appear to be present at the site. No 
cone fragments were visible under the trees. We were 
able to locate three cones that closely resembled those of 
whitebark pine. When the preconference abstract was 
written, we had tentatively identified the species as Pinus 
albicaulis based upon these cone characteristics. How
ever, further examination of the specimens, and consider
ing the small number of cone samples and the location of 
the trees outside the range of Pinus albicaulis and within 
the range of Pinus flexilis, we identified the species in the 
paper and in the presentation as Pinus flexilis. 
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Q. (from Friedrich-Karl Holtmeier)-Did your different 
tree species respond in the same way to different wind
speeds; do they really display the same growth form at a 
similar windspeed? 

A.-Engelmann spruce and subalpine fir response to 
wind deformation at specific locations was remarkably 
similar. Where both tree species occurred at the same 
site, tree deformation indices were the same. We could 
not distinguish between the two species based upon tree 
deformation. Limber pine appeared to respond similarly 
to the other two species at the few sites where it occurred 
with Engelmann spruce and/or subalpine fir. However, 
these sites were located on ridgetops where windspeeds 
and subsequent deformation were always higher (6-8 on 
the Griggs-Putnam scale). Response of limber pine at the 
lower windspeeds is not known. Because of the sparse 
occurrence of limber pine, it was not used to determine 
wind direction, windspeed, or snow depth in this study. 

Q. (from Wendel Hann}-How do the wind/ice &braided 
stems ofwhitebark grow to the size they get before they 
are wind damaged? For example, why doesn't the wind 
take the buds off and keep them low in height? 

A.-Evidence suggests that the most wind desiccation 
and ice abrasion damage to conifer foliage occurs in a very 
small zone above the snow surface. If the tops of trees are 
able to survive a few seasons to reach beyond this level, 
then the probability of survival increases. Survival dur
ing this period of time is determined by a season or two of 
(1) mild winters where ice abrasion and desiccation are · 
less severe; or (2) abnormally deep snowpack where the 
tops are protected by snowcover. The tree top may sur
vive once it grows beyond the few centimeters at the 
surface of the snowpack where conditions are most severe. 
However, deformation still occurs, primarily from desicca
tion on the windward side of the stem. 



AUTECOLOGY OF WHITEBARK PINE 

Ward W. McCaughey 
Wyman C. Schmidt 

ABSTRACT 

Whitebark pine (Pinus albicaulis) is an unusual species 
with limited information available on its basic biology. 
This paper consolidates information on the autecology of 
whitebark pine~ including mechanisms of flowering and 
fruiting~ cone production~ seed characteristics and dissemi· 
nation~ regeneration~ vegetative reproduction~ growth and 
morphology~ rooting~ shade tolerance~ longevity~ and phe
nology. General habitat requirements are addressed in 
terms of climate, soils, elevation and topography~ and 
plant associates. The distributional range of whitebark 
pine is discussed along with specifics on its physical char
acteristics and habitat requirements. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis Engelm.) was first 

described by botanists in the mid 1800's and classified by 
Engelmann in 1863 (Bailey 1975; Engelmann 1863). Its 
seeds have been found to be an important food source for 
grizzly (Ursus arctos horribilis), black bears (Ursus 
americanus) (Craighead and others 1982; Kendall 1983), 
birds (Tomback 1982; Vander Wall and Hutchins 1983), 
red squirrels (Tamiasciurus hudsonicus), and small mam
mals (Hutchins and Lanner 1982). Whitebark pine is also 
considered valuable for watershed protection, wildlife 
cover, ornamental use, and esthetics. It has minor signifi
cance as a timber producing species. 

Whitebark pine grows in high-elevation forests and at 
timberline in western North America. In some areas such 
as Montana, Idaho, and western Wyoming whitebark 
forests occupy up to 10-15 percent of the forest cover 
(Amo 1986). Research on whitebark pine has been mini
mal but interest in this species is growing. 

Autecological information is limited for whitebark pine. 
This paper describes the distribution of white bark along 
with the climate where it grows, the soils it grows on, its 
reproductive cycle, growth characteristics, light require
ments, insect and disease problems, and plant associates. 

Paper presented at the Symposiwn on Whitebark Pine Ecosystems: 
Ecolcgy and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

Ward W. McCaughey is Forester and Wyman C. Schmidt is Project 
Leader and Research Sfiviculturist, lntennountain Research Station, 
Forest Service, U.S. Department of Agriculture, Bozeman, MT 59717. 

85 

DISTRIBUriON 
Whitebark pine grows from northern British Columbia 

to south-central California and from the Pacific coastal 
range to the Wind River range in Wyoming (fig. 1). There 
are two major distributions in western North America, a 
western and an eastern population (Critchfield and Little 
1966). 

The western population extends from about latitude 
55° N. along the lower Fraser River in western British 
Columbia, southward into the Cascades, through 
Washington and Oregon, and on into the Sierras in 
California. In northern California the distribution is 
less continuous but farther south in the Sierra Nevada 
of central California it again becomes continuous forming 
extensive stands at and below tree line. The southern 
limit ofwhitebark is in the region of Mount Whitney be
tween latitude 36° and 37° N. 

The eastern population of whitebark pine extends 
southward from near latitude 55° N. in British Columbia 
and follows the principal ranges of the northern Rocky 
Mountains (Critchfield and Little 1966). Whitebark is 
found in the higher mountains of western Montana and 
central Idaho and extensively in the Yellowstone region 
of south-central Montana and northwestern Wyoming. 
The Wind River range of western Wyoming represents the 
southern and eastern limit of the eastern population of 
whitebark except for some disjunct stands in northeastern 
Nevada. 

The eastern and western populations are separate 
except for a connection by isolated stands in southern 
British Columbia and northeastern Washington. Between 
the two distributions whitebark occurs in the Blue and 
Wallowa Mountains of northeastern Oregon and in small 
isolated ranges in northeastern California, south-central 
Oregon, and northern Nevada (Arno and Hoff 1989). 
There are also outlier stands of the eastern population in 
the Big Hom and Wind River ranges of Wyoming and in 
the Sweetgrass Hills in Montana (Thompson and Kuijt 
1976). 

The distribution of whitebark pine can be divided be
tween Canada and the United States. In most of its dis
tribution in Canada, whitebark north oflatitude 50° N. 
is a minor component of the high-elevation forests (fig. 1). 
In the United States, whitebark often is a major compo
nent in the subalpine forests, sometimes forming pure 
stands. 

Whitebark pine is a timberline tree found on the high
est summits throughout its range. It grows at elevations 
of6,000 to 7,000 ft toward its northern limits, from 5,500 
to 9,300 ft in Oregon, 7,000 to 11,000 ft in California, and 
at 5,000 to 10,000 ft in Idaho and Montana (Sudworth 
1908). 
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gusts can exceed 73 mph on most sites, especially on 
ridgetops (Arno and Hoff 1989). Most precipitation comes 
in the form of snow anytime from October to May, 
although snow can occur in any month in the hig?~r el~
vation stands. Rain is the prevalent form of precipitation 
from June through September with intense afternoon 
thundershowers periodically providing small amounts of 
moisture (Arno 1970). 

In the northern latitudes, mean annual precipitation 
ranges between 24 and 71 inch~s in s~n~s :""her~ white
bark is a major component. Rwnfall1s rmmmal m the . 
southern portion ofwhitebark's distribution south oflati
tude 4 7° N. causing a droughty period during mid-to-late 
summer (Arno and Hoff 1989). 

SOILS 
Mountain soils are characterized by young soils such as 

entisols and inceptisols that have minimal horizon devel
opment from weathering. Pure whitebark pine s~ds 
typically occur on young inceptisol soils characten.zed by 
weakly differentiated horizons (USDA 1975) .. En~sols 
also have developed on high benches and rollmg ndgetops 
where sand and gravel have accumulated (McCaughey 
1988). These are the youngest soils with almost no hori
zon development. They have developed since the 
Pleistocene glacial period less than 12,000 years ago 
(Mehringer and others 1977). Because of their sho~ 
period of development, inceptisol soils, s~c~ as 'l'ypi.c 
Cryochrepts, are fragmental with only m1mmal honzon 
development. 

Where whitebark pine forms climax communities, it is 
often found on soils composed of coarse talus, exposed 
bedrock or lava flows (Arno and Hoff 1989). These soils 

alfiiimnr-~f------------ someti~es have scattered pockets of fine material that 
may support other conifer species such as subalpine fir. 
Climax stands may also occur on mollie soils (Pfister and 
others 1977) or on other better developed soils where the 
limiting factor preventing other conifers is short-cool 
growing season or inadequate moisture. Volcanic ash Figure 1-Distribution of whitebark pine. 

CLIMATE 
Whitebark pine grows from high-elevation alpine to 

montane forest sites at its lower elevationallimits. It is 
most abundant on warm-dry exposures in moist mountain 
ranges and is prevalent on cool-moist sites in semi-arid 
ranges (Arno and Hoff 1989). At whitebark's upper eleva
tionallimits, it grows under extreme seasonal changes 
with daily temperatures ranging from lows near -60 °F in 
winter to over 100 °F in summer (Sudworth 1908). Sum
mer temperatures are cool with July temperatures rang
ing from 55 to 59 °F in pure whitebark stands and from 
50 to 54 °F in atljacent timberHne zones (Weaver and Dale 
1974). Average temperatures exceed 32 °F in the months 
between May and October yet frosts can occur in any 
month. The average frost free season was 32 days for 
whitebark stands near Kings Hill in the Little Belt Moun
tains of eastern Montana (Weaver and Dale 1974). 

Heavy snowfall, fierce winds, and a short growing sea
son are characteristics of whitebark pine habitats. Wind 
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deposits in some areas develop into Andie Cryochrepts 
or Typic Cryandepts that support the more productive 
spruce-fir-whitebark stands (Arno and Hoff1989). 

A short, cool growing season is typical of the whitebark 
pine ecosystem. Soil temperature regimes within the 
whitebark zone are considered cryic, having a mean an
nual temperature higher than 32 but lower than 47 °F. 
Productivity is low in most high-elevation whitebark pine 
stands. Cool temperatures reduce chemical weathering 
and activity by nitrogen-flxing and other microbiotic or
ganisms thus tying up most of the nutrients in the form 
of litter and debris on the forest floor. Weaver and Dale 
(1974) found that compared to Montana agricultural soils, 
whitebark soils were low in potassium, calcium, magne
sium, and sodium, but high in phosphorus. Like most 
forest soils, whitebark sites are acidic with upper horizon 
pH values ranging from 4.7 to 6.0 in Montana and 7.8 to 
8.0 in Alberta (Arno and Hoff 1989; McCaughey 1988). 

Whitebark prefers non-calcareous soils but can be found 
on limestone soils in Montana (Pfister and others 1977; 
Weaver and Dale 1974). In Canada whitebark grows on 
limestone substrates (Weaver 1989). 



PHYSICAL CHARACTERISTICS 

Needles 
Whitebark pine is a five. needled pine. Bud burst occurs 

around mid-June and needles complete their growth by 
early July (Schmidt and Lotan 1980). Whitebark pine has 
five needles per fascicle. Individual needles are three 
sided; the outer side is convex, the inner sides are flat. 
When the inner flat surfaces of the five needles fit to
gether the fascicle forms a (rod) circle in cross-section. 
Needles ofwhitebark are 11/s to 23/4 inches long, yellow
green in color, and have one to four light colored stomatal 
lines on each of the flat surfaces (Harlow and others 1979; 
Hitchcock and others 1969). 

When cones are absent whitebark pine is very difficult 
to distinguish from limber pine (Pinus flexilis James). 
Limber pine needles are about 21/2 inches long and similar 
in structure and color to whitebark. Cell wall thickness in 
the needle endodermis can be used to distinguish between 
whitebark and limber pine. In whitebark the outer tan
gential walls of the endodermis are thicker than the other 
cell walls; those of limber pine are of uniform thickness all 
the way around the cell (Harlow 1931). Examination of 
the number of needle resin ducts can be used for quick 
field comparison between whitebark and limber pine, 
although this procedure is less reliable (Ericson 1964; 
Hendrickson and Lotan 1971). 

Bark 
The bark ofwhitebark pine is thin with a conspicuous 

chalky-white cortical appearance (Bailey 1975; Hitchcock 
and others 1969). The smooth or superficially scaly bark 
is rarely more than one half inch thick and is brownish 
white to creamy white on immature trees (Harlow and 
others 1979). The bark is rarely broken, even on older 
trees, except near the base. The lower bark is divided 
by narrow cracks creating very thin whitish or brownish 
scales that, after falling or breaking off, reveal a red 
brown inner bark (Sud worth 1908). Young twigs are 
pubescent while older twigs have smooth bark (Hitchcock 
and others 1969). The bark slips around the end of May 
and sticks, after summer growth, around mid-September 
(Schmidt and Lotan 1980). 

Branches 
Young trees have regular whorls of branches at right 

angles to the trunk, but in older trees upper whorls de
velop upward into long willowy stems. Branches are 
tough and flexible (Sudworth 1908). 

Roots 
Root length varies depending on the growth substrate 

and age of the tree. White bark pine germinants have a 
2- to 7-inch tap root with several lateral and fine root 
hairs (Day 1967; McCaughey 1988). Older whitebark 
develop a characteristic deep and spreading root system. 
On glacial moraines in Wyoming, whitebark pine forms a 
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pancake-like root system only 16 inches deep (Lanner 
1981). This shallow rooting also occurs in high-elevation 
bogs (Arno and Hoff 1989). 

Wood 
Whitebark pine wood is soft, fine textured, and brittle 

with a light brown-colored heartwood. It is easy to saw, 
having a specific gravity ranging from 0.35 to 0.53, 
slightly heavier than subalpine fir and lodgepole pine 
(Day 1967; Keenan and others 1970). Whitebark pine is 
weaker than lodgepole pine except for compression per
pendicular to grain and hardness (table 1). 

Whitebark pine contains substantial amounts of 
solvent-extractable fractions (oils), polyphenol, and other 
byproducts that can be used for fuels, chemicals, and 
other industrial mw materials. Whitebark yields 10.1 
percent oil and 19.6 percent polyphenol as well as turpen
tines and rosins (Carr and others 1986; Mirov 1967). 

Tree Form 
At timberline whitebark pine forms "krummholz" 

stands of shrublike trees. On more exposed sites white
bark is found as low cushion krummholz or with long 
prostrate, often twisted branches growing over rocks 
(Dallimore and Jackson 1948). This shrub form is caused 
by inadequate growing season length and warmth, pre
venting adequate growth, maturation, and minimal 
cuticular development of new shoots (Daubenmire 1954; 
Tranquillini 1979). The incompletely developed tissues 
allow excessive winter damage and tissue death resulting 
in the delimitation of upper timberline (Sowell and others 
1982). Other factors that help create tree deformities of 
timberline trees are frost, ultraviolet and high intensity 
radiation, heat, wind, and snow blast damage (Baig 1972; 
Tranquillini 1979). 

Below the krummholz zone whitebark grows in nearly 
pure stands of widely spaced trees with diffuse crowns. In 
these stands, whitebark grows from 30 to 90 ft tall and is 
often multistemmed (Arno and Hoff 1989; Eggers 1985; 
Weaver and Dale 1974). The multistemmed appearance 
is due in part to caching habits of the Clark's nutcracker 

Table 1--Strength properties of whitebark pine at 12 percent 
moisture content (from Keenan and others 1970) 

Strength property Strength value 

Static bending 
Modulus of rupture (psi) 
Modulus of elasticity (psi) 

Compression parallel to grain 

Maximum crushing strength (psi) 

Hardness 
Side (lb) 
End (lb) 

Shear parallel to grain (psi) 

Tension perpendicular to grain (psi) 

Cleavage (lb per inch width, length 3 inches) 

8,340 
1.20 X 101 

5,244 

702 

516 
680 

705 

421 

213 



(Nucifraga columbiana) and to natural branching habits 
of young whitebark (Lanner 1980; Lanner and Vander 
Wall1980; Linhart and Tomback 1985; Tomback and 
Kramer 1980; Weaver 1989). · 

Whitebark has a tree form similar to lodgepole pine 
when grown in close competition with other species 
(Keenan and others 1970). Along the east slope of the 
Continental Divide, in northern Montana, height growth 
and bole diameters were identical for lodgepole pine and 
whitebark and from a distance it was hard to distinguish 
between them (McCaughey 1987). In these mixed stands, 
whitebark has multiple tops with forking occuning near 
the top of the tree. 

REPRODUCTION 

Flowering and Fruiting 

Flowering occurs after the juvenile period, which varies 
greatly among conifers. The age at which flowering oc
curs for whitebark pine is around 20-30 years (Day 1967; 
Rehder 1940). 

In conifers the reproductive flowers consist of pollen 
(staminate strobili) and seed (ovulate strobili) cones 
(Kramer and Kozlowski 1979). Whitebark pine is 
monoecious, containing both cone types on the same tree. 

Whitebark pine has a 2-year flowering cycle. Initiation 
of flower and vegetative buds occurs during bud set in 
August (Allen 1941; Schmidt and Lotan 1980). Ovulate 
cones are sessile, occuning in clusters of two to five near 
the tip of upper crown branches. The staminate cones are 
distributed throughout the crown but most frequently on 
older branches in the lower crown on the current year's 
growth (Amo and Hoff 1989; Eggers 1985). The stami
nate cones are crimson red and ovulate cones dark purple. 
Limber pine by contrast has yellow staminate cones and 
green ovulate cones. 

During their first full growing season staminate and 
ovulate cones of whitebark pine grow to a length of one
fourth inch and 1 inch respectively (McCaughey 1988). 
Ovulate cones are receptive to pollen when it is wind 
disseminated in mid .July, although this receptive period 
may be earlier at lower elevations (Arno and Hoff 1989; 
Schmidt and Lotan 1980). After pollination of ovulate 
cones, staminate cones fall off the tree while ovulate 
cones remain in place. 

Growth of pollinated ovulate cones begins in June of 
the second summer following initiation of flower buds and 
continues until cones reach full size (1112 to 3112 inches) by 
early August (Arno and Hoff 1989; Kozlowski 1971· 
Schmidt and Lotan 1980). Seed continues to matu;e until 
mid-September or early October. Ripe cones are ovoid, 
dull purple to brown in color, resinous with thickened 
apophyses, have terminally armed umbos, and weigh 
roughly 1 to 2 oz (Harlow and others 1979· Krugman and 
Jenkinson 1974; Weaver and Forcella 198G). 

Cone Production 

Minimum seed bearing age is 20 to 30 years for white
bark pine with the interval between large crops being 3 to 
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5 years (Krugman and Jenkinson 1974). Throughout the 
Yellowstone ecosystem there were two moderate to heavy 
cone crops from 1980 to 1987 with overall cone production 
decreasing steadily during the 8-year period (Knight and 
others 1987). Declines in cone production in the Yellow
stone ecosystem were attributed to mortality of whitebark 
pine trees due to the mountain pine beetle (Dendroctonus 
ponderosae Hopkins) (Knight and others 1987). On the 
eastern slopes of the Sierra Nevada, Tomback (1978) 
observed moderate to heavy whitebark pine cone crops in 
4 consecutive years from 1973 to 1976. Weaver and 
Forcella (1986) estimated an average of 1.17 cones/yd2/yr 
over a 6-to-8 year period on 28 whitebark stands in 
Montana. Cone yields varied significantly between years 
within stands and generally high-yield years followed 
low-yield years. 

Poor cone crops may be a function of weather-related 
factors rather than within-tree factors (Weaver and 
Forcella 1986). Temperature and precipitation have sig
nificant, but not dominant, effects on all stages of cone 
development throughout most of the year. Allen (1941) 
identified several factors responsible for poor cone crops 
in conifers: adverse weather conditions, insect damage, 
and abortions that may have been physiological. 

Seed Characteristics 
A whitebark pine cone contains about 75 wingless seeds 

each weighing approximately 0.005 oz. Seeds are light 
brown to light orange in color, and are around 0.3 inches 
long. There are between 2,200 to 4,500 seeds per pound 
(Krugman and Jenkinson 1974; McCaughey 1988). The 
large variation in the number of seeds per pound is due 
to differences in seed size and also may be due to seed 
maturity when harvested. 

Seed Dissemination 

Whitebark pine cones have cone scales that partly open 
exposing the wingless seeds (Eggers 1985; Hutchins and 
Lanner 1982; Lanner 1982; Tomback 1981). There has 
been no documented evidence that whitebark pine cones 
abscise and fall to the ground. If cones do fall as a result 
of being dislodged due to animal foraging, they disinte
grate rapidly by decay and depredations by animals (Arno 
and Hoff1989). Groups ofwhitebark pine germinants 
were observed around crumbled cones in southwestern 
Alberta (Day 1967). 

When cones are protected from animal predation they 
remain attached (Hutchins and Lanner 1982; Lanner 
1982). In a study by Lanner (1982), protected cones that 
remained attached and yielded 34 7 seeds 1 year after 
maturing had 93 percent of the seeds containing decayed 
endosperms, presumably from exposure to the weather. 
Whitebark pine cones are not found on trees because of 
nearly complete removal or destruction due to seed preda
tors. Intact cones were found only infrequently on the 
ground, and they contained only white-coated empty. 
seeds (Tomback 1981). In some areas most or all of a cone 
crop is harvested by seed predators (Hutchins and Lanner 
1982; Lanner 1982). 



The Clark's nutcracker and red squirrels are the major 
dispersers ofwhitebark pine seeds (Arno and Hoff 1989· 
Hutchins and Lanner 1982; Lanner 1980; Lanner and ' 
Vander Wall1980; Tomback 1978; 1982). Nutcrackers 
have a sturdy pointed bill ideal for picking apart white
bark cones. Upper portions of cone scales are easily bro
ken off along a thin fracture zone. The scale base does not 
break away from the core of the cone thus fully exposing 
the seeds for easy removal by the nutcracker (Lanner 
1982). Nutcrackers extract the seed and store them in 
their sublingual pouch, a saclike modification on the floor 
of the mouth (Bock and others 1973). The nutcracker 
appears to discriminate between good, aborted, insect
infected, or diseased seeds by rattling each seed in its bill 
before depositing the seed in its pouch, which holds over 
100 seeds (Hutchins and Lanner 1982; Tomback 1978; 
Vander Wall and Balda 1977). 

Clark's nutcrackers have been observed to carry white
bark pine seeds up to 14 mi from the seed source, al
though typical caching sites are close to the harvest site 
(Hutchins and Lanner 1982; Tomback 1978; Vander Wall 
and Balda 1977). 

Nutcrackers cache groups of 1 to 25 seeds, one-half to 
2 inches deep, on a variety of sites (McCaughey 1988). 
Cache sites are found on both well-drained and moist 
substrate, including soil, forest litter, gravel, rubble, 
cracks and fissures on exposed rock, and pumice 
(Hutchins and Lanner 1982; Tomback 1978; 1982). It is 
estimated that one nutcracker stores from 22,000 to over 
98,000 whitebark pine seeds in years when seed is avail
able (Hutchins and Lanner 1982; Vander Wall and Balda 
1977). Food requirement estimates indicate that nut
crackers may store three to five times as many seeds as 
needed (Tomback 1983). 

Squirrels harvest cones and seeds from mid-July to 
early November (Eggers 1986; Hutchins and Lanner 1982; 
Smith 1968). Squirrels store whitebark cones in middens 
and extracted seeds in caches on the forest floor, greatly 
reducing widespread dissemination of seed. 

There are a variety of secondary dispersers known to 
disseminate whitebark pine seed. Grizzly and black bears 
raid squirrel middens to obtain whitebark seeds for food. 
Black bears may climb trees to harvest cones (Craighead 
and others 1982; Hammon 1983; Tisch 1961). Only rarely 
do whitebark seeds pass through a bear's digestive tract 
intact, severely limiting the probability of dispersal in this 
manner (Mattson 1987; McCaughey 1987). 

Other animals that harvest whitebark pine seed either 
from the cones directly or indirectly from the ground or 
other animal caches and may act as dispersal agents are: 
birds- William's sapsucker (Sphyrapicus thyroideus), 
hairy woodpecker (Picoicles villosus), white-headed wood
pecker (P. albolarvatus ), mountain chickadee (Parus gam
beli), white-breasted nuthatch (Sitta carolinensis), 
Cassin's finch (Carpodacus cassinii), red crossbill (Loxia 
curvirostra), pine grosbeak (Pinicola enucleator), Steller's 
jay (Cyanocitta stelleri), raven (Corvus corax), and the 
red-breasted nuthatch (Sitta canadensis); rodents
chipmunks (Eutamias sp.), deer mice (Peromyscus man
iculatus), golden-mantled ground squirrel (Spermophilus 
lateralis), and the chickaree (Tamiasciurus douglasi) 
(Eggers 1986; Hutchins and Lanner 1982; Tomback 1978). 
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Germination 
Seed Storage-Whitebark pine seeds vary in the 

length of time they can be stored under environmentally 
controlled conditions. Viability drops from an initial aver
age of 50 percent down to 3 percent when stored from 11 
to 20 years (Schubert 1954). Seed viability dropped from 
24 percent at time of collection to 17 percent after being 
stored for 8 years, but dropped to 1 percent after 11 years 
of storage (Mirov 1946). Viability of seed, as related to 
storage time, is dependent on seed maturity when har
vested, seed handling prior to storage, and methods and 
length of time of stratification for germination tests. 

It is unknown how long whitebark pine seeds will re
main viable under natural (cached) storage conditions. 
McCaughey (1988) found 1-year-old filled whitebark seeds 
buried within nutcracker caches containing germinants. 
Nearly 75 percent of these filled seeds genninated after 
stratification, indicating that whitebark seed remains 
viable for at least 2 years. 

Seed Germination-Even under controlled conditions 
whitebark pine seed viability is highly variable, ranging 
from 0 to 75 percent. The recommended procedure for 
germinating whitebark pine seeds is to soak seeds in 
running tap water for 1 to 2 days and then, with moist 
seeds in plastic bags, stratify at 33 to 41 °F for 90 to 120 
days (Krugman and Jenkinson 1974). The Coeur d'Alene 
Nursery in Idaho successfully uses the following proce
dures for both western white pine and whitebark pine: 

A. Place seed in nylon mesh bags. 
B. Soak seed for 48 hours in running tap water. Place 

nylon mesh bag in plastic bag. 
C. Stratify for 100 days at 33 to 35 °F. Within that 100-

day stratification time resoak the seed for 1 hour 
each week. 

D. After 100 days, remove seed from stratification and 
surface dry. 

E. Using a vacuum seeder, place 100 seeds on moist 
paper towels (kimpak) in each of four plastic trays. 

F. Place trays in germinator and take counts. 

Using these procedures, 1985 and 1987 seed lots (#6610 
and #6653 respectively) of whitebark pine had 35 and 50 
percent germination rates (USDA 1987). 

Dormancy of white bark pine seed is caused by embryo 
underdevelopment, physiological embryo dormancy, by 
the barrier of the seed coat and female gametophyte tis
sue to oxygen and water uptake, and possibly by deposi
tion of growth inhibitors to the embryo by female gameto
phyte tissue (Pite11981; Pitel and Wang 1980). 

Sulfuric acid treatment moderately improves germina
tion of whitebark pine seeds; seedcoat clipping also in
creases germination. Sulfuric acid-treated seeds show a 6 
percent improvement in germination and clipped seeds an 
8 to 14 percent improvement over untreated seeds (Pi tel 
and Wang 1980). 

Seed dormancy can be reduced by increasing the length 
of time white bark pine seeds are stratified. Germination 
increased from 0 to 4 percent for intact seeds and 0 to 30 
percent for eli pped seeds when stratification times in
creased from 20 to 60 days (Leadem 1985). Hoff (1980) 
obtained 34 percent germination ofwhitebark seed when 



seeds were first cold stratified for 150 days and then the 
seedcoat cracked. Whitebark pine germination increased 
to 78 and 90 percent when clipped and stratified for 30 
and 60 days respectively (Pitel1981). Under field condi
tions, germination was 8 to 14 percent for intact seeds 
when naturally stratified for nearly 200 days (McCaughey 
1988). Under natural conditions whitebark seed is cov
ered with snow from early November to late May creating 
a 180 to 210 day cold stratification period. 

Germination of white bark pine seed is influenced by 
seed placement and type of seedbed. Table 2 shows pre
liminary results of a natural regeneration study of white
bark pine under field conditions (McCaughey 1988). 
Shading of 0, 25, and 50 percent did not have a significant 
effect on germination. 

In nature, whitebark pine germination begins immedi
ately after snow melt and continues through early Sep
tember (McCaughey 1988; Tomback 1987). Most of the 
late germination may actually have germinated earlier in 
the summer but because of the slow growth character
istics and depth of caching it was not visible until later. 
Most natural germination occurs in Clark's nutcracker 
caches, although minor amounts of germination may be 
due to natural seed dissemination from fallen cones. Ger
mination from seeds scattered on the ground is minimal 
because of heavy predation by red squirrels, mice, and 
chipmunks (Hutchins and Lanner 1982; McCaughey 
1988). 

Seedlings 
Whitebark pine germinants are large compared to those 

of its conifer associates. Germinants produce five to 12 
cotyledons growing to heights ranging from 1 to 4 inches 
tall. Forking of the mainstem occurred on 17 percent of 
whitebark germinants; 10 percent had a single fork and 
7 percent had two forks (McCaughey 1988). 

Seedling survival of whitebark pine is affected by a 
variety of biotic and microsite factors. Several causes of 
conifer seedling mortality are drought, insolation, birds 
and rodents, animal trampling, frost heaving, damping off 
fungi, insects, and poor root development (Hard and Rice 
1979; Harrington and Kelsey 1979; Shearer 1980). 

Vegetative Reproduction 
Whitebark pine vegetatively reproduces through layer

ing oflower branches along the ground surface. In the 
Bitterroot Range of Montana vegetative reproduction was 

Table 2-Percent germination of whitebark pine seeds 
placed on the surface and buried 2-4 em on mineral 
and litter seedbeds (n = 360 seeds per seed place
ment seedbed combination) 

Seed placement 

On surface 
Buried 2-4 em 

Seedbed 
Mineral Utter 

- -Percent germination- -

3.9 
14.7 

0.0 
8.8 
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observed from layering of shrub-like whitebark (Arno 
1981; Arno and Hoff 1989). Whitebark easily grafts on 
stock plants ofwhitebark and western white pine, al
though grafts grow fastest on western white pine 
(Johnson 1981). 

GROWTH 
Whitebark pine is a slow-growing tree when found at 

the upper limit of tree growth. It can compete with and 
even outgrow its conifer associates on better sites in 
southwest Alberta (Day 1967). Whitebark pine is long 
lived, surviving over 700 years and may attain 1,000 
years (Arno and Hoff 1989; Luckman and others 1984). 
It tends to remain windfirm for longer periods than lodge
pole pine (Day 1967; Luckman and others 1984). 

Environment greatly affects growth of whitebark pine. 
At timberline, it grows extremely slowly, developing a 
shrublike appearance. In Wyoming, where whitebark 
forms climax stands, it attains heights from 30 to 90 ft 
tall with average stand diameters of 12 to 14 inches 
(Eggers 1986). The largest tree on record, based on height 
and diameter measurements, was 69 ft tall with a 105-
inch diameter (AF A 1986). Several trees in Canada are 
from 80 to 100 ft tall with diameters ranging from 25 to 
36 inches (Day 1967) and in northwest Montana white
bark trees from 100 to 110ft tall are common in old 
stands on good sites (Amo 1989). 

Growth and yield information is limited for whitebark 
because the species has typically occupied only a minor 
component in most commercial stands. Where whitebark 
forms a major component, stand productivity is usually 
low. In Montana, whitebark grows best in the Abies 
lasiocarpa/Luzula hitchcockii habitat type Menziesia 
ferruginea phase (Pfister and others 1977). Merchantable 
timber yield is low, about 10 to 20 f.t3/acre/yr in high 
elevation Pinus albicaulis/Vaccinium scoparium stands in 
Montana (Forcella and Weaver 1977). Yields were around 
29 ftNacre/yr in the lodgepole pine-whitebark type in 
south-central Oregon (Hopkins 1979). 

Biomass Production 

Whitebark pine has a characteristic spreading crown 
when open grown and, in dense stands, has a crown shape 
similar to lodgepole pine's but with upswept upper crown 
development. There are several tree and stand character
istics of whitebark pine that interact in several ways 
resulting in varying biomass production depending on the 
situation (Weaver and Forcella 1977). Biomass produc
tion can be expressed as whole tree weight or as produc
tion of tree parts such as crown width (CW), live and dead 
crown weight, bole weight, foliage weight, and twig 
weight. Brown (1978) and Moeur (1981) developed sev
eral equations that predict biomass production of white
bark pine (table 3). Tree and stand characteristics used to 
develop prediction equations for biomass production are 
diameter at breast height (D), total tree height (H), crown 
length (CL), basal area of tree (BA), tree age (A), number 
of trees per acre (TPA), the relative diameter (DREL=DI 
quadratic mean stand diameter), and the crown ratio 
(R=llive crown length/H]*lO). 



LIGHT 
Tolerance of whitebark pine to light competition is 

thought to change with stage of development. Whitebark 
is considered highly to somewhat shade intolerant during 
early juvenile growth but becomes more shade tolerant 
with age (Day 1967; Eggers 1986; Sudworth 1908). 
Whitebark pine has been rated very shade intolerant 
(Baker 1949), though McCaughey (1988) observed seed
lings and saplings growing up through the canopies of 
subalpine fir and lodgepole pine indicating moderate 
tolerance at an early age. Arno (1989) has observed this 
moderate tolerance at all ages for whitebark pine. At 
later developmental stages, whitebark is less tolerant 
than subalpine fir, Engelmann spruce (Picea engelman
nii), and mountain hemlock (Tsuga mertensiana) but 
more tolerant than lodgepole pine, limber pine, and sub
alpine larch (Larix lyallii) (Pfister and others 1977; Steele 
and others 1983). 

INSECTS 
There are a number of insects that damage whitebark 

pine. The mountain pine beetle (Dendroctonus pondero
sae Hopkins) is the most important. Table 4 lists many of 
the insects that affect whitebark. 

The mountain pine beetle displays host specificity be
tween lodgepole pine and whitebark pine for the species 
in which it completed larval development. Extensive 
mortality in one or the other of the two host species does 
not result in comparable mortality in.the other host 
(Baker and others 1971). Severe mortality in whitebark 
pine can occur during years when temperatures are favor
able and beetle populations can increase (Baker and oth
ers 1971; McGregor and Cole 1985). Beetle populations 
usually build first in adjacent lower elevations where 
lodgepole pine is a major stand component and migrate 
up, eventually attacking the larger lodgepole pine and 
whitebark pine (McGregor and Cole 1985). 

Table 3-Regression equations for predicting crown width, live and dead crown weight, bole 
and whole tree weight, foliage weight, and twig weights of whitebark pine (from: 
Brown 1978; Moeur 1981) 

Tree 
component 

Crown width 
(>3.5" D) 

Crown width 
(<3.5" D) 

Crown weight 
(>3.5" D) 

Crown weight 
(<3.5" D) 

Crown weight 
(live trees > 1" D) 

Crown weight , 
(dead branches trees > 1" D) 

Bole weight 
(<4" D) 

Whole tree 
(<15ft H) 

Foliage 
(indiv. branch) 

Branches 
(0 to 0.24" D) 

Branches 
(0.25 to 0.99" D) 

Branches 
(1 to 2.99" D) 

Equation 

LN(CW) = -0.91984 + 1.08137LN(D) 
- 0.07299LN(H) + 0.29786LN(CL) 

LN(CW) = 0.07049LN(H) + 0.28283LN(CL) 
+ 0.04032LN(8A) (Moeur 1981) 

LN(W7) = 2.62251 + 2.08624LN(D) 
- 1.07705LN(H) + 0.69082LN( CL) 
- 0.30885LN(A) - 0.1421 OLN( TPA) 
+ 0.39924LN(DREL) 

LN(W7) = -2.81317 + 1.47513LN(D) 
+ 0.22823LN(A) - 0.13550LN( TPA) 

WT = 0.65 + 0.06056(0') + 0.05477(1J2R) 

WT = 0.001713(1J2CL) + 0.33 

WT = 1.33 + 0.08614(1J2H) 

WT = EXP[-2.876 + 2.175LN( H)] 

WT = -0.9265 + 2.292LN(D) 

WT = -1.844 + 1.915LN(D) 

WT = -1.008 + 2.664LN(D) 

WT = -2.180 + 3.351 LN(D) 
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Table 4-Known insect pests of whitebark pine (from: Arno and 
Hoff 1989; Bright 1968; Eggers 1986; Furniss and 
Carolin 1977; Hoff and McDonald 1977} 

Species 

Dendroctonus ponderosa 

Pityogenes knechtel 

Pityogenes carinulatus 

Pityogenes fossifrons 

Pityophthorus aquilonius 

Pityophthorus co/linus 

Ips spp. 

Argyrotaenia tabu/ana 

Essigella gillettei 

Pineus coloradensis 

Puto cupressi 

Puto pricei 

Dioryctria 

Eucosma 

Conophthorus 

Conophthorus ponderosae 

DISEASES 

Common name or type of Insect 

Mountain pine beetle 

Secondary bark beetle 

Secondary bark beetle 

Secondary bark beetle 

Secondary bark beetle 

Secondary bark beetle 

Pine engraver 

Lodgepole needle-tier 

Aphid - needle feeder 

Aphid- needle feeder 

Mealy bug 

Mealy bug 

Cone worm 

Cone worm 

Cone beetle 

Cone insect 

High-elevation stands of whitebark pine are not gener
ally susceptible to most pathogens. White pine blister 
rust (Cronartium ribicola) introduced from Europe is the 
most serious disease affecting whitebark (Carlson 1978). 
Whitebark remains highly susceptible to white pine blis
ter rust even on trees with disease-resistant parents (Hoff 
1980). The severity and extent of an infection of blister 
rust depend mainly on weather patterns and to a lesser 
degree on the abundance of the alternate host Ribes. In 
the Yellowstone ecosystem of northwest Wyoming and 
south-central Montana blister rust incidence has re
mained at low levels even when Ribes populations are 
extensive in some areas. Ecological conditions in this 
area have probably limited rust spread (Carlson 1978). 
In the Pacific Northwest whitebark pine is the most sus
ceptible of all host trees to white pine blister rust (Childs 
and Bedwell 1948). Extensive damage and mortality of 
whitebark pine to blister rust and secondary causes has 
been observed (Arno 1986). 

There are a number of other pathogens that affect 
whitebark pine in a variety of ways. Table 5lists most 
of the known pathogens found on whitebark pine. 

HABITAT ASSOCIATES 
Whitebark pine is found on a wide range of habitats. 

It occurs in 36 of the more than 50 forest habitat types in 
eastern Idaho-western Wyoming area, in 24 of 76 habitat/ 

. phase types in central Idaho, and in 46 of the 99 habitat/ 
phase types in Montana (Pfister and others 1977; Steele 
and others 1981; 1983). 

Little information is available on plant associates of 
whitebark pine at timberline. Where whitebark forms an 
overstory, the understory vegetation is usually dominated 
by Vaccinium scoparium (Weaver and Dale 1974). In the 
Rocky Mountains several other understory species com
monly associated with whitebark pine are: Hieracium 
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Table 5-Known pathogens of whitebark pine (from: Eggers 
1986; Goward 1985; Hiratsuka and Funk 1976; 
Knutson and Tinnin 1981; Mathiasen and 
Hawksworth 1988; Smith 1972) 

Species 

Herpotrichia juniperi 

Herpotrichia nigra 

Neopeccia coulteri 

Lophodermella 

Lophoderrnium nitens 

Bifusel/a linearis 

Bifusella saccata 

Gremmeniella abietina 

Cronartium ribicola 

Arceuthobium americanum 

Arceuthobium cyanocarpum 

Lachnellula pini 

Atropel/is piniphi/a 

Armillariella me/lea 

Polyporus schweinitzii 

Polyporus subacida 

Phaeo/us schweinitzii 

Perenniporia subacida 

Phellinus pini 

Fornes annosus 

Ahtiana sphaerosporella 

Damage - affected area 

Snow mold - foliage 

Snow mold - foliage 

Snow mold :.. foliage 

Needle cast - foliage 

Needle cast - foliage 

Needle cast - foliage 

Needle cast - foliage 

Shoot blight - foliage 

Blister rust - branch and stem 

Dwarf mistletoe - branch and stem 

Dwarf mistletoe- branch and stem 

Minor canker - branch and stem 

Canker - branch and stem 

Shoestring root rot - root 

Brown cubical butt rot- butt 

Spongy rot - butt 

Butt rot 

Rot - root and butt 

Decay- stem 

Rot- root and butt 

Lichen - bark 

gracile, Carex geyeri, Potentilla gracilis, Lupinus sericeus, 
Polygonum bistortoides, Castilleja rhexifolia, Poa alpina, 
Luzula hitchcockii, Phyllodoce empetriformis, Menziesia 
ferruginea, Xerophyllum tenax, Juncus parryi, Festuca 
idahoensis, and Erythronium grandiflorum. The four 
most common associates of 57 plant species found in 
whitebark stands in Montana and Idaho were Carex 
rossii, Abies lasiocarpa, Poa nervosa, and Arnica latifolia 
(Forcella 1977). Carex pensylvanica and Poa nervosa are 
the most common undergrowth species in south-central 
Oregon (Hopkins 1979). In Alberta, Juniperus communis 
is the major understory plant associated with whitebark 
pine (Baig 1972). 

Throughout whitebark's distributional range it grows in 
association with several tree species. Whitebark can be 
found growing with Pinus contorta var.latifolia,Abies 
lasiocarpa, Picea engelmannii, Pinus flexilis, Pseudotsuga 
menziesii, Larix lyallii, Populus spp., Juniperus scopulo
rum, Abies magnifica var. magnifica, Abies magnifica var. 
shastensis, Pinus contorta var. murrayanna, Pinus manti
cola, and Pinus balfouriana (Arno and Hoff 1989). 

FIRE ECOLOGY 
Wildfire plays an important role in creating the struc

ture and plant diversity of the western forests. Little is 
known about how fire has shaped the subalpine and tim
berline habitats that contain whitebark pine. Fire inter
vals range from 60 to 300 years or more in the whitebark 
types of Montana (Arno 1980). 



Lightning is the major cause of fires in most whitebark 
stands although accidental fires have resulted due to 
increased recreation activity in these forests (Arno and 
Hoff 1989). Fire intensity and resultant tree mortality 
are generally low in climax whitebark stands because of 
sparse ground fuels and cool-moist conditions. Fires are 
typically spotty in the pure whi tebark types except when 
windy warm-dry conditions help fires spread both along 
the ground and through tree crowns (Arno and Hoff 1989). 

Whitebark pine is considered a pioneering species on 
burned areas and is moderately fire resistant. Fire sup
pression over the past several decades has aided succes
sional replacement of whitebark by shade-tolerant species 
thus reducing its distribution. Spreading surface fires 
help maintain whitebark communities on sites where they 
grow in association with subalpine fir and Engelmann 
spruce. Whitebark has a thin bark making it susceptible 
to fire injury from hot surface fires, but because of its 
open stand and low fuel characteristics it survives most 
surface fires. Subalpine fir and Engelmann spruce have 
properties that make them very vulnerable to fires of even 
low intensity (Crane and Fisher 1986; Fisher and Clayton 
1983). 

The mountain pine beetle and lower elevation forests 
play key roles in the fire ecology of whitebark pine. Mor
tality from the mountain pine beetle increases fuel load
ing, fire intensities, and crown fire potential. Fires start
ing in lower elevation forests, of higher density, spread up 
through climax whitebark communities to timberline 
(Arno and Hoff 1989). Open white bark stands act as a 
firebreak unless stand and climate conditions are favor
able for carrying the fire as was the case with the 1988 
fires in Yellowstone National Park. 
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Speakers answered questions. from the audien~e follow
ing their presentations. FolloWing are the questions and 
answers on this topic: 

Q. (from John Joy originally given to Diana Tomback)
On large burned over whitebark pine stands does regen
eration come from seed cached prior to the fire, seed 
cached only after the fire, or both? 

A.-I believe that the majority of the regeneration 
would come from seed cached after the fire but because I 
have found that seed can remain in the ground for at least 
2 years and still germinate, "some" germination could 
come from previously cached seed. 

Q. (from Ron Lanner)-Since nobody has ever published 
a definitive report of germination from a fallen cone nor 
even that cones abscise: how do you suppose these myths 
got started? . 

A.-Ron Lanner himself has published information on 
whitebark cones surviving on the tree and showing no 
signs of abscising. The myth probably came about when 
people were not finding cones on the trees. The immedi
ate assumption is that the cones had fallen off. Again, 
they did not find the cones on the ground and assumed 
that they had fallen apart. They did not consider the 
possibility that animal predation (Clark's nutcracker and 
squirrels) could completely eliminate all cones from all 
trees. 

Q. (from Bill Shuster)-Any idea on why the recent 
downward trend in cone production? What factors affect 
production in whitebark? 

A.- Knight and others (1987) cited declines in produc
tivity probably due to (1) infestations of the pine beetle, 
which were first noted in 1982; (2) the inherent cyclic 
nature ofwhitebark pine cone production, which results 
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in extremes approximately every 7 to 10 years; and (3) the 
effects of persistent adverse climatic conditions (drought). 
Past studies indicate that temperature and precipitation 
have a significant, but not dominant, effect on all ~~es 
of cone development. Insects may also play a role 1n Influ
encing cone production of whitebark pine. 

Q. (from unknown source)-Is there a ~airly reli~le 
method to tell the difference between whitebark ptne and 
limber pine, in the field, if there are no ~ones pr~sent? 

A.-No. The only reliable way is to mtcroscoptcally ex
amine cell differences within cross sections of the needles. 
There are so many variables to consider when you try to 
determine what a tree is. The elevation: high elevation 
usually means it is whitebark unless it is on a ~est:one 
substrate· low elevation probably means the tree 1s limber 
pine. In the Bridger Mountains I ~ave fo~d whitebark 
and limber growing on the same mte and Without the 
cones I couldn't tell them apart. 

Q. (from Diana Tomback)-You mention~d. th:t ~ngle 
holed whitebark pine grew "in close competition With 
lodgepole pine. Are you suggesting there is a cause-effect 
relationship for growth form? Or do some conditions pro
ducing dense lodgepole forests produce a multi-trunk 
form? 

A.-I believe there is a cause and effect relationship 
occurring in dense stands of lodgepole pine on the growth 
form of whitebark pine. I have on rare occasions seen 
multi-trunked whitebark in dense stands of lodgepole 
pine. I believe that as stand densi?' incre~s the . 
probability of a single stemmed whitebark p1ne occurnng 
increases. 

Q. (from Maria Ash)-Your seedling photos mostly .show 
the cotyledons and juvenile leaves of 1-year-old gemu
nants. Is it possible that these 1-year-old seedlings could 
appear older (for example, more foliage with fascicles 
forming by the end of the first growing season)? 

A.-Yes. Lammas growth does occur giving a 1-year-old 
seedling the appearance of being 2 years old. 

Q. (from Earle Layser)-Do you think that the "iso
lated" occurrence that you showed for whitebark in the 
southern Selkirks in NE Washington are pockets or 
remnant stands that escaped from the extensive extreme 
fires that burned that area in the early 1900's? 

A.-With little knowledge about the area I cannot give 
a good answer to this question. If the fires left pockets of 
whitebark pine then the burned areas should be capable · 
of growing whitebark. Ifwhitebark is naturally coming 
back onto the burned areas then it is very likely that the 
fires created the remnant stands. If not then the pockets 
are probably due to some past geologic event. 

Q. (from Stephen Harvey )-Cones initiate in fall, de
velop in the following summer .•• please finish the 
progression. 

A.-Differentiation into vegetative and reproductive 
buds occurs during the bud set period. Male and female 
cones develop during the first summer with male cones 
producing pollen which then pollinates the female cones. 
The female cone is a "first year cone" about 1 inch long. 
During the next summer the female cone "second year 
cone" grows to full mature size (1112 to 31/s inches long). 



WHITEBARK PINE COMMUNITY 
TYPES AND THEIR PATTERNS 
ON THE LANDSCAPE 

ABSTRACT 

Stephen F. Arno 
Tad Weaver 

Within whitebark pine's (Pinus albicaulis) relatively 
narrow zone of occurrence-the highest elevations of tree 
growth from California and Wyoming north to British 
Columbia and Alberta-this species is a member of diverse 
plant communities. This paper summarizes studies from 
throughout its distribution that have described community 
types containing whitebark pine and the habitat types 
(environmental types based on potential vegetation) it 
occupies. 

Whitel:iark pine is most abundant and widespread in the 
semiarid inland mountain ranges of the northwestern 
United States and southwestern Canada, where it occurs 
in a continuum of environmental situations. It can be 
(1) a fire-dependent, early seral component of spruce-fir 
forests on moist sites; (2) a persistent seral or minor climax 
associate in drier forest habitats; (3) a major climax spe
cies or the only tree under still drier or more wind-exposed 
conditions; or (4) a major component or sole dominant of 
krummholz communities above tree line. 

The timberline landscape is a mosaic of cover types 
including windswept fellfields and grassy balds, wet 
meadows, snowdrift communities, and krummholz (shrub
like conifers) and forest communities with various propor
tions of whitebark pine. Four factors explain much of the 
variation in cover types: (1) rugged topography, through 
its influence on microclimate; (2) differences in surface 
rockiness, ranging from boulder piles to moderately well
developed soils; (3) differences in substrate composition, 
with especially noteworthy changes occurring between cal
careous and noncalcareous geologic parent materials; and 
(4) a patchwork of different disturbance histories in the 
aftermath of fires, bark beetle epidemics, blowdowns, or 
snow avalanches. 

Whitebark pine communities also vary regionally, with 
changes in both climate and competing species. For ex
ample, in maritime mountain regions whitebark pine is 
unable to compete in the closed upper subalpine forest; 
it is, therefore, restricted to tree islands in the open heath 
parklands at timberline. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 
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INTRODUCTION 
Whitebark pine (Pinus albicaulis) is a prominent spe

cies in the upper subalpine forest and timberline zones on 
high mountains of western North America. Here, a great 
variety of tree-dominated and nonarboreal communities 
form a complex vegetational mosaic on the rugged land
scape. While few studies have provided detailed descrip
tions of these communities or the causes of their distribu
tional patterns, it is possible to list the major community 
types and to specify the principal factors controlling the 
mosaic. An understanding of this environmental complex 
is needed to guide land management. For example, to 
prevent undesirable changes in water, wildlife, and rec
reational resources, we must be able to recognize and 
manage the impacts of recreation, grazing, mining, timber 
harvest, air pollution, greenhouse effects, and advanced 
forest succession linked to fire suppression. 

The presence and dominance of whitebark pine depend 
on its environmental tolerances and on its competitive 
abilities. Its tolerances restrict it to relatively cool sites 
without extended drought. Its relatively low capacity to 
compete (table 1) restricts it to harsh sites where growth 
of more competitive trees is hampered by physical factors 
or, on better forest sites, by disturbance. In this paper 

Table 1-Comparative tolerance of shade or competition 
for species associated with whitebark pine in 
the Inland Northwest (after Minore 1979) 

Tolerance 

Very tolerant 

Tolerant 

Intermediate 
or intolerant 

Very intolerant 

Species 

Subalpine fir 
(Abies lasiocarpa) 

Mountain hemlock 
{ Tsuga mertensiana) 

Engelmann spruce 
(Picea enge/manni1) 

Whitebark pine 
{Pinus albicaulis) 

Lodgepole pine 
{Pinus contorts var. latifolia) 

Alpine larch 
(Larix /ya/li1) 



we examine, first, the variation in potential climax vege
tation reflecting the habitat type (Daubenmire and 
Daubenmire 1968; Pfister and Arno 1980) as it changes 
locally with microclimate or substrate and regionally 
with macroclimate. Then, we address the role of temporal 
changes in the vegetation on a site after disturbance, 
since whitebark pine is seral in many habitat types. 
We conclude with a brief outline of regional classification 
schemes. 

ENVIRONMENTAL CONTROLS 
The patterns of distribution and relative dominance of 

whitebark pine and its associates on the mountain land
scape are strongly influenced by topography (Arno and 
Hammerly 1984; Habeck 1987; Pfister and others 1977; 
Steele and others 1981, 1983). For example, slope orien
tation profoundly affects microclimate; north and east 
aspects are relatively moist and cool while south and 
west aspects are drier and warmer. Also, at increasingly 
higher elevations growing seasons become shorter and 
cooler. 

Because it is relatively cold tolerant and relatively non
competitive, whitebark pine's importance increases with 
elevation. In the lower subalpine habitat types (fig. 1) 
whitebark pine occurs in small amounts and primarily as 
suppressed saplings. In the colder, upper subalpine habi
tat types the establishment and growth of competing 
conifers are reduced. This allows whitebark pine to as
sume dominance on many sites. 

In moist sites of the upper subalpine zone (for example, 
cirque basins) whitebark pine is a minor component of 
subalpine fir-spruce (Abies lasiocarpa-Picea engelmannii) 
stands except where it becomes a pioneer dominant after 
a severe fire, avalanche, or other major disturbance. Its 
early seral success is possible because of whitebark pine's 
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superior hardiness in the harsh microclimate of the dis
turbed site and its introduction by the seed caching 
Clark's nutcracker (Tomback and others, this proceed
ings). Within 150 to 200 years, vigorous fir and spruce 
begin to replace the pine. 

Conversely, on relatively dry sites in the upper sub
alpine forest, whitebark pine is a long-persisting seral 
associate in the subalpine fir habitat types (potential 
climax; fig. 1). Lodgepole pine (Pinus-contorta var. lati
folia) is also a seral associate in many of these stands. 
On the driest sites, subalpine fir is absent, lodgepole pine 
is seral, and whitebark pine assumes the climax role 
(Steele and others 1983). 

In the alpine timberline zone, above the upper limit of 
continuous forest, whitebark pine often occurs in pure or 
mixed groves or tree islands. Any trees that can survive 
are considered part of the climax community (Arno and 
Hammerly 1984; Pfister and others 1977). Whitebark 
pine and its arboreal associates occur in a continuum 
oflifeforms at timberline. These range from large, single
stem trees to stunted multistemmed trees to flagged 
krummholz (tall shrub form) and cushion krummholz. 
Because wbitebark pine is hardier, it often produces 
a taller life form than the associated subalpine fir. 

In addition to cold timberlines, whitebark pine occurs 
at dry timberlines, which are subalpine forest-herbland 
ecotones. At dry timberlines, it may be associated with 
inland Douglas-fir (Pseudotsuga menziesii var. glauca) 
or limber pine (Pinus flexilis ). 

Rugged topography adds small-scale site variations 
to the general zonal patterns. For example, sharp ridge 
crests in the upper subalpine forest are exposed to severe 
wind, which favors whitebark pine relative to fir and 
spruce. Rugged topography and resulting vegetation 
patterns influence the distribution of snow, which in 
turn affects soil moisture, soil development, and potential 

:;,: 
o· 
c lodgepole, Douglas-fir series 

limber pine series 

grassland 

Flgure.1-General elevational distribution of forest trees (arrows) and habitat type series 
(potentia~ cHmax) on noncalcareous geologic types in south-central Montana. Solid portion 
~~arrow Indicates where a species is the potential climax, and dotted portion shows where 
1t IS seraJ. (Modified from Pfister and others 1977). 
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vegetation. Microsites receiving excessive snow often 
support wet meadow vegetation rather than trees. In 
contrast, microsites with deficient snow support semiarid 
grassland or other dry nonforest types. Sometimes con
trasting snowdrift and dry microsites lie close to each 
other with a strip of whitebark pine in between, as in the 
«ridgetop ribbon forest" described by Arno and Hammerly 
(1984). 

Edaphic factors also influence the distribution of white
bark pine in the rugged high-mountain terrain. For ex
ample, whitebark pine may be abundant on talus slopes 
or bedrock outcrops, but scarce on surrounding sites with 
deeper soils, where other conifers are more competitive. 

Changes in substrate (surface geologic type) can also 
have a profound effect on whitebark pine communities. 
The contrast between calcareous (usually limestone) and 
noncalcareous substrates provides a dramatic example. 
Limestone often weathers to produce an excessively well
drained soil that limits growth of conifers (Goldin 1976; 
Pfister and others 1977). In especially dry regions (for 
example, in northern Nevada and eastern California), 
whitebark pine is largely confined to noncalcareous sub
strates (Harlow and Harrar 1958; Weaver and Dale 1974). 
In most regions, however, whitebark pine occurs on both 
calcareous and noncalcareous substrates. Calcareous 
sites support open pine stands with herbaceous under
growth, while acljacent noncalcareous sites have dense 
mixed conifer stands with seral whitebark pine and an 
undergrowth of low Vaccinium (huckleberry or whortle
berry) shrubs (Arno and Hammerly 1984; Pfister and 
others 1977). 

REGIONAL VARIATIONS 
On a larger scale, the composition and distribution 

ofwhitebark pine communities vary based on regional 
differences in climate, topography, and competitive rela
tionships of subalpine tree floras. Whitebark pine com
munities are extensive and diverse in the drier inland 
mountain ranges. However, their abundance declines 
southward in California, perhaps in response to increas
ing length of summer drought. In wet regions, such as 
the crest of the northern Cascade Range and the British 
Columbia coastal ranges, whitebark pine occurs only in 
open timberline habitats and it is a minor constituent 
there. In these wet oceanic mountains, whitebark pine's 
growth is slow and its ultimate tree sizes are small. It is 
essentially absent from the dense upper subalpine forest, 
apparently because of an inability to compete with the 
shade-tolerant mountain hemlock (Tsuga merlensicana), 
subalpine fir, and Pacific silver fir (Abies amabilis). At 
these timberlines, dense heath (Phyllodoce and C088iope) 
hinders conifer regeneration. Whitebark pine is a minor 
component of the conifer invasion that does occur in tim
berline heathlands during especially dry summers (Brink 
1959; Franklin and others 1971). 

Whitebark pine is abundant in regions having humid, 
snowy winters and long dry periods in summer, such as 
California's high Sierra Nevada and the inland mountains 
of the northwestern United States. Its abundance and 

99 

vigorous growth in semiarid regions and on topographi
cally dry sites suggest that it is more drought resistant 
than other northwestern subalpine trees. 

The abundance of whitebark pine decreases as summer 
precipitation increases northward in the inland North
west. For example, July-August precipitation in the up
per subalpine zone averages about 2 inches (5 em) in cen
tral Idaho, where the species is very abundant, and 5 to 
6 inches in the latitude of Kootenay and Banff National 
Parks, where it is generally a minor component of the 
high-country vegetation (Amo 1970). Presumably this 
occurs because whitebark pine's competitors-subalpine 
fir, spruce, mountain hemlock (in the Selkirks), and 
Oocally) alpine larch (Lariz lyallii)-are more vigorous 
in the more humid environment. Physiological investiga
tions of drought-sensitive alpine larch (Richards 1981; 
Richards and Bliss 1986) explain its inverse distribution. 
Despite extensive timberline habitat, alpine larch occurs 
only north of latitude 45.5° N ., where it is confined to 
moist north-facing slopes. In contrast, northward into 
Canada it becomes abundant on southern exposures (Amo 
and Hammerly 1984). 

Whitebark pine is absent from the high-desert moun
tains east and south of the Sierra Nevada, at least in part 
because this species is not as tolerant of year-round arid
ity as are limber pine and Great Basin bristlecone pine 
(Pinus longaeva). The current southern distributional 
limits of whitebark pine from California to the central 
Rockies may also result in part from inadequate seed 
distribution to isolated mountain habitats during alter
nating glacial and warm climates of the Pleistocene. 

Thus, in the wettest mountain regions whitebark pine 
is narrowly confined to the timberline zone and to open 
rocky subalpine sites. In contrast, in drier regions where 
drought hampers competitors (notably in the dry-summer 
inland mountains of the northwestern United States), 
whitebark pine is often a major component of both the 
upper subalpine forest and the timberline zone, encom
passing about 2,500 ft (760 m) in elevation. In the Sierra 
Nevada whitebark pine is generally confined to timberline 
but is often abundant there. 

ROLE OF DISTURBANCE 
Disturbances are important in shaping the structure 

of all whitebark pine communities, and natural disrup
tions are vital to the perpetuation of whitebark pine in 
the habitat types where it is seral. In the timberline zone, 
the climate is so harsh and limiting for tree growth that 
climatic disturbances (such as damaging winds, ice 
storms, snowloads, summer frost, and winter desiccation) 
prevent stand closure and thereby allow competition
intolerant species like whitebark pine to coexist indefi
nitely with their tolerant competitors (Amo and 
Hammerly 1984; Franklin and Dymess 1973; Pfister 
and others 1977). Conversely, in subalpine forest habi
tats, whitebark pine's perpetuation depends upon occa
sional disturbances. Without disturbance, succession 
will lead to dominance by subalpine fir, spruce, or 
mountain hemlock. 



In large portions of the inland northwestern United 
States, the area covered by seral whitebark pine commu
nities has diminished in recent decades. Its decline is 
due to successional replacement linked to fire suppression 
and aggravated by epidemics of mountain pine beetle and 
white pine blister rust (Amo 1986; Kendall and Arno, this 
proceedings). 

Prior to 1900, fires at intervals averaging between 
50 and 350 years were widespread and were important 
in perpetuating seral whitebark pine communities (Arno 
1986; Morgan and Bunting, this proceedings). These 
often burned in a patchy pattern with differential severi
ties. Both light surface fires and stand replacing fires 
favor whitebark pine in relation to its shade-tolerant 
competitors. High-intensity, stand-replacing fires in thick 
subalpine fir-spruce forests often allow whitebark pine to 
become established as a result of nutcracker seed caching. 
After establishment, some of these seral whitebark pine 
communities have been perpetuated by low-intensity fires 
that killed understory fir and spruce. 

As a result of fire suppression during the 1900's, natu
ral fire cycles in seral whitebark pine communities have 
been postponed (Arno 1986), so this species is being re
placed by its competitors. Even management programs 
that allow some natural fires to bum are probably insuffi
cient for mimicking whitebark pine fire cycles of the past. 
The most effective fires in the highly discontinuous white
bark pine habitats (atop isolated high ridges) were ones 
that spread over large expanses-hundreds of thousands 
of acres. However, most whitebark pine habitats lie near 
developed or commercially utilized lands where such mas
sive fires are not tolerable politically, even in wilderness 
areas or National Parks. 

Fire suppression during this century has no doubt re
sulted in a decrease in the establishment of new white
bark pine communities. These young stands are needed 
to compensate for aging stands in which whitebark pine 

is being replaced successionally. Avalanches and severe 
blowdowns also create open microenvironments that allow 
whitebark pine to enter as a pioneer species. These dis
turbances are no substitute for fire, however, because 
they produce only small areas suitable for seral whitebark 
pine forests and they fail to reduce competition from 
understory trees and shrubs. 

Mountain pine beetle epidemics are another influential 
natural disturbance that tends to kill overstory whitebark 
pines and enhance succession toward domination by sub
alpine fir (Bartos and Gibson, this proceedings; Kendall 
and Arno, this proceedings). Similarly, white pine blister 
rust, an introduced disease, severely injures and kills 
whitebark pine, hastening succession toward dominance 
by shade-tolerant conifers (Hoff and Hagle, this proceed
ings; Kendall and Arno, this proceedings). 

COMMUNITY TYPES AND HABITAT 
TYPES 

A variety of reports describe whitebark pine communi
ties of almost every State and Province occupied by the 
tree (table 2). Whitebark pine habitats are abundant, 
diverse, and best documented in the inland northwestern 
United States (Cole 1982; Forcella 1977, 1978; Pfister and 
others 1977; Steele and others 1981, 1983; Weaver and 
Dale 1974; and other studies listed in table 2). Three 
remarkably consistent community complexes appear 
repeatedly in this region-extending from western 
Wyoming and northeastern Oregon to the southernmost 
portions of British Columbia and Alberta. 

First, on the driest sites and in arid mountain ranges, 
communities dominated by whitebark pine (both seral 
and potential climax) are abundant. At the highest eleva
tions, in cold-moist situations, the undergrowth is usually 
dominated by Vaccinium scoparium. Under progressively 

Table 2-Principal publications and theses describing whitebark pine communities, listed 
by State and Province. Complete citations appear in the References section 

Alberta Achuff 1989; Baig 1972; Ogilvie, this proceedings 

British Columbia Achuff 1989; Brink 1959; McAvoy 1931; Ogilvie, this proceedings; 
Selby and Pitt 1984 

California 

Idaho 

Montana 

Nevada 

Oregon 

Washington 

Wyoming 

Barbour 1988; Cooke 1940, 1955; Klikoff 1965; Sawyer and 
Thornburgh 19n;Taylor 1976; Vale 19n 

Steele and others 1981, 1983; USDA Forest Service 1989 

Amo 1970; Craighead and others 1982; Forcella 19n, 1978; 
Pfister and others 1976, 1977; USDA Forest Service 1989; 
Weaver and Dale 1974 

Loope 1969 

Cole 1982; Franklin and Dymess 1973; Hall1973; Hopkins 1979; 
Jackson and Faller 1973; Lueck 1980 

Agee and Kertis 1987; Amo 1970; del Moral1979; Franklin and 
Dymess 1973; Williams and Ullybridge 1983 

Forcella 19n; Gruell1980; Steele and others 1983; 
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drier conditions, the characteristic undergrowth changes 
to Carexgeyeri, Juncus parryi, Arnica cordifolia, and, 
finally, Festuca idahoensis. 

Second, in average mountain habitats of the inland 
Northwest, whitebark pine stands are codominated by 
subalpine fir and, at lower elevations, by lodgepole pine. 
The characteristic undergrowth ranges from Phyllodoce 
empetriformis and Luzula. hitchcockii in moist situations 
toXerophyllum tencu, Vaccinium scoparium, Carexgeyeri, 
and Ribes montigenum on increasingly drier sites. 

Third, moist subalpine forest sites often have whitebark 
pine as a seral component mixed with Engelmann spruce 
(Picea engelmannii), subalpine fir, and, at lower eleva
tions, lodgepole pine. Alpine larch and mountain hemlock 
can be constituents in certain localities. Characteristic 
undergrowth includes numerous wet-meadow forbs and 
sedges, and the shrubs Ledum glandulosum, Phyllodoce 
empetriformis, Menziesia. ferruginea, and Rhododendron 
albiflorum. 

In the continental climate of western Wyoming and 
central Montana, whitebark pine is the potential climax 
tree in several subalpine forest habitat types as well as 
being a seral associate in several others (table 3). In the 
inland maritime climate found west of the continental 
divide in Montana, whitebark pine is seral except in the 
timberline zone (table 4). 

Northward in the Rocky Mountains of Alberta and 
British Columbia, whitebark pine remains widespread 
but is less often a dominant species. Achuff (1989) and 
Ogilvie (this proceedings) provide detailed descriptions 
ofwhitebark pine communities in Canada. In Alberta, 
whitebark pine is most common in the timberline zone 
as a codominant with subalpine fir, spruce, and some
times with alpine larch (Baig 1972). Characteristic 
undergrowth includes Phyllodoce empetriformis in moist 
sites along or near the Continental Divide (inland
maritime zone); P. glanduliflora in comparable sites in 
mountains farther inland (east); Vaccinium scoparium 
on well-drained sites, and Juniperus communis on the 
driest south-facing slopes. 

The importance of whitebark pine increases from wet 
to dry sites in the Cascade Range. In the rain shadow 
of the Washington Cascades on the granitic Stuart Range, 
whitebark pine is abundant in the upper subalpine forest 
and the timberline zone. Timberline communities are 
dominated by whitebark pine on dry sites and warm 
aspects and by alpine larch in moist-cool situations 
(del Moral1979) as they are in some moist mountain 
ranges of western Montana (Arno and Habeck 1972). In 
the Stuart Range, relatively moist whitebark pine-alpine 
larch communities have an undergrowth of Vaccinium 

Table 3-High-elevation habitats of western Wyoming arranged approximately on a gradient of decreasing site moisture. Competitive status 
and abundance of whitebark pine and its associates are shown (modified from Steele and others 1983) 

Tree specles2 

Site Habitat Pinus Ables P/ces Pinus Pinus Pseudotsugs Populus 

moisture type1 slb/csulls lss/ocsrps engelmsnn/1 contorts flexllls menzies// tremuloldes 

Wet 
PIENNASC (S) c c (S) (s) 

PIEN/CALE s c c s 
ABLAIVAGL. VASC s c s s 
ABLAIVASC, PIAL c c s s (s) 
ABLANASC,VASC s c s s 
ABLAIARLA (S) c s (S) (S) (S) 
ABLAITHOC s c s s s (S) 

ABLAIJUCO s c (S) s s (S) 
ABLAIRIMO, RIMO s c s (s) 
ABLAIRIMO, PIAL c c c 

ABLAIARCO, SHCA s c s s s s s 

PIAUVASC c c c c 
PIAUCAGE (C) 
PIAUJUCO c c s 
PIAUCARO c (c) (c) (C) (s) 

PIAUFEID c 
Dry 

'Abbreviations mnsist of the first two letters of the genus and species names. Undergrowth species are: ARCO = Amica oordlfolia; ARLA"" ~· latlfolla; 
CAGE • Carex geyerf; CALE .,. Caltha /eptosepala; CARO ... Carex rossil; FEID ... Festuca ldahoensis; JUCO ""Juniperus communis; RIMO ... Ribes montlgenum; 
SHCA • Shepherd/a canadensis; THOC ... Thallctrum occidentale; VAGL = Vaccinlum globulare; VASC = V. sooparluf!l. 

'C. climax dominant; S ... seral dominant; c .. minor climax species; s ... minor seral species;() =In part of the habitat type only. 
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Table 4-Typica1 high-elevation forest zonation in west-central Montana showing the competitive status and abundance of whitebark pine and 
its associates (modified from Pfister and others 1977) 

Stand componenta2 
Elevatlonal Habitat Pinus Ables P/cea Larix Pinus Pseudotsugs 

zone Moisture types, alblcsull• laslocsrpa engelmsnnll Iyaii II contorts menzies II 

Timberline 
zone 

Upper 
subalpine 

forest 

Lower 
subapline 

forest 

Dry PIAL 
sites 

PIAL-ABLA 

Moist LALY-ABLA 
sites 

Dry ABLA-PIALNASC 
sites 

ABLAILUHI 

Moist 
sites 

Dry ABLAIXETE, VASC 
sites 

c 

c c c 

c c c c 

s• c s 

S250i c s S200t 

S200t c S400t s s 

s c s s s 

1Abbreviatlons consist of the first two letters of the genus and species names. Undergrowth species are: LUHI = Luzula hitchoockH; VASC = Vaccinium 
scoparium; XETE = Xerophyllum tenax. 
~ .,. climax dominant; S = sera! dominant for number of years (as Indicated) after fire or other disturbance; c = minor climax species; s = minor semi species. 

myrtillus, which is ecologically similar to V. scoparium 
(del Moral1979). With increasing dryness, whitebark 
pine communities have undergrowths characterized by 
Lewisia columbiana, Phlox diffusa, Juniperus communis, 
and Penstemon davidsonii. 

In the excessively well-drained pumice of the Oregon 
Cascades, whitebark pine communities are characterized 
by sparse undergrowth. On sites with average moisture 
conditions, undergrowth is typically Penstemon david
sonii; in wetter microsites Vaccinium scoparium and 
Luzula hitchcockii are characteristic (Jackson and Faller 
1973; Lueck 1980). On coarse volcanic substrates in 
south-central Oregon, Hopkins (1979) described two com
munity types (=habitat types) in which whitebark pine 
and lodgepole pine are the climax dominants and the 
principal undergrowth is Carex pensylvanica, Poa ner
vosa, and Penstemon laetus. 

Southward on the Cascade-Sierra Nevada axis, white
bark pine is common but largely confined to timberline 
communities in northern and central California. Sub
alpine fir and Engelmann spruce are essentially absent, 
and the timberline communities tend to be quite open, 
with only sparse, scattered undergrowth (Barbour 1988). 
These communities consist of mixtures of whitebark pine 
with mountain hemlock on moist sites and with Sierra 

lodgepole pine (Pinus contorta var. mu"ayana), western 
white pine (Pinus monticola), and foxtail pine (P. balfouri
ana) on drier sites. 

The whitebark pine zone is often made up of an intri
cate pattern of community types dominated variously 
by tall or dwarf trees, shrubs, subalpine herbs, or alpine 
tundra plants. These community mosaics and their 
microenvironmental controls are little studied. One ex
ception is del Moral's (1979) work in the Stuart Range. 
Another is Pfister and others' (1976) quantitative descrip
tion and map of an extensive whitebark pine community 
mosaic in the Scapegoat Wilderness of northwestern 
Montana. Their map (fig. 17 in Craighead and others 
1982) differentiated six habitat types and phases contain
ing major amounts of whitebark pine and several habitat 
types in which whitebark pine is a minor component. 
The map units were characterized with constancy and 
coverage data for forest community types (both postfire 
and mature) as well as associated subalpine grassland, 
wet meadow, and avalanche community types (table 5). 
The topographic and edaphic controls of the major white
bark pine types (table 6) were identified as a guide for 
vegetation mapping throughout the study area. Many 
more similar studies are needed before we hope to under
stand the dynamics of whitebark pine community mosaics. 



Table 5-Constancy (in percent+ 1 0)-and average percent canopy cover, in (), for six habitat types in the Scapegoat Wilderness, MT, 
containing whitebark pine (from Pfister and others 1976; habitat types from Pfister and others 1977) (LUHI = Luzula hitchcockii; 
MEFE = Menzies/a ferruginsa; VASC = Vaccinium scoparium) 

Habitat type and phase: ABLA-PIAU ABLAILUHI· ABLAILUHI· PIAL·ABLA 
VASC VASC MEFE PIAL-ABLA snowdrift LALY·ABLA 

Computer map code: 820 831 832 850 850D 
No. of sam21e stands: 13 8 2 4 2 

TREES 
Abies lasiocarpa 9(39) 10(48) 10(65) 10(44) 5(4) 
Larix occidentalis 
Piceaspp. 8(18) 8(27) 10(16) 8(7) 5(2) 
Pinus albicaulis 10(36) 10(30) 10(25) 10(47) 5(5) 
Pinus contorts 4(4) 1(10) 
Pseudotsuga menziesii 4(4) 

SHRUBS 
Alnus sinuata 5(4) 
Juniperus communis 4(7) 5(2) 
Ledum glandu/osum 1(40) 10(10) 
Menzies/a ferruginea 2(2) 4(3) 10(30) 
Ribes /acustre 3(1) 1(0) 2(0) 
Shepherd/a canadensis 1(0) 2(0) 
Vaccinium caespitosum 1(0) 
Vaccinium globulare 2(30) 1(0) 
Vaccinium scoparium 7(38) 10(54) 10(45) 5(75) 5(10) 

PERENNIAL GRAMINOIDS 
Ca/amagrostis rubescens 2(10) 
Festuca idahoensis 1(20) 5(1) 
Luzu/a hitchcockii 10(11) 10(10) 8(2) 

PERENNIAL FORBS 
Cirsium foliosum 5(1) 8(1) 
Fragaria spp. 4(3) 
Herac/eum lanatum 1(2) 2(0) 
Lomatium dissectum 1(0) 
Senecio triangularis 3(1) 1(0) 2(2) 
Thalictrum occidentale 4(22) 1(0) 8(17) 
Valeriana sitchensis 3(3) 3(2) 5(1) 
Viola orbicu/ata 1(0) 5(2) 
Xerophyllum tenax 8(38) 6(30) 5(30) 

Table &-Topographical distribution of habitat types containing whitebark pine on noncatcareous and calcareous (limestone) 
substrates in the Scapegoat Wilderness, synthesized from Pfister and others (1976) 

Habitat type 
and phase Geologic substrate 

Environmental (Pfister and Noncalcareous Calcareous 
gradient others 1977) Elevation Aspect Elevation Aspect 

Feet Feet 

Warm/dry PIAL and subalpine 1 - 7,000-7,800 s 

l 
grasslands 

ABLA-PIAUVASC 7,000-8,000 all 
ABLAILUHI-VASC 7,300-7,800 all 
ABLAILUHI-MEFE 7,300-7,500 N&E 
PIAL-ABLA 7,800-8,300 NW,W, 8,000-8,500 all 

S,SE 
Cold/wet LALY-ABLA 7,700-8,600 N&E 

1- ... absent or scarce. 

103 

860 
3 

10(15) 
10(27) 
7(13) 

10(15) 

10(47) 

10(18) 

8(5) 
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WHITEBARK PINE ON THE 
MOUNT WASHBURN MASSIF, 
YELLOWSTONE NATIONAL PARK 

David J. Mattson 
Daniel P. Reinhart 

ABSTRACT 
Habitat distribution and stand dynamics of whitebark 

pine (Pinus albicaulis) within the whitebark pine zone of 
the Mount Washburn massif, Yellowstone National Park 
were investigated as part of a study of relotionships among 
grizzly bears, red squirrels, and whitebark pine. Distribu
tion of whitebark pine and whitebark pine habitat types 
was positiuely associated with increased site coldness and 
wind ezposure. Subalpine fir (Abies lasiocarpa) and 
Engelmann spruce (Picea engelmannii) were relatiuely in
tolerant of wind uposure. Whitebark pine and lodgepole 
pine (Pinus contorta) were principal seral species and 
competitors in the whitebark pine zone. Lodgepole pine 
replaced whitebark pine on the warmest sites of the zone. 
Whitebark pine was climcu because of its ability to tolerate 
extreme site conditions rather than shade, and so was 
climca only on sites with the most extreme wind exposure 
at high elevations where other tree species could not sur
vive. On the harshest sites whitebark pine recruitment 
into the ouerstory was near zero, but proportionately in
creased with site amelioration. Fire frequency in our study 
area was estimated to be 250 years, although stand re
placement fires occurred somewhere in our study area at 
auerage 80-year intervals. 

INTRODUCTION 
Relatively little is known about the autecology and 

stand dynamics ofwhitebark pine (Pinus albicaulis), 
especially in the lower portions of its zonal distribution 
where it grows in competition with other tree species. 
Forcella (1978), Forcella and Weaver (1977), and Weaver 
and Dale (197 4) reported on the environment, productiv
ity, and flora of whitebark pine-dominated stands in the 
Yellowstone area. However, their work was restricted 
to higher elevation stands where other tree species were 
a minor component and not a competitive factor. 

In 1984 the Interagency Grizzly Bear Study Team 
(IGBST) initiated a study designed to investigate relation
ships among grizzly bears (Ursus arctos horribilis), red 
squirrels (Tamiasciurus hudsonicus), and whitebark pine. 
As part of this study, distribution and stand dynamics 
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of whitebark pine were investigated in two study areas 
in the Yellowstone ecosystem. These study areas included 
the full spectrum of whitebark pine's zonal and habitat 
distribution. 

In this paper we report results from our Mount Wash
burn study area that pertain to habitat distribution and 
competitive relationships of whitebark pine and stand 
dynamics within the whitebark pine zone. The whitebark 
zone is defined here as the geographical and elevational 
zone where whitebark pine is represented from variously 
isolated to nearly exclusive. Reinhart and Mattson (this 
proceedings) report results that pertain to red squirrel 
habitat relationships within the whitebark pine zone. 

STUDY AREA 
Our study area was located in Yellowstone National 

Park on the Mount Washburn massif, at 44°45'latitude. 
The study area was between 8,000 and 9,600 ft elevation 
and encompassed most of the elevational distribution of 
whitebark pine and most m~or habitat types of the white
bark pine zone in the Yellowstone area. 

METHODS 
We delineated and mapped stands using 1:20,000 color 

aerial photographs and USGS 15-ft topographic maps. 
We identified stands by discernible differences in stand 
structure and composition and by marked topographic 
clines. Each stand was classified according to standard 
habitat type (Steele and others 1983) and successional 
cover type (Despain 1986) classifications. (For habitat 
type and cover type nomenclature and acronyms used 
in this paper see appendixes A and B). 

We sampled each stand with five to 26 systematically 
placed variable-radius standard forest inventory plots 
(Husch 1963:160). We used basal area factors of 20 and 
40, and measured the diameter of all trees in the plot. 
Each tree was identified by species and whether dead or 
alive. Age and 10-year growth increment were recorded 
for each species and diameter class at each plot from in
crement cores. Stem densities and basal area were calcu
lated by standard procedures for variable radius plots 
(Husch 1963). 

We also calculated mortality rates by stem-diameter 
classes. These rates were based on approximately 
10 years of mortality preserved in standing dead stems. 
Some bias in our calculated mortality rates was because 



of movement of some live stems into a larger diameter 
class, while historical mortalities of those cohorts were 
attributed to the next smaller diameter class. Because 
of this likely bias and because mortality was spread over 
an extended time, calculated mortality rates are better 
viewed as an index, or at best a 10-year rate. 

Stand and disturbance ages were estimated from ex
amination of individual tree ages. Age was corrected 
for breast height by adding 20 years (Bunting 1989; 
Cole 1989). The oldest trees in a stand, regardless of 
species, were considered to best reflect stand age. Ages 
of stand disturbances were assumed to correspond to the 
oldest stand or individual tree ages. 

We calculated several synthetic indices for our analysis 
of species and type distributions with respect to environ
ment factors. Site radiation (SR) was derived from scal
ing (0 to 1.0) June 22 solar radiation (){1) on site: 

SR = (){
1 

-733)1100 (1) 

June 22 radiation (callcm1/day) was taken from tables 
that incorporated the effects of slope and aspect (Buffo 
and others 1972). Site warmth (SW) incorporated effects 
of elevation (X2 in meters) and SR by adding SR and an 
inverse of scaled elevation (E): 

E = (2896-X:zY609.6 
SW=E+SR 

(2) 
(3) 

Wind exposure (WE) was also indexed by incorporating 
the effects of aspect and slope. Frequency of winds >5 mph 
by aspect class was taken from Dirks and Martner (1982), 
from their Upper Rendezvous site. Frequencies were 
applied to individual stands based on their aspect and 
multiplied by the sine of degrees of site slope. The 
resulting value (X3) was scaled from 0 to 1.0 to derive WE: 

WE= CX/100)- 0.09)/19.91 (4) 

Site favorability (SF), which was not used in this paper 
but was used by Reinhart and Mattson (this proceedings), 
was the difference of SW and 112 weighted WE: 

SF= SW- 1/2 WE (5) 

RESULTS 

Species Distribution 
We examined distributions of the four major tree spe

cies in our study area with respect to site wannth and 
summer wind exposure. Distributions of whitebark pine 
and lodgepole pine (Pinus contorta) were typically more 
sensitive to site warmth; distributions of subalpine fir 
(Abies lasiocarpa) and Engelmann spruce (Picea engel
mannii) were more sensitive to wind exposure (fig. 1). 
Whitebark pine basal area increased with site coldness; 
this was most pronounced between warmth indices 1.25 
and 1.00, and was highest on the coldest sites with moder
ate wind exposure. Lodgepole pine basal area increased 
with site coldness, most dramatically between warmth 
indices of 1.15 to 1.30. Basal areas of both subalpine fir 
and Engelmann spruce decreased with wind exposure to 
near zero on the most wind-exposed sites. Basal area of 
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subalpine fir also decreased on the coldest and increased 
on the warmest protected sites. Engelmann spruce exhib
ited maximum local basal area on the coldest protected 
sites, where basal areas of both subalpine fir and lodge
pole pine decreased, and at warmth indices between 1.00 
and 1.25, where the most pronounced transition from 
lodgepole pine to whitebark pine occurred. 

The distribution of whitebark pine basal area with 
respect to site warmth was exponential (fig. 2), with less 
variation in basal area on warmer sites. The lowest basal 
areas ofwhitebark pine occurred on sites with warmth 
indices >1.25. Only two of these warmest sites bad white
bark pine basal area >50 ftNacre. 

Cover Type Distributions 
Cover types reflect the relative stand structure of tree 

species and follow the descriptions of Despain (1986). 
Distribution of cover types followed environmental distri
bution of individual species (fig. 3). Lodgepole pine cover 
types were restricted to warmer, lower elevation sites. 
Whitebark pine cover types occurred on the coldest or 
highest elevation sites. Midsuccessional (LP2 and WB2) 
cover types occupied sites with greater summer radiation 
compared to later-successional cover types. Climax white
bark pine stands (WB), not shown in figure 3, were re
stricted to more open, high-elevation sites with high wind 
exposure. 

Habitat Type Distributions 
Distribution of habitat types (h.t.'s) in the whitebark 

pine zone was clearly associated with summer wind expo
sure (fig. 4). The whitebark pine (PIAL) series and the 
ABLAISPBE h.t. were restricted to sites with high wind 
exposure (see appendix A for h.t. nomenclature). Only 
a few stands of the ABLAIV ASC-PIAL phase and ABLAI 
THOC h.t. occurred on sites with high wind exposure; 
otherwise these and the ABLAIV AGL-V ASC and ABLAI 
VASC-VASC types were restricted to sites with low to 
moderate exposure. 

Among h.t.'s associated with high wind exposure, the 
ABLAISPBE type was restricted to lower elevation sites 
of the whitebark pine zone with less incident radiation, 
and the PIAL series to higher elevations. Within the 
PIAL series, the PIAUFEID h.t. was characteristic of 
cold sites and an as yet undefined, tentatively identified, 
PIAUTHFE h.t. was characteristic of warmer sites. 

Distribution of habitat types on sites with lower wind 
exposure exhibited greater overlap (fig. 4). Distribution 
of the ABLAIVASC-VASC and ABLAITHOC types and the 
ABLAIV ASC-PIAL and ABLAIV AGL-V ASC types, respec
tively, overlapped considerably along elevation and sum
mer radiation gradients. Core distribution of the ABLAI 
V ASC-V ASC and ABLAII'HOC types was on the warmest 
sites of the whitebark pine zone. Core distribution of the 
ABLAIV AGL-V ASC type overlapped almost completely 
with the ABLAIVASC-PIAL type on cool sites of the zone; 
the coldest sites were found exclusively on the ABLAI 
V ASC-PIAL habitat type. 
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Figure 1-Basal area (If/acre) distribution of four major study area species with respect 
to site warmth and summer wind exposure. 

w a: 
u 
c( 
..... • t: 150 • 
5i 
c( 
w 
a: 
< 
.J \ < \ en 
< \ • m , .. 
w ', z a: 
~ ', a: ' c( • m 
w 
1-
x 
3: 

0 
0.50 

SITE WARMTH (INDEX) 

Figure 2-Relationship of whltebark pine basal 
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Growth and Age by Diameter Class 
Cross-sectional growth rates of all four species tended 

to decline with increased diameter (fig. 5). This trend was 
most evident for Engelmann spruce and subalpine fir. 
Among all but the largest trees (~19. 7 inches d.b.h.) sub
alpine fir and Engelmann spruce were growing faster 
than whitebark pine and lodgepole pine. Among medium
diameter trees (9.8 to 13.8 inches d.b.h.) subalpine fir 
tended to be growing faster than Engelmann spruce. 

Several distinctive patterns were evident in the distri
bution of ages with respect to diameter class. Among all 
but the largest trees, subalpine fir was consistently 
younger at a given diameter than the other three species. 
Among the smallest trees, the four species were clearly 
differentiated by age, with lodgepole the oldest and sub
alpine fir the youngest. These ages were a logical and 
inverse reflection of growth over a generally increasing 
period of time with increasing size, and suggested that 
among the smallest trees historical growth was greatest 
in subalpine fir and least in lodgepole pine. At the largest 
diameters a reverse pattern was evident among Engel
mann spruce, whitebark pine, and lodgepole pine. This 
reverse pattern suggested that in the first years lodgepole 
pine grew the fastest and Engelmann spruce the slowest. 
Subalpine fir was anomalous, but was represented by 
very few large-diameter individuals. 
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Vagi-Vase types are denoted by thick and thin lines, respectively. 
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Mortality and Stem Density of 
Whitebark Pine 

Mortality of whitebark pine exhibited several patterns 
among size classes and habitat types (fig. 6). Averaged 
over all size classes, mortality was lowest in the PIAL se
ries and highest on typically wet spruce-fir sites. In gen
eral, mortality rates irregularly decreased with increased 
stem diameter in all types. In the ABLAIV ASC-PIAL and 
spruce-fir types, mortality peaked three times among 
small-, medium-, and large-diameter trees, respectively. 

Stem densities and distribution of whitebark pine stems 
among size classes varied among types (fig. 6). Highest 
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stem densities, especially among medium-diameter trees 
(5.9 to 15.7 inches d.b.h.), occurred in the PIAL series and 
ABLAIV ASC-PIAL phase. Comparable densities of large
diameter (> 15.7 inches d.b.h.) whitebark pine occurred in 
all of the types. Proportionately more small-diameter 
(<5.9 inches d.b.h.) stems occurred in, progressively, the 
PIAL series, ABLAIV ASC-PIAL phase, mesic h.t.'s, and 
spruce-fir stands. By inference, proportionate recruit
ment of whitebark pine into the overstory also progres
sively increased in the same order among these types. 
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Basal Areas by Cover and Habitat 
Types 

Average total basal area was relatively uniform for 
most habitat and cover types except for the PIAL series 
(table 1). In this series, total basal area was roughly one
half that of the other types, and consisted mostly of white
bark pine. 

Whitebark pine basal area varied considerably among 
habitat and cover types (table 1). Whitebark pine basal 
area was typically highest in mid-successional cover 
types, and all cover types of the PIAL series and ADLAI 
V ASC-PIAL phase. Lowest whitebark pine basal area oc
CUlTed in spruce-fir cover types, and in the ABLMHOC, 
ABLA/CACA, and ABLAIV ASC-V ASC types. 
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Stand Ages 
Our study area included 82 stands approximately 150 to 

310 years old (fig. 7). The majority of stands were between 
180 and 270 years old. Roughly one-half of our study area 
burned in 1988. 

We examined stand age distributions for the different 
successionally defined cover types (fig. 7). Although the 
late successional types (LPS and WB3) included more older 
and fewer younger stands than the mid-successional types 
(LP2 and WB2), there was considerable overlap. The cli
max spruce-fir (SF) type also included a number of stands 
in the same age range as mid- and late-successional types, 
but typically included the oldest study area stands. Identi
fication of the successional cover types of a stand in the 
whitebark pine zone is apparently more based on differ
ences in stand species composition than on stand age. 



Table 1-Total and whitebark pine basal .area of habitat types and cover types of the Mount Washbum study area 

Basal area (ft1/acre) 
Whltebark pine 

Cover 
Total 

Percent 
Habitat type type n X s. x s. of total 

PIAL series WB2 3 106.7 83.6 78.0 
WB 4 98.0 34.0 84.9 35.7 86.0 

ABLAI?' WB3 4 134.1 39.2 64.0 22.2 48.0 
ABLANASC-PIAL WB2 6 186.8 34.0 121.5 39.2 65.0 

WB3 14 211.7 45.3 108.9 27.9 51.0 
LP2 3 210.8 28.7 14.0 
LP3 5 240.0 40.9 31.8 17.4 13.0 
SF 6 230.0 52.3 41.8 17.4 18.0 

ABLAJVASC-VASC LP2 5 219.5 34.8 9.6 5.7 4.5 
ABLANAGL-VASC LP3 6 191.2 20.5 42.7 32.2 22.0 

SF 2 220.8 4.4 2.0 
ABLAITHOC LP2 5 220.4 46.6 5.2 8.3 2.5 

LP3 4 211.2 36.6 19.6 24.0 9.0 
ABLAICACA SF 3 239.1 25.7 11.0 

'These stands could be a high-elevation variant of the ABLAITHOC h.t., but material identlfled as ThaJictrum occidentale is In question and could be 
T. fendlerl. 
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Figure 7-Frequency of stands with respect to stand 
age at breast height. 
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Tree Ages 
We sampled individual tree ages on variable radius 

plots. For any given size class we sampled species rela
tive to their proportionate representation. However, we 
sampled larger trees with proportionately much greater 
intensity than smaller trees. In figure 8 the relative pat
tern of species was significant, but absolute frequencies 
by age class merely reflected our sampling intensity. 

We were able to assess two phenomena by species age
class frequencies in our study area (fig. 8): (1) relative 
rates of establishment after stand replacement and 
(2) approximate dates of stand replacement disturbances. 
The timing of peak frequencies for each species suggested 
that establishment and growth of whitebark pine to 
breast height ( 4 ft) lagged approximately 10 years behind 
that of lodgepole pine, and that establishment and growth 
of Engelmann spruce lagged 10 to 20 years behind that of 
whitebark pine. Subalpine fir patterns showed no easily 
identifiable relationship with the other species patterns, 
although there were proportionately more young sub
alpine fir compared to the other three species. Among 
the oldest stands, relative abundance of trees reversed 
from the order [lodgepole (1), whitebark pine (2), and 
Engelmann spruce (3)] characteristic of younger stands. 
From all tree ages we were also able to detect four stand
replacement fires in our study area (fig. 8). Using all tree 
ages, historic disturbances dated to approximately 1820, 
1790, 1730 to 1760, and 1670. 

DISCUSSION 
The nature and limited geographic scope of our study 

imposed certain constraints on our analysis and conclu
sions. We did not sample young or very old stands. We 
were therefore unable to analyze growth of the tree spe
cies through time and address certain aspects of stand 
dynamics more definitively. We also did not include many 
stands on east and south aspects due to the location of our 
transects on primarily west exposures. South aspects, 
however, were characterized by a paucity of forest cover. 
We were also unable to take exhaustive age data due to 
study priorities and limited available time. However, 
within these constraints we were able to glean a consider
able amount of valuable information from our data. 

Whitebark Pine Autecology 
Whitebark pine and lodgepole pine were distinguished 

from subalpine fir and Engelmann spruce by their greater 
occurrence on drier sites associated with increased wind 
exposure, that is, on sites with steeper slopes and higher 
mean summer windspeeds. We used summer rather 
than winter windspeeds in our analysis because of their 
stronger apparent relationship to tree species distribu
tions in our study area. Whitebark pine was further dis
tinguished from lodgepole pine by its greater apparent 
tolerance of cold, although not necessarily frosty, sites. 

235 255 275 295 315 

STEM AGE CLASS MIDPOINT 
I YEARS AT BREAST HEIGHT J 

Figure &-Frequency of stems with respect to stem age at breast 
height. for four major study area tree species. 
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With increasing elevation or colder exposures whitebark 
pine replaced lodgepole pine. The greatest rate of transi
tion from whitebark to lodgepole pine occurred in associa
tion with the wannest sites of the whitebark pine zone. 
Subalpine fir and Engelmann spruce appeared to be less 
sensitive to site warmth, although abundance of sub
alpine fir declined and Engelmann spruce increased on 
the coldest sites. 

Lodgepole pine and whitebark pine exhibited character
istics typical of early successional or relatively shade
intolerant species. Initial growth and establishment of 
both these species appeared to be greater than that of 
Engelmann spruce. In mid- to late-successional stages 
in our study area, general growth of the pines was slower 
than spruce and fir growth, although dominant large
diameter pines appeared to grow as well as comparable 
size spruce and fir. Differences in growth rates and ap
parent rates of establishment between lodgepole and 
whitebark pine could be attributed to differential distribu
tion of whitebark pine on colder and presumably less 
productive sites, given that we agglomerated stands from 
the entire whitebark pine zone for our analysis of growth. 
On the other hand, slightly better apparent growth under 
closed-canopy conditions and lag in initial growth and 
establishment ofwhitebark pine compared to lodgepole 
pine could indicate greater shade tolerance-hence a 
tendency toward intermediate successional status for 
whitebark pine. 

Arno and Habeck (1972) and Arno and Hoff (1989) 
ascribed greater shade tolerance to whitebark pine than 
to lodgepole pine. Similarly, Knowles and Grant (1983) 
considered the ecologically related limber pine (Pinus 
flexilis) to be intermediate in successional status between 
lodgepole pine and Engelmann spruce. Given this con
text, we suspect that our results are best interpreted as 
corroborating those earlier observations that whitebark 
pine is intermediate in shade tolerance between Engel
mann spruce and lodgepole pine, although more similar 
in tolerance to lodgepole pine. 

Sudworth (1967) commented that whitebark pine was 
more shade tolerant on deeper, moist soils at lower eleva
tions than on drier, shallower soils near timberline. 
Greater environmental stress would logically impair the 
physiological efficiency of a species; in a tree this would 
very likely be manifested as a higher light compensation 
point (Kozlowski 1979; Kramer and Kozlowski 1960; 
Tranquillini 1979). Our results suggest that recruitment 
of whitebark pine into the overstory is proportionately 
least on the harshest sites of the Pial series and progres
sively greater with site amelioration; recruitment appears 
to be proportionately greatest on the mesic or lower eleva
tion habitat types of the whitebark pine zones. These 
results corroborate the hypothesis that whitebark pine 
is more shade tolerant with site amelioration. 

This tendency contrasts with the proclivity of whitebark 
pine to dominate a site. In our PIAL series, where white
bark pine is the climax dominant, whitebark does not 
appear to replace itself with great frequency. Other 
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studies of near-pure stands of whitebark pine and ecologi
cally related species-limber pine and Siberian stone pine 
(Pinus sibirica)-also show a lack of recruitment in ma
ture stands (lroshnikov and others 1963; Jackson and 
Fuller 1973; Knowles and Grant 1983). In the PIAL se
ries, persistence of whitebark pine is probably dependent 
on stand gaps, widely dispersed in time and space, and on 
stand-replacement fires (Arno 1980; Fischer and Clayton 
1983). 

Our results suggest that lodgepole pine and whitebark 
pine are major competitors during early stages of stand 
development. Engelmann spruce also appears to be a 
major component of the initial stand, but at the same time 
appears to be more opportunistic and less competitive in 
these early stages. Whitebark pine has the apparent 
advantage over lodgepole pine on increasingly colder sites. 
We hypothesize that the absence ofwhitebark pine from 
forest overstories on warmer sites within the wbitebark 
pine zone or at lower elevations is due largely to competi
tive exclusion, especially by lodgepole pine. Critchfield 
and Allenbaugh (1969) offered some anecdotal support 
for this hypothesis. At a latitude 3° farther south than 
our study area, they observed whitebark pine well repre
sented as low as 6,400 ft in a mountain range without any 
other pine species. In two other mountain ranges at the 
same latitude, they observed whitebark pine to be com
mon only down to 8,400-ft elevation, and replaced at lower 
elevations by limber pine. In our study area, whitebark 
pine is similarly well represented down to 8,200-ft eleva-.. 
tion. In the absence of its other hypothesized major com
petitor, lodgepole pine, whitebark pine may very well be 
capable of attaining stand dominance on warmer sites. 

Whitebark pine appears to be climax in a limited habi
tat characterized by high wind exposure and high eleva
tions. Amo and Habeck (1972), Amo and Hoff (1989), 
Jackson and Fuller (1973), Steele and others (1983), 
and Sudworth (1967) also associated near-pure stands 
of whitebark pine with sites exposed to wind and sun. 
Climax subalpine limber pine stands in the Colorado 
Front Range are similarly associated with exposed drier 
sites (Peet 1981). 

Climax status ofwhitebark pine appears to be by de
fault. Whitebark pine apparently tolerates conditions 
associated with extreme wind exposure better than its 
competitors (Steele and others 1983), and is not climax in 
the classic sense of having greater shade tolerance (Emlen 
1973:354). Stem frequencies of whitebark pine relative. to 
diameter in the PIAL series do not exhibit the "inverse.J" 
pattern usually associated with a climax species (Whipple 
and Dix 1979). Basal area and overstory stem derunties 
of whitebark pine are similar in the ABLAIV ASC-PIAL 
phase and PIAL series. The two types are notably differ
ent by the absence of other tree species in the PIAL series. 
Whitebark pine, like lodgepole pine, appears to be climax 
because of its tolerance of extreme site conditions rather 
than competitive ability vis-a-vis other species under 
mature stand conditions (Despain 1983; Pfister and 
others 1977; Whipple and Dix 1979). 



Stand Dynamics and Classification 
Stand-replacement fires burned somewhere in our 

study area at relatively frequent, average 80-year, inter
vals. Given that virtually all our study area was burned 
at least once in a 300-year period and we found few 
300-year-old stands, we speculate that our entire study 
area had a fire cycle of approximately 300 years' duration. 
This fits within the roughly 60- to 300-year fire frequency 
cycle documented for the whitebark pine zone by Arno 
(1980). 

Our data suggest the prevalence of succession by 
"initial :floristic composition" rather than "relay floristics" 
(Mueller-Dombois and Ellenberg 1974:395) in the tree 
strata of our study area. Subalpine fir increases mark
edly in the understory with stand age, but is represented 
at stand initiation, and rarely achieves stand dominance 
due to a prolonged seral stage relative to fire frequency. 
Relative composition of the overstory only begins to 
change markedly approximately 200 years after stand 
initiation. 

Caution should be used when inferring successional 
status from cover type designations in the whitebark pine 
zone. Our claSsification of stands according to succes
sional cover types was apparently determined as much 
by initial stand composition as by stand age (successional 
status). Stands classified as spruce-fir (SF) did not reflect 
progression to climax, but rather wetter or more protected 
sites and variants ofhabitat types where initial establish
ment of spruce and fir was favored. Similarly, some 
stands classified as mid-successional WB2 types merely 
reflected conditions where establishment of whitebark 
pine was favored over sites with comparably aged stands 
classified as late-successional WB3 types. These aberra
tions reflect the persistent expression of initial floristic 
composition in stands of a zone where growth and tum
over of individuals are relatively slow. 

THE FUTURE 
Much of the discussion presented here is speculative. 

Researchers have enough collective information at this 
point to generate well-founded hypotheses, but few defini
tive studies to test them and, from their concl'usions, to 
direct management. To further test our hypotheses and 
speculations, we especially need comparative physiologi
cal studies that deal with whitebark pine and its potential 
competitors and survey studies that can provide addi
tional data for modeling efforts. Our future management 
ofwhitebark pine and its seed crops for a host of verte
brate species will only be as good as our understanding 
of its habitat and competitive relationships. 
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APPENDIX A-HABITAT TYPE NOMENCLATURE AND 
ACRONYMS (STEELE AND OTHERS 1983; THIS STUDY) 

Acronym Common name Scientific name 

PIAL series Whitebark pine series Pinus alblcaulis series 

PIAUFEID h.l Whitebark pine/Idaho P. albicau/is/Festuca 
fescue h.t. idahoensls h.l 

PIAUTHFE h.l Whltebark plne/Fendler's P. albicaulis/Thalictrum 
meadowrue h.t fendlerih.t 

ABLAIV ASC-PIAL phase Subalpine fir/grouse Abies /aslocarpti 
whortlebeny-whitebark Vacclnium scopariu~ 
pine phase P. albicau/is phase 

ABLAIVASC-VASC phase Subalpine fir/grouse A. /asiocarpa/V. 
whortlebeny-grouse scopariu~ V. scoparium 
whortlebeny phase phase 

ABLAIVAGL-VASC phase Subalpine fir/globe A lasiocarpa/V. 
huckleberry-grouse globu/are-V. sea parium 
whortleberry phase phase 

ABLAITHOC h.t Subalpine fir/western A. lasiocarpa/Thalictrum 
meadowrue h.t occidentale h.l 

ABLAISPBE h.t Subalpine fir/shiny-leaf A. lasiocarpa/Spiraea 
spiraea h.t. betulifolia h.t 
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COEVOLUTION OF WHITEBARK PINE 
AND NUTCRACKERS: IMPLICATIONS 
FOR FOREST REGENERATION 

Diana F. Tomback 
Lyn A. Hoffmann 
Sharren K. Sund 

ABSTRACT 
Clark's nutcracker (Nucifraga columbiana) is the pri

mary disperser of the large, wingless seeds of whitebark 
pine (Pinus albicaulis). The seed-storing habits of nut
crackers influence whitebark pine di8tribution, site prefer
ence, and population structure. In the northern Rocky 
Mountains, periodic fires followed by seed dispersal by 
nutcrackers regenerate seral whitebark pine communities. 
Data from two burns in the Bitterroot National Forest, 
Montana, show similar whitebark pine regeneration pat
terns and densities but diffeivmt subalpine fir densities. 
Seed dispersal by nutcrackers may give whitebark pine 
a competitive edge over subalpine fir in very large burns, 
particularly where wind patterns are unfavorable for sub
alpine fir seed dispersal. 

INTRODUCTION 
The seeds of most conifers are disseminated by wind, 

but the large, wingless seeds of whitebark pine (Pinus 
albicaulis Engelm.) are disseminated primarily by Clark's 
nutcracker (Nucifraga columbiana Wilson) (Hutchins and 
Lanner 1982; Tomback 1978, 1982). Dispersal is effected 
by the seed-storing habits of the bird, which profoundly 
influence many aspects of the biology of the pine. In this 
paper we briefly review salient features of the ecological 
interaction between whitebark pine and the nutcracker, 
emphasizing the role of the nutcracker in forest regenera
tion. We also illustrate the importance of seed dispersal 
by nutcrackers in maintaining seral whitebark pine com
munities in the northern Rocky Mountains with recent 
data on postfire forest regeneration in the Bitterroot 
National Forest of western Montana. 

THE NUTCRACKER-PINE 
INTERACTION 

Eight of the 100 or so pine species are known to be 
dispersed by two birds of the family Corvidae, the Clark's 
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nutcracker of western North America and the Eurasian 
nutcracker (N. caryoca.tactes [L.]) of Europe and Asia. 
The known nutcracker-dependent pines of the United 
States are the Colorado pinyon (P. edulis Engelm.) and 
the singleleaf pinyon (P. monophylla Torr. and Frem.) 
(Vander Wall and Balda 1977; Vander Wall1987), whose 
seeds also are dispersed by the pinyon jay (Gymnorhinus 
cyanocephalus Weid) (Ligon 1978; Vander Wall1987), 
limber pine (P. flexilis James) (Lanner and Vander Wall 
1980), and whitebark pine (Hutchins and Lanner 1982; 
Tomback 1978, 1981, 1982). Dependence on birds for 
seed dispersal apparently has resulted in character con
vergence among pines of different taxonomic affinities; 
all have large, wingless seeds and, with the exception of 
limber pine, seed retention in cones (Lanner 1980, 1982; 
Tomback 1983). In the pinyon pines, seeds are held in 
place by bracts in dehisced cones; in whitebark pine, the 
ripe cones are indehiscent. Because large, wingless seeds 
and seed retention increase foraging efficiency of nut
crackers, the birds first deplete seeds from pines with 
these traits before moving to sympatric wind-dispersed 
species (Tomback 1978; Vander Wall and Balda 1977; 
but see Tomback and Linhart 1990). 

The nutcrackers are also morphologically adapted to 
the interaction. Their sturdy, long, pointed bills are used 
to open pine cones and extract seeds (Tomback 1978; 
Vander Wall and Balda 1977). They also use their bills 
to dig sites for seeds in mineral soil; and they thrust seeds 
into place in sandy soil or loose substrates (Tomback 1978). 
By means of the sublingual pouch, a saclike extension of 
the floor of the mouth (Bock and others 1973), a nut
cracker may transport up to 150 whitebark pine seeds at 
a time (Tomback 1982). Each nutcracker recovers its own 
seed stores by means of a remarkable spatial memory 
(Kamil and Balda 1985; Tomback 1980; Vander Wall1982). 

The historical origin of nutcracker-dispersed pines, 
previously discussed by Lanner (1980), Tomback (1983), 
and Tom back and Linhart (1990), is briefly summarized 
here. Whitebark pine is the only North American pine in 
the subsection Cembrae (Critchfield and Little 1966). The 
other four Cembrae pines, the stone pines of Europe and 
Asia, depend on the Eurasian nutcracker for seed disper
sal (Turcek and Kelso 1968). N ucifraga and Cembrae 
pines probably coevolved in Eurasia, and forms ancestral 
to Clark's nutcracker and the whitebark pine crossed the 
Bering Strait land bridge into North America (Lanner 
1980; Turcek and Kelso 1968). In North America, seed
storing jays probably influenced the evolution oflimber 
pine (Lanner 1980) and the pinyon pines (Tomback 1983). 



As a consequence of range expansion by either the birds 
or the pines, nutcrackers found these pines to be attrac
tive food sources. If this sequence of events is correct, 
the relationship between the Clark's nutcracker and 
whitebark pine was coevolved; the relationship with 
the other New World wingless-seed pines was initially 
coadapted (based on adaptations evolved for other mutu
alist&) (Tomback 1983). 

winglessness and bird-dependency are not as prevalent 
in the pine subgenus Pinus (yellow or hard pines) as they 
are in the subgenus Strobus (white or soft pines) remains 
unclear. 

SEED DISPERSAL BY 
NUTCRACKERS 

Assuming that seed dispersal by wind is an ancestral 
state, Lanner (1980) suggested a connection among seed 
dispersal by birds, wingless seeds, xeric or high-elevation 
environment, and large seed size. Large seed size under 
stressful conditions allows rapid, early growth (Baker 
1972). It is possible that ancestral pines encountered 
rigorous semiarid and subalpine environments, either 

Nutcrackers have a year-round diet of fresh and stored 
pine seeds, supplemented by insects and various plant 
foods (Giuntoli and Mewaldt 1978; Tomback 1978). 
Stored seeds are used during winter and spring months 
when other foods are scarce (Tomback 1978) and are 
fed, almost exclusively, to nestlings and dependent juve
niles (Mewaldt 1956; Tomback 1978; Vander Wall and 
Hutchins 1983). by climatic change or by range expansion, and evolved 

larger seeds. This, in turn, decreased the effectiveness 
of anemochory and attracted seed-storing jays or nut
crackers (Tomback 1983). If the sites selected by the 
birds were incompatible with the germination and growth 
requirements of a pine, the pines could not evolve bird
dependence. However, if the sites were compatible with 
some genotypes, seed wings might decrease in size and 
bird-dependency evolve (Tomback 1983). This evolution
ary scenario and proposed genetic mechanisms are dis
cussed at length in Tomback and Linhart (1990). Why 

With respect to quantities of seeds dispersed and the 
burial of seeds at cache sites, nutcrackers are highly effi
cient seed dispersers. In late summer and fall, a single 
nutcracker may store between 32,000 (Tomback 1982) 
and 98,000 (Hutchins and Lanner 1982) whitebark pine 
seeds. Seeds are buried under 1 to 3 em of soil in clusters 
of 1 to 15 seeds with a mean of 3 or 4 seeds per site 
(table 1). Tomback (1982) estimated that a population 
of25 nutcrackers stored about 800,000 seeds within a 

Table 1-Cache and cache site characteristics of Clark's nutcracker. Modified from Tomback and 
Unhart ( 1990) 

Characteristic 
No. of seeds per cache 

X S.D. 
3.7 2.9 
3.2 2.8 
4.2 3.1 
4.0 2.7 

Range 
1-15 (a) 
1-14 (b) 
1-5 (c) 
1-14 (d) 

Cache depth (em) 
X Range 
2.0 1-3 (a) 

about 2-3 (b) 

Distance seeds transported (km) 
7.5, 22 (e) 
2.5, 4.5, 8-10, 12.5 (f) 
3.5 (b) 

Reference 

(a) Tomback (1982) 
(b) Hutchins and Lanner (1982) 
(c) Lanner and Vander Wall (1980) 
(d) Vander Wall and Balda (1981) 
(e) Vander Wall and Balda (1977) 
(f) Tomback (1978) 
(g) Tomback and Kramer (1980) 
(h) Tomback (1986) 
(i) Tomback and Knowles (1984) 

Characteristic 
Characteristics of storage slopes 

Exposure Slope Substrate 
SE,S,SW,WSW 22-30° pumice or gravel (f) 

loose gravel (e) southern 25-33° 
Microhabitats of cache sites 
Base of trees or under canopy, near Jogs, 
in small plants, open substrate. (b,e,f) 

Forest litter, among tree roots, in trees. (f) 

In moss. (b) 
Barren ledges and fissures on rock walls. (g) 

In forest floor of burned and live krummholz pine. (h) 

Steep slopes among rocks and vegetation, and cracks 
in granite (ESE,NW). At edges of meadows among 
grasses, sedges and rocks. (i) 

Pinus 

albicaulis 
albicaulis 
flexilis 
edulis 
edulis 
albicauns 
fie xi/is 
albicaulis 
albicau/is 
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Geographical location 

eastern California 
westem Wyoming 
northwestern Utah 
northern Arizona 
northern Arizona 
eastern California 
eastern California 
eastern California 
western Wyoming 



50-ha area (16,000 seedslha) in the California Sierra 
Nevada range. Vander Wall and Balda (1977) estimated 
that a population of 150 nutcrackers stored between 3 and 
5 million Colorado pinyon seeds in their San Francisco 
Mountains study area in northern Arizona. According 
to calculations by Vander Wall and Balda (1977) and 
Tomback (1982), the number of seeds stored per bird 
represents several times its energy requirements during 
the period the seeds are used. 

Nutcrackers may bury caches near parent trees, or they 
may travel distances of a few to 22 km (table 1), often 
with substantial changes in elevation (Tomback 1978; 
Vander Wall and Balda 1977). The sites selected for seed 
storage are on forest floor, above treeline, on rocky out
crops, in meadow edges, in clearcuts, and in burns. Often, 
a steep, south-facing slope may be used by a local popula
tion of birds (table 1). Seed storage in south-aspect or 
wind-blown sites probably ensures that some caches are 
snow-free in winter and spring. Placement of caches at 
different elevations relates to later seasonal altitudinal 
movements (Tomback 1978). Caches not recovered by 
nutcrackers may germinate in spring and summer, pro
ducing clusters of seedlings (Tomback 1982). 

The seed shadow (seed dispersal pattern) of a wind
dispersed conifer typically conforms to a negative expo
nential distribution; most seeds land within 20 to 50 m of 
the parent tree, and few seeds travel beyond 60 to 250 m 
(McCaughey and others 1986). The seed shadow of white
bark pine may also resemble a negative exponential dis
tribution (Sund 1988; Sund and others 1989; Tomback 
and others 1989a), but because of the distances that nut
crackers travel and the variety of sites used for seed stor
age, the seed shadow is far more extensive and unpredict
able than that of wind-dispersed conifers (Tomback and 
Linhart 1990). One nutcracker may disperse seeds from 
one stand of trees to different areas. Within these areas, 
more than one nutcracker may store seeds, each bird with 
seeds from a different stand of trees. Nutcrackers may 
disperse seeds far from other trees, resulting in ~outlying" 
individuals and a pioneering status for whitebark pine. 
In addition, by caching seeds at high elevations, nutcrack
ers may maintain timberline at the highest climatic limits 
for whitebark pine (Mattes 1982; Tranquillini 1979). 

POPULATION STRUCTURE OF 
WHITEBARK PINE 

The population structure of whitebark pine differs in 
many respects from that of wind-dispersed conifers, be
cause of the foraging and caching behaviors of nutcrack
ers. First of all, whitebark pine, limber pine, and Swiss 
stone pine (P. cembra L.) are known to grow in a "multi
trunk" form (Clausen 1965; Holtmeier 1988; Lanner 1980). 
This form appears to be a single tree with two or more 
trunks sometimes fused at or above the base. The fre
quency of occurrence of this growth form and mean num
ber of trunks per tree vary geographically (table 4 in 
Tomback and Linhart 1990). Protein electrophoresis 
confirms that most of these multi-trunk trees contain 
two or more distinct genotypes (Fumier and others 1987; 
Linhart and Tomback 1985; Tomback and others 1989b); 
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this supports the suggestion by Lanner (1980) that each 
trunk of a multi-trunk tree may originate from one seed 
of a multi-seed nutcracker cache. The consequence of this 
growth form is an extremely clumped population disper
sion pattern (individuals often occur in small clumps). 

To complicate matters, not all multi-trunk trees consist 
of more than one genotype. For one of the six (17 percent) 
multi-trunk whitebark pine trees analyzed by Linhart 
and Tomback (1985) and 12 of 35 (34 percent) analyzed 
by Fumier and others (1987), only one genotype per tree 
was found. Perhaps if they had examined more gene loci, 
additional distinct genotypes would be identified; how
ever, it is more likely that some multi-trunk trees were of 
only one genotype. This possibility was recently discussed 
for a disjunct population of limber pine in which 88 of 106 
(83 percent) multi-trunk trees consisted of one genotype 
(Schuster and Mitton 1988). In most cases, there were 
no aboveground morphological clues to the origin of the 
growth form. Schuster and Mitton (1988) suggested that 
damage to the leader shoot may result in the growth of 
side branches into main trunks and also that some indi
viduals may have a genetic predisposition for release from 
apical dominance. Both effects may vary with biotic and 
abiotic conditions. Consequently, the genetic makeup of 
multi-trunk trees cannot be assumed without genetic 
analysis. 

The complexities of growth form in whitebark and lim
ber pine necessitate clear terminology in discussions. We 
propose the following: single-trunk tree (typical of coni
fers), multi-trunk tree (single genotype), and tree cluster 
(multiple genotypes). If the genetic makeup of a tree is 
unknown and such information is relevant, the point 
should be clearly stated. For example, the tree might be 
described as a multi-trunk tree of unknown genetic com
position or of unknown origin. 

In addition, the genetic relationships among individuals 
within a tree cluster differ from those between tree clus
ters, because nutcrackers usually harvest a number of 
seeds from the same parent tree. Tomback (1988a) esti
mated that 73 to 93 percent of caches contain two or more 
sibling or half-sibling seeds, and caches usually contain a 
mix of related and nonrelated seeds. Electrophoretic 
analysis indicated that individual whitebark pine trees 
in a cluster were genetically more similar to each other 
than to trees in nearby clusters (Fumier and others 1987). 
This finding was confirmed for limber pine as well by 
Schuster and Mitton (1988). 

Furthermore, because more than one nutcracker may 
cache seeds in a given area (Tomback 1978), and each 
nutcracker may harvest seeds from different stands, the 
genetic structure among tree clusters may be randomized 
(Fumier and others 1987; Tomback and Linhart 1990). 
In fact, Fumier and others (1987) did not find a family 
structure (a relationship between genotype and distance) 
similar to that of wind-dispersed conifers among tree 
clusters in two whitebark pine stands, nor did Schuster 
and Mitton (1989) find a family structure within several 
limber pine populations. The family structure of wind
dispersed conifer populations comes from shorter, more 
predictable seed dispersal distances (Knowles 1984; 
Linhart 1989; Linhart and others 1981). 



ROLE OF NUTCRACKERS IN FOREST 
REGENERATION 

Climax Communities, Primary and 
Secondary Succession 

Climax communities are relatively open and favorable 
to establishment of the moderately shade-tolerant white
bark pine (Arno and Hoff 1989). By caching seeds in for
ested sites (Tomback 1978), nutcrackers maintain climax 
communities of whitebark pine. In some montane re
gions, such as the SieiTa Nevada, most of the whitebark 
pine occurs in climax stands at subalpine and treeline ele
vations. Fire is of limited importance, typically con
suming less than 0.5 ha of forest per bum (Tomback 1986). 
In the northern Rocky Mountains where fire is more im
portant, white bark pine alone or with subalpine fir (Abies 
lasiocarpa [Hook.] Nutt.) and Engelmann spruce (Picea. 
engelmannii Parry ex Engelm.) forms climax communities 
at treeline elevations and on exposed subalpine sites 
(Arno and Hoff 1989). 

The tendency of nutcrackers to disperse seeds at a 
distance from parent trees indicates that whitebark pine 
may become established in new environments as they 
arise. Examples include the invasion of the shores of sub
alpine lakes when water levels decrease and the invasion 
of subalpine meadows (Dunwiddie 1977). An unusual 
example involves the Swiss stone pine. The Morteratsch 
Glacier of the Engadine Valley of Switzerland has re
treated about 1 km since 1900 and, on the exposed, bare 
lateral moiTaines, Swiss stone pines are already estab
lished (Tomback 1988b). This is an illustration of primary 
succession, according to some definitions (Smith 1986), 
initiated by a bird. 

Nutcrackers are attracted to open sites for seed caching 
and will fly great distances to use them (Tomback 1978). 
McCaughey (1987) observed nutcrackers caching quanti
ties of whitebark pine seeds in a recent clearcut. Studies 
of regeneration following fire indicate the efficacy of nut
crackers in seeding bums, even areas several kilometers 
from a seed source (Sund 1988; Sund and others 1989; 
Tomback 1986; Tomback and others 1989a). 

Examples of Postfire Regeneration 
Alpine Timberline: Cathedral Peak, Yosemite 

National Park-On exposed, high-elevation sites, white
bark pine assumes a shrublike or elfin wood growth form 
(Clausen 1965) sometimes refeiTed to as krummholz. In 
1975, a lightning strike ignited a fire on the west slope of 
Cathedral Peak, Yosemite National Park, elevation 3,337 m, 
that severely burned 2 ha of a krummholz whitebark pine 
stand. In 1979, regeneration was surveyed along a series 
of 2-m belt transects totalling 790 m in length and repre
senting about 8 percent of the area of the bum (Tomback 
1986). The density of seedling sites per transect ranged 
from 0.015/m2 to 0.027/m2 with an overaii density of 
0.020/m2• At each regeneration site there were one to 
four seedlings (from germination of seeds within a nut
cracker cache) with a mean of2.6 (S.D.= 0.74). Tomback 
(1986) observed nutcrackers transporting whitebark pine 
seeds up from cone-bearing stands of erect trees on the 
lower west and east slopes and caching them in the bum. 
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Because krummholz conifer forms typically produce 
few cones and the seeds have low germination capacity 
(Tranquillini 1979), it is likely that most of the seedlings 
in the bum originated from trees of the erect growth form 
from lower elevations (Tomback 1986). Assuming that 
~his is true, the question remains whether the regenerat
mg trees will be krummholz in form, and, if so, whether 
they will be genetically differentiated by selection from 
the populations of parent trees or whether the krummholz 
growth form is primarily the product of the severe envi
ronment. Previous studies of Engelmann spruce and sub
alpine fir show differences in peroxidase proteins between 
the krummholz and erect tree forms (Grant and Mitton 
1977). 

Seral Wbitebark Pine Community: Bitterroot 
National Forest-Throughout the Northern Rocky 
Mountains, periodic fire followed by seed dispersal by 
nutcrackers historically renewed seral whitebark pine 
communities; however, the'fire suppression practices 
of the last 80 years have lengthened the interval between 
fires (Amo 1980, 1986). In the absence of fire, shade
tolerant subalpine fir, sometimes in combination with 
Engelmann spruce or mountain hemlock (Tsuga. merten
siana. [Bong.] CaiT.), replaces whitebark pine (Arno 1986; 
Arno and Hoff 1989). Because of diminishing whitebark 
pine populations, the status ofwhitebark pine in several 
large-scale bums is cuiTently of concern. 

CASE STUDIES: THE SLEEPING 
CHILD BURN AND SADDLE 
MOUNTAIN BURN 

In 1987 and 1988, we examined forest regeneration in 
the Sleeping Child and Saddle Mountain Burns, respec
tively, Ravalli County, Bitterroot National Forest, west
em Montana. The primary elevational range for white
bark pine in this region is 2,290 to 2,620 m (Arno and 
Hoff 1989; Pfister and others 1977). At lower stibalpine 
elevations (2,130 to 2,290 m), occasional islands of white
bark pine occur on exposed or rocky areas. Forest regen
eration patterns observed in the Sleeping Child Bum 
were compared with patterns in the Saddle Mountain 
Bum. The two study areas were selected for similarities 
in time elapsed since fire, severity of the fire, and the 
relationship between whitebark pine seed source and 
topography. Details concerning the studies are reported 
elsewhere (Sund 1988; Sund and others 1989; Tomback 
and others 1989a). 

Study Areas 
The Sleeping Child Bum resulted from an uncontrol

lable lightning-ignited fire in 1961 that consumed about 
11,350 ha of forest on the west slope of the Sapphire 
Range (fig. 1). Fuel accumulation from a mountain pine 
beetle (Dendroctonus ponderosa.e Hopk.) epidemic in the 
1930's contributed to the severity of the bum (Lotan 
1976). Lodgepole pine (Pinus contorta Doug].) dominated 
the lower subalpine at the time of the fire (Lotan 1976; 
Lyon and Stickney 1976). 



The primary whitebark pine seed source is continuous 
stands of mature trees at elevations above 2,250 m on the 
northeastern edge of the burn. In these stands, subalpine 
fir, Engelmann spruce, and lodgepole pine also provide seed 
sources for regeneration. Analysis of two plots in these 
stands indica ted that whitebark pine and subalpine fir 
were the most common species (Sund 1988; Sund and oth
ers 1989). Potential seed sources for subalpine fir, spruce, 
and lodgepole pine also occur on the other perimeters of 
the burn and on small forest islands in the burn. 

The principal study area was a 3. 7 -km long ridge that is 
contiguous with the unburned forest on the east edge and 
extends nearly due west into the northern center of the 
burn (fig. 2). Elevation along the ridge decreases from 
2,482 m to 2,173 m with increasing distance from the edge 
of the burn. A second study area, following the Skalkaho
Rye Creek Road and then Paint Creek Road south through 
the center of the burn (fig. 2), was selected to measure 
regeneration at distances up to 8 km from the whitebark 
pine seed source and at elevations as low as 2,100 m. 

The Saddle Mountain Burn, in the Bitterroot Mountains 
near Lost Trail Pass, resulted from an uncontrollable 
lightning-strike fire in 1960 that destroyed about 1,240 ha 
of forest (fig. 3). Running northeast to southwest in the 
longest dimension, the burn ranges from about 2,475 m 
to 1,950 m elevation (fig. 4). Relatively flat in profile, the 
northeastern 2 km of the burn fluctuate around 2,100 m 
elevation, with a hill near the northeast end. The south
western 1.2 km of the burn increase steeply in elevation 
(fig. 4). The whitebark pine seed source is at the south
west edge of the burn above 2,250 m elevation in stands 
where whitebark pine and subalpine fir are equally com
mon and lodgepole pine and Engelmann spruce are present 
in small numbers (Tomback and others 1989a). Additional 
seed sources for lodgepole pine, spruce, subalpine fir, and 
Douglas-fir (Pseudotsuga menziesii [Beissn.] Franco) occur 
within about 0.5 km of the lower perimeter. 
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Figure 1-Sieeping Child Burn, 
Bitterroot National Forest, western 
Montana. View toward the west 
along the ridge study area. 

SLEEPING 

CHILD BURN 

Figure 2-Sieeping Child Burn: ridge and road 
study areas. The dark, striped area indicates 
forest above 2,250 m elevation where continuous 
stands of whitebark pine provide the seed source 
for regeneration. 

FOREST 



Figure 3-Saddle Mountain Burn, Bitterroot National 
Forest, western Montana. View toward the southwest 
end of the study area. 

Methods 
In the Sleeping Child Burn, fieldwork was conducted 

from August 3 to 26, 1987. On the ridge study area, plots 
were established every 150 m along a 3.6-km transect 
beginning 50 m from the whitebark pine seed source. 
For each ridge plot, a plot on the south and north aspects 
of the ridge was also established to compare the influence 
of aspect on regeneration abundance. Altogether, 63 plots 
were studied: 21 north, 19 south, and 23 ridge. The plot 
sizes ranged in set increments from 50 by 1.25 m to 50 by 
12m with respect to local densities ofwhitebark pine (for 
details, see Sund 1988; Sund and others 1989). Along the 
road transect 14 plots, 30 by 1.5 m to 30 by 10m in area, 
were established on suitable north aspect sites. The plots 
ranged from 0.9 to 8 km from the whitebark pine seed 
source. 

We sampled regeneration in the Saddle Mountain Burn 
from August 1 to 9, 1988. Two parallel transects A and B, 
separated by 10m, began at the steep, southwest edge of 
the burn and continued 3.2 km northeast (fig. 4). On the 
steep part of the burn, plots were established every 100m 
along each transect for a total of 16 plots. On the flat part 
of the burn, plots were established every 50 m along tran
sect A, for a total of 15 plots, but every 100 m along the 
B transect for a total of 10 plots. All 41 plots were 50 m 
long with belt widths up to 20m (for details, see Tomback 
and others 1989a). 

For both burns, plot measurements included elevation, 
aspect, slope angle, and distance from the whitebark pine 
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seed source. All seedlings and trees on the plots were 
counted. "Regeneration site" refers to the location on 
a plot of a seedling or tree. For whitebark pine, a single 
regeneration site might represent more than one seedling 
or tree. In such cases, cluster size was determined by 
separating stems or trunks at or below ground level. All 
whitebark pine seedlings or trees were aged in the Sleep
ing Child Burn, and representatives of different height 
classes were aged in the Saddle Mountain Burn. In both 
areas, representatives of height classes for the other coni
fer species were also aged (for details, see Sund 1988; 
Sund and others 1989; Tomback and others 1989a). 

Results and Discussion 
In the Sleeping Child Burn, a total of 455 whitebark 

pine, 60 subalpine fir, 37 Engelmann spruce, and 436 
lodgepole pine trees were encountered in the ridge area 
study plots (table 2). At 48 percent (217) of the whitebark 
pine sites, seedlings or trees occurred in clusters of 2 to 8, 
with a mean of 1.91. The oldest trees (total age) recorded 

Figure 4-Saddle Mountain Burn. Path of parallel 
A and B transects through the bum. The dark, 
striped area indicates forest above 2,250 m where 
continuous stands of white bark pine provide the 
seed source for regeneration. The stippled area 
indicates unburned forest around the perimeter of 
the bum. On the inset graph of elevation versus 
aerial distance from the whitebark pine seed source, 
each point represents a single study plot (n = 41 ). 



Table 2-Sample sizes and 1987 conifer regeneration densities for three series of plots on the 
ridge study area in the Sleeping Child Bum 

North 

No. plots 21 
No. regeneration sites 

whitebark pine 271 
subalpine fir 33 
Engelmann spruce 19 
lodgepole pine 115 

Area sampled (m~ 
whitebark pine 3,500 
others 3,250 

Plot densities (sites/m~ 
Range 

whitebark pine 0.006-.512 
subalpine fir .000-.080 
Engelmann spruce .000-.024 
lodgepole pine .000-.176 

Mean, standard deviation 
whitebark pine 0.140,.145 
subalpine fir .014,.019 
Engelmann spruce .006,.008 
lodgepole pine .031,.046 

for each species were 21 years for whitebark pine, 24 years 
for fir and lodgepole pine, and 20 years for spruce. Regen
eration apparently began soon after the bum, because at 
the time of sampling 26 years had elapsed since the fire. 
On the north aspect plot series, whitebark pine had the 
highest plot density and mean plot density of all conifers 
on the three plot series, 0.512 siteslm2 and 0.140 sites/m2, 

respectively (table 2). The high density on this aspect 
may result from either nutcracker caching preferences or 
environmental conditions. In fact, whitebark pine prefers 
moister areas in the more arid montane regions (Arno and 
Hoff 1989). The highest mean fir and spruce plot densi
ties also occurred on the north aspect, but the highest 
mean lodgepole pine plot density occurred on the ridge 
(table 2). Whitebark pine and lodgepole pine had simi
larly high mean densities on the ridge and south plot 
series. Mean densities for all three plot series combined 
indicated the following density ranking, from highest to 
lowest: whitebark pine, lodgepole pine, fir, and spruce. 
Because sampling areas differed among the conifer spe
cies, statistical comparisons are oflimited value. 

On the road study area, whitebark pine site density 
per plot ranged from 0.0 to 0.067 siteslm2, with a mean 
of 0.020. The ranking order of conifers from highest to 
lowest mean plot density on the road study area was fir, 
lodgepole pine, spruce, and whitebark pine. Although 
whitebark pine was the least common conifer, its densi
ties were on average comparable to those on the ridge 
and south plot series. This suggests that nutcrackers are 
in fact transporting seeds a long distance from the seed 
source. 

Scatterplots of plot densities for the ridge study area 
versus distance from the whitebark pine seed source re
veal interesting differences in regeneration patterns 
(fig. 5). For lodgepole pine, densities increase with in
creasing distance from the whitebark pine seed source 

Plot series 
Ridge South Total 

23 19 63 

119 65 455 
21 6 60 
16 2 37 

186 135 436 

5,750 6,225 15,475 
4,625 4,350 12,225 

0.000-.192 0.001-.110 0.000-.512 
.000-.032 .000-.032 .000-.080 
.ooo-.056 .ooo-.ooa .000-.056 
.000-.296 .000-.296 .000-.296 

0.044,.060 0.025,.032 0.070,.104 
.006,.010 .002,.008 .008,.001 
.004,.012 .001,.002 .004,.009 
.051,.080 .036,.069 .040,.066 
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but with decreasing distance from regenerated stands of 
lodgepole pine in the lower subalpine forest zone. Regres
sion analysis indicated a highly significant relationship 
(r = 0.482, df = 61, P < 0.001). Because much of the lower 
subalpine zone was dominated by lodgepole pine at the 
time of the fire, the restocking came from seeds in seroti
nous cones on site (Lotan 1976). Throughout the bum, 
young lodgepole pine trees are already producing cones 
and are a secondary seed source. 

Although density increases slightly but nonsignificantly 
with distance on the spruce scatterplot (fig. 5), the-curve 
is nearly flat with a dip at about 3,000 m. It is possible 
that seeds are blown into the ridge study area from both 
the higher and lower elevation seed sources. On the road 
transect there is, in fact, an increase in spruce density 
with distance from the whitebark pine seed source 
(Tomback and others 1989a). 

The scatterplot for subalpine fir shows a negative rela
tionship (fig. 5), suggesting that the primary fir seed 
source for the ridge is the high-elevation seed source. 
A regression analysis of density versus distance from 
the whitebark pine seed source is signifi~t (r = -0.355, 
df = 61, 0.01 > P > 0.001). Along the road transect, there 
is an increase in fir density with distance from the white
bark pine seed source, indicating that lower elevation 
forests are also contributing to fir regeneration (Tomback 
and others 1989a). 

For whitebark pine, the scatterplot is a pronounced 
negative exponential curve, with a long tail oflow densi
ties beginning about 2 km. The regression analysis shows 
a highly significant relationship between density and 
distance (r = -0.592, df = 61, P < 0.001). Whitebark pine 
density also decreases with distance from the whitebark 
pine seed source along the road transect, as expected if 
the high-elevation source is the primary seed source 
(r = -0.374, df = 12, NS). The fact that whitebark pine 
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is regenerating up to 8 km from the single seed wall 
is an illustration of the seed dispersal effectiveness of 
Clark's nutcrackers. 

A more meaningful regression analysis of the relation
ship between density (Y) and distance (X) for whitebark 
pine is based on a plot oflog10 density versus distance. 
The result is a highly significant linear relationship 
(r = -0.692, df = 61, P < 0.001) described by the following 
regression model: 

log10Y = -O.OOOSX- 0.806 

This model may be used to formulate an equation to 
describe the negative exponential regeneration curve: 

y = (0.156)_E"-0·0005X 

where E is 10. 
Regression analysis also indicates a significant relation

ship between whitebark pine plot density and elevation 
(r = 0.608, df = 61, P < 0.001). Unfortunately, the con
founding effects of distance from the seed source and 
elevation cannot be separated statistically. Although 
some effects from elevation, perhaps in conjunction with 
site aspect, cannot be ruled out, whitebark pine grows 
well at elevations of2,100 m and above in the Bitterroot 
National Forest (Amo 1988; Amo and Hoff 1989). There
fore, confounding elevation effects are unlikely on the 
ridge and road study areas. 
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In the Sleeping Child Bum, seed dispersal by nutcrack
ers has given whitebark pine a clear advantage over sub
alpine fir, the major climax species in seral communities 
in the upper subalpine. In particular, dispersal of white
bark pine seeds into the bum occurs even if wind patterns 
are unfavorable; dispersal of fir seeds from the same seed 
source can be impeded. The prevailing winds in the re
gion during the time that conifers release seeds are from 
the west (Finklin 1983); the direction that subalpine fir 
seeds must travel from the seed source into the bum is 
toward the west. This may well account for the fact that 
the densities of whitebark pine are higher than those of 
fir on all aspects. Additional factors might include the 
greater tolerance of whitebark pine for open sites (Arno 
and Hoff 1989) and the occurrence of some whitebark pine 
regeneration in clusters; the loss of one seedling or tree 
at a site may still result in a mature tree. Of particular 
note, whitebark pine regeneration has extended 8 km or 
more into the bum from a single seed wall. 

The advantage to whitebark pine in the Sleeping Child 
Bum may be explained by the size of the bum, wind pat
terns, and the difficulty of long-distance seed dispersal for 
the other conifers. The smaller Saddle Mountain Bum 
may provide some test of this hypothesis. There, we sam
pled 164 whitebark pine and 175 fir trees on 41 plots and 
49 spruce, 286 lodgepole pine, and 29 Douglas-fir trees on 



Table 3-Sample sizes and 1988 conifer regeneration densities for 
the Saddle Mountain Bum (Tomback and others 1989a)1 

Conifer species 
WP SF ES LP DF 

Number of sites 164 175 49 286 29 
Area sampled (m2) 10,410 5,980 1,580 1,170 1,580 

Density per plot 
(siteslm2) 

Range 0-0.160 0-0.280 0-0.200 0-1.24 0-0.160 
Mean 0.042 0.046 0.030 0.323 0.019 
so 0.051 0.684 0.044 0.355 0.032 

'WP = whitebark pine, SF = subalpine fir, ES = Engelmann spruce, 
LP =lodgepole pine, and OF = Douglas-fir, SO =standard deviation. 

31 plots (table 3). At 43 percent of the whitebark pine 
sites, regeneration was in clusters of two to 10 seedlings 
or trees, with a mean of 1.98 per site. The oldest trees 
sampled were 21 years for whitebark pine, 16 years for 
fir, 22 years for spruce, and 17 years for lodgepole pine 
and Douglas-fir. Mean plot densities indicated the follow
ing ranking of conifers, from highest to lowest: lodgepole 
pine, whitebark pine and subalpine fir nearly equal, 
spruce, and Douglas-fir (table 3). A comparison of white
bark pine and fir densities for plots that were equal in 
sampling area (n = 27) indicated no difference (Mann
Whitney U test). As for the Sleeping Child Bum, the 
prevalence of lodgepole pine in the Saddle Mountain Burn 
may be the consequence of its prefire dominance in the 
area. 

Relationships between density and distance from the 
whitebark pine seed source for all conifers resemble those 
for the Sleeping Child Burn. For lodgepole pine, the re
gression analysis of density versus distance indicates a 
trend toward increasing densities with distance (r = 0.320, 
df = 29, P = 0.079). This is consistent with primary seed 
sources and more favorable sites at lower elevations, as 
observed for the Sleeping Child Burn. In the case of 
Douglas-fir, density also increases with distance from the 
whitebark pine seed source, reaches the highest values 
between transect distances of 1,100 and 2,200 m, and then 
decreases. Douglas-fir is a lower subalpine and montane
elevation species (Pfister and others 1977); its distribution 
in the bum probably reflects the location of seed sources, 
wind patterns, and site suitability. The spruce scatterplot 
is nearly flat, with a sharp spike in density between tran
sect distances of 1, 700 m and 2,100 m. The explanation 
for Douglas-fir applies to spruce as well. Again, the scat
terplot for subalpine fir indicates a strong inverse relation
ship between density and distance (fig. 6). This relation
ship is highly significant (r = -0.498, df = 39, P < 0.001), 
suggesting that the residual forest on the southwest edge 
of the burn is the principal seed source for this species. 

For whitebark pine, the pattern of regeneration follows 
a negative exponential curve, as in the Sleeping Child 
Bum (fig. 6). The relationship between density and dis
tance is highly significant (r = -0.822, df = 38, P < 0.001); 
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however, the linear model based on log10 density is barely 
significant (r = -0.301, df = 38, P = 0.059): 

log10Y = -0.0002X- 1.065. 

The model for the negative exponential regeneration 
curve is 

y = (0.086W0·0002X 

where E is 10. Again, the effects of distance and elevation 
cannot be separated statistically (density versus 
elevation, r = 0.884, df = 38, P < 0.0001). 

The slopes and intercepts of the linear models based 
on log10 whitebark pine density versus distance were com
pared for both bums (Graybill 1976). There were no sig
nificant differences between the models, suggesting that 
they may be used for management purposes or regenera
tion simulations in process models for comparable bums 
(Keane and others, in press; Keane and others, these 
proceedings). 

In the smaller Saddle Mountain Burn, whitebark pine 
and subalpine fir have comparable regeneration densities. 
Because the mean plot density for subalpine fir is much 
higher in the Saddle Mountain Burn than in the Sleeping 
Child Bum, one or more factors must cause relatively 
higher numbers of subalpine fir seeds to land in the bum. 
In fact, the prevailing winds from the west in late sum
mer (Finklin 1983) favor the dissemination of subalpine 
fir seeds into the burn from the seed source at the south
west edge. This and the smaller size of the burn probably 
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Figure 6-For the Saddle Mountain Bum, scatter
plots of regeneration density versus distance from 
the whitebark pine seed source for whitebark pine 
(P. albicaulis) and subalpine fir (Abies /asiocarpa). 



result in higher densities of subalpine fir seeds available 
for regeneration. The mean plot density for whitebark 
pine in the Saddle Mountain Burn is nearly identical 
to the mean plot density of the ridge plot series in the 
Sleeping Child Bum, suggesting that nutcracker seed 
dispersal activity may be the same. Comparison of regen
eration patterns between the two bums indicates that 
whitebark pine may have an advantage over subalpine 
fir in situations where seed dispersal by nutcrackers is 
greatly superior to that of wind. Examples include 
(1) very large bums, where seed dispersal by nutcrackers 
extends greater distances than seed dispersal by wind, 
(2) areas where prevailing wind patterns are against the 
direction of the burn, and (3) burns where a seed source is 
more than 1 km from the perimeter of the bum. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Wyman Schmidt)-lf one wanted to attract 
nutcrackers to an area to have them do the seeding for 
you, what stand and site conditions would be most 
favorable? 

A.-The sites used by Clark's nutcracker are extremely 
diverse. In fact, there seem to be few that they never use. 



My impression, though, is that nutcrackers prefer more 
open situations with sparse ground cover. 

Q. (from Richard BakerH1) Do Clark's nutcrackers 
migrate? (2) If so, would they ever carry whitebark pine 
seeds greater distances, such as, from one mountain 
range to another? (3) If so, why hasn't whitebark pine 
gotten to Colorado? 

A.-{1) Nutcrackers remain at montane elevations all 
year, unlike those species that migrate south for the win
ter. However, nutcrackers periodically "irrupt" in great 
numbers from a montane region if there has been a wide
spread cone crop failure. Many search through the moun
tains for food, and flocks have been found hundreds of 
miles outside their range in some years, in such places 
as Carmel, CA. Annually, nutcrackers in some montane 
regions also undergo altitudinal migration, moving down
slope in late fall and returning to the higher elevations in 
late spring. 

(2) Nutcrackers are known to carry pine seeds 22 km 
or more, but it is unlikely that a bird would transport 
seeds hundreds of kilometers (an extreme case of"take
out food"?). 

(3) We really don't know for a fact that whitebark pine 
has not been in the Colorado Rockies historically. Per
haps environmental conditions are now such that it can
not occur there; perhaps in the current condi tiona, limber 
pine is a serious competitor? Possibly, if conditions were 
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to change, there would be a slow southward migration of 
whitebark pine. Alternatively, there may be a geographic 
barrier, such as distance, to continuous seed dispersal by 
nutcrackers. Some people have suggested that whitebark 
pine has a remnant distribution. If this is the case, range 
expansion to favorable, high-elevation locations may be 
impossible. 

Q. (from Anonymous)-! missed the number of seeds 
stored per day. 

A.-I estimated that each nutcracker in the Sierra 
Nevada stored around 850 seeds per day, for a total of 
about 35,000 whitebark pine seeds per season. 

Q. (from Jack Losensky)-Have you found any indica
tion of birds caching at the same site more than one time; 
are there sites with more than 30 seeds? 

A.-I have never encountered a cache of more than 
15 seeds or a germinated cache of seeds with more than 
17 seedlings. It is unlikely that more than one bird would 
use the same site. 

Q. (from Bill Shuster)-Have you identified any preda
tion on nutcracker caches? 

A.-In a series of experiments to determine the extent 
of cache predation, I buried caches of various sizes. Large 
and small caches were taken alike for a total of 85 percent 
loss. This is described in my 1980 paper in "The Condor." 
I believe Peromyocus was responsible. 



PHYSICAL AND CHEMICAL 
TREATMENTS TO IMPROVE 
GERMINATION OF WHITEBARK 
PINE SEEDS 

J. A. Pitel 
B. S. P. Wang 

ABSTRACT 
Seeds of whitebark pine (Pinus albicaulis Engelm.) were 

x-rayed, and those with full embryos were selected for the 
experiment. For intact seeds, no germination was observed 
for unstratified seeds; 23 percent germination was ob
tained for seeds stratified for 60 days. Treatment with 
GA

3
was not effective in improving germination of intact 

seeds. Following sulfuric acid scarification, unstratified 
seeds had 4. 7 percent germination, while those stratified 
for 60 days had 41.3 percent germination. The best treat
ment to improve germination was clipping the seeds
excising a small piece of the seedcoat and gametophyte 
from the radicle end, exposing the root tip. W#h this treat
ment, germination rates of61.3 percent and 90.7 percent 
were observed for unstratified and 60-day-stratified seeds, 
respectively. Some causes of dormancy of the seeds are 
discUSBed. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis Engelm.) occurs 

in subalpine areas in the northern Rocky Mountains 
and Coast Mountains of British Columbia through the 
Cascade Range to the southern Sierra Nevada. In 
Canada, the species has some importance in reclamation 
projects. The wood is also cut locally for lumber and mine 
timbers. 

In a previous study with this species (Pi tel and Wang 
1980), results with three seedlots showed that embryo 
underdevelopment was the primary cause for poor germi
nation. Only 19 to 30 percent of the seeds had embryos 
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that were 75 to :iOO percent full. Because of this, seed 
germination did not increase very much following cold or 
warm stratification or after various physical and hormone 
treatments. Another seedlot acquired recently (provided 
by Dr. Ray J. Hoff, Intermountain Research Station, 
Moscow, ID) was found to be very interesting as, unlike 
the previous three seedlots examined, more of the seeds 
contained fully developed embryos. The purpose of this 
study was to determine if this seedlot would respond more 
favorably to treatments with sulfuric acid, clipping, gib
berellic acid, and cold stratification. 

MATERIALS AND METHODS 
Whitebark pine seeds of the 1974 crop, obtained from 

Gisbome Peak, near Priest River, ID, were classified 
according to the size and development of the embryos 
and endosperms (Simak 1980), and then surface-sterilized 
with calcium hypochlorite (4 percent available chlorine). 
For each experiment treatment, three replicates of 50 
seeds (with mature embryos) were used. Physical treat
ments included soaking in concentrated (97 percent) sul
furic acid for 3.5 hours, followed by stratification for 30 
and 60 days; and by clipping unstratified and 30- and 
GO-day-stratified seeds at the radicle end, removing a 
piece of the seedcoat and gametophyte tissue sufficient 
to allow exposure of the root tip. 

Seeds were stratified at 4 °C in the dark under moist, 
aerated conditions. For hormone treatment, intact and 
sulfuric-acid-treated seeds we1·e placed in a solution of 
gibberellic acid (GAs at 500 mg/L) for 24 hours. Germina
tion was at 20 oc in continuous light for 30 days. Germi
nation is based on seeds selected for fully developed em
bryos and gametophytes. Seeds were considered to have 
germinated if the radicles were at least 5 mm long, and 
showed geotropic curvature. Seeds were x-rayed with 
Kodak "M" films at 20 KV, 3 mA, 80 seconds, and 56 em 
focus to film distance. 



Table 1-Percentage distribution ol different embryo and female 
gametophyte types present in whitebark pine seeds from 
Idaho 

Female 
gametophyte 

Seed class type Embryo type Percentage 

0 shrunken or full absent 11 .0 

lilA full 50-75% full 37.5 

IVA full 75% to full 47.0 

Ill B shrunken 50-75% full 1.5 

IV B shrunken 75% to full 3.0 

RESULTS AND DISCUSSION 
Analysis by x-radiography showed that 84.5 percent 

of the seeds obtained from Idaho contained embryos that 
were larger than half of the embryo cavity. Most of these 
were seeds with full embryos. The percentage of seed 
included for each of the embryo and endosperm classes 
is described in table 1. The large proportion of seeds with 
full or almost full embryos indicated that embryo under
development would not be a significant factor affecting 
the germination of this seedlot, as was the case in the pre
vious study (Pi tel and Wang 1980). 

In contrast to the seeds from Idaho, seeds recently ob
tained (1986 crop) ofwhitebark pine from a high-elevation 
site Oongitude 114 °37'; lati tude so 0 06'; 2,164 m) in the 
Rocky Mountains Forest Reserve, AB, provided by the 
Alberta Forest Service, showed a very high percentage of 
empty and underdeveloped seeds. Following an attempt 
to upgrade the seed quality by flotation in cyclohexane 
(fig. 1) and x-radiography, only 10 percent of the seeds 
were found to have 50 to 100 percent fully developed em
bryos, according to the anatomical development classifica
tion ofSimak (1980) (table 2). Figures 2 and 3 indicate 
that separation of many poor quality seeds can be 
achieved by use of cyclohexane. Pentane gave similar 
results. Because of the poor quality of the seeds from the 
Alberta source, we decided not to include this seedlot for 
physical and chemical treatments. Further studies of 
Canadian whitebark pine seeds with special reference to 
their anatomical development, upgrading of seed quality 
by pentane (Barnett 1971), and physical and physiological 
treatments for improving germination are planned. 

Although the seeds from Idaho had a large percentage 
of mature embryos, none of the intact seeds germinated 
(table 3). Stratification for 60 days increased germination 
to 23.3 percent. The increased germination following cold 
stratification suggests the presence of physiological em
bryo dormancy. This is usually overcome after certain 
metabolic events that may result in decreased inhibitor 
and increased growth promoter content, increased energy 
charge, activation of the genome, and increased protein 
synthesis (for example, see Khan 1982). Gibberellic acid 
was not effective in improving the germination of intact 
whitebark pine seeds. 

131 

Figure 1--Separation of whitebark pine seeds into 
sinkers and floaters by use of cyclohexane. 

7 

Table 2-Percentage distribution of embryo size and female game-
tophyte development of Alberta whitebark pine seeds 
(based on 1 ,034 seeds x-rayed) 

Female 
gametophyte 

Seed class type Embryo type Percentage 

0 shrunken or full absent 27.9 

IIA full less than 50% 57.1 

lilA full 50-75% full 7.3 

IVA full 75% to full 2.2 

liB shrunken less than 50% 5.0 

1118 shrunken 50-75% full 0.5 

IV B shrunken 75% to full 0.0 

Table 3-Percentage germination using various cold stratification 
and physical and hormone treatments on whitebark pine 
seeds obtained from Idaho 

Seed Days of stratification 
treatment Control' GA, Control'" GA, Control" GA, 

Intact seeds 0 0 16.7 19.3 23.3 26.7 

Sulfuric acid 
treated 4.7 14.7 20.7 18.0 41 .3 32.7 

Clipped 61.3 78.7 90.7 
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Figure 2-Analysis by x-radiography of seeds that floated following 
cyclohexane separation. 

Treatment of seeds with sulfuric acid improved germi
nation of both unstratified and stratified seeds. Germina
tion of 41.3 percent was obtained after 60 days of stratifi
cation. These results suggest that the seedcoat is also a 
factor involved in the dormancy ofwhitebark pine seeds, 
either by restricting water and oxygen uptake, by me
chanical restraint, or both. Treatment with sulfuric acid 
and gibberellic acid improved germination over that of the 
controls only for unstratified seeds. 

Clipping resulted in the greatest improvement in germi
nation. Unstratified seeds that were clipped had a germi
nation rate of 61.3 percent. If the seeds were stratified for 
30 and 60 days, germination increased to 78.7 percent and 
90.7 percent, respectively. Sufficient seeds were not 
available for analysis by treatment with a combination of 
gibberellic acid and clipping. However, as shown in table 
3, gibberellic acid had no effect on intact seeds, and even 
if most of the seedcoat was removed with sulfuric acid, 
germination only improved slightly. 

Our results indicate that if the seeds have a high pro
portion of developed embryos, good germination can be 
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obtained if treated as shown in table 3. Further studies 
are needed to clarify the exact cause of dormancy. It may 
be the result of a combination of physiological embryo 
dormancy and mechanical restraint, limited oxygen sup
ply, and growth inhibitors imposed by the seed coat and 
female gametophyte tissue. 

However, for whitebark pine seeds obtained from 
Canadian sources to date, the low percentage of seeds 
with fully developed embryos and gametophytes is the 
primary cause of poor germination. Studies are in prog
ress to improve this situation by first identifying the best 
seed lots in British Columbia and Alberta and then up
grading the seed quality by flotation, such as with 
n-pentane. Treatment by warm stratification is being 
done to try to increase embryo size. Physical and chemi
cal treatments (such as potassium nitrate and growth pro
moters) will be combined with methods to overcome pos
sible physiological dormancy, such as cold stratification 
or alternating temperatures. 
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Figure 3-Analysis by x-racfiography of seeds that sank following 
cyclohexane separation. 
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EFFECTS OF TEMPERATURE AND 
TEMPERATURE PRECONDITIONING 
ON SEEDLING PERFORMANCE OF 
WHITEBARK PINE 

ABSTRACT 

J.Jacobs 
T. Weaver 

Four experiments explored the effects of temperature on 
the germination and seedling performance of whitebark 
pine (Pinus albicaulis). While 1 month of stratification 
increased germination from 5 percent to about 40 percent, 
longer stratification periods (to 8 months) did not improve 
germination. Germination occurred throughout the 10 
to 40 °C range with a broad optimum near 30 °C. Root 
growth occurred throughout the 10 to 45 °C range with 
cin optimum near 30 °C. Long exposure (5 months) to low 
temperature (1.5 °C) lowered the temperature threshold for 
both germination and root growth. The apparent tempera
ture range (perhaps 0 to 35 °C) and optimum (20 °C) for 
net photosynthesis at light saturation were lower than for 
germination and growth. While no preconditioning effect 
of light level (200 to BOO uE I M2*S) on the photosynthetic 
capacities of mature leaves was seen, photosynthesis in
creased progressively from needles preconditioned with 
winter, spring (5 °C day to 5 °C night), summer (15 °C 
day to 5 °C night), and abnormaUy warm (25 °C day to 
15 °C night) temperatures. 

INTRODUCTION 
The establishment of whitebark pine (Pinus albicaulis 

Engelm.) on a site must depend on its response to quanti
ties of energy (light and heat), materials (water and nu
trients), and destructive forces (fire, herbivory, and tram
pling) present at the site (Hutchinson 1957). The trees' 
response might depend, as well, on preconditioning with 
respect to water (May and others 1962), temperature 
(Tranquillini 1979), or even destructive forces (Ryan 
1983). 

The object of our research was to explore the effects of 
one environmental phenomenon, temperature, on white
bark pine's readiness to germinate, germination, root 
growth, and photosynthesis. The magnitude of tempera
ture preconditioning effects was studied on one of these 
processes, net photosynthesis. 
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METHODS 

Seed Source 
Seeds for studies of stratification, germination, root 

growth, and photosynthesis were collected from an Abies 
lasiocarpa-Vaccinium scoparium habitat type near 
Jardine, MT (Palmer Mountain, 2,652 m) in the autumn 
of 1987. They were stored under dry 20 °C conditions. 

Stratification Time 
To determine the effects of stratification time on genni

nation rate, filled seeds were stratified for 0, 1, 2, 3, 5, or 
8 months and germination rates were compared (Jacobs 
1989). All seeds were x-rayed before stratification and 
empty seeds were discarded. To minimize the danger of 
fungal attack during stratification, the seeds were surface 
sterilized by soaking in 40-percent Clorox for 10 minutes 
and rinsing 10 times in distilled water to remove the 
Clorox (Wenny and Dumroese 1987). The seeds were 
then placed in nylon bags and soaked in clear running 
tap water for 48 hours. The imbibed seeds were surface 
dried, lightly dusted with Spurgon fungicide (Tetrachloro
para-benzoquinone 98 percent) and placed between two 
moistened blotter papers in plastic germination boxes 
(14 by 13 by 3.5 em), 100 seeds per box. The seeds were 
stratified in a refrigerator (1.5 °C) for 0 to 8 months. 
When the stratification was complete, the stratification
germination boxes were transferred to a germination 
chamber (25 °C day, 15 °C night, and a 10-hour photo
period). Germination occurred over a period of 1 to 3 
months. After germination ceased, percent germination 
was calculated. 

Germination Rates 
To determine the effect of temperature on germination 

rate, the germination rates of seeds stratified at 1.5 oc 
for 2 to 3 months were compared at temperatures ranging 
from 5 to 50 °C (Jacobs 1989). Stratified seeds were 
placed on a temperature gradient bar with a temperature 
range of 5 to 50 °C and germinating seeds were counted 
over a period of 2 weeks. The temperature gradient bar 
was similar to that of Barbour and Racine (1967): three 
aluminum plates (one per species) 90 by 14.5 by 0.7 em 
lay parallel and connected by tubes with 50 °C water 



passed through at one end, and 4 °C isopropyl alcohol at 
the other. Each bar was coated with lacquer (to minimize 
AI+++ exposure) and a moist blotter. The blotter paper was 
kept moist by immersing its warm end in a tray of water, 
and by the condensation of water on its cold end. The 
bars were covered with plastic wrap and a plexiglass box 
top to minimize evaporation and temperature fluctuation. 
Stratified seeds were lined up across the bar in columns 
of 10, and with the columns 5 em apart. Treatment tem
peratures were measured by placing the tip of a thermo
couple on the blotter paper at each seed column. Seeds 
germinating in each temperature treatment were counted 
every 48 hours for 2 weeks. The experiment was repli
cated on three dates (July 15, 1988; December 2, 1988; 
and February 27, 1989). 

Root Growth Rates 
To determine the effects of temperature on root growth 

rates, the root growth rates of plants growing under cool 
temperatures were compared with those of plants growing 
under warmer conditions (Jacobs 1989). The seeds were 
stratified in a refrigerator (1.5 °C) for 1 to 3 months. 
When the stratification was complete, the stratification
germination boxes were transferred to a germination 
chamber (25 °C day, 15 °C night, and a 10-hour photo
period). Freshly germinated seeds were transferred to 
the temperature gradient bar to measure root growth 
rates at temperatures ranging from 4 to 48 °C. The bar 
was coated with lacquer (to minimize AI+++ exposure), a 
moist blotter, and, 1 mm above the blotter, a glass plate. 
Each bar was tilted at a 45° angle so the roots would grow 
geotropically straight down between the blotter and the 
glass and in a region of constant temperature. The blotter 
paper was kept continuously moist by immersing its 
warm end in a tray of water, and by the condensation of 
water on its cold end. The bars were covered with a plexi
glass box top to minimize evaporation and temperature 
fluctuation. Root lengths were measured when seeds 
were placed on the bar and every 48 hours thereafter for 
8 days. Bar temperatures at sites where the roots grew 
were measured by inserting a thermocouple between the 
glass plate and the blotter paper. The experiment was 
replicated on four dates (April 26, May 6, June 1, and 
June 22, 1988). 

Photosynthetic Rates 
Seeds collected in 1984 were stored, stratified, planted, 

and started in the Coeur d'Alene nursery. We obtained 
2-year-old Pinus albicculis seedlings as bare root stock 
in October of 1987. The seedlings were transferred to 
3.8- by 20.3-cm "conetainer" tubes in a soil composed of 
equal volumes of Fort Ellis loam, sand, and peat; steam 
pasteurized at 180 °F; and maintained in a greenhouse 
at 15 °C and natural photoperiod over winter. In March 
1988, seedlings were transferred to a vernalization room 
(5 oc night/9 oc day) to prevent breaking dormancy. 

Seedlings were preconditioned for 35 days (Apri119 to 
May 24, 1988) at three day-night temperature combina
tions and two light levels. Temperatures in the three 
growth chambers were 25 oc day/15 °C night (hotter than 
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field conditions), 15 °C day/5 °C night (similar to July
August), and 5 °C day/5 °C night (similar to April-May) 
(Weaver 1980, this proceedings). In each temperature 
regime six seedlings received light levels equal to 33 per
cent of full sun (800 uEJM2*S = micro-Einsteins PAR 
(= micro moles of photosynthetically active radiation) per 
meter squared per second and simulating light levels in 
an open stand) and six seedlings received 10 percent of 
full sun (200 uEIM2*S and simulating understory condi
tions in a fully shaded spot, Wellner 1948). Light was 
provided with fluorescent and incandescent light (twelve 
60-watt incandescent, and sixteen 6-ft cool white fluores
cent tubes) shaded, in the low-light case, with steel 
screen. Light levels measured in a mature whitebark 
pine stand (52 percent cover, Weaver and others, this 
proceedings) were 250-1,619 uEIM2*S in sun spots and 
140-230 uEIM2*S in full shade. The photoperiod was 
14 hours, equivalent to the photoperiod 1 month before 
bud break (lat. 45° N., May, Long 1969; Schmidt and 
Lotan 1980). In spite of the short days, seedlings in the 
25 oc day-15 °C night and 15 °C day-5 oc night chambers 
broke bud dormancy during preconditioning; the resultant 
growth was clipped off so only year-old needle photosyn
thesis and respiration were measured. The base of each 
conetainer tube was submerged in 2 em of water to pre
vent water stress. 

Photosynthetic rates of seedlings given the six precon
ditioning treatments were measured, via C02 exchange, 
at four temperatures (0, 15, 25, and 35 °C) and five light 
levels (dark, 210,420, 1,050, and 1,580 uEIM2*S) between 
May 24 and June 14. Six 5-cm-diameter by 15-cm-long 
plexiglass chambers, one for a seedling from each precon
ditioning treatment, were cemented side-by-side in a 
rectangular water jacket. The air was mixed by turbu
lence as it flowed from top to bottom of the tubular cham
ber. Chamber air temperatures were maintained by 
pumping water from a water bath through the water 
jacket surrounding the chambers. The roots were outside 
the chambers and therefore near room temperature 
(21 °C). A thin copper-constantan thermocouple was 
inserted into a Pinus albicculis needle and placed in the 
chamber as an index of leaf temperature. The chambers 
were lighted with a xenon lamp and light levels were 
regulated using wire screens. Plumbers' "bolwax" was 
used to seal the conetainers into the chambers and to 
seal the soil-root systems out of the chambers. 

C0
2 

flux density was measured with an Analytical 
Development Company open system IR gas analyzer. 
Air from the ceiling of a hallway was pumped through 
copper tubing in the water bath to adjust its temperature, 
through a silica gel to dry it, and split for reference and 
analysis air. Both reference and analysis air were, thus, 
very dry. The reference air was passed through a flow 
regulator and to the reference port of the gas analyzer. 
The analysis air went to a manifold that directed it to 
the six chambers with the seedlings. The analysis air 
was directed through one of the six chambers at a time, 
to a flow regulator, and then to the analysis port of the 
gas analyzer. Flow rate for reference and analysis air 
was maintained at 150 mUminute. The difference be
tween reference and analysis air was checked with an 



empty chamber at the beginning and end of each day 
to verify that the col concentrations were equal. 

The experiment was replicated six times. Each run 
began at 0 °C and progressed through four temperature 
steps to 85 °C; the plants were allowed 1 hour to equili
brate after each adjustment. Within each temperature 
level net photosynthesis was measured at irradiation 
levels including dark (for respiration), four light levels up 
to 1,580 uEIM2*S, and a second end-of-run measurement 
of dark respiration; the plants were allowed to equilibrate 
20 minutes between changes in light levels. Since it took 
2 days to complete one replication (run through the four 
temperatures and five light levels), the seedlings were 
returned to their preconditioning chambers for the night. 

Whole-seedling photosynthetic rates were converted to 
leaf area rates by dividing whole seedling photosynthesis 
by the total leaf area of the seedling. All the needles were 
plucked from the seedling and run through a Licor optical 
planimeter to measure the projected area (Kvet and 
Marshall1971). In contrast to a platelike leaf-whose 
total area is calculated by doubling projection areas-a 
needle is a three-sided triangular prism formed by divi
sion of a cylindrical needle bundle into five needles. Since 
the cylinder splits from the tip down, each needle is 
curved outward from the axis so that the projectable 
area is roughly equivalent to a radial section (0.5 diame
ter by ht) through the needle bundle cylinder. Assuming 
this, one sees that total needle area is proportional to pro
jectable area as needle radius is to needle circumference 
[that is, r (for one radial side) + r (for the second radial 
side) + 2*pi*r/5 = 1.256r (for the circumferential side)] 
so total needle area can be calculated by multiplying pro
jected area by 8.256. We recognize that total leaf area 
overestimates functioning leaf area and therefore under
estimated absolute photosynthetic rates (Carter and 
Smith 1985), but believe the units are adequate for com
parisons designed to determine the effects of light and 
temperature levels. 

Statistical analysis of the data was by analysis of vari
ance across the six replications with a Newman-Kuels 
comparison of means (Snedecor and Cochran 1980). 

RESULTS AND DISCUSSION 

Stratification 
Exposure to moist cold is a dormancy-breaking require

ment for many species including almost half of the pines 
(Schopmeyer 1974). Since whitebark pine usually exhib
its low germination rates in standard tests, we tested the 
hypothesis that the 1-month stratification time usually 
applied is less effective than a stratification time approxi
mating the 5 to 8 months received naturally (Weaver 
1980). Germination rates were 4 percent, 68 percent, 
88 percent, 41 percent, 52 percent, and 88 percent for 
seeds stratified for 0, 1, 2, 8, 5, and 8 months, respec
tively. We conclude that stratification beyond 1 month 
does little to increase germination and speculate that a 
short stratification time has been naturally selected, be
cause it prevents fall germination without any chance of 
delaying spring germination. This conclusion is bolstered 
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by parallel tests (Jacobs 1989) that show 1-month stratifi
cation times were required for species from high Gong
winter) altitudes (whitebark pine), middle altitudes 
Oodgepole pine), and low (short-winter) altitudes Oimber 
pine). We speculate that the low germination rates ob
served are due in part to seed defect and in part to other 
dormancy mechanisms that reserve live seed for succeed
ing years (McCaughey 1989 [ whitebark pine]; Perry 1989 
Oodgepole pine]). 

Temperature and Germination 
Our tests show that, newly stratified whitebark pine 

seeds, germinate at temperatures ranging from 10 to 
40 oc and that, while germination rates of specific lots 
of 10 seeds vary from 0 to 50 percent at most tempera
tures in this range, germination rates tend to be slightly 
higher in the 25 to 85 °C range than at cooler or warmer 
temperatures (fig. lA). Germination of middle-altitude 
lodgepole pine and low-altitude limber pine occurred in 
the same 10 to 40 °C range as the high-altitude whitebark 
pine. During our stratification studies we saw that, if 
seeds are kept under cold conditions (1.5 °C) for longer 
periods of time (over 5 months), most dormancy-broken 
seeds will germinate. Since stratification is probably 
completed in the early winter, germination in moist forest 
soils is likely under temperature and/or endogenous con
trol for most of the winter. If so, germination is expected 
in the spring near the time of snow melt. 

Temperature optima may drop slightly with decreases 
in altitude from 25 to 85 °C for whitebark, 15 to 85 °C for 
lodgepole, and 15 to 25 °C for limber pine (Jacobs 1989). 
We speculate that, because lower temperatures precede 
the warmer temperatures of late spring, seeds with a 
lower optimum probably germinate first and are deeper 
rooted at the onset of any summer drought. If so, natural 
selection at lower, drier altitudes, where limber pine was 
collected, probably favors a lower temperature optimum 
than that favored at higher moister altitudes where 
whitebark pine predominates. 

Temperature and Root Growth 

Our tests show that, in newly stratified whitebark pine 
seeds, root growth can occur at temperatures between 
10 and 45 oc and that, at the temperature optimum 
(25 to 35 °C), root extension of new germinants is 5 to 15 
mm per day (fig. 1B). Root growth of high-altitude white
bark pine, middle-altitude lodgepole pine, and low
altitude limber pine has similar ranges (10 to 45 °C) 
and optima (30 °C) (Jacobs 1989). During our stratifica
tion experiments we also saw that, if seeds germinate 
after long (5 months) cold (1.5 °C) storage, root growth 
will occur at temperatures below the range reported. We 
conclude that in nature, germination must produce roots 
near snow melt, most growth occurs at suboptimal tem
peratures, and high-temperature stress is rare or non
existent for most roots. This assertion is supported by soil 
temperature data at 5 em depth from level grasslands just 
below the conifer zone at Bozeman, MT, and Casper, WY 
(NOAA 1985). Of the 6 months with average maximum 
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Figure 1-Effect of temperature on seed germination, root growth, 
and net photosynthesis: (A) Percent germination in 33 lots of 10 
seeds tested at temperatures between 5 and 45 °C. The line passes 
through the median of non-zero values. (B) Initial growth rates (mml 
day) of 71 roots grown at temperatures between 5 and 50 °C; the 
line passes through the median of non-zero values. (C) Photosyn
thetic rates at saturation for plants preconditioned at spring (5 oc day 
to 5 oc night), summer (15 oc day to 5 °C night), and warmer than 
natural (25 oc day to 5 oc night) conditions. Plants preconditioned 
under the hot conditions (solid lines) and low light (200 uEIM2*S) 
had higher photosynthetic rates (upper solid line) than the chlorotic 
plants preconditioned under high light (800 uEJM2*S). 
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temperature above 10 °C, only 3 have average maximum 
temperatures above 20 °C and maximum temperatures of 
30 °C are reached rarely, if at all. If maximum tempera
tures almost never exceed 30 oc at 5 em, the inhibition of 
root growth observed there (Weaver 1981) is more likely 
due to drought than high temperature; both factors may 
be important in more superficial layers. 

Photosynthetic rates for ecologically and genetically 
related Pinus cembra increase fourfold as average soil 
temperatures rise from 0 to 8 °C (Tranquillini 1979); the 
increase in photosynthesis with increases in average soil 
temperature may indicate the daily duration of root activ
ity; that is, hours above a root growth minimum of 10 °C. 

Temperature and Photosynthesis 
Net photosynthesis rises with increasing light from 

0 to a maximum near 1,050 uEIM2*S for seedlings precon
ditioned under naturally occurring conditions. Pinus 
contorta (Dykstra 197 4) and Picea engelmannii (Hadley 
and Smith 1987) were also light saturated at about 
50 percent of full sun. While we saw no consistent differ
ence in photosynthetic rates of mature leaves precondi
tioned for 1 month at 200 or 800 uEIM2*S, shade leaves 
might have been formed if branches had been shaded 
during needle initiation (Jacobs 1989). 

Net photosynthesis at light saturation probably occurs 
at all above-freezing temperatures. It occurs at -4 °C in 
Pinus cembra, a close ecologic, taxonomic, and genetic 
relative (Tranquillini 1979), and in whitebark pine was 
shown to occur at 5 °C, was maximum near 20 °C, and 
declined significantly above 20 °C (fig. 1C). The tempera
ture optimum for photosynthesis of Pinus contorta is also 
near 20 °C (Dykstra 197 4). Dark respiration increased 
slightly from 5 °C (0.13 )lmole m-2sec-1) to 30 °C (0.19 
~ole m-2sec-1) and rose significantly as 35 °C (0.32 
~ole m-2sec-1) was approached (Jacobs 1989). Despite 
the fact that both germination and root growth occur in 
the soil at temperatures lower than air temperature, both 
apparently have higher temperature cardinal points 
(minimum 10-optimum 30-maximum 40 °C) than does 
photosynthesis (0 min, 25 opt, and 35-40 °C, fig. 1)- a 
process proceeding at air temperature. 

Net photosynthetic rates ofwhitebark pine are affected 
by temperature preconditioning (reviewed for other tim
berline species by Tranquillini 1979). Studies of photo
synthesis of Pinus cembra (Tranquillini 1979) showed 
no photosynthesis during the winter months and Pinus 
albicaulis probably behaves similarly. Warming from 
winter to simulated spring (day 5 °C-night 5 °C) and sum
mer (day 15 °C-night 5 °C) temperatures increased photo
synthetic rates from 0.00 to 0.06 and 0.19 )lmole m-2sec-1, 

respectively (fig. 1C). Further warming, to temperatures 
of 25 °C day-5 °C night, not even experienced in dry grass
lands below, increased photosynthetic rates to 0.38-0.69 
~ole m-2sec-1 (fig. 1 C). The increase in net photosyn
thetic rates with higher temperature preconditioning 
must be primarily due to increases in gross photosynthe
sis or decreases in photorespiration-because differences 
in preconditioning temperature caused no difference in 
dark respiration rates. Light preconditioning had no 
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effect on photosynthetic rate under spring or summer 
conditions; under warmer than natural preconditions, 
however, net photosynthesis of plants preconditioned 
with low light (200 uE/M2*S) was significantly higher 
than that of plants preconditioned with higher light 
levels (800 uEIM2*S). 

Acclimatization (preconditioning) results suggest that
with adequate water and with competitor reduction, per
haps by fire OT management-whitebark pine might sur
vive under the warmest temperature conditions in our 
region. The trees may have used this capability in surviv
ing the hypsithermal, a warm dry postglacial period, that 
deforested some of the highest sites in our region (for 
example, the Bighorn and Beartooth Mountains). This 
possibility is supported by the vigorous growth of trees 
transplanted from high forests to lawns in the valley 
below where their success surely depends on both heavy 
watering and the elimination of less cold-tolerant com
petitors such as Pinus ponderosa, Psuedotsuga menziesii, 
and Abies lasiocarpa (Arno and Weaver, this proceedings). 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 
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Q. (from P. Kolb)-Do shaded seedlings have lower 
compensation points than sun-grown seedlings? 

A.-Our growth chamber lights were not as bright as 
sunlight (1,600 uEIM2*S) so different light levels really 
refer to a light shade (800 uEIM2*S)-rare in the field
and a deep shade (200 uEIM2*S). Plants preconditioned 
in deeper shade usually had slightly lower compensation 
points (Jacobs 1989), but I doubt that the differences were 
statistically significant. It would be interesting to com
pare compensation points of sun and shade needles in the 
field. · 

Q. (from P. Kolb)-Why are photosynthetic rates of 
your shade-conditioned seedlings higher than those of 
your sun-conditioned seedlings? 

A.-Light preconditioning had no differential effect on 
plants grown under normal spring (5 °C day-5 °C night) 
or summer (15 °C day-5 °C night) conditions. Plants 
grown at high temperature (25 °C day-15 °C night) with 
relatively high light levels (800 uEIM2*S) were chlorotic 
and therefore demonstrated lower photosynthetic rates 
than plants preconditioned at lower light levels (200 uEI 
M2*S). 

Q. (from D. Mattson)-How does photosynthetic per
formance ofwhitebark pine under different light and 
temperature conditions compare with that of associated 
conifers (Abies lasiocarpa, Picea engelmannii, or Pinus 
contorta)? 

A.-Lodgepole (Dykstra 1974) and Engelmann spruce 
(Hadley and Smith 1987) are similar to whitebark in light 
saturation levels (50 percent of full sun) and temperature 
optima (20 °C). Your question would be answered best 
with one experiment comparing all four species with uni
form methods. Even these data would provide only a 
partial explanation of shade and temperature tolerance, 
as information on photosynthesis should be integrated 
with information on other processes (such as, respiration 
rates) to understand the carbon balance (growth) of the 
tree. Models integrating a variety of environmental fac
tors will be required to predict the distribution and 
growth ofwhitebark pine; the models ofTranquillini 
(1979) and Keene (this proceedings) are relevant. 



BIOTIC AND MICROSITE FACTORS 
AFFECTING WHITEBARK PINE 
ESTABLISHMENT 

Ward W. McCaughey 
T. Weaver 

ABSTRACT 
To enhance establishment of future whitebark pine 

(Pinus albicaulis) forests, information is needed on the 
physical and biological factors affecting whitebark seed 
germination and seedling establishment. This paper sum
marizes the first-year results of field examinations de
signed to eualuate predator and seedbed factors affecting 
whitebark pine establishment. Predator effects were esti
mated by recording seedling emergence under four leuels 
of predator exclusion (free predator access, rodents ex
cluded, birds excluded, and both rodents and birds ex
cluded). Rodents ate or remoued 100 percent ofauailable 
surface-sown seeds. Emergence was higher on plots ex
cluding rodents only and significantly higher on plots ex

cluding rodents and birds. Seedling emergence did not 
differ significantly between mineral (although numerically 
higher) and litter seedbeds. 

The effects of three seedbed factors were also examined 
by comparing seedling emergence under three light leuels 
(open, 25, and 50 percent shade couer), two seedbed condi
tions (mineral and litter), and two sowing depths (on sur
face and 0.8 to 1.6 inches beneath surface). Buried seeds 
had significantly higher emergence rates than did surface
sown seeds. Euen though the first season was hot and dry, 
78 percent of seedlings suruiued. 

INTRODUCTION 

In the Northern Rocky Mountains, whitebark pine 
(Pinus albicaulis Engelm.) is important for watershed 
protection, esthetics, ornamental planting, and wildlife 
food and cover. Relatively pure whitebark pine stands 
provide cover in timberline and subtimberline zones little 
occupied by other tree species (Amo and Hoff 1989). 
Whitebark seeds are an important food source for grizzly 
(Ursus arctos horribilis) and black bear (Ursus america
nus) (Craighead and others 1982; Kendall1983; Knight 
and others 1987) and a supplemental food source for birds 
(Tomback 1982; Vander Wall and Hutchins 1983) and 
other small animals (Hutchins and Lanner 1982). Despite 
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these merits, it forms only a minor component of forest 
communities that are commercially harvested. It has 
minimal significance for timber production because of its 
slow growth and generally poor form characteristics (Amo 
and Hoff 1989). Information on regeneration of whitebark 
is sparse because of its low commercial value and previ
ously unrecognized alternative uses. 

Current environmental conditions apparently favor 
whitebark pine mortality over establishment. Fire sup
pression practices over the past few decades have allowed 
successional replacement of whitebark by shade-tolerant 
fir and spruce (Arno 1986). Whitebark pine is highly 
susceptible to the introduced European disease white 
pine blister rust (Cronartium ribicola) even on trees with 
disease-resistant parents (Hoff 1980). Extensive mortal
ity occurs in areas where the alternate host Ribes is abun
dant. The native mountain pine beetle Wendroctonus 
ponderosae Hopkins) devastates stands of mature white
bark pine during years when climatic factors are favor
able for beetle survival (Amman 1982). Mortality from 
the mountain pine beetle releases late-successional spe
cies such as subalpine fir (Abies lasiocarpa) and Engel
mann spruce (Picea engelmannii). 

The probability of natural regeneration of whitebark 
pine in wildlife-sensitive areas likely is decreasing and 
there is a need to reverse that trend. However, little is 
known about germination success rates ofwhitebark pine 
under natural conditions (Eggers 1986). Weaver and 
Dale (1974) examined established regeneration of white
bark pine in undisturbed climax communities of white
bark pine. Whitebark pine reproduction was apparently 
most successful in openings created by fallen trees or in
complete initial seeding of whitebark. Seedling survival 
within nutcracker caches was as high as 56 percent the 
first year and 25 percent by the fourth year, but the ac
tual germination percent of all seeds "sown" by the nut
cracker is unknown (Tomback 1982). 

Management of whitebark pine forests will require 
management of competitors, disease, and the tree itself. 
Wildfires or prescribed bums may be needed to maintain 
whitebark in areas where it is seral. Exotic diseases must 
be managed, and where tire or disease mortality cannot 
be reduced, regeneration must be increased to compen
sate. Studies of the regeneration process will contribute 
to this establishment. 

This paper reports first-year results of a study designed 
to determine the effects of biotic and microsite factors on 
seed survival, seedling emergence, and seedling survival, 



and on subsequent seedling survival for the first 3 years 
after germination. Five objectives of this study are to: 

1. Determine differences in seed loss due to bird and 
small mammal predators when seed is surface sown 
(simulating tree dispersal) rather than buried 0.8 to 
1.6 inches in soil (simulating burial by Clark's nutcracker 
[N ucifraga columbiana]). 

2. Compare seed emergence and seedling establish
ment between surface-sown seeds and seeds buried 0.8 
to 1.6 inches in soil. 

3. Compare seed emergence and seedling establish
ment on mineral, litter, and burned seedbeds. 

4. Compare emergence and seedling establishment 
under 100, 50, and 25 percent of full sunlight. 

5. Record survival rates and factors limiting survival 
of natural seedlings for the 3-year period following 
germination. 

STUDY AREA AND METHODS 

The experimental site is classified as an Abies 
lasiocarpa.-Pinus albicaulis/Vaccinium scopa.rium habitat 
type (Pfister and others 1977) recently occupied by a 
lodgepole pine forest. Its soils are classified as Typic 
Cryorthent, sandy skeletal and well drained. Soil pH 
values range from 4.7 to 5.5. The elevation is 8,700 ft 
MSL with 0 to 25 percent slopes and a northeast aspect. 

The study area is located within section 14, township 
9 south, range 9 east on the Gardiner Ranger District 
of the Gallatin National Forest just north ofYellowstone 
National Park (fig.1), and near the southwestern comer 
of the Absaroka Beartooth Wilderness approximately 
5.5 air miles east of Gardiner, MT. 

Study plots were established on a 15-acre clearcut 
that is connected on one side to a large clearcut (50 acres) 
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Figure 1--Study site location. Gallatin National 
Forest, Section 14, Township 9 south, Range 
9 east, Montana Principal Meridian. 
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called the Palmer Coop timber sale. The Palmer Coop 
sale was harvested during the winter of 1985-86. Ap
proximately 17,000 to 20,000 board feet per acre of timber 
were harvested from the sale area and 10 to 15 tons per 
acre of slash were left on the site. The species and per
cents of volume harvested were: live lodgepole pine 
(Pinus contorta)-15 percent, dead lodgepole-13 percent, 
Engelmann spruce-4 percent, subalpine fir-4 percent, and 
whitebark pine-4 percent. The study area is bordered by 
mature timber of similar composition on the south, west, 
and north sides. 

Study Design 
A factorial design (table 1) was used to evaluate the 

effects of seed predators, light levels, seedbed conditions, 
and seed sowing depths on the germination and survival 
of whitebark pine. Three subsites (replicates) were sub
jectively chosen within the clearcut as representative 
similar, and suitable for plot establishment. The su~ites 
had minimal amounts of logging slash, large areas of 
undisturbed litter, and represented the total stand condi
tions. Figure 2 is a schematic plot representation of one 
replication of each predator exclusion (EA = exclude all 
predators, ER = exclude rodents only, EB =exclude birds 
only, EN= exclude none)-shade level-seedbed condition
sowing depth combination. Plots were randomly located 
in each replicate. 

The burned seedbed level for the seedbed condition 
factor was not used for the 1988 analysis because wet 
weather conditions in 1987 delayed burning and we could 
not establish plots. Mineral seedbed plots were located on 
scarified skid trails or hand-scalped when scarified areas 
could not be found. 

Table 1-Factors and factor levels 

Factor Levels 

1. Predator exclusion 4 
a. Exclude birds and rodents (EA) 
b. Exclude rodents only (ER) 
c. Exclude birds only (EB) 
d. Exclude none (EN) 

2. Shade level 3 
a. No shade 
b. 25 percent shade 
c. 50 percent shade 

3. Seedbed condition 3 
a. Mineral (1988 analysis) 
b. litter (1988 analysis) 
c. Burned (1989 analysis)1 

4. Sowing depth 2 
a. Surface sown 
b. Seed buried (0.8-1.6 inches) 

5. Replication 3 
1First-year results did not indude a burned seedbed 

treatment 
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Figure 2-Schematic layout of study design showing all the 
treatment combinations in one of three replications. In the 
field, treatment combinations were located randomly. 

Plot Layout 
Within each subsite, 24 plots were established to repre

sent all combinations of four predator exclusion levels, 
three shade levels, two seedbed conditions, and two sow
ing depths (fig. 2). Plots were rectangular (1.6 by 6.5 ft) 
oriented north-south. The south half (1.6 by 3.25 ft) of 
each plot was seeded in the fall of 1987 and the north half 
was seeded in the fall of 1988. 

Each plot was subdivided into 40 subplots measuring 
3.9 by 4.29 inches. Within each subplot two seeds were 
planted, one surface sown and one buried. The surface
sown seed was placed on the ground surface in the north 
half of each subplot. The buried seed was placed 0.8 to 
1.6 inches below the surface level in the south half of each 
subplot. The buried seed was covered by the appropriate 
seedbed material (mineral soil or forest litter). 

A total of 5, 760 whitebark pine seeds were planted 
in 1987. The seed was collected in 1985 from trees at 
the same elevation as the study area and only 0.25-mile 
distant. All seeds were x-rayed and only filled seeds were 
planted. 

Shade levels were imposed with slatted roofs. Four 
6-ft-tall steel posts were installed at the comers of an 
imaginary 4- by 8-ft rectangle overtopping but slightly 
to the south of each plot to be shaded. A 4- by 8-ft-long 
wood frame was constructed with 2- by 4-inch lumber 
and attached to the steel posts 40 inches above the ground. 
A 4- by 8-ft section of wood snow fence was suspended on 
the wood frame. The 50 and 25 percent shade levels were 
simulated by either leaving all the wood slats in the snow 
fence or by eliminating every other slat, respectively. 

Screen wire was used to exclude seed predators from 
the plots. Plots exposed to all predators were unscreened. 
Plots protecting seeds from all predators were completely 
covered using hardware cloth with 0.25-inch square holes 
(fig. 3a). Plots for protecting seed from birds only were 
covered by screen with 2- by 3-inch wide holes (fig. 3b). 
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Plots excluding small mammals only were completely 
enclosed by a 30-inch high fence of 0.25-inch hardware 
cloth. The rodent fence was designed to exclude rodents 
but allow avian predators to fly into the plots. The top 
of the fence therefore had an 8-inch lip, bent outward 
from the plot. A 6-inch piece of tin flashing had to be 
attached to the underside of the lip to effectively exclude 
rodents (fig. 3c). The bottoms of screens were buried 
4 to 6 inches deep on plots excluding birds and rodents 
and plots excluding rodents only. The bottom edge of 
the buried screen had a 2-inch lip bent outward from the 
plot to minimize the chance of rodents tunneling under 
the screen. Screening techniques for the control of seed 
predation were suggested by Curt Halverson, Fish and 
Wildlife Service, U.S. Department of the Interior, Fort 
Collins, CO. 

Measurements 
Counts ofwhitebark pine emergence were made peri

odically on all plots. Counts started on June 16, 1988, 
just 3 weeks after snowmelt. Seedling counts were meas
ured and recorded weekly until the first of August and 
bimonthly from August to the first of October. Emergents 
were marked with colored plastic toothpicks; different 
colors indicated the week they emerged. A hypothetical 
cause and week of mortality were assigned to all seedlings 
that died. 

Gravimetric soil moisture was measured on 6 of the 
24 germination plots at each of the three replicates. 
These six plots comprised one plot from each combination 
of mineral and litter seedbed and 0, 25, and 50 percent 
shade cover. Soil from the upper 2 inches of the A horizon 
was collected in gravimetric soil cans and sealed for trans
port from the field to the laboratory. Percent soil mois
ture was determined with gravimetric methods (Soil 
Survey Staff 1975). 



STEEL BARS (4) 

Figure 3-Cages for: (a) excluding birds and mammals, (b) excluding 
birds only, and (c) excluding mammals only. 
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Subsurface soil temperatures were measured with Taylor 
minimum-maximum thermometers at the same seedbed
shade plots where soil moisture collections were taken on 
replicates 1 and 3. Soil temperatures in replicate 2 were 
measured with temperature probes connected to electronic 
microprocessors designed for continuous collection of envi
ronmental conditions. Minimum and maximum soil tem
peratures were measured at a soil depth of 1 inch (the level 
where seeds were buried). Temperatures were measured 
and recorded weekly, daily, and sometimes hourly through
out the 1988 summer. 

Maximum surface temperatures were measured weekly 
with wax (Big Three Industries-tempi!) pellets, which melt 
at specific temperatures. Tempils used for this study were 
designed to melt at 100, 106, 113, 125, 138, 150, 163, 175, 
188, and 200 °F. Tempils were placed on one of the mineral 
and litter seedbeds on each of the 0, 25, and 50 percent 
shade plots for a total of six plots on each replicate. 

Data Analysis 

The proportion of whitebark emergents on each subplot 
was used as the dependent variable for analysis of emer
gence differences between predator exclusion levels, shade 
levels, seedbed conditions, sowing depth, and factor inter
actions. Proportion of emergence is defined as the number 
of emergents divided by the number of seeds sown (40). 
Empty plots were counted as 1/m n = 40 to prevent distor
tion of the analysis by small numbers (Mosteller and Youtz 
1961). The transformation, arc sine of the square root of 
the proportion of germination, was used to stabilize vari
ation due to proportions (Snedecor and Cochran 1980). 

The statistical analysis system (SAS) was used to anal
yze whitebark pine emergence data. Analysis of variance 
was used to test for significance of main factors and inter
actions on seedling emergence and survival. Anova was 
also used for evaluation of soil moisture and temperature 
data. The "F" statistic was used to determine the signifi
cance of factors and their interactions on germination of 
whitebark pine. Tukey's standardized range test (Snedecor 
and Cochran 1980) was used to statistically test differences 
in emergence among factor levels. Unless otherwise stated 
references to significant results indicate the 0.05level. 

Predation on whitebark pine seed was analyzed sepa
rately from microsite factors affecting whitebark germina
tion. Seed predation was assessed using results from the 
exclude birds only (EB), exclude no predators (EN), exclude 
rodents only (ER), and exclude birds and rodents (EA) treat
ments. The EA and ER treatments were used in analysis 
of variance to assess whitebark emergence differences be
tween shade levels, seedbed conditions, and sowing depths. 

SEED PREDATION 
Birds and rodents were the two important predators 

on whitebark seed considered in this study. The Clark's 
nutcracker is considered the major bird species consuming 
whitebark seed. Chipmunks (Eutamia spp.), deer mice 
(Peromyscus maniculatus), and golden-mantled ground 
squirrels (Spermophilus lateralis) were assumed to be 
the main rodent consumers (Lanner 1980; Tomback 1981). 
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Insects were considered a minor predator and were 
not seen feeding on or removing whitebark pine seed. 

Surface-Sown Seed-Animals ate or removed 100 
percent of surface-sown seeds on EB and EN treatments 
within 5 days after sowing. No seeds were removed from 
ER and EA treatments, indicating that birds were not 
randomly searching for whitebark pine seeds and screen
ing effectively excluded rodents. Exclosures may have 
discouraged seed foraging by birds; however, birds, in
cluding the Clark's nutcracker, were observed sitting 
on exclosures of ER treatments and shade structures. 
No birds were seen foraging for seeds on any plots. 
Despite observations ofbirds sitting on the mammal
excluding cages, no seeds were removed from plots open 
to birds. It is assumed that surface-sown seeds on EB 
and EN treatments were eaten or removed by rodents 
while bird predation was, at best, minimal. Hutchins 
(1989) believes that random foraging by Clark's nut
crackers is highly unlikely since their efforts appear 
to be toward finding their own seed caches. 

Buried Seed-Animal predation of buried whitebark 
pine seeds was evidenced by depressions on mineral soil 
and litter seedbeds at buried seed locations on all EB and 
EN plots. There was no evidence of disturbance at buried 
seed locations on ER treatments; therefore, it is assumed 
that there was no seed predation of buried seeds by birds. 
Seeds were untouched on EA treatments, indicating that 
rodent and bird predation was eliminated. Emergence 
from buried seeds occurred on EB and EN treatments, 
indicating that rodents did not find all available buried 
seeds. There was no significant difference in the mean 
number ofwhitebark emergents per plot between EB 
(0.67) and EN (0.86) treatments. 

EMERGENCE 
Emergence of whitebark pine was significantly affected 

by replicate, predator exclusion method, seedbed condi
tion, and sowing depth (table 2). Four two-factor inter
actions showed significant relationship to whitebark 
pine emergence. Shading did not affect whitebark pine 
emergence. 

Replicates-There were significantly fewer whitebark 
pine emergents per plot in replicate 3 (0. 79) than in repli
cates 1 (3.08) or 2 (3.71) (table 3). This difference may be 
attributable to soil changes within the study area. Soil 
moisture in replicate 3 was nearly always less than in 
replicates 1 and 2 during the early summer when the 
emergence rate was highest (figs. 4 and 5). 

The soil on replicate 3 was classified as a Typic Cryor
thent, sandy skeletal with a 6-inch A horizon containing 
54 percent sand over a C horizon of 60 percent sand. Soils 
on the other replicates have not been fully classified but 
appear to have a weak B horizon below a thicker A hori
zon indicating a different classification. Moisture may be 
the limiting factor for emergence on replicate 3 consider
ing the high sand content of the soil profile and the shal
low A horizon. The A horizon in replicates 1 and 2 was 
thicker and hand textural analysis indicated less sand 
and more silt and clay. 



Table 2-8ignificance (Anova probability) of effects on seedling emergence of four treat
ments (predation, seedbed, sowing depth, and shade) and significant interactions. 
Before analysis, percent germination data were transformed by the arc sine of the 
square root (Snedecor and Cochran 1980). Analysis of variance results showing 
significance of biotic and miaosite factors and two-way interactions of the arc sine 
transformation of the square root of germination proportion for the predator exclu
sion treatments, exclude rodents and birds and exclude rodents only 

Mean 
Source OF square F value Significance 

MAIN FACTORS 

Replicate 2 0.1487 20.94 
Predator exclusion 1 .1648 23.20 * 
Seedbed condition 1 .0692 9.74 * 
SoKing depth 1 .7385 103.96 * 
Shade level 2 .0119 1.67 

INTERACTIONS 

Rep xSow 2 .0656 9.23 * 
Pre x See 3 .0335 4.72 * 
Pre xSow 3 .0530 7.46 * 
Sha x See 2 .0255 3.59 * 
Rep x Pre 6 .0058 .81 
Rep x Sha 4 .0029 .41 
Repx See 2 .0039 .55 
Pre X Sha 6 .0165 2.32 
Sha x Sow 2 .0002 .03 
SeexSow 1 .0001 .02 

Error 45 .0071 

,. indicates significance at lhe 0.95 confidence level. 

Table 3-Mean number of emergents per plot by replicate, predator exclusion, shade level, seedbed condition, and sowing depth 
on plots excluding rodents and birds (EA) and excluding rodents only (ER) 

Replicate 

1 
2 
3 

Mean 

13.08 (a) 
3.71 (a) 
0.79 (b) 

Predator Shade Seedbed 
exclusion Mean level Mean condition 

EA 
ER 

3.69 (a) 
1.36 (b) 

Percent 

0 
25 
50 

1.96 (a) 
3.04 (a) 
2.58 (a) 

Mineral 
Utter 

Mean 

3.17 (a) 
1.89 (b) 

1Similar and dissimilar letters In parentheses represent nonsignificant and significant differences respectively. 
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Figure 4-Percent moisture 
in top 2 inches of soil by 
replicate. 



200 

180 

160 

i 140 

I 120 

100 
~ 

I 
80 

eo 

40 

20 

0 

~~..._~ , MORTAUTY 
___ .. -,- ',,,....._____ ---------~--------+-----------+--.... 

JUNE JULY AUGUST SEPT. 

Figure 5-Total number of living emergents and 
current deaths of whitebark pine over time-1988. 
The data Include germlnants from all predator 
exclusion methods, shade cover levels, seedbed 
conditions, and sowing depths. 

Predator Exclusion-Whitebark pine emergence was 
significantly affected by screen design differences between 
the EA and ER treatments (table 2). The mean number 
of seedlings per plot was 3.69 for EA treatments and 1.36 
on ER treatments (table 3). The difference in emergence 
between the EA and ER treatments can probably be at
tributed to within-plot microclimate differences. The EA 
treatment had hardware cloth with 0.25-inch-square holes 
about 4 inches above the ground level and totally enclos
ing the plot. The metal cloth may have provided extra 
shade-reducing daytime temperatures; the overtopping 
of the screen may have increased night temperatures. 
A subsample of each treatment combination will be moni
tored in 1989 for soil temperature and solar radiation 
differences. 

Seedbed Condition-Seedbed condition significantly 
affected whitebark pine germination throughout the sum
mer (table 2). There was an average of 3.17 germinants 
per plot on mineral soil seedbeds versus 1.89 on litter by 
the end of the summer. 

Most conifers ge'rminate best on mineral seedbeds 
(Seidel 1979; Zasada and others 1978). When mineral soil 
is exposed to eliminate competing vegetation, more light, 
moisture, and nutrients are available for seedling growth 
(Schmidt and others 1976). Although no quantitative 
measure of competing vegetation was taken, reduction 
of competition may be the reason for better germination 
of whitebark pine on mineral seedbeds. 

Sowing Depth-Sowing depth significantly affected 
regeneration of whitebark pine on plots (exclude rodents 
and birds and exclude rodents only) where seed was pro
tected from animal predation. Emergence from buried 
seed was significantly .higher (4.56 emergents per plot) 
than from surface-sown seeds (0.50 emergents per plot) 
(table 2). · 

There are no documented studies on germination differ
ences between various sowing depths of whitebark pine 
seed. Most conifer seeds germinate on the surface follow
ing wind dispersal. The Clark's nutcracker caches white-
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bark pine seed at a depth of 1 to 1112 inches on a variety 
of ground surfaces such as mineral soil, litter, and gravel 
(Lanner 1980). Germination of buried seeds appears to 
be the evolved regeneration method of whitebark pine 
(Tomback 1983). 

Shade Cover-Shade was not a significant factor 
affecting emergence of whitebark pine seed (table 2). 
Germination of whitebark pine was generally higher for 
shaded than nonshaded treatments, ranging from 3.04, 
2.58, to 1.96 germinants per plot with 25, 50, and 0 per
cent shade cover, respectively (table 3). Whitebark pine 
is rated intermediate to intolerant of shade (Amo and 
Hoff 1989). The shade created by the shade coverings is 
dead shade. The slats of the snow fence cause alternate 
strips of shade and full sunlight. This type of dead shade 
may not be enough, even at the 50 percent shade cover 
level, to affect emergence. A better measure ofindividual 
plot shading will be examined in 1989 with solar radiation 
monitoring. 

INTERACTIONS 
Four two-factor interactions of microsite variables sig

nificantly affected whitebark pine emergence (table 2). 
The interactions were replicate by sowing depth, predator 
exclusion by seedbed condition and by sowing depth, and 
shade cover by seedbed condition (fig. 6). The replicate 
by sowing depth interaction showed similar trends for all 
replicates; however, replicate 3 showed a steep reduction 
in the absolute difference in mean number of emergence 
per plot between buried and surface-sown seed (fig. 6a). 
Few buried seeds emerged and no seeds emerged on the 
surface. This change in absolute difference may be attrib
uted to soil-moisture variation in replicates as described 
earlier. 

The interaction of predator exclusion treatment by 
seedbed condition showed less absolute difference in 
mean number of whitebark pine emergents per plot be
tween mineral and litter seedbed under the ER treatment 
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Figure 6-Mean number of whitebark pine germinants per plot for analysis of variance interactions: 
(a) replicate by sowing depth, (b) predator exclusion treatment by seedbed condition, (c) percent shade 
cover by seedbed condition, and (d) predator exclusion treatment by sowing depth. 

(fig. 6b). The change in absolute values may be caused by 
microclimate differences between predator exclusion treat
ments due to effects of metal screen exclosures. Increased 
measures ofmicrosite differences in 1989 may help explain 
this interaction of predator exclusion treatment and seed
bed condition. 

Shading was not a significant factor affecting whitebark 
pine emergence, but the interaction of shading and seed
bed condition was (table 2). There were significant differ
ences in emergence between mineral and litter seedbeds 
under 25 and 50 percent shade cover, but not at 0 percent 
shading (fig. 6c). This indicates that shading as little as 
25 percent improves whitebark emergence on mineral soil; 
however, no shading level significantly affected emergence 
on litter seedbeds. 

The predator exclusion treatment by sowing depth 
also showed less absolute differences in mean number 
of whitebark pine emergents per plot between buried 
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and surface-sown seeds under the ER treatment (fig. 6d). 
Screening differences between predator exclusion treat
ments may again be the reason for the absolute value 
changes. 

MORTALITY 

Whitebark pine emergence rates were high from mid
June through the end of July, slowed, and then leveled off 
in August (fig. 5). Germinants continued to emerge until 
the first of September, but total number of survivors re
mained about the same because of compensating mortality. 

Mortality of whitebark pine emergents did not begin 
until the first of July and continued at a low level until 
the first of September (fig. 7). Two causes of mortality 
were identified: (1) insolation (indicated by scorching 
of seedling stem at ground surface), and (2) drought. 
Animal, fungi, and insect mortality were not apparent 
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Figure 7-Percent insolation and drought mortality 
of whitebark pine seedlings over time-1988.. Per
cent mortality represents the percent of living seed
lings that died in the period. 

on any of the whitebark seedlings examined. Insolation 
mortality of seedlings began early in the season when day 
lengths were the longest and ended by early August 
(fig. 7). Insolation-caused mortality was highest on non
shaded mineral seedbeds; these beds also had the highest 
absolute (98 °F) and highest mean (78 °F) subsurface tem
perature. Drought mortality began around the third week 
in July and continued until the first of September. 

Twenty-five and 50 percent shade cover reduced total 
seedling mortality (table 4). Total mortality did not vary 
with shade level; however, shading greatly influenced the 
mortality type for whitebark pine seedlings on mineral 
and litter seedbeds. Insolation mortality of seedlings was 
highest on mineral and litter seedbeds with no shade 
cover; shading of as little as 25 percent greatly decreased 
insolation mortality (table 4). Because shading reduced 
soil moisture (fig. 8), we tentatively attribute its effect to 
reduction of soil temperature. Our explanation is appar
ently countered by the relatively warm temperatures 
observed on littered soils receiving 50 percent shade. 

Table 4-Mortality of whitebark pine emergents on mineral and 
litter seedbeds under 0, 25, and 50 percent shade. 
Mortality is the percent of emergents in each category 
that died (212 total germinants) 

Percent 
shade Seedbed Hypothetical mortality cause 
cover condition Insolation Drought Total 

- - - - - - - - - -Percent - - - - - - - - - -

0 Mineral 33 11 44 
Litter 23 6 29 

25 Mineral 6 8 14 
Litter 0 29 29 

50 Mineral 5 12 17 
Litter 9 22 31 
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Figure &-Percent moisture in top 2 inches of soil 
on a mineral and litter seedbed. 

Drought mortality of whitebark pine seedlings was 
lowest on nonshaded plots. This is consistent with the 
fact that nonshaded plots were moister than shaded plots 
during the mid-summer weeks when most drought mor
tality was occurring (fig. 8). Low canopy catch may ac
count for higher soil moisture values on open plots. 

SOIL TEMPERATURE AND 
MOISTURE 

Regardless of shading, surface temperatures were 
higher on litter seedbeds than mineral soils under 0, 25, 
and 50 percent shade cover (table 5). Surface tempera
tures were higher on litter seedbeds possibly because of 
increased light reflectance off light-colored needles and 
because of an insulating effect reducing downward heat 
transmittance. 

Minimum subsurface temperatures were warmer with 
increased shade cover, indicating a moderating effect of 
screening on temperature (table 6). Mineral seedbeds had 
relatively low minimum temperatures and high maximum 
temperatures; litter mulch moderated soil temperature. 



Table 5-Maximum surface temperatures recorded on mineral and 
litter seedbeds under 0, 25, and 50 percent shade cover 

Seedbed Percent shade cover 
co~W~ N 0 H ~ 

-----------oF-----------
Mineral 
Litter 

3x6 
3x6 

150 138 138 
163 150 163 

Table &-Minimum-maximum soil temperatures at a depth of 1 inch 
on mineral and litter seedbeds under 0, 25, and 50 per
cent shade cover. Values without parentheses are June 
through September absolutes. Values in parentheses are 
mean minima and maxima for the summer 

Seedbed 
condition Temperature 

Mineral Minimum (Mean min) 
Maximum (Mean max) 

Litter Minimum (Mean min) 
Maximum (Mean max) 

Percent shade cover 
0 25 50 

- - - - - - - - - - OF- - - - - - - - -
11 (34) 17(37) 19(33) 
98 (78) 83 (68) 84 (73) 

16 (35) 18 (35) 20 (35) 
81 (73) 75 (67) 82 (69) 

Soil moisture decreased steadily from mid.June through 
mid-September and rose again with late September rains 
(fig. 8). Soil moisture remained highest on unshaded plots 
on mineral and litter seedbeds; this may be due to inter
ception or deflection of rain by shade covers. There was 
little difference between plots shaded to either 25 or 50 
percent. 

A typical September storm (Weaver 1989) partially 
replaced soil moisture. Soil moisture declined again in 
late September to early October on mineral seedbeds but 
increased slightly on litter seedbeds. The increase in soil 
moisture in September indicates that small amounts of 
precipitation fell during .that time and litter had a positive 
effect on holding that moisture. 

SUMMARY 
Rodents are the main predators ofwhitebark pine 

seed when it is available on the forest floor or buried. 
All surface-sown seeds were eaten or carried off when 
rodents had access to them. Nearly all accessible buried 
seeds were eaten or removed; however, some did germi
nate. Seeds available only to birds were undisturbed, 
indicating no open foraging for seeds by avian predators. 
Birds were seen sitting on several exclosures, but none 
were seen foraging for seed inside exclosures open to 
birds. All seeds were undisturbed and able to emerge on 
treatment plots that excluded all predators and excluded 
rodents only. Emergence was highest for treatments 
excluding all predators, probably due to microclimate 
changes caused by the exclosure structure. The over
topping screen probably modified the microsite climate 
by holding heat in during the nights and reducing day
time temperatures. 

Emergence of whitebark pine seeds was slightly higher 
on shaded plots. Emergence was highest on the 25-percent 
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and second highest on the 50-percent shade cover plots. 
It is unknown why emergence was highest on the 25-
percent shade cover plots. Perhaps whitebark pine seeds 
need some shade (25 percent) for setting up the proper 
conditions for germination; too much sun or shade (0 to 
50 percent) may be detrimental. 

Emergence of whitebark pine was significantly higher 
on mineral than on litter seedbeds. This was highly evi
dent for treatments protecting seeds from all predators 
and may be confounded by the shading effect from the 
exclosure structure. Emergence was significantly higher 
on shaded-mineral than on shaded-litter seedbeds. There 
was no difference in emergence between seedbed types 
under open conditions. 

Sowing depth of seed had the greatest influence on 
emergence ofwhitebark pine. Emergence ofburied seeds 
was significantly higher than that of surface-sown seeds 
when seeds were undisturbed and available to germinate 
(fig. 7). Surface germination ofwhitebark does occur 
when seeds are undisturbed but is highly unlikely be
cause of near-complete seed loss due to small-mammal 
foraging. Mammals took or consumed most buried seeds 
on plots where seeds were available to them; however, 
some seeds were missed and did germinate. Mammals 
would probably not have found as many buried seeds, 
increasing the number of emergents, had surface-sown 
seeds not been in close proximity acting as an attractant. 

Mortality of whitebark pine emergents varied by cause 
throughout the summer. Insolation mortality was high
est in early July but was not a factor after early August. 
Insolation mortality was highest on mineral seedbeds 
under no shade even though surface temperatures were 
highest on litter seedbeds. Drought mortality was highest 
during August and September when soil moisture was 
lowest. Drought mortality was highest on litter seedbeds 
under shaded conditions where soil moisture was the 
most limiting. 

REFERENCES 
Amman, G. D. 1982. Characteristics of mountain pine 

beetles reared in four pine hosts. Environmental Ento
mology. 11(3): 590-593. 

Arno, S. 1986. Whitebark pine cone crop~ diminishing 
source of wildlife food? Western Journal of Applied 
Forestry. 1(3): 92-94. 

Arno, S.; Hoff, R. J. 1989. Silvics ofwhitebark pine (Pinus 
albicaulis). Gen. Tech. Rep. INT-253. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Intermoun
tain Research Station. 11 p. 

Craighead, J. J.; Scaggs, G. B.; Sumner, J. S. 1982. A 
definitive system for analysis of grizzly bear habitat 
and other wilderness resources. Wildlands Institute 
Monograph 1. Missoula, MT: University of Montana. 
279p. 

Eggers, D. E. 1986. Management of whitebark pine as 
potential grizzly bear habitat. In: Proceedings-grizzly 
bear habitat symposium; 1985 April 30-May 2; 
Missoula, MT. Gen. Tech. Rep. INT-207. Ogden, UT: 
U.S. Department of Agriculture, Forest Service, Inter
mountain Research Station: 170-175. 



Hoff, R. J.1980. [Personal files]. Moscow, ID: U.S. Depart
ment of Agriculture, Forest Service, Intermountain 
Research Station, Forestry Sciences Laboratory. 

Hutchins, H. E. 1989. [Personal communication]. March. 
Grand Rapids, MN: Itasca Community College, Depart
ment of Forestry. 

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

Kendall, K. C. 1983. Use of pine nuts by grizzly and black 
bears in the Yellowstone area. Interagency conference 
on bear research and management. In: Bears-their 
biology and management. Calgary, AB: International 
Association of Bear Management. 5: 166-173. 

Knight, R. R.; Blanchard, B. M.; Mattson, D. J. 1987. 
Yellowstone grizzly bear investigations: Annual report 
of the interagency study team-1987. Bozeman, MT: 
U.S. Department of the Interior, National Park Service. 

Lanner, R. M. 1980. Avian seed dispersal as a factor in the 
ecology and evolution of limber and whitebark pines. In: 
Sixth North American forest biology workshop proceed
ings. Edmonton, AB: University of Alberta: 14-48. 

Mosteller, F.; Youtz, C.1961. Tables ofthe Freeman
Tukey transformations for the binomial and Poisson 
distributions. Biometrika. 48(3 and 4): 488-440. 

Pfister, R. D.; Kovalchick, 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 Experiment 
Station. 174 p. 

Schmidt, W. C.; Shearer, R. C.; Roe, A. L. 1976. Ecology 
and silviculture of western larch forests. Tech. Bull. 
1520. Ogden, UT: U.S. Department of Agriculture, For
est Service, Intermountain Forest and ~ge Experi
ment Station. 96 p. 

Seidel, K. W. 1979. Regeneration in mixed conifer shelter
wood cuttings in the Cascade Range of Eastern Oregon. 
Res. Pap. PNW-264. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Forest 
and Range Experiment Station. 29 p. 

Snedecor, G. W.; Cochran, W. G. 1980. Statistical Methods. 
7th ed. Ames, lA: Iowa State University Press. 507 p. 

Soil Survey Staff. 1975. Soil taxonomy: a basic system 
of soil classification for making and interpreting soil 
surveys. Agric. Handb. No. 436. Washington, DC: U.S. 
Department of Agriculture. 682 p. 

Tomback, D. F.1981. Notes on cones and vertebrate
mediated seed dispersal. Madrono. 28(2): 91-94. 

Tomback, D. F. 1982. Dispersal of whitebark pine seeds 
by Clark's nutcracker: a mutualism hypothesis. Journal 
of Animal Ecology. 51(2): 451-467. 

Tomback, D. F. 1983. Nutcrackers and pines: coevolution 
or coadaptation? In: Niteck, M. H., ed. Coevolution. 
Chicago and London: University of Chicago Press: 
179-223. 

Vander Wall, S. B.; Hutchins, H. E. 1983. Dependence 
of Clark's nutcracker, Nw:ifraga colum.bia7UJ, on conifer 
seeds during postfledgling period. Canadian Field
Naturalist. 97(2): 208-214. 

150 

Weaver, T. 1989. [Personal communication]. Bozeman, 
MT: Montana State University, Department of Biology. 

Weaver, T.; Dale, D. 1974. Pinus albicaulis in Central 
Montana: environment, revegetation, and production. 
American MicDand Naturalist. 92: 222-230. 

Zasada, J. C.; Foote, M. J.; Deneke, F. J.; Parkerson, R. H. 
1978. Case history of an excellent white spruce cone 
and seed crop in Interior Alaska: cone and seed produc
tion, germination, and seedling survival. Gen. Tech. 
Rep. PNW-65. Portland, OR: U.S. Department of Agri
culture, Forest Service, Pacific Northwest Forest and 
Range Experiment Station. 53 p. 

Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Ken Gibson)-Though we haven't studied in
sect predation in whitebark pine to a great extent, it has 
been observed. Did you notice any in your studies? If so, 
was it significant? 

A.-Of the seed that was surface sown and protected 
from large predators 99 percent was still visible after 
1 year. The 1 percent that was missing was on litter 
seedbeds and could have been removed due to insect pre
dation, although I did not see that. I was attributing the 
missing seed to the possibility that from snow and rain 
they had fallen down through the litter and were no 
longer visible. I did not want to disturb the sites for 
fear of disrupting germination. 

Q. (from Mike Merigliano)-Did you account for the 
possible heat retention effect of the animal barrier and 
sun shade screens on seedling survival? 

A.-I assumed the sun shade screen would hold some 
heat similar to that of what an overtopping tree crown 
would. I did not expect the screening, because of its open 
nature, to cause much of an effect. Obviously, the screen
ing that completely enclosed some plots was having a 
substantial effect on heat retention. This coming summer 
I will be looking at this in more detail. 

Q. (from Ray W. Brown}-What is known about pH 
limits ofwhitebark pine, and its tolerance to low pH dur
ing germination? 

A.-I do not have an answer to this question. I have 
not seen literature referring to this subject. This would 
be a perfect laboratory experiment that could be done very 
quickly. 

Q. (from Harry Hutchins}-What influence do you feel 
your enclosures and your scent have on attracting rodents 
to your caches? 

A.-The enclosures likely have a great influence on 
attracting rodents because if they found seed there they 
would likely key on this point and check out all the enclo
sures. My scent would probably also be an attractant to 
rodents because of their natural curiosity. I am not sure 
how you could effectively test the influence of human 
scent as an attractant. 
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Analysis of density data from stands in the Northern 
Rocky Mountains shows that, while seedlings establish at 
the rate of over 1,000 I ha x year in whitebark pine-grouse 
whortleberry (Pinus albicaulis-Vaccinium scoparium) 
forests of all ages, stem numbers in the canopy thin to 400 
at 30 years, 150 at 200 years, and 100 at 300 to 600 years. 
Indices of productive potential, cover, and total circumfer
ence rise to an asymptote at about 100 years. Total basal 
area rises from 0 to 60 m21 ha at about 200 years, the ag
gregate basal area of trees with diameters over 20 em rises 
from 0 to 40 m21 ha at about 250 years, and tree height 
m.cuimizes (12 m) at 200 years. It is hypothesized that 
further growth in productive potential (that is leaf and I 
or root area) is prevented by limited supplies of water or 
a nutrient, further growth in basal area is prevented by 
lack of a nutrient (probably not carbon, hydrogen, oxygen, 
or nitrogen) and further growth in height is prevented by 
scarcity of water. 

INTRODUCTION 
Ecologists often describe plant succession by comparing 

communities existing on a series of sites that are consid
ered environmentally identical, but differ widely in age 
(Boggs and Weaver, in preparation; Cooper 1923; Cowles 
1899; Crocker and Major 1955; Olsen 1958). Chrono
sequence studies in secondary seres in the whitebark 
pine-grouse whortleberry (Pinus albicaulis-Vaccinium 
scoparium) environments (=habitat types or HTs, Amo 
and Weaver, this proceedings; Pfister and others 1977; 
Weaver and Dale 1974) have demonstrated little change 
in understory vegetation (Weaver and Dale 1974), large 
increases in biomass (Forcella and Weaver 1977), and 
small increases in productivity (Forcella and Weaver 
1977, 1986). Field data from these studies are reworked 
here to (1) describe the dynamics of tree establishment, 
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stand closure, and competition and (2) to generate hy
potheses to explain the control of productivity, maximum 
standing crop, and tree height. 

METHODS 
To characterize succession in wbitebark pine woodlands 

we compared 4 7 stands of diverse ages in one environ
mental type (Pinus albicaulis-Vaccinium scoparium 
[Daubenmire and Daubenmire 1968; Pfister and others 
1977]). Each stand was aged by coring three trees repre
sentative of the dominants, that is, trees that were nei
ther new reproduction nor representatives of an earlier 
generation; the ages ranged from 29 to 643 years. The 
stands sampled were broadly representative of stands 
found in Montana, Wyoming, and Idaho (Forcella 1978; 
Forcella and Weaver 1977; Weaver and Dale 1974). 

Tree densities were estimated by counting individ
uals in representative areas at each site. Trees in the 
19 stands considered in the first study (Weaver and Dale 
197 4) were sampled with a 500-m2 circular plot (r = 12.6 m). 
To guarantee a complete count, we counted seedlings in 
a 1- by 30-m plot whose center coincided with that of the 
circle. Trees and seedlings in the 28 stands sampled in 
the second study were counted in a 600-m2 area consisting 
of three 6.67- by 30-m plots (Forcella and Weaver 1977). 

Trees in the first and second studies were tallied into 
10-cm and 5-c:m diameter at breast height (d.b.h.) classes, 
respectively. These data were used directly in comparison 
of seedling survival among stands of differing age. Total 
circumferences were calculated by assuming that all trees 
in a size class had a diameter equal to the midpoint of the 
class, multiplying for each individual ('It x D), and sum
ming across individuals. The use of midpoints introduced 
a downward bias in the smallest size classes in a stand 
and an upward bias in the largest size classes. Calcula
tion of total basal areas also involved the use of mid
points, multiplication ('It x ,.2), and summation across all 
trees in the plot. We did not correct for the additional 
small error due to the fact that the basal area of a mid
point tree is less than the average basal area of trees at 
the top and bottom of that size class. 

Canopy cover was estimated as the percentage of 30 
points, observed overhead through a vertical periscope 
(Weaver and Dale 1974), which were covered by trees. 
Tree heights were measured with a Bitterlich "relaskop." 

Cone production in the year of observation was esti
mated by multiplying an estimate ofbranch tip density 



in the canopy (#/m2) by the average number of cones on 
a sample of branch tips. Cone production in earlier years 
was estimated by multiplying branch tip density by esti
mates of cone production made from counts of cone scars 
at nodes representing the previous 4 years (Weaver and 
Forcella 1986). Seed production was estimated by multi
plying cone number by the average number of seeds in a 
cone (75 ± 28, Weaver and Forcella 1986). 

RESULTS AND DISCUSSION 
The dynamics of Pinus albicaulis in whitebark pine 

woodlands were studied by examining a chronosequence 
based on 4 7 stands with ages r anging from 29 to 650 
years. Readers preferring different units will remember 
that there are 10,000 m2/ha and 2.47 acreslha. 

Seedling Establishment 
Cone production rose from 0 coneslha in newly estab

lished stands to an average of about 10,000 coneslha in 
stands over 100 years old. Figure 1a presents 5-year 
averages of cone production. Cone production was vari
able among stands (for example, 0.5 to 5 cones/m2 annu
ally in the 100- to 200-year stage) as well as among years 
(Weaver and Forcella 1986). If each cone contained 75 
seeds (Weaver and Forcella 1986), seed production ranged 
from 370 to 3, 700 seedslha annually in stands over 150 
years old. 

Median seedling density was 1,000 to 1,500 seedlingslha 
during the first 300 years of stand development (fig. 1b) 
and quite variable among stands in any age class (for ex
ample, 0 to 5,000 among 100- to 200-year communities). 
The large seedling number in young stands must be due 
to long distance dispersal, probably by Clark's nutcracker 
(Hutchinson and Lanner 1982; Linhart and Tomback 
1985), because whitebark pine seeds are both too heavy 
for wind dispersal and unlikely to have survived in the 
seed bank since the stand r eplacing event (Harper 1977). 
The consistency of seedling densities across stands of 
increasing age suggests that nutcracker cache density 
may not vary significantly among stands with different 
ages. 

Competition and Thinning 
Total whitebark pine density falls exponentially from 

4,000 individualslha at 30 years to 1,500 at 200 years 
and 1,000 at 400 years (fig. 1d). We a ttribute this decline 
to self-thinning; while seedlings established with mean 
areas of2 to 3m2 cannot compete significantly, 200- to 
300-year-old trees apparently require mean areas averag
ing about 10 m2• The decline in tree density with time is 
exponential because the growth of young trees is exponen
tial and the area saturated by a tree is proportional to its 
size. 

Seedling fate is a second indicator of the time of re
source (that is, space) saturation in developing whitebark 
pine woodlands. Seedlings establish at rates of 1,000 
to 1,500 individualslha2 in stands of all ages (fig. 1b). 
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In stands less than 100 years old many individuals reach 
heights of 1.5 m, as indicated by tree counts in the 0- to 5-
and 0- to 10-cm d.b.h. classes (fig. 1c). The simultaneous 
presence of seedlings and absence of 0- to 5-cm (and 0- to 
10-cm) d.b.h. trees in stands older than 150 (250) years in
dicates that, while there are noncompetitive "safe sites" 
for seedlings in all stands, the "safe sites" in stands older 
than approximately 100 years are not large enough to 
support growth from the seedling to the sapling stage. 
Since the probability of reproductive success is diminish
ingly small for those seedlings that regularly establish in 
clearings ofless than 10m2, we conclude that the sites 
are, in fact, only apparently "safe." That is , tree estab
lishment is only apparent and its appearance is an arti
fact of the short time period humans easily comprehend. 

The sum, across all trees in the stand, of tree circumfer
ence is a third indicator tha t resource use becomes com
plete in most whitebark pine woodlands at about 100 years. 
Circumference is a good index of leaf area because it is 
strongly correlated with the amount of vascular tissue 
supplying water and nutrients to the leaves (Marshall 
and Waring 1986; Shinozaki and others 1964). It must 
be an equally good index of root area because it is strongly 
correlated with the amount of phloem delivering photo
synthate to absorbing organs. Whether saturation is due 
to canopy closure (full utilization of light) or complete 
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exploitation of the soil resources (water a nd minerals), 
we can expect total circumference to grow exponentially 
(or, at least linearly) from stand establishment to near 
site saturation and then level out. Our expectation is 
reali zed (fig. 2a): initial circumference (even under very 
high seedling densities) is near 0, rises to about 750 m/ha 
(= 0.1 m/m2) soon after 100 years, and remains constant 
through the next 500 years. Regardless of whether the 
population is light or water-nutrient limited, growth of 
one individual after saturation (100 years in whitebark 
pine) can only occur when resources are released by the 
death of another individual (Valentine 1988). 

Factors Limiting Production 
Community production can be limited by resource 

availability. Among resources, lack of heat (temperature) 
surely limits production in the winter through its influ
ence on both water-nutrient availability and enzyme 
activity. Warmer and moist conditions may result in 
nutrient limitation in the spring (Weaver and Forcella 
1979), and relatively dry conditions probably cause water 
limitation in the summer (Weaver 1980). 

The productive potential of a community also depends 
on its "factory size"-its leaf or root area. Factory size 
might be limited by either light or a soil (water or a nutri
ent) resource. While the former is often assumed (and as 
a result, trees are often ranked according to their "shade 
tolerance"), ditching tests suggest that root competition is 
often the actual controlling factor (Watt and Fraser 1933). 
Whitebark pine woodlands consist of open stands with an 
initial canopy cover of 0 percent, which grows to a limit of 
60 percent in 100 to 150 years, and remains constant at 
that level for the next 200 to 300 years (fig. 2). Since, in 
saturated stands, canopy coverages are only 60 percent 
and since forest floor light levels (200 to 1,600 uEm-2s-1) 

are well above those required for whitebark pine photo
synthesis (200 uEm-2s-1 at compensation and 1,000 
uEm-2s-1 a t saturation, Jacobs and Weaver [this proceed
ings]), we deduce that stand saturation in whitebark pine 
is more likely due to complete exploitation of a soil re
source (water or a nutrient element) than to exhaustion 
of the light supply. 

Factors Limiting Maximum Standing 
Crop 

The rate of production is initially low, grows with in
creases in foliage cover, and halts at stand saturation 
(about 100 years), because leaf or root surfaces are maxi
mized. In contrast, basal area accumulation continues 
to a maximum (60 m2/ha) at 200 to 250 years and levels 
there (fig. 3a). The upper limit for standing crop must be 
due to one of three factors: excessive respiratory mass, a 
resource limit, or a structural limit. First, the most im
mediate limiting factor is probably the accumulation of a 
respiratory mass sufficient to consume all current photo
synthesis (Odum 1969). Second, since the canopy is not 
saturated a t maturity, however, the ultimate limiting 
factor must be either a non light resource or a structural 
deficiency. The limiting factor cannot be temperature 
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because air temperature does not change systematically 
during stand development and, while soil temperature 
might be reduced by canopy shading, if this effect were 
controlling it should be maximized at canopy closure 
(100 years, not 250 years). The limiting factor cannot 
be water, because, while drought may stop growth each 
summer, precipitation in the following winter and spring 
will allow resumption of growth (not observed) if no other 
factor limits. The limiting resource is most likely the 
supply of an important nutrien~and probably not car
bon, hydrogen, oxygen, or nitrogen, because supplies of 
these elements are constantly delivered from the atmos
phere. The reader may question the inclusion of nitrogen 
in the list of elements available from the atmosphere; we 
do so because we believe researchers underestimate both 
nitrogen losses (production of decomposition-recalcitrant 
organic matter, and fire) and compensating nitrogen im
ports (Aradottir 1984; Boggs and Weaver, in preparation; 
Johnson and others 1983; Weaver and others 1978). 
Third a structural limit would exist if nutrient supplies 
were ~ufficient to allow the growth oflarger trees with the 
consolidation of more productive potential, but physical 
damage prohibited it. We doubt that it is physical control 
because the trees in whitebark pine woodlands can be 

relatively large, because little wind defonnation occurs, 
because wind-snow breakage is uncommon, and because 

a seedlings occupying openings fail to establish . 

b 
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Total biomass depends on tree height as well as basal 
area. Tree heights increase linearly to 12m at 200 years 
and then level off (Weaver and Dale 1974). Maximum 
tree height is most likely determined by water availability 
at the shoot tip and is therefore a product of the drying 
power of the air, the conductivity of the stem, and the 
water supplying power of the soil. 

Harvestable Production 
With few exceptions (Losensky, this proceedings), the 

height and fonn ofwhitebark pine trees encourage the 
reservation of forests dominated by it for wildlife, water
shed cover, recreational, and esthetic purposes rather 
than timber production. !flogging is contemplated, the 
manager needs a measure of basal area against time for 
trees large enough to log (for example, over 20·cm d.b.h.). 
Figure 3b shows that the basal area of trees large enough 
to log levels later (about 250 years) and at a lower value 
(40 m2/ha) than total basal area. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from R. Brown)-Do you know of studies of water 
relations-for example, the diurnal course of plant water 
status or transpiration rates-for whitebark pine? 

A.-While Tranquillini (1979) provided extensive dis
cussion of water relations in closely related Pinus cembra, 
I know of no studies of water relations in whitebark pine. 
In this paper I have speculated that water stress limits 
late summer production, but not maximum standing crop, 
in whitebark pine woodlands. In answering your question 
(of my climate paper) about factors limiting the distribu
tion ofwhitebark pine I speculated that the southern 
limit of the tree's range might be set by summer drought. 

Q. (from M. Cole)-According to your basal area graphs, 
standing crop is initially zero and increases asymptoti
cally with time. The graphs also show considerable vari
ance. Do you think the variance could be explained by 
plotting a series of site class curves in each graph? 

A.-The variance you observe strongly suggests that 
while we selected stands representative of the Pinus 
albicaulis-Vaccinium scopa.rium woodland climax there 
is usite class" variance in the indicated habitat type. 
While it would be well represented by site class curves, 
I have no independent site class data to enable me to 
draw such curves; can you suggest an approach I haven't 
thought of/ 



OCCURRENCE OF MULTIPLE 
STEMS IN WHITEBARK PINE 

ABSTRACT 

T. Weaver 
J.Jacobs 

Depending on the stand, Montana-l\;'oming whitebark 
pines (Pinus albicaulis) may have multiple stems in 8 to 79 
percent of the trees. The clumps had one to 11 stems with 
stand medians between two and three. Multiple stems 
may arise from several seeds germinating together, from 
basal branching, or both. Median stem number and maxi
mum stem number per clump decrease with stand age, 
probably due to both within-clump and between-clump 
competition. While declines are slight in open woodlands, 
clumps almost disappear in closed forests. The presence 
of clumps is correlated with stand density in other conifers 
as welL 

INTRODUCTION 
While most trees tend to be single stemmed, a few (such 

as Quercus, Populus, Salix, and Sequoia) are often mul
tiple stemmed (Elias 1980). Stem number in trees must 
be determined by two factors: (1) the tendency to form, 
at one point, stems that are genetically identical (from, 
for example, spontaneous basal branching or wound
induced branching), maternally related (poly-embryony 
or seeds cached from one tree), or less strongly related 
(seed cached from different trees) individuals and (2) the 
tendency of multiple stems to survive at that point. 

Whitebark pine (Pinus albicaulis) has long been noted 
for its tendency to occur in clumps with stems fused, or 
not fused, at the base (Harlow and Harrar 1958; Sud worth 
1908). Multiple-stem origin (factor 1) was originally at
tributed to branching (Sudworth 1908), then to branching 
and/or seed caching (Weaver and Dale 1974), and most 
recently almost exclusively to seed caching (Lanner 1980; 
Linhart and Tomback 1985). The importance of stem 
survival (factor 2) in the determination of the number of 
stems in a clump has received little attention. The objec
tives of this note are to demonstrate the multiple-stem 
phenomenon for the whitebark pine of subalpine wood
lands, to examine evidence for the mode of multi stem 
initiation, and to open discussion on the effect of survival 
of the stems in a clump. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 
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METHODS 
Clump sizes were observed in 19 stands located in 10 

subranges of the Rocky Mountains between latitude 43.5° 
and 46.5° N. All stands were subtimberline woodlands 
with canopies dominated by whitebark pine and under
stories dominated by grouse whortleberry (Vaccinium 
scoparium); none of the stands was krummholz. In each 
stand, the number of stems was counted on each tree in 
a representative 500-m2 (12.6-m [ 41.3-ft] radius) circular 
plot. The stand was aged by coring three representative 
dominant trees. Canopy cover was estimated by deter
mining, with a periscope, the percentage of 33 points that 
was covered. The locations, climate, soils, and vegetation 
of the study areas, as well as the sampling methods, are 
described in greater detail by Weaver and Dale (1974). 

The 52 seedlings observed for basal branching were 
planted one-seed-per-pot and grown under normal nurs
ery conditions for 2 years. The seeds were collected just 
north of Yellowstone National Park in the Palmer Creek
Bear Creek drainage at an altitude of 2,677 m (8, 700ft). 

THE PHENOMENON 
Observations in 19 woodland stands-neither krumm

holz nor forest stands-in the Rocky Mountains between 
latitude 43.5° and 46.5° N. (table 1) support five descrip
tive statements about clumping in whitebark pine. 

1. There were both single-stemmed and multiple
stemmed trees in every stand. 

2. There were more multiple-stemmed than single
stemmed clumps in 37 percent of the stands. 

3. Clumps with more than seven stems were rare 
in stands over 150 years old. The fact that the smaller 
stems in older clumps were often dead suggests that 
weaker associates were competitively excluded (Lanner 
1988). 

4. Over half of the clumps were multiple stemmed in 
stands with cover less than 48 percent and less than half 
the clumps were multiple stemmed in stands with cover 
greater than 60 percent. Competition associated with 
stand closure probably selected against stems in clumps, 
since competition from the time of establishment would 
give clumped stems a relatively small height and would 
allow them to be overtopped and outcompeted by trees 
outside the clump. 

5. These forest trees had one to 11 stems with a median. 
averaging 2.36. Clumps containing as many as 22 stems · 
have been reported in open subalpine stands of the Sierra 
Nevada (Tomback 1989). 



Table 1-stem number in Pinus albicaulis clumps appearing in 19 Montana-Wyoming stands. The stands are arranged in order of arboreal 
cover 

No. 
Tree Basal clumps Stand Single 
cover area per plot age stemmed 1 2 

Percent mZ/ha Yr Percent 
21 5.1 43 40 21 21 23 
27 10.8 67 133 45 45 34 
33 12.7 50 116 48 48 28 
45 23.5 37 190 43 43 45 
48 13.5 32 210 65 65 13 
48 17.2 50 140 48 48 30 
50 11.5 26 290 92 92 8 
51 21.0 23 420 35 35 48 
55 15.3 34 160 59 59 29 
57 12.7 33 140 30 30 27 
63 20.2 46 400 61 61 37 
66 13.4 72 113 53 53 21 
66 13.4 61 170 90 90 3 
67 15.3 68 113 56 56 21 
75 17.3 53 210 53 53 26 
78 17.8 54 225 61 61 23 
84 13.1 58 99 53 53 28 
84 17.3 43 289 60 60 28 
85 23.5 30 283 63 63 14 

CLUMP INITIATION 
Many multistemmed whitebark pine clumps undoubt

edly arise from different seeds deposited at one spot, most 
likely by nutcrackers (Hutchins and Lanner 1982), but 
occasionally by squirrels and chipmunks or, conceivably 
but rarely, by a cone falling intact (Linhart and Tomback 
1985). One can easily demonstrate this by pulling clumps 
and counting entirely separate stems. We suggest that 
mature trees arising through this mechanism may be 
recognized by the acute angles between the stems of trees 
competing with each other; this form is illustrated by 
Linhart and Tomback (1985). 

We give two lines of evidence that some whitebark pine 
clumps arise by spontaneous basal branching and note 
that damage to apical meristems by insects, vertebrates, 
or climate might also stimulate basal branching. First, 
of seedling clumps pulled in the field, some consist of 
single trees with a single root system. Second, nursery 
seedlings, planted one-seed-at-a-time, often have multiple 
stems. For example, seedlings grown from one lot of seeds 
were branched at the base in over 84 percent of the cases 
and exhibited stem frequencies even higher than those 
seen in natural stands of the region (tables 1 and 2). The 
developmental tendency of whitebark pine to branch at 
the base may be related to its tendency to branch pro
fusely and widely at higher nodes-a tendency that has 
led dendrologists to contmst the "lyrately branching" form 
ofwhitebark pine with the conical form of most other 
Rocky Mountain conifers (Harlow and Harrar 1958). 
We suggest that obtuse basal branching, as well as strong 
crown branching, indicates a morphologic tendency of 
individuals that normally grow in open stands to optimize 
energetically through extensive branching. Such branch
ing is energetically efficient because it develops a large 
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Percentage of trees by stem number class 
3 4 5 8 7 8 9 10 11 

26 12 7 5 2 4 
10 6 3 0 1 0 
12 10 0 2 
3 3 3 0 3 

13 3 6 
8 8 2 4 

13 0 4 
9 3 

16 18 3 0 3 0 0 0 3 
2 

14 7 3 0 
2 2 3 

12 7 1 3 
11 6 2 2 
9 7 
3 5 7 0 2 0 2 
6 4 0 2 

13 3 7 

canopy with minimal competition among branches and 
a minimal investment in trunk biomass. We suggest 
that-although forces such a8 crushing snow might some
times spread clumps of genetically distinct individuals 
obtusely-obtuse basal branching often, or usually, indi
cates a genetically uniform clump. 

Genotypic analysis of multistemmed clumps should 
shed light on the relative contributions of basal branching 
and the germination of clumped seeds to multiple stem
ming in particular whitebark pine stands. Analyses made 
in two Alberta stands (Fumier and others 1987) and one 
Wyoming stand (Linhart and Tomback 1985) show: 
(1) that while 58, 70, and 83 percent, respectively, of the 
clumps examined had mixed o~gins, as many as 42, 30, 
and 17 percent may have arisen by branching alone, and 
(2) that, while most clumps are of mixed origin, 22, 19, 
and 46 percent, respectively, of the stems in the mixed 
clumps were genetically undistinguished from their 
neighbors and may well have arisen by branching. Geno
typic analysis may have misclassified some distinct stems 
as branches; this is unlikely in studies based on 11loci 
(Fumier and others 1987), and somewhat more likely in 
studies based on only four loci (Linhart and Tomback 
1985). 

Table 2-Branching of pine seedlings grown under greenhouse 
conditions 

Sample Percent of seedlings with .. X" branch• 
Species size 1 2 3 4 5 

Pinus albicaulis 52 15 15 58 6 6 
Pinus contorts' 198 90 10 0 0 0 

'In contrast to Pinus s/bicau/ls branches, the branches of Pinus contDrta 
were weak and not competitive wi1h the main stem. 



SURVIVAL OF STEMS IN CLUMPS 
We observed that while multiple-stemmed trees are 

common in open woodlands just below timberline, they 
are rare in denser forests a few tens of meters lower. We 
attribute the difference not to sources ofmultistems, but 
to the survival of clumped stems. In a closed forest, trees 
in a clump should be at a disadvantage. Trees in a clump 
are very dense, and the clump can be expected to self-thin 
if other trees are nearby. One might even expect all trees 
in the clump to disappear, since their competition with 
each other will reduce the likelihood that any one will 
grow fast enough to stay in the canopy. On the other 
hand, if the stand is open-due to its occupation of a mar
ginal habitat where crsare sites" for establishment are few 
or if the stand is thinned-we expect the multistem habit 
to be most energetically efficient. 

Multistems are most efficient in open stands because 
(1) single stems have less circumference than multiple 
stems of equal cross-sectional area, (2) leaf area is propor
tional to circumference (Marshall and Waring 1986; 
Shinozaki and others 1964), and therefore (3) branched 
crowns require less photosynthate per unit of leaf area 
for support than single stems do. For example, simple 
geometry shows that tw~, three-, four-, and five-stemmed 
trees have 140, 172, 200, and 222 percent of the circum
ference (our leaf area index) of a single-stemmed tree with 
the same cross-sectional area (our index of photosynthetic 
cost). One wonders whether the basal area differences 
underestimate differences in structural costs, since 
clumped trees growing in open stands are generally 
shorter than relatives growing in closed stands. This 
seems unlikely since the shorter trees of clumps will have 
longer, more costly, radial reaches in both shoot and root 
zones; such compensation has been demonstrated in juni
per (Weaver and Lund 1982). While hormonal coordina
tion might allow single-genotype clumps to outperform 
multiple-genotype clumps or conjoined stems in a clump 
to outperform single-stemmed trees, we have no evidence 
for either hypothesis. Nor do we have estimates of the 
possible impacts of clumping on group function-whether 
they might be positive (by transpiration reduction through 
mutual shelter or water supply increases due to snow
drift creation) or negative (by evaporation of rain or snow 
from a large canopy). 

If competition significantly affects the degree of multi
stemming in open versus closed stands of whitebark pine, 
we might expect the same phenomenon in stands of other 
tree species. With or without a cache-planting," one sees 
that clumping is most common in open stands. In con
trast to its forest form, thick-barked Douglas-fir (Pseu
dotsuga menziesii) is often clumped at lower timberline 
and along rocky ridges at higher altitudes, probably as a 
result of damage to apical meristems and survival of mul
tiple stems or perhaps nutcracker caching (Lanner 1988). 
Typically single-stemmed lodgepole becomes multi
stemmed at lower timberline in areas such as meadow 
borders in northwestern Yellowstone National Park, due 
to survival of multiple stems arising after leader damage 
or germination of seeds from a cone that fell intact. While 
subalpine fir (Abies lasiocarpa) is strongly single stemmed 
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in forests, its lower branches root and layer to form tight 
clumps in mountain meadows (Billings 1969) and krumm
holz sites (Marr 1977). The tendency of pines iri open 
stands of warmer environments such as Pinus edulis · 
(Vanderwall and Balda 1977), and Pinus ponderosa and 
Pinus flui.lis of Montana, to branch low and profusely, 
but without multistemming, may be an adaptation to 
decrease exposure to groundfire and/or high soil-surface 
temperatures. 

CONCLUSIONS 
From the above we conclude that: 

1. Multiple stems could arise from basal branching, 
from multiple establishment of seeds deposited near each 
other, or both. 

2. Either basal branching or seed caching could yield 
more stems per clump than normally occur in mature 
whitebark pine stands. 

3. Whether it arises through basal bran~ or seed 
caching, stem number is ultimately controlled by competi
tion among members of a clump (and declines therefore 
with clump age) and competition between adjacent 
clumps (and declines therefore with canopy closure). 

4. Branching seems to account for 31, 26, and 46 per
cent of total multiple stemming in three particular white
bark pine stands. We speculate that branching may 
dominate in woocDands where most clumps are obtusely 
branched and may be less important in woodlands where 
most clumps are acutely branched. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Dave Mattson)-Nutcracker-dispersed trees 
that were not multistemmed might support the branching 
hypothesis, what about Pinus sibirico and Pinus pumila? 
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A.-Pinus edulis and Pinus fkxilis, from the lower 
timberline, are nutcracker-dispersed trees that are mostly 
single stemmed. It is not clear to me either why compan
ion seedlings fail to establish or why the tree fails to 
branch lower; perhaps fire or high surface heat select 
against multiple stems. Clumping seems more character
istic of cooler-moister woodlands and may be due, as in 
Pinus olbimulis, to a combination of caching and basal 
branching. While multiple stems have been reported in 
Pinus sibirico and Pinus pumilo., I do not know whether 
and under what conditions it is important; at this sympo
sium Tomback and Holtmeier both described clumping in 
closely related Pinus cembra. Lanner (1988) described 
clumping in wing-seeded conifers (Pinus longoeva and 
possibly Pseudotsugo menziesii) dispersed by nutcrackers. 

Q. (from Cathy Stewart)-Are the single stems typical 
of closed-canopy forests due to lack of caches or to com
petitive thinning? 

A.-I see both single-stem and multiple-stem reproduc
tion in relatively dense stands. I would therefore attrib
ute the lack of mature multiple-stem clumps to thinning 
induced by within-clump and between-clump competition. 

Q. (from Ron Lanner)-Ifbranching occurs at both the 
base and the crown of whitebark pine trees, why is it rare 
on the lower trunk? 

A.-Our seedlings branched naturally and it is obvious 
that upper crowns branch naturally. I agree that 
branches on the lower trunk are rare, but have no solid 
explanation for their absence there; browsing or sand and 
snow blowing near the ground surface may contribute. 



XYLEM RESIN MONOTERPENES OF 
WHITEBARK PINE IN THE SIERRA 
NEVADAANDSOUTHERNCASCADES 

R.H. Smith 

ABSTRACT 
A preliminary study was made of the xylem moJWterpenes 

of whitebark pine in the southwestern portion of its range to 
determine local and regional variation in components and 
composition. Three stands were sampled: Mount Rose, 
Nevada-43 trees; Mount Shasta, California-62 trees; 
Paulina Mountains, Oregon-23 trees. 

The mean, maximum, and minimum of P-pinene, 
3-carene, myrcene, and limonene varied greatly between 
stands. The greatest differences were between the Mount 
Rose stand and the two Cascade stands. 3-carene was usu
ally the highest percentage in individual trees; but myrcene 
was highest in some trees. Other components occurring in 
small amounts were a-pinene, camphene, P-phellandrene, 
and terpinoline. 

The overall frequency distribution of each of the four 
variable components suggested high, medium, and low 
classes to characterize the amounts in individual trees 
and to express total tree composition with four digits. 
When so classified, about 95 percent of the trees at Mount 
Rose differed from trees at Mount Shasta. The composi
tional types at Mount Shasta and in the Paulina Moun
tains were somewhat similar, but they differed markedly 
in frequency. 

Thus, it is concluded that there is appreciable difference 
among the three stands in the frequency of genes or alleles 
for the expression of xylem resin moJWterpenes. 

INTRODUCTION 
Five pine species are placed under the subsection 

Cembrae: one in North America, Pinus albicaulis Engelm. 
(whitebark pine), and four in Eurasia, P. sibirica DuTor., 
P. cembra L., P. pumila Regel., and P. koraiensis Sieb. and 
Zucc. Mirov (1961) reported that the xylem monoterpene 
of whitebark pine is almost completely 3-carene while that 
of the four Eurasian species consists of a-pinene and 
B-pinene with smaller amounts of 3-carene and limonene. 
Local and regional variation was not reported by Mirov be
cause the sampling and analytical procedures of that time 
were long and cumbersome, and to explore local and re
gional variation would have been a substantial undertak
ing. It was also difficult with those older procedures to 
determine the presence of small amounts of components. 
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March 29-31, 1989. 

R. H. Smith (retired) was Research Entomologist, Pacific Southwest 
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Though early studies were thus limited, they did provide 
an excellent basis for further research. 

More recently, through the use of improved techniques 
for examining large numbers of small samples, consider
able local or regional variation in xylem monoterpene 
composition has been found in many pines of western 
North America: P. muricata D. Don (Forde 1964), 
P. torreyana Parry (Zavarin and others 1967), P. radiata 
D. Don (Williams and McDonald 1962), P. aristata 
Engelm. (Zavarin and others 1976), P. coulteri D. Don, 
P. washoensis Mason and Stockwell, P. ponderosa Laws., 
P. contorta Dougl., (Smith 1967, 1977, 1983), and 
P. moJWphylla Torrey and Frem. (Smith and Preisler 
1988). In a preliminary study considerable variation was 
found in the young progeny of six pine species of Mexico 
(Smith 1982). 

I know of no report on the intraspecific variation of the 
xylem monoterpenes of whitebark pine. This paper reports 
a preliminary study of the local and regional variation of 
the xylem monoterpenes ofwhitebark pine in the south
western portion of its range. Such information could be 
of value in refining the description of the species and in 
research on its specificity to bark beetle attack. 
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METHODS AND MATERIALS 
Three stands of whitebark pine were sampled for xylem 

resin (fig. 1, table 1). This portion of the tree's range is 
characterized by small, widely separated stands at high 
elevation. Diameter of the trees sampled ranged from 
10 em to 45 em; most were 15 em to 20 em. All trees were 
probably greater than 40 years old. Each tree was tapped 
at a height of 1.5 m with a 1.4-cm bit. The tap hole was 
at a slight upward angle, and went through the bark and 
phloem and for about 8 mm into the xylem. A 5-cc shell 
vial was fitted into the tap hole to collect the resin. Two 
to three days later the vials were removed and corked. 

An aliquot ofO.l to 0.5 cc of the sample ofresin and 
an approximate equal amount of chromatographic grade 
pentane were combined in a l-ee screw cap vial. These 
prepared samples were refrigerated at 0 °C except when 
being processed. 

The prepared samples were analyzed for monoterpene 
content by gas liquid chromatography (Smith 1977), using 
a thermal conductivity detector, a B, B' oxydipropionitrile 
column, and a sample size of about 1.0 J.Ll. The results of 
the analysis were recorded by a reporting integrator and 
were expressed as normalized composition-each compo
nent was calculated as a percentage of the total monoter
pene in the sample. Peaks were identified by a combina
tion of relative retention time, introduction of internal 
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Figure 1-Location of three stands of whitebark pine sampled for xylem resin 
monoterpenes, P = Paulina Mountains, S = Mount Shasta, R = Mount Rose. 
Distribution taken from Critchfield and Little (1966). 

Table 1- Number of trees sampled and sampling dates for three study locations 

Number of 
trees sampled Locale National Forest Mountain range Date sampled 

43 Mount Rose Toiyabe Sierra Nevada September 1986 
62 Mount Shasta Shasta-Trinity Cascades August 1987 
23 Paulina Mountains Deschutes Cascades June 1988 
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standards, and from the experience of analyzing large 
numbers of resin samples. 

Average composition and the maximum and minimum 
for each component were calculated for each stand. The 
frequency distribution of each variable component was 
plotted. The modes of each of the multimodal distribu
tions were estimated, and their limits were defined when 
the distribution of a component for all three stands was 
viewed as a whole. Since there were, generally, three 
modes in the distribution of four of the components, nu
merical values of 0, 1, and 2 were given to the low, me
dium, and high modes, respectively. The percentage com
position of each tree was converted to a four-digit value, 
one digit for each of the four variable components, by 
applying the 0, 1, 2 definition. The normalized distribu
tion of the kinds of composition was then calculated for 
each stand, and the three stands were compared on the 
basis of the frequency of types of composition. 

RESULTS AND DISCUSSION 
The three whitebark pine stands differed considerably 

in average composition of xylem monoterpenes and in 
the range of the components (table 2). However, no 
composition of any tree in the three stands resembled that 
which Mirov (1961) reported for the other four species of 
Cembrae. The two Cascade plots differed much more 
from the Sierra Nevada plot than they differed from each 
other. However, there were noticeable differences be
tween the two Cascade plots. Although in a normalized 
analysis a change in one component can cause a change 
in another, the total monoterpene content of whole resin 
was fairly constant. Thus, the normalized system is a 
close approximation of the absolute amounts, and the 
differences observed can be considered real. 

As Mirov (1961) had reported, 3-carene was the princi
pal component of the xylem monoterpenes ofwhitebark 
pine at Mount Rose, but small amounts of a-pinene, 
myrcene, limonene, and terpinoline along with trace 
amounts of B-pinene and 8-phellandrene were also found 
in nearly all trees in this study. As with other pines, 
there is a strong, positive association of 3-carene and 
terpinoline. However, the ratio of the two components 
was quite different; in whitebark the ratio of 3-carene 
to terpinoline was about 10 to 1, whereas in most other 
pines it is about 20 to 1. 

Though 3-carene was also the principal component 
in the two Caseade stands, there were considerable and 
variable amounts of myrcene, 8-pinene, and to a limited 
extent limonene in most trees (table 2). The ratio of 
3-carene to terpinoline was, as in the Mount Rose trees, 
about 10 to 1, and there was a small amount of a-pinene, 
in all trees and a trace amount of 8-phellandrene in most 
trees. Although the ayerages of several components were 
about the same in the two Cascade stands, the maximum 
and minimum were usually different. This could have 
been caused by differences between the two stands in the 
size of the sample. That is, in a species so variable, it may 
be necessary to have a large sample size-from my experi
ence 70 to 100 tree&-to consistently estimate the range of 
variation. The two Cascade plots differed markedly in the 
mean and range of 8-pinene and 3-carene (table 2). The 
difference between the two plots in sabinene is caused by 
one tree at Paulina with 23 percent sabinene. As in sev
eral other pines, there was a strong positive relationship 
betWeen sabinene and terpinoline, with nearly a one-to
one ratio. Therefore, the tree with a large amount of 
sabinene also had a large amount of terpinoline. 

Table 2-Xylem resin monoterpenes of Pinus albicau/is in three stands: Mount Rose, Mount Shasta, Paulina Mountains; X= mean, 
SO = standard deviation 1.. 

Mount Rose Mount Shasta Pautlna Mountains 
n:43 n=62 n=23 

Component X SD MaxiMin i SD MaxiMin i SD MaxiMin 

Percen~ Percent Percen~ Percent Percen~ Percent 
a-pinene 1.9 0.59 4/1 2.7 1.24 812 2.9 1.14 510 
B-pinene .3 .16 1r 4.6 7.35 391* 11.4 6.87 2010 
3-carene 83.2 5.35 94170 54.0 9.37 82140 45.1 13.70 6818 
sabinene2 .0 .0 1.0 4.69 2310 
myrcene 6.1 4.79 181* 28.1 10.46 4411 27.8 11.43 69/16 
limonene 1.0 1.11 510 3.6 3.35 11/0 3.4 3.52 1410 
B-phellandrene .4 .25 1/0 .3 .44 1/0 1.3 3.18 1610 
T -terpinene • 
terpinofine 6.9 2.42 14/0 6.0 1.21 11/4 6.8 3.45 2012 

' ., normalized. 
2 ., all in one tree at Paulina. . .,. trace, less than 0.1. 
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Three trees at Paulina are of note, the one high in 
sabinene discussed above, one high in myrcene, and one 
high in 8-phellandrene. The normalized percent composi
tion of these three trees was: 

Are these three trees unusual, or are there other similar 
trees in other parts of the species distribution? 

The three stands differ markedly in the frequency distri
bution of four variable components: B-pinene, 3-carene, 
myrcene, and limonene (fig. 2). All four frequency distri
butions have a tendency to be tri-modal, when all three 
stands are viewed together. The best approximation of the 
three modes and the intervals that describe them is given 
in table 3. The similarity and differences between the two 
Cascade plots are clearly evident from the frequency distri
butions (fig. 2). 

Component 

a-pinene 
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The types of monoterpene composition in each stand
obtained by converting the composition of each tree to a 
four-digit value using table 3 and then normalizing the 
types of composition for each of the three stands-shows 
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Rgure 2-Frequency distribution of 3-carene, myrcene, B-pinene, and limonene in 
three stands of whitebark pine: Paulina Mountains, Mount Shasta, Mount Rose. 
Numbers at top of a line of plotted points are the additional number of points for that 
percentage. The medium mode is shaded for the distribution of each component 
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that each stand is sharply different from each other 
(tables 4 and 5). Again, the large difference between the 
Sierra Nevada plot and the two Cascade plots is clearly 
evident (fig. 2 and tables 4 and 5), and the substantial 
difference between the two Cascade plots is also clearly 
evident. That is, the types of composition found in the 
two Cascade plots are somewhat similar, but their fre
quencies are quite different. 

The coefficient of determination between the stands 
was very low (about 0.1), though one might question the 
use of this analysis because of the large differences in 
the numbers of trees in the three stands. Even without 
the coefficient of determination, the differences between 

stands is clearly evident. The two Cascade plots are 
clearly different in the frequency of types, and the Sierra 
Nevada stand is clearly different from the two Cascade 
plots in both the kinds of and frequencies of compositional 
types. Likewise, the numbers of compositional types in 
the three stands are very different, with only four types at 
Mount Rose, 13 types at Paulina, and 21 types at Mount 
Shasta. 

These differences in means, ranges, and in the kinds 
and frequency of compositional types suggest that there 
are major genetic differences between the Cascade and 
Sierra Nevada stands and minor genetic differences be
tween the two Cascade stands. It should be reemphasized 

Table 3-lntervals for low-, medium-, and high-frequency modes of 
the four variable components of whitebark pine xylem 
monoterpenes, B-pinene, 3-carene, myrcene, limonene 

Code Component 
Mode value B-plnene 3-carene myrcene llmonene 

-- --- -- --- --- - Percent - - -- --- - - - -- - - -
Low 0 0-3 0-58 0-10 0 

Medium 4-16 59-78 11-30 1-6 

High 2 17-100 79-100 31-100 7-100 

Table 4-Coc:led types of xylem monoterpene composition of whitebark pine and the average actual composition of 
these coded types for 128 trees 

Coded Actual composltlon2 

type1 N a·p cam 8-p car sab myr lim 8-ph Y·t ter 

------------------------------- Percen~--------------------------------
0011 1 2.5 2.2 56.0 29.2 3.7 0.3 0.4 5.4 
0012 4 1.7 .3 54.2 28.3 9.4 .5 5.6 
0020 11 2.5 0.1 .7 49.3 0.1 41.2 .5 .1 5.5 
0021 14 2.4 1.5 51.8 34.7 3.4 .3 .1 6.4 
0022 4 2.3 .6 42.3 41.8 7.0 .3 .1 5.6 
0110 9 1.8 .1 .4 74.3 13.8 .2 .5 8.9 
0120 1 1.9 .3 .8 60.0 31.3 .5 .3 4.7 
0111 3 1.7 .5 63.4 23.0 3.5 .2 .2 7.5 
0112 5 1.6 .1 .2 61.9 21.5 8.6 .2 5.7 
0200 6 2.4 .3 .4 84.7 4.6 .2 .3 .1 6.8 
0201 29 1.9 .3 85.1 4.0 1.4 .3 • 7.0 
0210 2 1.5 .3 79.5 12.6 .3 .2 5.5 
1010 3 3.2 12.3 53.8 23.6 • .3 6.7 
1011 4 2.8 .1 10.8 49.7 23.0 4.9 1.0 7.6 

•1012 6 2.6 11.2 43.2 3.8 21.0 9.9 .3 8.4 
1020 7 4.3 10.1 44.4 35.6 .3 5.1 
1021 1 2.5 5.4 41.1 41.9 4.5 .6 3.9 
1110 2 1.8 9.5 63.1 17.6 .4 7.7 
1101 3 2.5 • 8.1 67.2 9.6 4.8 .7 6.7 
1111 2 2.1 .1 5.0 64.5 16.4 3.4 .4 7.8 
1112 1 2.7 6.6 60.7 16.7 6.7 .. 3 6.5 
2001 2 5.8 .2 34.4 48.0 4.5 2.1 .2 4.8 
2010 3 4.2 19.3 47.0 22.2 .4 6.1 
2011 4 4.3 .2 18.8 42.3 25.7 2.9 .6 5.0 
2012 1 4.9 • 21.1 26.2 26.0 6.8 16.1 4.1 

,From left to right: B-plnene, 3-carene, myroene, llmonene; see table 3 for values of code numbers. 
2from left to right: a-pinene, camphene, 8-plnene, 3-carene, sablnene, myroene,llmonene, 8-phellandrene, Y·terpinene, terplnoline. 
3Average for the normalized composition for the trees In each type. 
-4Qne tree with 23 percent sablnene and 20 percent terpinollne. 
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Table 5-Frequency distribution of coded types of xylem monoter
pene composition in three stands of whitebark pine; see 
table 4 for actual composition of coded types 

Coded Stand 
type Paulina Mountains Mount Shasta Mount Rose 

- - - - - - - - - - - - - - - - - - Percent 1- - - - - - - - - - - - - - - - - -

20011 1.6 
0012 6.5 
0020 4.3 16.1 
0021 8.7 19.4 
0022 6.5 
0110 1.6 18.6 
0120 1.6 
0111 4.3 3.2 
0112 8.1 
0200 3.2 9.3 
0201 67.4 
0210 4.7 
1010 
1011 
1012 
1020 
1021 
1110 
1101 
1111 
1112 
2001 
2010 
2011 
2012 

8.7 
13.0 

313.0 
13.0 
4.3 
4.3 

4.3 

8.7 
8.7 

44.3 

1Nonnalized for each stand. 

1.6 
1.6 
4.8 
6.5 

1.6 
4.8 
1.6 
1.6 
3.2 
1.6 
3.2 

2from left to right a-pinene, 3-carene, myrcene, limonene. 
'One tree with 23 percent sablnene and 20 percent terplnollne. 
"Tree also has 16 percent B-phellandrene. 

that the study was limited to a small portion of tree range. 
And it is apparent that with such large local variation, 
larger numbers of trees are needed at both the Mount Rose 
and Paulina Peak stands to improve the analyses. Obvi
ously, too, a survey of the rest of the species distribution 
would be useful. 
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Speakers answered questions from the audience fol
lowing their presentations. Following are the questions 
and answers on this topic: 

Q. (from Ron Lanner)-How does Pinus albicaulis 
compare toP. flexilis in monoterpenes? 

A-Within the limits of my data, the two species are 
distinctly different. None of the 128 P. albicaulis exam
ined had more than 8 percent a-pinene, with an average 
of about 2.5 percent. Of the 10 trees ofP. flexilis 
examined, none had less than 28 percent a-pinene, 
with an average of about 55 percent. Pinus albicaulis 
can be separated from P. monticola on the same basis. 



FIRE EFFECTS IN WHITEBARK 
PINE FORESTS 

Penny Morgan 
Stephen C. Bunting 

ABSTRACT 
Although whitebark pine (Pinus albicaulis) forests fre

quently burn, little is known about the patterns of regen
eration, growth rates, and successional development of 
these forests as they are influenced by fire frequency. This 
paper presents such data collected from seral whitebark 
pine stands in the Shoshone National Forest, WY. 

Cross-sections were coUected from fire-scarred whitebark 
pines. Fires have occurred often in the past, and the larger 
trees often survive low-intensity fires. Many trees have 
been scarred by more than one fire. Young whitebork pine 
trees populate recent burns. Relative ages and growth 
rates of whitebark pine and associated conifers have been 
determined. On sites where it is send, whitebark pine is 
gradually replaced by subalpine fir (Abies lasiocarpa) and 
Engelmann spruce (Picea engelmannii) in the absence of 
fire. Frequent fires prevent or slow the replacement of 
whitebark pine by these more shade-tolerant and less fire
resistant conifers. 

Based on a composite of samples and a synthesis of the 
literature, successional patterns in_serol whitebark pine 
forests are documented. Fires rejuvenate and maintain 
the productivity of serol whitebark pine starids. Fires are 
thus important to regeneration and long-term mainte
nance of seral whitebark pine forests. 

INTRODUCTION 

Whitebark pine (Pinus albicaulis) is an important spe
cies in subalpine ecosystems throughout the Northern 
Rocky Mountains. It is an early successional species in 
many habitat types (Pfister and others 1977; Steele and 
others 1981, 1983) and may occur in both pure and mixed 
stands. · 

In substantial areas of the species' natural distribution, 
whitebark pine populations are declining in abundance 
(Amo 1986). White pine blister rust (Cronartium ribi
cola) has reduced many stands in the Northern Rocky 
Mountains. Mountain pine beetle (Dendroctonus pond
erosae) has also affected populations in some areas. 
Seral whitebark pine stands are being replaced by more 
shade-tolerant species, particularly subalpine fir (Abies 
lasiocarpa). 

Paper presented at the Symposium on Whitebark Pine Ecosyatems: 
Ecology and Management of a High-Mountain Resource, Bozeman MT 
March 29-31, 1989. ' ' 

Penny Morgan is Assistant Professor, Department of Forest Resources 
and Stephen C. Bunting is Profe880r, Department of Range Resources ' 
University ofldaho, Moscow, ID 83843. ' 
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Fire may play an important ecological role in seral 
whitebark pine stands. Whitebark pine regeneration is 
favored in the open conditions created by fires or other 
large-scale disturbances, but little is known about the role 
of fire in the maintenance and management ofwhitebark 
pine. We studied successional patterns relative to fire 
history in two habitat types. Specific objectives were to: 

1. Collect and interpret detailed fire history data. 
2. Identify past regeneration patterns for whitebark 

pine and determine their relationship to fire history. 
3. Analyze stand age and size structure of whitebark 

pine and associated conifer species in stands where white
bark pine is seral. 

LITERATURE REVIEW 
Whitebark pine is a subalpine white pine of the North

em Rocky, Sierra Nevada, and Cascade Mountains. 
Loope and Gruell (1973) found whitebark pine from 2,400 
and 3,050 m, often in nearly pure stands just below tim
berline. It is most common on thin soils of igneous origin 
(Harlow and Harrar 1969), but may occupy other soils 
(Wea_ver and Dale 1974). It may be small, scrubby, and 
multistemmed (krummholz) near timberline or can attain 
commercial size and good form in mixed stands at lower 
elevations. 

The stands are open, with large whitebark pines often 
occurring in clumps (Weaver and Dale 1974). Stands may 
be even or multiaged. Whitebark pine occurred in 36 of 
50 habitat types identified in eastern Idaho and western 
Wyoming by Steele and others (1983). Whitebark pine 
may occur as a seral stage dominant or in pure or mixed 
climax stands. 

Whitebark pine is an important source of food for wild
life in the Greater Yellowstone Ecosystem. Red squirrels, 
grizzly bears, and Clark's nutcrackers are particularly 
dependent on the large, high-protein seeds produced by 
whitebark pine, but numerous other birds and rodents 
also eat the seeds (Craighead and others 1982; Eggers 
1986; Hutchins and Lanner 1982; Tomback 1982). 

Arno (1986) calculated a mean fire-free interval of 30 
to 41 years with a range from 4 to 78 years for fires occur
rin~ in large stands (100 to 300 ha) in upper subalpine 
habitat types where whitebark pine is a seral species and 
replaced at climax by subalpine fir. For small areas less 
than 1 ha, Arno and Petersen (1983) found mean fire-free 
intervals to vary between 72 and 94 years. Romme (1982) 
estimated a fire-free interval of about 300 years for much 
of the lodgepole pine forest of Yellowstone National Park, 
and this interval may reflect conditions of the adjacent 
whitebark pine forests as well. 



Whitebark pine is a pioneer on bums (Weaver and Dale 
1974) and may dominate for 225 years or more (Loope 
and Gruell 1973). Whitebark pine trees grow slowly in 
both diameter and height (Weaver and Dale 1974). Al
though whitebark pine has thin bark, it often occurs on 
dry sites in open stands, which reduces fire intensity and, 
consequently, the tree's vulnerability to fire (Fischer and 
Clayton 1983). The common associates of whitebark pine 
are, in order of increasing fire resistance: subalpine fir, 
Engelmann spruce (Picea engelmannii), and lodgepole 
pine (Pinus contorta). Douglas-fir (Pseudotsuga menziesii) 
and aspen (Populus tremuloides) are relatively fire resis
tant and are occasionally associated with whitebark pine 
at its lower elevationallimit. The most common associ
ates in the Yellowstone region are subalpine fir and lodge
pole pine. 

METHODS 
The Russell Peak study area is located approximately 

25 km northwest of Cody, WY, in the Crandall Ranger 
District, Shoshone National Forest. The study area 
is about 750 ha in area with elevations from 2,300 to 
2,800 m. Soils are immature and primarily formed from 
andesite and volcanic breccia of the Wapiti Formation 
(Pierce and Nelson 1971). 

The majority of the seral whitebark pine stands in the 
study area occur on Abies lasiocarpa/Vaccinium scopar
ium or Abies lasiocarpa/Arnica cordifolia habitat types 
(Steele and others 1983). To determine the response of 
the species through time, sample stands were selected 
to represent a variety of successional stages on these 
two habitat types. 

Eight mid-seral and two late-seral stands were 
sampled. Macroplots were 50 by 50 m (0.25 ha) in size. 
All trees greater than 1.4 m in height of all species were 
aged by taking an increment core at breast height. A 
subsample of trees was cored at both the base and 1.4 m 
to determine an adjustment, by species, for total age. 
Basal diameter of all saplings, those individuals less than 
1.5 m and greater than 0.5 m in height, was recorded on 
the macroplot. A subsample of saplings was cored at the 
base or cross-sectioned to determine an age-height rela
tionship. Density of seedlings, those individuals from 
0 to 0.5 m in height, was estimated within five 2- by 20-m 
belt transects. Obtaining the total age of all trees on the 
plot allowed analysis of stand dynamics. 

At three locations within a 100-ha sample area, cross
sections were collected from trees with multiple fire scars. 
All three locations had a minimum of three trees with 
multiple fire scars and were located near sample plots. 
Cross-sections were sent to the Laboratory of Tree-Ring 
Research at the University of Arizona for analysis. Cross
sections were sanded and cross-dated using the skeleton 
plot technique (Stokes and Smiley 1968; Swetnam and 
others 1985). Based on characteristic cell structure, scars 
were classified as having high or medium probability of 
resulting from fires, or as scars probably created by other 
means, such a wind throw or black and grizzly bear feed
ing. Skeleton plots were made for each cross-section, and 
in some cases for two or more radii per tree. The skeleton 

167 

plots were compared among the whitebark pine cross
sections and to two different tree-ring chronologies from 
the Yellowstone region, a Douglas-fir and limber pine 
series from Gardiner, MT (Drew 1975). Unfortunately 
these chronologies did not cross-date satisfactorily with 
the whitebark pine specimens. However, cross-dating 
was observed on the skeleton plots among the whitebark 
pine cross-sections. 

Fire scars were dated by their position within dated 
annual rings (Amo and Sneck 1977; Dieterich and 
Swetnam 1984). Relative positions of scars within annual 
rings were also noted where possible, so that inferences 
regarding seasonal timing of past fires might be made 
(Barrett 1981; Dieterich and Swetnam 1984). Many scars 
of varying severity were found on the cross-sections. Only 
those scars that had a high probability of being caused by 
fire were used to estimate the fire-free intervals (FFD. 
These scars were selected through inspection of the tree, 
the morphology and shape of the scar, and subsequently 
developed woody tissue. 

RESULTS 
Data from the 10 stands sampled near Russell Peak 

indicate a variety of tree compositions. The combined 
data for all stands show that most of the whitebark pine 
in the area regenerated 100 to 300 years ago (fig. 1) and 
is presently declining in abundance (fig. 2). General 
successional patterns and fire history data for stands on 
the two habitat types are similar and are presented to
gether here. Subalpine fir, which established in the past 
200 years, is beginning to dominate many sites. Lodge
pole pine and Engelmann spruce are present in small 
amounts only and do not comprise a significant amount 
of any stand. 

Scars from 14 trees found within a 100-ha area in the 
general area of Russell Peak were dated. The FFI prior 
to 1875 was estimated to be 29 years, based on an average 
of all intervals between fires on individual cross-sections. 
The average FFI for the three groups of cross-sections 
varied from 13 to 46 years. Fire was relatively common 
within the Russell Peak area prior to 1850. The last fire 
that can be documented occurred in 1867. 

The fire scar data indicate that in the Russell Peak 
region fires were much more common from 1700 to 1850 
than they have been since 1850. More than 40 probable 
fire scars fonned during this period in the 14 whitebark 
pine sampled. Most of the fires were small, as they 
scarred only one tree. There were, however, some years 
in which more than one tree was scarred in two or more 
of the three fire-history data locations. When two or more 
scars were dated to the same year, it was assumed that 
the fire affected a larger area than when only one tree 
was fire scarred. Our data indicate that such large fires 
occurred in 1595, 1672, 1693, 1721, 1810, 1825, 1836, 
1848, and 1858. The average interval between these fires 
is 33 years with a range of10 to 77 years. No such large
scale fire can be documented after 1858. 

Even the more conservative 33-year FFI in the Russell 
Peak region is extremely short for whitebark pine sur
vival. Whitebark pine grows slowly and may not achieve 
reproductive maturity until at least age 50 (Morgan and 



Bunting 1989); most trees do not produce large numbers 
of seeds until at least age 70. Even if many mature white
bark pine trees survived the fires, it is doubtful that the 
species could persist with fires occurring so frequently. 
We are limited by having few trees dating prior to 1750, 
but it appears that fires were more frequent in the 
Russell Peak area between 1780 and 1850 than prior 
to 1780. The reasons for this are not evident but may 
be related to American Indian movements, climatic 
changes, or random variation in natural ignition. The 
frequent fire occurrence between 1780 and 1850 signifi
cantly lowers the average FFI and may not reflect the 
long-term conditions under which the species existed in 
prehistoric periods. 
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Figure 1-Combined distribution of whitebark pine 
(PIAL) and subalpine fir (ABLA) trees by 10-year 
age classes for 1 0 stands on the Shoshone 
National Forest, WY. 
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Figure 2-Percentage of the 10 sampled stands in 
the Shoshone National Forest, WY. comprised of 
the major conifer species. whitebark pine (PIAL). 
subalpine fir (ABLA). lodgepole pine (PI CO). and 
Engelmann spruce (PIEN) through time. 
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No scars of any origin were found in the Russell Peak 
area dating after 1894. These data suggest that sources 
of scars, which include fires and grizzly bears, have been 
reduced since the late 1800's. At that time, an expanding 
range livestock industry in western Wyoming may have 
resulted in both killing of grizzly bears as predators and 
less frequent fires due to removal of the fine fuels by graz
ing. The American Indian was also displaced during this 
period. The other possibility is that the region has under
gone a slight climatic change that has made fires less 
likely to occur. 

The reduced fire frequency in the last 130 years has 
allowed subalpine fir to regenerate in abundance (figs. 1 
and 2). Fewer fires have probably limited the opportunity 
for successful regeneration of whitebark pine. Fires cre
ate more open stands and expose mineral soil, which are 
necessary for establishment of whitebark pine seecllings. 
Whitebark pine can regenerate in duff or under a closed 
overstory but seldom succeeds in becoming a mature indi
vidual under these conditions. 

Fires apparently occurred during different seasons of 
the year (table 1). Fires were relatively evenly distributed 
throughout the growing season for whitebark pine. Large 
fires, those that scarred more than one tree, occurred 
more frequently late in the growing season or when white
bark pine was dormant. Thus, most fires that occur are 
small, burning only one or a few trees, and they occur at 
any time during the growing season. Occasionally, such 
as in 1805, 1810, 1819, 1828, and 1858, large-scale fires 
apparently occurred in mid- to late summer or early fall. 

The majority of the stands had significant amounts of 
subalpine fir regeneration. Stand 5 is typical (fig. 3). 
This stand was classified as an Abies lasioca.rpa./ Arnica. 
cordifolia. h.t. Most of the whitebark pine trees are over 
200 years old and predate a series of fires that burned in 
the stand in the late 18th and early 19th centuries. The 
lodgepole pine present in the stand also predates these 
fires. Most subalpine fir has become established since the 
last fire, which occurred in 1867. No fires can be docu
mented in the stand after 1867. There is a gap in conifer 
regeneration between 160 and 200 years ago. This gap 
coincides with a period when fires were very frequent in 
the stand, occurring in 1789, 1794, 1798, 1805, and 1810. 
The short FFI during this period probably prevented all 
conifer regeneration on the site. The period between 1829 
and 1845 also had short FFI with the occurrence of four to 
five fires during this time. The canopy is now closed and 
few conifers have established in the last 50 years (an 
established conifer is defined as one greater than 1.5 m 
tall). 

Our data show that whitebark pine frequently survives 
fires, since we found fire-scarred trees in virtually every 
stand we sampled. We hypothesize that the stands are 
likely to bum only when they are very young, when there 
is sufficient fine fuel in the form of herbaceous understory 
vegetation, or late in the successional development, when 
there is sufficient regeneration of subalpine fir and an 
accumulation of downed and dead woody fuel in the stand. 
Topography and structure of the adjacent stands may also 
be important based on limited field observations of areas 
that did and did not bum in the Yellowstone area fires of 
1988. 



Table 1-Distribution of fire occurrence by season in the Russell 
Peak area, Shoshone National Forest, WY, as determined 
by the method of Dieterich and Swetnam (1984) where 
the position of the scar within the growth ring is noted 

Probability that Season of fire' Number 
fire caused scars Early Late Dormant of fires 

Highly probable 
Probable 

- - - - - - - - Percent - - - - - - - -

48 
38 

19 
22 

33 
40 

'Relative to growing season for whitebark pine. 

33 
58 
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Figure 3-Distribution of whitebark pine (PIAL), 
subalpine fir (ABLA), and lodgepole pine (PICO) 
by age in stand number 5 in the Russell Peak 
area, Shoshone National Forest, WY. 

SUMMARY AND CONCLUSIONS 
Our data indicate that fire was much more common in 

the Russell Peak area of the Shoshone National Forest 
150 to 300 years ago and had an average FFI ofless than 
50 years. Few fires have occurred there since 1850, and 
there is no evidence of any since 1900. Whitebark pine is 
seral to subalpine fir on most of the area, and the absence 
of fire has resulted in an increase in the abundance of 
subalpine fir. Few whitebark pine trees greater than 
1.5 m in height were observed in the closed-canopy 
stands. If the current trend in regeneration continues, 
whitebark pine will continue to decline in abundance. 

Fire may be very important in maintaining healthy, 
productive populations ofwhitebark pine in the face of 
competition from less fire-resistant tree species. In the 
absence of fire, cone production ofwhitebark pine may 
decrease as more shade-tolerant and less fire-resistant 
trees increase in abundance, thereby competing with 
or replacing whitebark pine. If this trend continues 
throughout the Yellowstone region, there will be fewer 
whitebark pine seeds available for wildlife or for regen
eration of new white bark pine stands. 

The likelihood of fire occurrence changes with the devel
opment of the forest stand. The probability of fire spread 
is initially high following high-intensity fires due to the 
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increase in the herbaceous component of the plant com
munity. Although whitebark pine regenerates readily 
following high-intensity, stand-replacing fires, the trees 
are not likely to survive subsequent fires that occur while 
they are still small and easily killed. As the stand devel
ops, the likelihood of fire is reduced because the fine fuels 
are suppressed by the conifer overstory. During this pe
riod the probability of a high-intensity, stand-replacing 
fire is low. However, low-intensity surface fires may oc
cur. Fire likelihood and severity increase as subalpine 
fir becomes established in the stand, creating a fire lad
der. Thus the more advanced successional stages become 
susceptible to stand-replacing fires. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from T. W. Weaver)-You gave data from two 
stands (one with spruce-fir regeneration and one without). 
Please argue for and against their occupying the same 
habitat type. 

A.-Argument against being same habitat type: 
The existence of a stand for 150"years without the de

velopment of a subalpine fir codominant or subdominant 
layer in the absence of fire or other disturbance is good 
evidence that the site is not suitable for subalpine fir 
and is, therefore, probably not an Abies habitat type. 

Argument for being the same habitat type: 
There were a number of mature subalpine fir within the 

general area, and three within the boundary of the stand. 
In addition, there were a large number of small subalpine 
fir Oess than 1.5 m in height) distributed throughout the 
stand, which indicates that the species could exist on the 
site, although it may require a long time for the species 
to dominate. 

Q. (from Roger Andrascile)-Why couldn't you use re
cently fallen trees to get fire history rather than damage 
standing live trees-why use the chainsaw technique? 

A.-Dead trees cannot be used unless they can be cross
dated with other trees in the sample or with an existing 
tree-ring chronology to obtain accurate dates. We did use 
some dead trees in the study. The increment core tech
nique of Barrett and Arno (1988) is a nondestructive 
method to determine fire history but is not as accurate 
for determining the occurrence of buried scars or scars 
that are only a few years apart. For most of our research 
on whitebark pine (manuscript in preparation) this 
method was used, but we wanted to check the increment 
core technique against a more accurate standard. It is 
also possible to take partial sections from standing live 
trees without killing the tree, which we did in some cases. 

Q. (from Don Despain)-How did you distinguish older 
bear-feeding scars from fire scars? 

A.-Bear scars tend to be longer (some may be 2m long) 
and narrower than fire scars, but cause would often be 
difficult to distinguish on the very old scars we were sam
pling in this study. This would particularly be a problem 
with single scars. We felt, however, that multiple scars 
on the same tree would not likely be caused by bears, 
since once a portion of the tree was scarred the cambium 
would be dead and not attractive to bears. Once scarred 
by bears, trees could be easily reinjured by fire. 

Q. (from Wyman Schmidt)-Did the bear stripping of 
the whitebark pine appear to be related to age, size, stand 
density, tree vigor, or other site or stand factors? 

A.-The bear stripping was not specifically studied, 
but most stripped trees were greater than 25 em in diame
ter and often the largest trees in a stand. It occurred in 
stands of varying density and topographic position. We 
do not recall any other relationship of bear stripping to 
site or stand factors. 



INSECTS OF WHITEBARK PINE 
WITH EMPHASIS ON MOUNTAIN 
PINE BEETLE 

Dale L. Bartos 
Kenneth E. Gibson 

ABSTRACT 
Few insects that live on whiteba.rk pine (Pinus 

albicaulis) are considered pests or potential pests. Those 
that inhabit cones can cause reductions in reproduction 
of the tree by destroying seed crops. Decreases in food for 
animals ranging from squirrels to grizzly bears may also 
result. 

A single insect species, mountain pine beetle 
(Dendroctonus ponderosae) (MPB), may cause serious 
damage to whitebark pine over much of its range by killing 
mature trees. Through periodic epidemic outbreaks, the 
resultant tree killing causes reductions in seed cones and 
so decreases food supplies for various animals. Excessive 
mortality of whitebark pine can lead to increases in other 
tree species, and decreases in whitebark pine, in some 
future stands. 

A survey of MPB damage in the whitebark pine zone 
was conducted in Yellowstone National Park, Gallatin 
National Forest, and Flathead National Forest from 1983 
to 1988. Preliminary results show 22 to 44 percent of the 
whitebark pine had been killed by MPB during the recent 
past. Losses were strongly related to elevation-decreasing 
mortality with increasing elevation. Losses were heaviest 
in the lodgepole pine-whitebark pine ecotone. Implications 
of such losses are discussed. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis Engelm.) occurs 

at high elevations in the mountainous west of North 
America (Amo and Hoff 1989). This is a long-lived tree 
that grows very slowly on moist to dry sites. Like other 
trees, the whitebark pine provides habitat for various 
insect species. Most of these insects do not have serious 
effects on whitebark pine. An exception is mountain pine 
beetle (MPB) (Dendroctonus ponderosae Hopkins 
[Coleoptera: Scolytidae]) which occasionally occurs in 
epidemic proportions. Insects associated with whitebark 
pine have not been studied in any detail and, therefore, 
revelant literature is quite sparse. 
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Seeds from whitebark pine are not only important for 
regeneration of the trees but are also important as a food 
source for various animals (grizzly bears to squirrels). 
Whitebark pine cones can be invaded by cone worms 
(Dioryctria spp. and Eucosma spp.) and by cone beetles 
(Conophthorus spp.), but these insects have been virtually 
unstudied. Other species than those reported in the lit
erature have been observed (Dewey 1989), such as midges 
and a seed chalcid (Megastigmus spp.). Cone and seed 
insects would probably affect whitebark pine as they do 
other conifer species, for example, causing years of light 
cone crops following a heavy cone crop year. More de-. 
tailed work on cone and seed insects would show their 
importance to the whitebark pine system. 

Foliage insects can cause stress in attacked trees by 
causing a decline in their growth rate. Aphids (Essigella 
gillettei Hottes) are known to feed on needles; mealybugs 
(Puto cupressi Coleman and P. pricei McKenzie) are found 
on branches and trunks (Amo and Hoff 1989). Amo and 
Hoff (1989) also state that the lodgepole needle tier 
(Argyrotaenia tabulana Freeman), which is very destruc
tive in lodgepole pine stands, can also infest whitebark 
pine. 

Several secondary beetles (Ips, Pityogenes, and 
Pityophthorus) are known to attack the boles ofwhitebark 
pine. The Monterey pine ips (Ips mexicanus Hopkins) and 
two Pityogenes (P. carinulatus LeConte and P. fossifrons 
LeConte) are reported to infest the bole of whitebark pine 
(Furniss and Carolin 1977). Bright (1968) working in 
British Columbia described two species of Pityophthorus 
(P. aquilonius Bright and P. collinus Bright) that are 
found in whitebark pine. 

Mountain pine beetle is the most destructive bark 
beetle in western North America (Furniss and Carolin 
1977) because it can kill apparently healthy trees. This 
is the one insect that has the most impact on whitebark 
pines. Between 1911 and 1942 there was widespread 
destruction oflodgepole pine (Pinus contorta Douglas) 
forests by MPB in Idaho and Montana. These outbreaks 
were at lower elevations and moved upwards into the 
whitebark pine zone where "ghostlike forests" were cre
ated by the numerous dead snags that resulted (Ciesla 
and Furniss 1975) in about 1937. A similar situation 
occurred on the Flathead National Forest (NF) of 
Montana in the 1970's where epidemics developed in the 
lodgepole pine forests and then moved into the whitebark 
pine zone (Amo and Hoff 1989). 

There are several instances ofwhitebark pine being 
invaded by MPB from epidemic populations that occur in 
lower elevation lodgepole pine. Baker and others (1971) 



conducted a study in western Wyoming to see if this sce
nario held true. In situations where both lodgepole and 
whitebark pine existed together, MPB killed proportion
ally more lodgepole than whitebark pine. In part, Baker 
and others (1971) attributed this to phloem thickness 
with the larger diameter trees (those with thicker phloem) 
being taken. Another part of their study described how 
cooler temperatures at the higher elevations caused little 
mortality by MPB in either lodgepole or whitebark pine. 
In part, the colder temperatures at the higher elevations 
reduced MPB survival and therefore lessened the number 
of trees killed. 

Crossover of MPB from one host species to another has 
been detailed by Amman (1982). It is generally believed 
that insects invade species similar to the ones in which 
they developed (Allee and others 1949). However, both 
Amman (1982) and Wood (1963) stated that this rule 
probably holds under endemic Oow population levels) 
situations only; during "full blown" epidemics MPB will 
select any acceptable host. Thus, we observe the move
ment of MPB from lodgepole into whitebark pine in the 
ecotonal zone with further movement into pure whitebark 
pine stands when epidemic conditions exist throughout 
vast lodgepole pine stands at lower elevations (Parker 
1973). 

As just described, a variety of insects occur in white
bark pine; however, none have the impact that MPB does. 
Therefore, it is the purpose of this paper to detail the 
effect ofMPB on whitebark pine with particular emphasis 
on the northern Rocky Mountain region. Recent past 
epidemics and current work will be used to complete the 
picture of the effect ofMPB on the whitebark pine 
ecosystem. 

RECENT mSTORY 
To better understand the interrelationship ofMPB and 

whitebark pine we can look at the infested acres in the 
Northern Region of the USDA Forest Service during the 
past 10 years. Particular interest will be placed on the 
Gallatin and Flathead National Forests and surrounding 
areas. 

Infested areas were determined by using aerial sketch 
mapping. Usually, this method does not record low level 
(endemic) populations of MPB. Mountain pine beetle ac
tivity peaked in the Northern Region during 1981. The 
following acreage was reported as infested lodgepole pine 
(predominantly lodgepole pine but other species did 
occur): Gallatin National Forest, 455,000 acres; Beaver
head National Forest, 119,000 acres; Flathead National 
Forest, 209,000 acres; and Yellowstone National Park, 
965,000 acres. 

Our reference to whitebark pine stands means that 
whitebark pine does occur but is not necessarily the domi
nant species. There were 32,000 acres ofwhitebark pine 
infested with MPB in 1983 in the Gallatin National 
Forest. This acreage has declined precipitously with only 
500 acres infested in 1986 and none since then. The MPB 
epidemic has probably "run its course" in this area. 

Similar trends were observed on other areas acljacent 
to the Gallatin National Forest. At the tum of the decade, 

172 

there were about 10,000 acres ofMPB-infested whitebark 
pine reported for the Beaverhead National Forest; during 
the past several years no additional infested acreage was 
reported. A similar trend was observed on the Custer 
National Forest but of a lesser magnitude. In 1981, there 
were 1,600 acres infested with only 150 acres by 1986. 
Again, none have been reported during the last 2 years. 

Yellowstone National Park is an area of special concern 
because of recent fires and the destruction of endangered 
grizzly bear habitat. Similar trends were observed there 
with 34,000 acres being infested in 1983, however, no 
acreage has been reported the last few years. There are 
small populations ofMPB, however, in some limber pine 
(Pinus flexilis James) stands near Mammoth. 

In 1980, MPB infestation on the Flathead National 
Forest was 96,500 acres of white bark pine. Infestations 
of whitebark pine dropped to 1,500 acres in 1986 and to 
only 100 acres last year. There has been no new acreage 
of infested whitebark pine observed in Glacier National 
Park for the past 3 years, however, earlier in 1980 there 
were 15,000 acres reported for whitebark pine and 
292,000 acres for lodgepole pine. 

AREA DESCRIPTIONS 
Between 1983 and 1988, on-the-ground surveys were 

conducted to determine the extent ofMPB in whitebark 
pine and surrounding tree types. These determinations 
were made on three areas: Gallatin National Forest, 
Flathead National Forest, and Yellowstone National 
Park. 

Gallatin National Forest 
In 1983, 211 data collection points were established at 

selected sites on the Gallatin National Forest. Fifty-six 
distinct stands were selected within three elevational 
zones (5,400-8,500 ft). These collection points were lo
cated on the Hebgen Lake, Bozeman, and Gardiner 
Ranger Districts (fig. 1). Eleven stands were found at 
lower elevations, in which Douglas-fir (Pseudotsuga 
menziesii [Mirbel] Franco) dominated; 25 stands were 
found at midelevations, in which lodgepole pine domi
nated, and 20 stands were found at high elevations, in 
which whitebark pine dominated. Even in the low
elevation stands, lodgepole pine was a major component. 
All stands were selected where whitebark pine occurred 
and where MPB was active or had been active in the 
recent past. 

Yellowstone National Park 
In 1987,30 data collection points were established 

within the whitebark pine zone in Yellowstone National 
Park. The stands selected were mixed lodgepole and 
whitebark pine and occurred at about 8,300 ft elevation. 
All collection points were in the southwestern portion of 
Yellowstone National Park just west ofYellowstone Lake. 
Due to lack of ground access into high-elevation white
bark pine stands and the observation that most past 
beetle activity was confined to lodgepole pine stands, 
data were not collected from these high-elevation stands. 



Figure 1-Map of Gallatin National Forest in 
southem Montana showing stand locations 
where sampling for MPB infestations was 
conducted during 1983. 

Flathead National Forest 
To obtain data from a different geographical area, 

whitebark pine stands affected by MPB on the Flathead 
National Forest were sampled in 1988. Selected stands 
ranged in elevation from 5,500 to 6,600 ft, and were lo
cated exclusively on the Glacier View Ranger District in 
the Whitefish Mountain Range (fig. 2). Ten stands were 
visited-the northernmost was about 6 air miles south 
of the Canada-United States border and the southernmost 
was approximately 5 air miles north of Whitefish, MT. 
Number of plots per stand varied; a total of80 plots was 
sampled. Stands were generally of mixed species; sub
alpine fir (Abies lasiocarpa. [Hook.] Nutt.) dominated, 
and all fit the criteria for the subalpine fir habitat type. 

METHODS 
Number and spatial arrangement of the plots estab

lished in each area were determined by the size and shape 
of the stand visited. Whenever possible, a minimum of10 
plots was located in each stand. These plots were gener
ally located at 5-chain intervals along a compass line 
coinciding with the long axis of the stand. Occasionally, 
plots were established on parallel lines 5 chains apart. 
The initial plot in each series was located randomly, but 
it was at least 2 chains within the stand's boundary. 
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Figure 2-Map of Rathead National Forest in 
northern Montana showing stand locations 
where sampling for MPB infestations was 
conducted during 1988. 

On each plot, various stand and site data were collected 
to relate ecological factors to pest-caused damage. At 
each plot center, a variable radius plot (BAF 10) was es
tablished using a Spiegel Relaskop R. Each "in" tree, 
equal to or greater than 5 inches d.b.h. (diameter breast 
height) was recorded by species and d.b.h. In addition, 
each tree was assigned one of the following "damage" 
codes: 

0 = undamaged, healthy tree 
1 = unknown mortality 
2 = current year MPB-caused mortality 
3 = previous year MPB-caused mortality 
4 = older MPB-caused mortality 
5 = unsuccessful MPB attack 
6 = current year MPB strip attack 
7 = older MPB strip attack 
8 = current secondary beetle-caused mortality 
9 = older secondary beetle-caused mortality 

10 = secondary beetle strip attack 
49 = spike top usually white pine blister rust 
50 = other damage 

Heights and ages were measured on the first two domi
nant or codominant trees of each species encountered on 
the plot. The observer was at the center of the plot and 
turned in a clockwise direction starting from the direction 
of travel; trees were recorded as they were encountered. 



The center of the variable-radius plot also served as the 
center for a 1/aoo-acre (6.8-ft diameter) fixed-radius plot on 
which were collected regeneration data. Only the four 
"best" trees (greater than 6 inches tall and less than 5 
inches d.b.h.) were recorded. 

In addition to the stand data, the following site data 
were recorded for each plot: elevation, slope, and aspect. 
At each plot, a "downed fuel inventory" was conducted to 
assess the amount and size of materials contributing to 
the fuel load on the site. Observations regarding presence 
and abundance of various wildlife species were noted. 
Evidence of big game (trails, droppings, shed antlers) was 
recorded by species. In addition, habitats (such as snags 
or caves), sightings, or other indications of non-game 
mammals and birds were tallied. Sampling was done to 
determine the amount (on a dry weight basis) of under
story vegetation as a critical component of the system. 

RESULTS AND DISCUSSION 
The 1988 distribution map ofMPB activity in the 

Northern Region (fig. 8) shows the greatest intensity 
of tree killing by MPB to occur in the northwestern part 
of Montana near the Canadian border. Mountain pine 
beetle activity is strongest in the lodgepole pine type with 
very little recorded in the ponderosa pine, western white 
pine, or whitebark pine type (fig. 4). One might say that 
there is nothing to worry about concerning the whitebark 
pine; however, Amman (1982), Parker (1978), and Wood 
(1968) stated there is strong evidence that any whitebark 
pine stands that occur above lodgepole pine stands could 
definitely be in danger of attack or devastation. Even if 
the whitebark pine stands are not in close association · .· 
with lodgepole pine they are still at risk because infesta
tions can occur during warmer than average years in the 
absence of lodgepole pine infestations (Baker and others 
1971) . 

.. 
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Figure 3-A map of the Northam Region showing the location of MPB infestations for 1988. 
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Figure 4-Acreage of MPB infestations in the Northam Region for 1988 for four host species: lodgepole 
Qpp), ponderosa (pp). western white (wwp). and whitebark pine (wbp). 

Gallatin National Forest 
Surveys during 1983 found MPB and unknown agents 

were the major killing agents of both lodgepole pine and 
whitebark pine across all 56 stands sampled (table 1). 
Mortality oflodgepole pine varied between 10 and 62 
percent for the various size classes considered. Highest 
mortality was observed in the largest trees, 12 inches 
and larger d.b.h., while the least mortality was seen in 
the 5- to 9-inch d.b.h. category. 

Similar trends were observed in the whitebark pine on 
the Gallatin National Forest (table 1). Where whitebark 
pine dominated, the most mortality occurred in the 
largest trees---23 percent of the 12 inch and larger. 
Even at the lowest elevations sampled, where Douglas
fir dominated, there was 60 percent mortality, caused by 
secondary beetles, of the 5- to 9-inch d.b.h. whitebark 
pine trees. 

It should be noted that less than 10 percent of the 
MPB attacks at the time of the survey were current 
which shows most MPB activity occurred prior to the 
sample year and supports the fact that MPB activity 
peaked on the Gallatin National Forest in 1981. This 
information further substantiates what Arno and Hoff 
(1989), Ciesla and Furniss (1975), and Parker (1973) 
observed of outbreaks occurring in the lower lodgepole 
pine zone and moving up into the whitebark pine zone. 
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With almost a quarter of the dominant trees being 
killed in the whitebark pine zone, what effect will this 
mortality have on future forests? There will definitely 
be a reduction in the cone crop for the immediate future 
because the most mature trees were killed.. It is safe to 
eay that whitebark pine reproduction might suffer some 
and that one food source (pne nuts) for animals will be 
diminished. There may be a shift in the ecotonal zone 
between lodgepole pine and whitebark pine as a result of . 
this mortality. Will the whitebark pine zone expand into 
the lower lodgepole pine area or vice versa? It is conceiv
able that the remaining whitebark pine may become more 
vigorous because of the "natural thinning" by MPB of both 
whitebark and lodgepole pine. 

Yellowstone National Park 
In our survey ofYellowstone National Park, MPB

caused mortality was not observed for the sample year 
or previous years. Accessibility to other high-elevation 
whitebark pine stands was not passible, therefore, the 
survey was limited. Furthermore, it was observed that 
most of the past beetle activity was confined to lower 
elevation lodgepole pine stands. Almost a million acres 
oflodgepole pine was infested in Yellowstone National 
Park in 1981. This was one of the main contributing 
factors to the tremendous fuel loads that existed in the 
National Park for the fire season of 1988. 



Table 1-Summmy of whitebark pine and lodgepole pine mortality ckJe to mountain pine beetle for Gallatin 
National Forest for 1983 · 

Elevatlonal zones 
No. of atanda 
surveyed 

Dominant 
tree apeclea 

Killing agent/species' 

Low elevation 
MPBILPP 
SEC/LPP 
UNKILPP 

11 Douglas-fir 

Total LPP 

SECIWBP 

Mid elevation 
MPB/LPP 
SEC/LPP 
UNKILPP 

25 Lodgepole pine 

Total LPP 

High elevation 
MPBILPP 
SEC/LPP 
UNKILPP 

20 Whitebark pine 

Total LPP 

MPBIWBP 
SECIWBP 
UNKIWBP 

Total WBP 
1MPB a mountain p!ne beetle 
SEC .. secondary beetles 
UNK .. unknoYin agent 
LPP = lodgepole pine 
WBP ... whltebark pine. 

Flathead National Park 
Stands were sampled in northern Montana to give a 

more complete picture of the effects ofMPB on wbitebark 
pine in the Northern Region. A summary of 80 plots that 
were sampled (table 2) shows a range oflive wbitebark 
pine 5-inch d.b.h. and larger varied between 1 tree/acre 
to 87 trees/acre. An average of 27 percent of the stand 
was composed of live wbitebark pine and this varied 
between 1 and 63 percent for the 10 stands sampled. 
Percent mortality for the wbitebark pine was between 
14 and 97 percent with most of the kill occurring prior 
to 1987. Only a little mortality was recorded for 1987 
and hardly any for 1988. This helps validate what was 
observed on the Gallatin National Forest and in 
Yellowstone National Park. 

Effects ofMPB on wbitebark pine was directly con
nected to the peak infestation for the Region. Most of the 
mortality seen occur:red between 1981 and 1987. IfMPB 
infestations continue to decline, the remaining wbitebark 
pine in the Northern Region will not likely succumb to 
MPB, at least in the near future. 
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D.b.h. classes 
W.91nch 9-11.91nch 12 +Inch 

-- --- -- --- -- - Percent mortality-- -- - - - -- - -

14.5 38.4 61.7 
0.0 2.2 0.6 

16.0 3.8 0.0 
30.5 44.4 62.3 

59.5 0.0 0.0 

16.3 38.9 53.2 
6.1 2.1 1.6 
2.2 0.6 1.5 

24.6 41.6 56.3 

0.0 5.5 39.3 
5.6 4.3 5.0 
6.9 0.0 0.0 

12.5 9.8 44.3 

0.8 5.3 19.1 
1.4 5.0 2.2 
0.7 1.7 2.0 
2.9 12.0 23.3 

Miscellaneous Observations 
Total understory vegetation (current growth of shrubs, 

forbs, grasses, and grasslike species) was sampled to de
termine, in part, fine fuels that exist in the stands. On 
the Gallatin National Forest understory vegetation was 
sparse with values ranging from 166 to 1,217 lblacre. 
Farther north on the Flathead National Forest, under
story growth was considerably more with values of 1,090 
to 1, 748lblacre. Understory values of 166lblacre imply 
impoverished sites; and 1,748lblacre imply moderately 
stocked understory. 

In the 10 areas sampled on the Flathead National 
Forest, most regeneration observed was subalpine fir. 
Next in occurrence was Engelmann spruce. On only four 
of the 10 areas sampled was whitebark pine regeneration 
noted, and then it was always in the minority. We did not 
observe whether this was due to lack of seeds or merely a 
successional pattern typical of subalpine fir habitat types. 



Table 2--summaJY of whitebark pine (WBP) mortality due to mountain pine beede (MPB) for Flathead National Forest for 1988 

Blister 
Stand GreenWBP 1988 MPB 1987 MPB OlderMPB Stand WBP Secondary rust 
number Slnch+ attacks attacks attacka 

---------------Numberhlae---------------

25.6 0.0 0.0 8.0 

2 38.8 0.0 0.0 15.6 

3 48.3 0.0 32.3 136.8 

4 9.6 1.2 0.0 0.4 

5 86.9 0.0 14.2 32.7 

6 29.0 0.0 35.0 8.3 

7 20.5 0.0 19.9 22.5 

8 1.2 0.0 9.9 29.3 

9 9.8 0.0 2.3 28.1 

10 6.1 0.0 0.0 56.0 

Avemge 27.3 0.1 13.4 36.2 

CONCLUSIONS 
In the Northern Region, whitebark pine was killed as 

a result of the epidemic MPB populations that peaked in 
this area during the early 1980's (an exception was 
Flathead National Forest, which peaked in 1986). Most 
information we have suggests that whitebark pine stands 
were infested by MPB populations originating in lower 
elevation lodgepole pine stands. This conclusion is sub
stantiated by the literature. However, MPB can, and 
sometimes does, kill whitebark pine in the absence of 
acijacent infestations in lower elevation lodgepole pine 
stands. 

For the most part, if we want to reduce mortality in 
whitebark pine stands it appears that we need to sup
press MPB populations in lodgepole pine stands that 
occur at lower elevations. Thinning of lodgepole pine 
stands on the Kootenai, Lolo, and Flathead National 
Forests shows basal area reductions can significantly 
reduce losses to MPB (McGregor and others 1987). 
Such population reductions by stand manipulation 
should reduce the likelihood of MPB outbreaks in the 
higher elevation whitebark pine stands. 
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green WBP mortality attacks damage 

- - - - - - - Percent- - - - - - - - - Number/acre - - -

63 24 0.0 0.3 

52 29 0.0 4.8 

51 78 34.9 9.1 

13 14 0.0 0.0 

44 35 8.1 0.0 

13 60 0.0 20.8 

11 67 0.0 0.0 

97 0.0 0.0 

6 94 0.0 0.0 

4 90 17.0 0.0 

27 65 6.5 4.7 

We suggest the following as ways of better understand
ing the interrelationship of pests and whitebark pine: 

1. Monitor the effects of insect pests (not just MPB) in 
whitebark pine stands in other geographical locations in 
the Region. 

2. Obtain more accurate information on the impacts 
of cone and seed pests on whitebark pine. 

3. Gain a better understanding of the association be
tween MPB and secondary bark beetles in whitebark pine 
stands. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from David Charlet~Is work being done on improv
ing rearing techniques of predatory wasps for introduction 
as a means ofbiological control? 

A.-The only parasitic wasp of importance affecting 
MPB populations is the Braconid, Coeloides brunneri 
Viereck. It may exert a small amount of control on en
demic beetle populations, however, at epidemic levels, it 
is probably of little consequence. Artificial rearing of this 
wasp has not been successful. To our knowledge, no work 
is currently being done in that area. Efforts are better 
spent trying to manipulate the host rather than the pest 
populations. 
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Q. (from Ron Lanner)-How much is known about the 
effects of white pine weevil on Pinus albicaulis? 

A.-In our experience, the only host of the white pine 
weevil (Pissodes strobi Peck) in the Intermountain West is 
Engelmann spruce. Lodgepole pine is affected by a closely 
related species, P. terminalis Hopping. We have never 
observed, nor seen recorded in the literature, P. termi
nalis infesting whitebark pine. 

Q. (from Jim JacobsHa) Is whitebark pine a preferred 
host for beetles or do they choose it when all else is con
sumed, and is whitebark pine susceptible to blue stain 
fungus? (b) What percent of seeds are consumed by 
worms and do you think nutcrackers can recognize them? 

A.-(a) Whitebark pine is not the most preferred host of 
MPB, but it will readily infest it, as it does virtually any 
pine species within its range. In order of preference (as 
judged by occurrence of damage caused), the beetles' 
choice of host is probably lodgepole pine, ponderosa pine, 
western white pine, whitebarkJlimber pine, and ornamen
tal (exotic) pines. This scenario may be only applicable in 
the Intermountain West; in the Sierra Nevada, this list 
may vary somewhat. Yes, whitebark pine is susceptible 
to blue stain fungi. (b) We have not surveyed cone crops 
in whitebark pine stands nearly enough to estimate what 
proportion of the seeds may be affected by coneworms, 
cone beetles, midges, or seed chalcids. All, however, have 
been recorded as affecting whitebark pine seeds. This is 
an area where work is sorely needed. We would not haz
ard a guess as to whether or not nutcrackers can recog
nize infested seeds. 

Q. (from Anonymous~How much of the whitebark 
pine mortality from MPB occurs in endeinic situations 
versus epidemic? (Also) can beetles overwinter in white
bark pine stands? What effect does tree vigor/phloem 
thickness have on susceptibility to beetle attack? 

A.-We have little information on endemic MPB popu
lations in whitebark pine stands. Beetles do kill some 
older, weaker individuals in endemic situations, but it 
is likely part of the "background" or naturally occurring 
mortality. Yes, MPB can overwinter in whitebark pine 
stands. Tree vigor-as exhibited by young healthy 
trees-is important in protecting them from endemic 
beetle populations. It is of less importance in full-scale 
epidemics. Also, phloem thickness is critical to the beetle 
as it is the food of the developing larvae. Trees with 
phloem too thin to support developing broods are seldom 
attacked. 



DISEASES OF WHITEBARK PINE 
WITH SPECIAL EMPHASIS ON 
WHITE PINE BLISTER RUST 

ABSTRACT 

Ray Hoff 
Susan Hagle 

Whitebark pine (Pinus albicaulis) has few endemic dis
eases tho.t do much harm. White pine blister rust (Cronar
tium ribicola J. C. Fisch. ex Rabenh.), an exotic disease 
brought here from Europe, is the most damaging disease. 
It is epidemic over most of the range of white bark pine. 

There have been 28 diseases reported for whitebark pine, 
including stem and branch cankers, needle casts, seed and 
cone diseases, stem and root decays, and dwarf mistletoes. 
Significant damages from most diseases have been ob
served only in localized areas. White pine blister rust is 
the only disease that is widespread and damaging over 
most of the range of white bark pine, with the exception 
of high-dry areas such as in Yellowstone National Park. 

Pruning and excising cankers are good management 
options for saving trees infected by white pine blister rust, 
but only on moderately hazardous sites. On high-hazard 
sites, the only option is to utilize resistance. Resistance is 
common in whitebark pine. Several methods for using 
resistance to restock decimated areas are presented. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis Engelm.) grows over 

a large geographic area, but within this area it is re
stricted to a fairly narrow ecological zone (Arno and Hoff 
1989). However, forests adjacent to whitebark pine habi
tats vary widely. On the coast, adjacent forests are wet 
and warm; in the Rocky Mountains they are dry and cold. 
Consequently, whitebark pine is subjected to many differ
ent pest problems. The rate of infection by white pine 
blister rust appears to depend on the amount ofinoculum 
produced in adjacent forests. If those forests are not con
ducive to the disease, then there is little infection. Some 
pathogens, such as the canker fungus Lachnellula pini 
and the foliar fungi Bifusella saccata or Herpotrichia 
coulteri, prefer high-elevation sites on which whitebark 
pine grows. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
Mardl 29-31, 1989. 

Raymond Hoff is Principal Plant Geneticist and Prqject Leader, Inter
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Nonetheless, except for local epidemics that occur from 
time to time, whitebark pine is relatively free of diseases. 
The only widespread and serious disease is white pine 
blister rust (caused by Cronartium ribicolo. J. C. Fisch. 
ex Rabenh.). The disease was introduced to western 
North America in 1910. 

The purpose of this paper is to review both known and 
potential diseases of whitebark pine, with major emphasis 
placed on white pine blister rust, and offer recommenda
tions for management of whitebark pine that would aid 
its survival in rust-decimated stands. 

NONRUST DISEASES OF 
WHI'JEBARK PINE 

Other than white pine blister rust, the most damaging 
pathogen is probably limber pine dwarf mistletoe, 
(Arceuthobium cyanocarpum Coulter & A. Nels.). Numer
ous diseases have been reported aftlicting whitebark pine 
(Hagle and others 1987; Hepting 1971; Hiratsuka and 
Funk 1976; Smith 1978). Some, particularly old-growth 
diseases such as heartrots or butt rots, are likely tO be 
less important in managed stands. Others, like annosus 
root rot, may become more damaging in managed stands. 
Seed and cone pathogens such as Siroccocus blight, may 
become important if artificial regeneration is used. Both 
pathogens known to cause damage and those considered 
potentially damaging to whitebark pine are presented in 
table 1. 

STEM AND BRANCH CANKERS 
Gremmeniella abietina (Gremmeniella abietina 

(Lagerberg) Morelet :Scleroderris lo.gerbergii 
Gremmen =Crumenula pinea (Karst.) Ferd.& Jorg.; 
anamorph =Brunchorstia pinea (Karst.) Hoehn.) has 
aroused a great deal of interest since its discovery in 
Ontario, Canada, and the northeastern United States. 
This fungus was found to cause serious damage to pine 
plantations in those areas. Mortality rates exceeding 
50 percent were measured in many young pine planta
tions (Skilling and Cordell1966). The fungus had long 
been known to cause similar damage to plantations in 
Europe. 

Three strains of the fungus are now known to occur 
in North America (Skilling and others 1984). The one 
referred to as the "North American strain" has been pres
ent at least since the early 1950's. This fungus has a 



Table 1-Pathogens of whitebark pine 

Pathogen Disease or other name 

Stem and branch cankers 

Cronartium rib/cola 
Gremmeniella abietina 
Lachnel/u/a pin/ 
L agassizO 
L arida 
L. navovirens 
Atrope/lis plniphila 

White pine blister rust 
Scleroderris /agerberg/1 
Dasyscypha pini 

Branch dieback 

Needlecasts and blights 

Bifusel/a saccata 
Lophodermella arcuata 
Bifusella Dnearis 
Lophodermium nitens 
Lophodermium pinastri 
Herpotrichla coulteri Brown felt blight 

Sirococcus strobl1inus 
Calocypha fulgens1 

Seed and cone diseases 

Sirococcus blight 
Seed or cold fungus 

Stem and root decays 

Perenniporia subacida 
Phaeolus schweinitzii 
Heterobasidion annosum 
Armillaria ostoyae 

Feather root rot 
Root and butt rot 
Annosus root rot 
Armillaria root rot 

Dwarf mistletoe 

Arceuthoblum cyanocarpum Limber pine dwarf mistletoe 
A. tsugense Hemlock dwarf mistletoe 
A. americanum Lodgepole pine dwarf mistletoe 
A. /aricis Larch dwarf mistletoe 

1Not reported Infecting whltebark pine but high potential for damage 
expected, based on ecology. 

relatively narrow host range, infecting only the genus 
Pinus. Cankers caused by this strain are generally re
stricted to the lower branches of a tree and are usually 
damaging only to small trees. 

The fungus referred to as the "European strain" ap
pears to have greater potential for damage. It has been 
recognized as a distinct strain in the northeastern United 
States since the early 1970's. It has a broad host range 
including Pinus, Picea, Abies, Larix, Tsuga, and Pseu
dotsuga. Cankers occur at all heights in trees, on both 
stems and branches. Infection can take place at any age. 

A third strain has been described that has characteris
tics intermediate between the North American and the 
European. The relationship between the North American 
and European strains of G. abietina is not understood, 
but it appears that they have been separate strains for 
a considerable time, based upon the great differences 
in ecology. 

One collection of G. abietina on whitebark pine has 
been reported. This collection was made at Apex 
Mountain near Penticton, BC, in 1968. Hiratsuka and 
Funk (1976) speculated that the fungus collected on 
whitebark pine was an endemic form of the pathogen 
with little potential for serious damage. 

Because G. abietina is known to have considerable po
tential for damage and has the ability to infect whitebark 
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pine, it should be considered a potentially damaging para
site. Care should be taken to avoid moving the European 
or intermediate strains of the fungus into whitebark pine 
habitats. With the current interest in active management 
ofwhitebark pine, there is potential for infection of 
nursery-grown seedlings possibly leading to transport 
of the pathogen into natural whitebark pine stands. 

Lachnellula pini (Brunch.) Dennis = Dasycypha pini 
(Brunch.) Hahn & Ayers has a circumpolar distribution 
at high elevations and northern latitudes. It causes a res
inous canker of whitebark pine that has been confused 
with white pine blister rust in the Pacific Northwest. 
Stillinger (1929) surveyed western white pine stands 
in the Inland Empire and found that those most heavily 
infected by L. pini occur at relatively high elevations-
4,500 to 6,000 ft. 

Hahn and Ayers (1934) recorded three collections of 
L. pini on whitebark pine in British Columbia. These 
were in Mt. Revelstoke National Park, 4,000 to 5,000 ft 
elevation; Flat Creek, east ofRevelstoke at 6,000 to 7,500 
ft elevation; and D'Arcy, 3 miles west at 6,000 ft elevation. 
These observations were consistent with results of growth 
studies in which they found optimal in vitro growth of L. 
pini occurred at temperatures between 38 and 42 °F. 
They concluded that "we may be dealing with a parasite 
peculiarly specialized as regards the necessary environ
ment for its existence, and for this reason limited in its 
present distribution." 

Lachnellula pini is not observed to grow beyond the 
canker after death of the branch or stem. Fruiting is 
localized in the immediate area of the canker. It is not, 
however, an obligate parasite because abundant fruiting 
continues even after the branch or stem has died. 

Stillinger (1929) reported high levels of damage to west
em white pine stands caused by L. pini cankers. White
bark pine was not included in his survey, but whitebark 
pine may be similarly affected on high-elevation sites in 
the Inland Empire. 

Three other species of Lachnellula are known to be 
locally damaging to whitebark pine stands. Lachnellula 
agassizii (Ber. & Curt.) Dennis is parasitic, causing can
kers on branches and stems (Smerlis 1973). The an
amorph of this species, Naemospora, is observed fruiting 
at canker margins along with L. agassizii. Lachnellula 
arida (Phill.) Dennis is also a parasite that causes can
kers on branches and stems (Funk 1981). Lachnellula 
flavovirens (Bres.) Dennis is considered to be a facultative 
parasite that causes cankers and dieback of branches 
(Frajo-Apor 1976; Smerlis 1973). 

Atropellis piniphila (Weir) Lohman & Cash was de
scribed by Lohman and Cash (1940) as causing a canker 
on several pine species including whitebark pine. This 
fungus is best known from lodgepole pine on which it 
causes extensive damage in the northern Rocky Moun
tains of the United States and Canada (Hopkins 1985; 
Lightle and Thompson 1973). Black radial staining oc
curs in the wood adjacent to cankers, and the bark exter
nal to cankers adheres tightly to the stem thus creating 
problems for pulping. Mortality is a secondary concern, 
although mortality rates can be high in some severely 
infected stands. At greatest risk for mortality are young 
trees growing on sites with histories of Atropellis damage. 



NEEDLECASTS AND BLIGHTS 
Bifusella saccata. (Darker) Darker has been reported on 

whitebark pine and limber pine (P. flerilis) (Staley 1964). 
It is found at elevations above 9,000 ft on whitebark pine 
in the southern Sierra Nevada (Bega 1979). It is reported 
as rarely occurring on whitebark pine in British 
Columbia, where it is observed to fruit on dead tips 
of green needles (Funk 1985). 

Lophodermella a.rcuata. (Darker) Darker was reported 
to cause a needlecast of whitebark pine in British 
Columbia (Hunt and Ziller 1978). Severe defoliation 
of a sugar pine (P. lambertia.na Dougl.) plantation greatly 
reduced terminal growth (Burleigh and others 1982). 
Within a heavily infected plantation, individual trees that 
were apparently resistant were found. The disease was 
damaging in occasional, isolated trees in limber pine 
stands in Colorado (Staley 1964). 

Bifusella linearis (Peck) Hoehn. is reported to cause a 
common needlecast disease of whitebark pine (Bega 1979; 
Funk 1985; Hunt 1981). Two- to 3-year-old needles are 
killed and cast. Because the fungus is restricted to older 
foliage, it is not considered to cause a serious disease. 

Lophodennium nitens Darker is a common needlecast
causing fungus on whitebark pine (Darker 1932; Funk 
1985; Hunt 1981). Hunt (1981) considered the fungus to 
be a weak pathogen, attacking only the older foliage. 

Lophodermium pina.stri (S. ex H.) Chev. is also found 
on whitebark pine needles, but is probably present as a 
saprophyte. 

Brown felt blight caused by Herpotrichia. coulteri (Peck) 
Bose kills snow-covered foliage and causes branch dieback 
or, in the case of seedlings, death. This disease is wide
spread and common owing to the snowpack found in 
whitebark pine habitats. 

SEED AND CONE DISEASES 
Siroccocus strobilinus Preuss causes a seed-borne dis

ease of many conifers including whitebark pine. The 
disease damages seedlings in nurseries and in natural 
stands. Losses in nurseries are due both to seedling mor
tality and to culling for deformity. The fungus is thought 
to infect fully formed seed, but the mechanism is not 
known (Sutherland 1987b). Nursery production of white
bark pine is likely to be accompanied by some level of 
damage from Siroccocus blight. The frequency of occur
rence of this disease in natural whitebark pine regenera
tion is not known. 

Ca.locypha. fulgens (Pers.) Boud. (anamorph = Genicu
lodendron pyriforme Salt) referred to as the seed or cold 
fungus, causes pre-emergence seed losses in numerous 
conifer species including eastern white pine (P. strobus 
L.). This seed-home fungus spreads from diseased to 
healthy seeds during cold periods. The mycelium of the 
fungus grows through forest duff. Cones that contact the 
duff are subject to infection. Thus cones on the ground or 
in squirrel caches or, perhaps in the case ofwhitebark 
pine, seeds cached by nutcrackers, may be infected. 

Sutherland (1987a) reported losses of25 percent of 
stored seed of spruces, Douglas-fir (Pseudotsuga. menziesii 
Mirb.), and grand fir (Abies gra.ndis [Dougl.] LineD.) in 
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British Columbia due to this fungus. In Ontario, bareroot 
nurseries' seed germination of numerous conifer species 
was reduced by as much as 98 percent. Cool soil condi
tions were most commonly associated with high losses to 
C. fulgens. Rates of isolation of the fungus from spruce 
seedlots in Washington and Oregon were sufficiently high 
for Sutherland to conclude that the disease has potential 
to impede natural regeneration of Engelmann spruce 
(Picea. engelma.nnii [Parry] Engelmann) in certain areas 
of the western United States (Sutherland 1987a). 

Fruiting bodies of this fungus are widespread and 
common in the early spring in the Rocky Mountains and 
Pacific Northwest (Tylutki 1979). The habitat require
ments of C. fulgens and its potential for damage in both 
natural stands and nurseries may have serious implica
tions for whitebark pine regeneration. 

STEM AND ROOT DECAYS 
Perenniporia. suba.cida (Pk.) Donk and Pha.eolus 

schweinitzii (Fr.) Pat. have been locally damaging in old 
stands ofwhitebark pine. PheUinus pini (Thore:Fr.) Pilat. 
causes a heartrot of whitebark pine that is also common 
in some locations. All these pathogens are likely to be 
significant only in old stands. Regeneration of whitebark 
pine stands is not likely to lead to significant carryover or 
intensification of damage from these pathogens. 

Heteroba.sidion a.nnosum (Fr.) Bref. =Fames annosus = 
Fomitopsis annosa; anamorph = Spiniger meineckellus 
(A. J. Olson) Stalpers is another matter. This fungus is 
one of the most aggressive root pathogens; it responds to 
stand harvest by infecting cut stumps, presenting even 
greater problems with each succeeding generation of sus
ceptible hosts. Numerous environmental factors play a 
role in determining whether H. a.nnosum will increase 
with timber harvest and whether damage from this patho
gen will continue over the life of the stand. The frequency 
of root infection in the existing stand may greatly influ
ence the potential for damage in a succeeding rotation. 
Heteroba.sidion a.nnosum is a common pathogen of sub
alpine fir (James 1979). It causes direct mortality of in
fected trees or, perhaps more commonly, it rots the tap 
root and develops into a butt rot. In either case, infected 
roots of subalpine fir can serve as a food and inoculum 
base for infection ofwhitebark pine. The frequency with 
which whitebark pine is infected by H. a.nnosum in natu
ral stands has not been investigated. Mature western 
white pine were commonly found to have root and butt 
rot caused by H. annosum before white pine blister rust 
lead to their wholesale removal from forest stands in the 
Inland Empire (Ehrlich 1939). 

Direct stump surface infection by spores of H. annosum 
is considered a major means of spread and intensification 
of this fungus in forest stands (Edmonds and others 1984; 
Hunt and others 1976; Rishbeth 1951; Wallis and Ginns 
1976). Temperature and moisture conditions in white
bark pine habitats are likely to be suitable for both 
sporulation and infection by H. annosum. Spring and 
fall temperature and moisture conditions are generally 
regarded as best for growth, sporulation, and infection 
in north temperate zones where H. annosum is known 
to be damaging. 



Soil characteristics have been found to play a great role 
in detennining the longevity of stand damage from this 
fungus following tree cutting in the southeastern United 
States. Soils with poor internal drainage and high sea
sonal water tables were found to not support long-term 
infestations by H. annosum (Anderson and others 1980; 
Froelich and others 1977). The fungus is believed to have 
limited tree-to-tree movement in such soils. Trees that 
are immediately adjacent to infected stumps may be 
killed at a high rate in the decade following tree cutting, 
but the fungus spreads little to other live trees. 

Heterobasidion annosum is mentioned as a known 
pathogen ofwhitebark pine by Hepting (1971), but no 
references to published reports of the fungus infecting 
this tree species are offered. Webb and Alexander (1985) 
did not list whitebark pine among the known hosts for H. 
annosum. Root pathogens of whitebark pine have proba
bly received less attention than other, more readily ob
servable, pests of this species. With this in mind, it is 
prudent to regard the fungus as a pathogen that will 
almost certainly infect whitebark pine and may have con
siderable potential for damage in managed stands. 

Likewise, Armillaria root rot has been listed as a dis
ease of whitebark pine without reference to the extent or 
severity of the infection. Armillaria ostoyae (Romagnesi) 
Herink is not specifically known to be a pathogen of 
whitebark pine, but can be assumed to infect this species 
because it is generally considered to be the predominant 
pathogenic Armillaria on western conifers. 

Whitebark pine habitats are outside the temperature/ 
moisture combination range that we normally consider to 
be Armillaria-prone, but subalpine firis occasionally dam
aged by this pathogen. The frequent association of white
bark pine with subalpine fir probably exposes whitebark 
pine to inoculum of A. ostoyae. Armillaria may result in 
locally important damage, but it is more likely to be an 
infrequent killer of scattered, individual trees. 

DWARF MISTLETOE 

Limber pine dwarf mistletoe (Arceuthobium cyanocar
pum Coulter & A. Nels.) infects and sometimes kills 
whitebark pine. This parasitic plant occurs in scattered 
locations from the southern Sierra Nevada to the moun
tains of Montana, Idaho, Wyoming, Colorado, Utah, and 
Nevada (Hawksworth and Wiens 1972). One location is 
known in Oregon, in Deschutes County (Hawksworth and 
Wiens 1984). 

Limber pine and Great Basin bristlecone pine (P. lon
gaeva D. K. Bailey) are the principal hosts of this species 
of dwarf mistletoe; whitebark pine is considered both a 
primary (Mathiasen and Hawksworth 1988) and secon
dary (Hawksworth and Wiens 1972) host. Other unusual 
hosts include western white pine (P. monticola Dougl.), 
ponderosa pine (P. ponderosa Laws.), Rocky Mountain 
bristlecone pine (P. aristata Engelm.), foxtail pine (P. 
balfouriana Grev. & Balf.), and mountain hemlock (Tsuga 
mertensiana [Bong.] Carr.) (Hawksworth and Wiens 1972; 
Hawks worth and Wiens 1984; Scharpf 1984). 
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Heavy mortality of whitebark pine resulting from lim
ber pine dwarf mistletoe infections has been reported only 
from Mount Shasta, CA, where Cooke (1955) referred to 
infested stands as "ghost forests." Stands in this area 
were surveyed by Mathiasen and Hawksworth (1988). 
They had an average of 96 percent of whitebark pine 
infected with 58 percent dead. Most of the dead trees 
had evidence of past heavy dwarf mistletoe infection. 

Arceuthobium tseugense (Rosendahl) G. N. Jones (hem
lock dwarf mistletoe) is known to infect whitebark pine in 
the Crater Lake region of Oregon where it causes consid
erable damage (Hawksworth and Wiens 1972). Arceutho
bium americanum Nutt. ex Engelm. occasionally infects 
whitebark pine when it grows in association with infected 
lodgepole pine. Likewise, A. laricis (Piper) St. John is 
known to occasionally infect whitebark pine when it 
grows among infected western larch (Hawksworth and 
Wiens 1972). 

WHITE PINE BLISTER RUST 
The disease that has the most impact on whitebark pine 

is white pine blister rust. Blister rust is a stern rust lim
ited to the white pines. It is native to Eurasia, and all 
species of white pines on those continents are moderately 
to highly resistant to the fungus. However, it is exotic to 
North America, and it follows that all North American 
white pines are highly susceptible. Whitebark pine ap
pears the most susceptible. 

The white pine blister rust fungus was brought to west
em North America in 1910, arriving with a boatload of 
blister rust-infected eastern white pine (Pinus strobus L.). 
The seedlings were shipped by the nurseries of Pierre 
Sebire and Son, Ussy, France. The point of introduction 
was Point Grey, near Vancouver, BC. The disease was 
not noticed until 1921 (Boyce 1922). In the fall of that 
year, blister rust was observed in several stands in south
western British Columbia and northwestern Washington. 
By 1922, cankers were found 100 mi north of Vancouver, 
in eastern British Columbia, and eastern Washington. 
By 1927, cankers were observed near the southern limit 
of western white pine in Idaho. 

To get a better idea of just when the fungus entered a 
specific site, Lachmund (1926a) reconstructed the early 
history by dating backwards from cankers--something 
that is fairly easy to do and usually correct within a year 
or two. The evidence is good that the rust infected trees 
130 mi northwest of Vancouver, 110 mi north, and 70 mi 
east, by 1913. In 1917 or 1918, the rust infected trees of 
the interior pine regions, including the Canoe, Revelstoke, 
and Beaton regions of British Columbia, Butte Inlet, 
150 mi north ofVancouver, BC, and 100 mi to the south 
in the Puget Sound region. Further, the infection ob
served in Idaho in 1927 was dated to a 1923 infection. 
So, in just 13 years, blister rust had become established 
throughout the range of western white pine and in a high 
proportion of the range ofwhitebark pine. By 1965, the 
fungus seemed to have reached the ecological limit ofits 
range. 



The first infected whitebark pine was reported in the 
University of British Columbia Arboretum (Davidson 
1922) and in a botanical garden in England (Spaulding 
1923). Infection of white bark pine, in a natural setting, 
was first observed in the coast range of British Columbia, 
100 mi north ofVancouver (Lachmund 192Gb). This ob
servation was in a mixed stand of whitebark pine and 
western white pine. At least at this site, whitebark pine 
appeared to be seven to 10 times more susceptible than 
western white pine. Childs and others (1938) reported 
infection of whitebark pine in the Mount Hood area of 
Oregon, and Gynn and Chapman (1951b) found cankers 
in Yellowstone National Park that dated back to a 1945 
infection. 

The first thing foresters did when they discovered the 
disease was to destroy the trees that were infected. But 
with a fast-moving disease like this one, it became obvious 
that this approach would not work. The fungus also re
quires an alternate host to complete its life cycle. It must 
go from pine to currants or gooseberries (Ribes) and then 
back to pine. No problem-just remove the Ribes bushes. 
And so they tried! Table 2 shows the number of bushes 
removed from eastern Washington, Idaho, Montana, and 
Wyoming from 1923 to 1965 (USDA 1953, 1965). 

In 1965, foresters gave up attempts to eradicate Ribes 
bushes. Most Ribes spp. are high survivors and, thus, not 
easy to get rid of. Next, chemicals were used on the pine 
host. Some at first seemed to hold promise of killing the 
fungus, but these too ended up not working well enough. 
The outlook for white pines was bleak. 

Impact of Blister Rust on Natural 
Stands 

Table 31ists the published data, including survey data 
from official Forest Service files (Northern Region), that 
we found on the infection level of blister rust in natural 
stands (Bedwell and Childs 1943; Berg and others 1975; 
Brown 1966; Carlson 1978; Gynn and Chapman 1948, 
1952a, 1952b; Toko and Dooling 1968). Figure 1 indicates 
locations of these stands. These data are not current; 
most of the surveys were conducted at least 20 years ago. 
Also, in most cases the ages of the stands were not indi
cated. Stand age greatly influences rate of infection, so 
comparisons of rates of infection without consideration of 
stand age are not very meaningful. Observations indicate 
that the infection levels and mortality in northern Idaho 

Table 2-Number of Ribes bushes eradicated in eastern 
Washington, Idaho, Montana, and Wyoming 
between 1923 and 1965 

Years of Number of 
Area eradication Rlbes bushes 

Total area 1923-1965 468,420,720 

Yellowstone National Park 1945-1965 10,222,300 

Glacier National Park 1939-1965 4,630,900 

Grand Teton National Park 1950-1965 181,700 

and Montana may be more severe now than they were in 
the 1960's. These old survey data do substantiate the 
general observation that whitebark pine is highly suscep
tible to blister rust and is impacted heavily where envi
ronmental conditions are conducive to the blister rust. 
They also indicate that damage can be very light where 
environmental conditions are not conducive to the dis
ease. Further, it seems reasonable to conclude that the 
degree of infection on whitebark pine decreases south
ward for all parts of its range-throughout the Cascade
Sierra Nevada chain, the Bitterroot Mountains, and along 
the Continental Divide of the Rocky Mountains. 

This is especially evident in Yellowstone National Park 
where there have been extensive surveys (table 4), even in 
areas where there are substantial populations of Ribes 
(Toko and Dooling 1968). This limitation is probably due 
to a somewhat dry and perhaps cold climate, together 
with a decrease in low elevation sources of inoculum. 

Carlson (1978) reported survey results from 29 stands 
in Yellowstone National Park. Four of29 stands were 
found to have blister rust infections. Rate of infection 
ranged from 0 to 6 percent of trees. Nine stands were 
found to have Ribes populations. Ribes importance, ex
pressed as: (Ribes cubic foot volume per acre) x (Total 
Ribes/total plots sampled), ranged from 0 to 1,041. Three 
stands with natural Ribes population densities (no eradi
cation history) had Ribes importance values of 1,041, 211, 
and 20. Even with relatively high Ribes values, the infec
tion rates (percent trees infected) were low: 5, 0, and 6 
percent, respectively. The remaining noneradicated 
stands had values of 7, 1, and 0.04, and five had values 
ofO.OO. 

In another survey of Yellowstone (Berg and others 
1975), infection was closely related to elevation (table 5). 
Of 325,641 trees (whitebark and limber pines combined) 
inspected over an area of2,246,000 acres, 959 trees were 
infected. 

The general conclusion drawn from these surveys was 
that the Yellowstone environment may be poorly suited 
to blister rust infection. It is a cool, dry climate which, 
according toR. G. Krebill (1971) is only marginally suit
able for blister rust teliospore germination. 

In western white pine stands where this disease is 
devastating, individuals that are not infected stand out 
like a green thumb. In 1950, a program was started with 
the aim of determining whether this apparent resistance 
in western white pine was genetic or if somehow these 
trees were escapees-even though they were surrounded 
by trees that had, at times, thousands of cankers. The 
trees turned out to be genetically resistant. A breeding 
program was started with the purpose of producing new 
varieties of western white pine resistant to blister rust. 
Within the research work surrounding this program, one 
of the studies had the specific objectives of (1) comparing 
the resistance level of western white pine with other 
North American white pines and Eurasian white pines 
and (2) comparing the kinds of resistance that were ob
served in western white pine to those of the other pines 
cited above. 



Table 3-Percent infection of whitebark pine by blister rust 

Area Data No. of trees No. of trees Percent 
Stand name No. years per stand Infected Infected 

90miles N 1937 11 11 100 
Vancouver, BC 

90miles N 1937 21 21 100 
Vancouver, BC 

Marmot Pass, WA 2 1937-39 26 24 92 
Hyas Lake, WA 3 1937-39 9 8 89 
Mt Rainier, WA 4 1951 602 331 55 
Mt Rainier, WA 4 1952 297 154 52 
MtWilson, OR 5 1937-39 17 12 71 
Frog Lake, OR 6 1937-39 10 10 100 
White River, OR 7 1937-39 23 88 
Salmon River, OR 8 1937-39 17 16 94 
Quarles Peak, 10 9 1937-39 37 22 59 
Windy Peak, 10 10 1937-39 17 12 71 
York Creek, AB 11 1960 100 
Glacier Park, MT 12 1948 2,585 48 2 
Glacier Park, MT 12 1952 677 45 7 
Glacier Park, MT 12 1968 45 
Blackfoot IR, MT 13 1965 1,315 782 60 
Gallatin NF, MT 14 1966 496/6 4 0-5 
Gallatin NF, MT 14 1966 14/1 10 71 
Gallatin NF, MT 14 1966 262/3 261 98-100 
Custer NF, MT 15 1966 48/1 34 71-80 
Custer NF, MT 15 1966 185/2 159 81-90 
Yellowstone 16 1966 ?17 0-.6 

Nat. Park, WV 
Yellowstone 16 1975 325,641 959 0.3 

Nat Park, WV 
Yellowstone 16 1968 ?/17 0-10 

Nat Park, WV 
Yellowstone 16 1968 ?/1 21-30 

Nat Park, WY 
Yellowstone 16 1966 ?IS 24 

Nat Park, WV 
Shoshone NF, WY 17 1966 3,517/30 0 0 
Shoshone NF, WY 17 1966 108/1 7 6 
Bighorn NF, WV 18 1966 878/7 0 0 
Bighorn NF, WV 18 1966 450/2 8 2 
Bighorn NF, WV 18 1966 370/2 184 41-50 
Bighorn NF, WY 18 1966 90/2 65 71-80 
Bighorn NF, WY 18 1966 223/1 200 90 
Wind River IR, WY 19 1966 50/3 0 0 

See figure 1 for location of stand. 
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Figure 1-Location of stands listed in table 3. 

Table 4-Level of infection on whitebark pine and 
corresponding Ribes populations in 
Yellowstone National Park 

Stand Trees Rlbesl 
number Infected acre 

Percent Number 

30 0.0 10.0 

29 .0 1.1 

22-23 .0 12.0 

35-37 .2 13.0 

10 .2 7.0 

28 .3 13.0 

21 .6 4.0 

18 1.8 4.0 

9 3.3 61.0 

38 3.7 105.0 

14 4.6 58.0 

2-4 7.5 70.0 

46 23.7 91.0 

'Ribes eradication 5 or more years prior to survey. 
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Table 5-Biister rust infection by elevation 
in Yellowstone National Park 

Percent of 
all Infections Elevation 

Feet 

44 Below 7,500 

25 7,500-8,000 

23 8,000-8,500 

6 8,500-9,000 

2 Above 9,000 

Blister Rust Resistance in 
Whitebark Pine 

That whitebark pine is very susceptible to blister rust 
was obvious to field observers; this was especially obvious 
where whitebark and western white pine were in a mixed 
stand. Several studies were completed that compared 
resistance among many of the white pines from through
out the world. Bingham (1972) summarized these data 
(table 6), and it was no surprise that whitebark pine was 
again rated as "most susceptible." 

The research was directed toward producing new varie
ties of western white pine that not only had high resis
tance, but also had the kinds of resistance that are 
stable-varieties that would not be vulnerable to new 
races of the rust fungus. Therefore, there was interest in 
what mechanisms were present in the highly resistant 
white pines especially, where blister rust was native. The 
thinking was that if a certain mechanism or combination 
of mechanisms worked in resistant species where white 
pine blister rust was endemic, it would have an even bet
ter chance of surviving here-even though there were 
different environmental conditions involved. 

Part of the collection of white pines in this study were 
seedlings from three phenotypic resistant whitebark 
pines. Although these three trees were not a very big 
sample, it was hoped that they would provide an idea of 
what was possible for whitebark pine in terms of resis
tance. Ultimately, 207 seedlings were generated, which 
was a pretty good sample. Results of the study were re
ported by Hoff and others (1980). They indicated that 
resistance in whitebark pine had increased substantially 
since introduction of blister rust (table 7). In the test 
reported, whitebark pine ranked ninth out of 16 species 
tested. The only North American species to rank higher 
was resistant collections of western white pine, a strong 
indication of good potential for control via resistance. 



Table 6--Biister rust resistance of 14 white 
pines, rated as most resistant 
(1) to least resistant (11) 

Species 

Pinus armsndil 

P. cembra 

P. arlstata 

P. walllch/ana 

P. koraisnsis 

P.peuce 

P. sib/rica 

P. parviflora 

P. strobiformis 

P. strobus 

P. 1/exi/is 

P. mont/cola 

P. lambert/ana 

P. alblcau/is 

Average 
ranking 

2 

2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Table 7 also shows rankings of the species for six 
mechanisms of resistance. A brief description of the life 
cycle of blister rust in the pine host may be helpful. A 
fungus spore germinates on the surface of the leaf, enters 
the leaf through a stomate, and grows down the leaf, 
within the vascular tissue, and into the stem. After 
reaching the stem, it grows vertically and laterally. 
Fruiting of the fungus causes the most damage to the tree 
by physically disrupting the vascular tissues. 

The first operational resistance mechanism was one 
that prevented the fungus from entering a leaf; it was 
called "no needle infection." Thirty-three percent of the 
seedlings of whitebark pine were in this category (33 
percent of the seedlings were clean-no needle infections 
and no stem infections). The average over all species was 
37 percent, range 1 to 96 percent. The second reaction 
observed was in the number of needle spots. Spots were 
counted and presented as number per lineal meter of 
needle tissue. Whitebark pine had 6. 7 spots per meter; 
the average was 5.9 percent, range 0 to 28 percent. 

Next, it was noticed that the needles with spots from 
some trees fell off before the fungus could reach the stem. 
This reaction was called "premature needle shed." After 
adjusting for previous resistance-the no needle infection 

Table 7-Species ranked by average ranking for six mechanisms of resistance 

Mechanism of resistance 
Species NNI' NSN1 PNS1 FSS• BR• A&C' Rank 

Pinus koraiensis 2 2 4 4 2.3 

P. sib/rica 3 2 3 3 7 2 3.3 

P. parviflora 10 9 2 1 4.0 

P. cembra 4 4 2 2 6 6 4.0 

P. armand// 6 6 3 5 3 11 5.7 

P. monticola 9 8 2 6 4 5 5.7 

P.peuce 5 2 8 6 6 8 5.8 

P. wallichiana 7 5 5 3 5 14 6.5 

P. albicau/is 8 10 1 4 7 13 7.2 

P. strobiformis 13 9 9 8 9 3 8.5 

P. morrisonicola 10 9 10 9 4 11 8.8 

P. chiapensis 11 9 6 9 8 14 9.5 

P. lambert/ana 14 7 7 7 11 12 9.7 

P. flex/lis 12 11 8 7 10 10 9.7 

P. ayacahuite 15 13 10 9 11 7 10.8 

P. strobus 15 12 9 9 12 9 11.0 

'NNI ... no needle Infection 
2NS ... needle spots per meter of secondary foliage 
'PNS .. premature needle shed 
4FSS ., fungicidal short shoot 
SSR c bark reaction 
1A&C., alive and cankered. 
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reaction-whitebark pine percentage was 38 percent. 
These trees had needle spots in June, 9 months after 
inoculation, but never developed cankers. The average 
was 11 percent, range 0 to 38 percent; whitebark pine 
rated the best of all species for this trait. The next reac
tion observed was caused by the interaction of the fungus 
and host when fungus growth down the needle reached 
the short shoot. This reaction seemed to produce a toxin 
that killed the fungus, hence it was called the "fungicidal 
short shoot" reaction. Again, after adjusting for the previ
ous resistance mechanisms (no needle infection and pre
mature needle shed), the whitebark pine occurrence rate 
was 7 percent. These seedlings had needle spots in June 
and September, 9 and 12 months after inoculation, but 
they also did not develop cankers. The average was 6 
percent, range 0 to 90 percent. After entering the stem, 
other defense reactions occur that also kill the fungus. 
There appear to be several kinds, but they have been 
lumped into a single category called "bark reactions." 
Again, after adjusting for previous mechanisms of resis
tance, whitebark pine was 6 percent (seedlings never had 
normal cankers); the average was 7 percent, range 0 to 
40 percent .. The last reaction reported noted the ability 
of seedlings to remain alive even though they had normal 
cankers. This trait was called "alive and cankered" (also 
referred to as tolerance). Whitebark pine rated low, with 
only 8 percent of the seedlings alive 3 years after inocula
tion; the average was 21 percent, range 5 to 50 percent. 

The increase in resistance of whitebark pine appears 
due mainly to four traits: (1) no needle infections, (2) pre
mature needle shed, (3) fungicidal short shoot, and ( 4) 
bark reactions. Again, assuming that the three pheno
typic resistant whitebark pine in this test are representa
tive of other phenotypic whitebark pine, it seems reason
able to hope that the species is on its way to becoming 
resistant to blister rust. 

Management of the White bark 
Pine-Blister Rust System 

Management ofwhitebark pine in the face of blister 
rust is largely dependent on the relative rust hazard of 
the site. In some areas, such as Yellowstone National 
Park, where the fungus appears to be at its ecological 
limit, nothing needs to be done-unless global warming 
causes a climate change that becomes favorable to the 
fungus. In areas where there is high mortality, resistance 
appears the only option. For areas with moderate hazard, 
pruning and excising of cankers is a viable option. 

Hagle and others (1989) produced management guide
lines for blister rust control in western white pine. If one 
reads the document with the silvics of whitebark pine in 
mind, many of the recommendations can be used almost 
directly with only minor modification. Even though 
whitebark pine is more susceptible than western white 
pine, the cankers grow more slowly (Bedwell and Childs 
1943). When high-elevation whitebark pine was com
pared to the main altitudinal range of western white pine, 
the cankers grew about half as rapidly. Therefore, in 
stands ofwhitebark pine and western white pine with 
equal hazard, pruning and excising of cankers should 
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be even more effective in whitebark pine stands. Dooling 
(1974) evaluated the effectiveness of pruning to save relic 
limber pine in Yellowstone National Park. He found it to 
be a viable option in the localized high-use area that was 
treated. Only cankered branches were removed to pre
serve the visual quality of trees, and some of the trees 
required climbing for complete pruning. There were as 
many as 150 cankers in some trees. Acres treated were 
1,367 at an average of 4 acres/person/day. The cost in 
1972-73 was $20 per acre. Current costs for pruning 
western white pine stands range from $50 to $80; excision 
of cankers on pruned trees adds about $10 to $20 per acre. 

Phenotypically resistant whitebark pine are fairly com
mon; nearly every severely infected stand has a few. So 
there would be little problem in setting up a scheme to 
produce seedlings that are resistant to blister rust. Some 
schemes are fairly cheap; others are costly. The basic 
format is: (1) Collect seed from resistant individuals and 
either directly sow or plant seedlings in natural sites. (2) 
Make grafts of resistant phenotypes and plant those. (It 
has been noted that grafting on western white pine stock 
causes the whitebark pine scion to grow faster [LeRoy 
Johnson, personal communication]. With Swiss stone 
pine [P. cembra L.], Holzer (1975) reported that grafting 
on blue pine [P. wallichiana A. B. Jacks.] or Scotch pine 
[P. sylvestris L.] resulted not only in better growth, but in 
more flowers). (3) Cross breed several resistant individu
als (this would assure cross pollination as compared to the 
above, which are probably selfs that are slow growing). 
(4) For both 1 and 3 above, the seedlings could be artifi
cially inoculated with blister rust and only resistant seed
lings would be planted. 

A more difficult problem is to decide how far to transfer 
seed. We know of no data on the genetic parameters for 
adaptation of this species over its range. Since it appears 
that the evolution of this species has been greatly influ
enced by birds and the environment in which whitebark 
pine grows is uniformly severe, it would seem that adap
tation would be fairly broad. So far, the known genetics 
ofwhitebark pine bear this out. Fumier and others 
(1987) found in an allozyme analysis that trees within 
clumps were more closely related than trees among 
clumps. This means that when a bird cached seed, it was 
most likely gathered from a single tree, or a cluster of 
trees. They found, however that there was no difference 
in the genetic relation among clumps, as compared to 
clumps collected at different sites. This means that the 
birds were just as likely to go long distances to cache seed 
as they were to cache close to the collection site. There
fore, the seed is apparently distributed over a broad area, 
causing good mixing of genes over that large area. None
theless, there probably is a photoperiod effect over the 
range ofwhitebark pine, and differences are likely in in
sect and disease resistance among provenances or geo
graphic areas. A conservative recommendation, until the 
patterns of adaptive variation are assessed, would be to 
stay within a particular mountain range, for example, the 
Bitterroots, Cabinets, or Selkirks. Each of these areas 
would be treated as separate populations with resistance 
selections located and crossed within each. If future data 
show no appreciable differentiation two or more of the 
populations would be lumped. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Bill Shuster)-Looking at a whitebark pine 
snag, can you determine if it died of blister rust? 

A.-If a tree died from blister rust, there will be scars 
from the cankers that caused its death. Look first at the 
base for large basal scars and then look higher on the 
stem and branches for cankers. 

Q. (from Wendel Hann)-lfyou select for resistant 
phenotypes, how much chance is there of also selecting 
for undesirable characteristics such as poor growth or 
survival? 

A.-We have looked for those kinds of associations in 
western white pine, but have not seen any yet. We cer
tainly would expect correlations of some kind, so far we 
can be thankful that none are obvious. 

Q. (from Dick Krebill)-What percentage of white
bark pine in natural stands is likely to be resistant to 
blister rust? What is the chance for a new resistant 
population developing via natural selection without 
human intervention? 

A.-We do not know the proportion of resistant trees. 
Bingham in the 1950's did a survey with western white 
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pine and he found one tree with no cankers out of about 
10,000 in the most heavily infected stands. But that is 
not the total picture. Trees can have cankers and still be 
resistant. Bob Keine ran the whitebark pine model using 
5 percent resistance. At that level, there was no regen
eration. He agreed to run other percentages-tO percent, 
15 percent, 20 percent--until a regeneration effect is 
evident. He will put that in his paper in the question 
section. 

Q. (from Kate Kendall)-I have estimates of severe 
whitebark pine mortality from blister rust in Glacier 
National Park. What was your information source for 
blister rust mortality in Glacier National Park? 

A.-Toko and Dooling (1968, unpublished, in cited lit
erature) reported a 1967 survey of a 45-year-old white
bark pine stand near Oldman Lake in Glacier Park in 
which 45 percent of the trees were infected. Two other 
surveys, one in 1947 and the other in 1951, ofwhitebark 
pines about 25 years old around Oldman Lake were re
ported in blister rust annual reports from 1948 and 1952 
(Gynn and Chapman, in cited literature). A total of 2,585 
and 677 trees were examined with 2 and 7 percent, re
spectively, infected. The Toko and Dooling survey was 
conducted by USDA Forest Service, State and Private 
Forestry, Pest Management personnel, and the second 
was conducted by Park Service personnel. These were 
surveys in what was referred to as the Old Man Lake 
Control Unit. The park was broken up into five control 
units designated as Park Headquarters, Lake McDonald, 
East Glacier, Two Medicine, and Oldman Lake. Oldman 
Lake was the only unit that had whitebark pine in the 
survey sample. The others had limber and western white 
pines. These are the only data for Glacier Park that we 
were able to locate. On the basis of your and other 
people's impressions of the situation, a current resurvey 
is needed. 

Q. (from Anonymous)-Blister rust seems to be more 
common in areas of greater multiple use (grazing, lumber
ing) and lower in protected areas (National Parks). Could 
human activities be partly responsible for the spread of 
the disease? 

A.-Blister rust mortality is high in Rainier National 
Park and Garibaldi National Park in Canada, and it is 
probably high in Glacier National Park (although we do 
not have survey records to show this). 

However, once the fungus is in an area, intensification 
is local and depends mostly on the local climate, white 
pine populations, and Ribes populations. Ribes are seral 
species-early invaders of disturbed sites. They accom
plish this, not by having wind transported seeds, but by 
having very tough seed coats and tremendous capacity for 
dormancy (200 or more years). This means that they can 
wait in a dormant condition for the next suitable distur
bance. In natural forests, this disturbance would nor
mally have been fire. Stirring or burning the duff in 
which Ribes seeds are stored stimulates germination. 
Human activity can greatly increase populations of Ribes 
in and near whitebark pine stands, thus influencing dis
ease development. 



HISTORICAL USES OF WHITEBARK 
PINE 

B. John Losensky 

ABSTRACT 

The historical use of whitebark pine for lumber and 
other products is reviewed. While whitebark pine exhibits 
favorable wood qualities~ its size and location generally 
precluded active management and past use was more 
incidental or one of convenience. This paper focuses on the 
Butte I Anaconda area of Montana. Records of historical 
use on private and public ownerships are limited and 
incomplete; however, the best documentation was in con
junction with mining and ore reduction activity. Present
day use continues to be incidental, with limited attention 
directed at management of the species. Recent harvest rec
ords are presented for Federal ownership. 

INTRODUCTION 
Eastern white pine, a distant cousin ofwhitebark pine, 

was eagerly sought and reserved for masts for the Royal 
Navy by the British during colonial days (Dana 1956). 
The resulting friction between the colonies and British 
authorities helped spark the War of Independence and 
the establishment of the United States of America. White
bark pine has no such claim to fame. Descriptions of the 
tree often refer to it as a high-elevation tree of no com
mercial value (Elias 1987). Its wood is not preferred for 
any special uses, and in most cases the tree would have 
been overlooked except for a quirk of fate that placed 
some of the best-developed stands in the same neighbor
hood as major deposits of gold, silver, and copper. Thus 
the past use ofwhitebark pine is the result of its proxim
ity to a wood market rather than an interest in its wood 
properties. As can be seen in table 1, whitebark pine has 
better wood properties than its associates Engelmann 
spruce and subalpine fir. Its general form, small size, 
and isolated location normally preclude its use, however. 

LOCATION 
Whitebark pine is common at higher elevations on 

warm aspects and ridgetops and is less abundant on shel
tered north-facing slopes. It can be found in the British 
Columbia coastal mountains, the Olympic Mountains, and 
on the western slope of the Cascades in Washington and 
northern Oregon, but is more prominent in the Cascades 
of southern Oregon and northern California. In these 
locations the tree is generally of poor form and confined 
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to the high ridgelines. In the Rocky Mountains it is 
a scattered tree, but it becomes a major component in 
Montana and central Idaho and parts of Alberta, Canada. 
Here it may form stands of relatively tall, straight trees 
particularly on moist, north slopes. It is abundant in 
western Wyoming and may develop good form there also 
(Arno and Hoff 1989; Day 1967). 

Table 2 shows the percent of whitebark pine in the vari
ous drainages in the Deerlodge National Forest (USDA 
n.d.) as compiled from cruises made at the turn of the 
century. While logging had occurred on much of the 
area before the cruises were conducted, they do provide 
an estimate of the amount ofwhitebark pine present in 
the original stands. 

A cruise conducted in the 1920's as part of a land ex
change proposal north of Anaconda indicated that 15 
percent of the volume was whitebark pine (USDA 1932). 
The msjor portion of this part of the exchange was in Lost 
Creek; minor amounts were in Antelope and Modesty 

Table 1-Wood properties of white bark pine and associated species 
(Forbes 1956; Hall and Maxwell1911; Hazen (n.d.); 
Keenan 1970) 

Modulus of Specific 
Species Heat value rupture gravity 

million btu psi 
Douglas-fir 19.2 9,600 0.43 
Lodgepole pine 18.6 9,400 .41 
Western white pine 17.3 9,500 .38 
Engelmann spruce 14.7 6,000 .33 
Fir 16.6 6,300 .37 
Whitebark pine 16.6 8,150 .42 

Table 2-Percent of whitebark pine by drainage 
on the Deerfodge National Forest 

Drainage 

Race Track Creek 
Lost Creek 
Foster Creek 
Warm Spring Creek 
Storm Lake 
Twin Lakes 
Barker Creek 
Deep Creek 
Seymour Creek 
La Marche Creek 
Fishtrap Creek 
Mudd Creek 

Forest average 

Percent of 
whltebark pine 

5 
21 
13 
13 
7 
8 

30 
19 
2 

17 
17 
9 

6 

Weight 
per ft3 

lb 
30 
29 
27 
23 
26 
26 



Creeks. The percentage of whitebark pine is similar 
to that found in the earlier work. Since these sources 
are the only known information on the extent of white
bark pine at the time of the mining development, I de
cided to use them recognizing that errors may be present 
because of past cutting activity. 

HISTORICAL USE 

To understand past use ofwhitebark pine, it is helpful 
to review early timber harvest policies for the public do
main. Until organized lumbermen began to commercially 
exploit public timber, there was little concern over its use. 
As with mineral deposits, land, water, and grass, timber 
could be used by whoever claimed it. As supplies dimin
ished around populated areas, the Federal Government 
attempted to pass and enforce legislation for its use. In 
1849 Congress established the Department of the Interior 
and in 1850 the first Federal timber agents were ap
pointed. (Butcher 1967). These agents were directed to 
prohibit cutting of public timber. Because of the lack 
of money and subsequent inability to enforce the regula
tions, a compromise was developed in 1860 that required 
payment for illegally cut timber. 

Through the 1870's various attempts were made to stop 
the illegal use of public timber with limited success. Be
cause of extensive problems elsewhere, the Land Office 
generally ignored the early development of the lumber 
industry in Montana (Butcher 1967). During the early 
1880's there was little interest in enforcing compliance 
and public timber was up for grabs. When President 
Cleveland came into office in 1885, renewed efforts to 
enforce Federal timber policies were attempted. With 
the establishment of the Forest Reserves in the 1890's 
and early 1900's, policies were implemented that provided 
for the orderly harvest of the timber resource. In time, 
depredations on the public lands were finally brought 
under control. 

Pre-1860 Period 
Prior to the arrival of European man, seed ofwhitebark 

pine was used principally as a food source by Native 
Americans. With the California gold rush, miners may 
have had an opportunity to utilize whitebark pine for 
firewood or other uses associated with mining activity; 
however, because it grew only on high ridges, and early 
mining activities were concentrated in the major stream 
bottoms, other woods would have been more commonly 
. used. No references could be found that indicated other 
than minor isolated use of the tree in California. Placer 
mining progressed to Idaho and Montana in the 1850's 
and 1860's. As occurred in California, most of the first 
discoveries were placer gold deposits at lower elevations. 
Towns such as Idaho City, Pierce, and Orofino in Idaho 
and Bannack, Virginia City, and Helena in Montana at
tracted thousands to the new fields (Fisher and Holmes 
1968). Wood for these early operations was obtained from 
low-elevation forests and had limited impact on whitebark 
pine. 
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1864·1882 Period 
Along with the placer mines came the discovery of 

significant lode claims. In Montana and Idaho many 
of these hardrock mines were found at upper elevations 
in close proximity to stands of whitebark pine. As the 
placer mines gave way to hardrock mines, which required 
milling, a new era was introduced into the territory. 
Hardrock mines required substantial amounts of wood 
for mine supports, railroad tracks, mine buildings, mills 
for ore reduction, huge amounts for fueling steam engines 
used in the mines and the mills, and wood for use in ore 
reduction and the refining process (USDA 1932). In addi
tion, hardrock mining and reduction required a large per
manent labor pool; these workers needed houses and wood 
for heat. These requirements were met by the forest re
sources of the surrounding area, mostly from the public 
domain. Because the timber stands surrounding the 
mines contained whitebark pine, it was natural that 
it was utilized along with other species. 

Butte-Anaconda Area 
The development of the Butte-Anaconda area was des

tined to play a major role in the use ofwhitebark pine. 
Not only were major mineral deposits present, but white
bark pine was common in the higher elevation stands as 
shown in table 2. These trees were also of good form 
when compared to the normal whitebark pine stands. 

In 1864 the Butte area was important for its placer gold 
activity centered around the original town of Silver Bow 
(Freeman 1900). By 1866 most of the placer activity was 
over, and by 1868 the gravel beds had played out. Silver 
ore had been discovered soon after the discovery of the 
placer gold, and attempts were made to mill the ore in 
1867. These early attempts failed often because of a lack 
of knowledge in milling procedures (Freeman 1900). With 
these failures many of the people left for other camps. 
This 4-year period probably resulted in a minor impact on 
the timber resource near Butte. William Clark, one of the 
"Copper Kings," acquired four mines in Butte in 1872 and 
the Dexter Mill in the latter part of the 1870's (Malone 
1983). Continued efforts were made between 1869 and 
1874 to use the quartz ores in the Butte area but with 
little success. In 1875 a revival of interest occurred in the 
quartz claims in the Butte area when smelters were de
veloped capable of effectively milling the ore (Freeman 
1900). Clark built the Colorado Smelting and Mining 
Company operation in 1878 to process silver ore (Malone 
1983) • 

Since there was no railroad into Montana, all the fuel 
for these operations plus lumber needed for construction 
came from local sources. This demand was met by the 
forests in the Flint Creek Valley and the area immedi
ately adjacent to Butte, Philipsburg, and Argenta. By 
1879 it is estimated that 42 mills were cutting 6,000 thou
sand board feet (mhO oflumber annually in Montana to 
meet development needs (Butcher 1967). By 1880, 3,000 
people were living in Butte and the first railroad from 



Utah reached the area. This event played a significant 
role in the expansion of the mining industry as ores or 
refined metals could be sent to market much cheaper and 
quicker (Freeman 1900). 

Around 1875 "heap roasting" of ores was begun. Large 
lumps of almost pure sulfide ore were intermixed with 
layers oflogs. The size of the heaps could be up to a city 
block long, as wide as a city street, and as high as a man 
(Deer Lodge County History Group 1975; Macmillan 
1973). Using these estimated sizes and assuming about 
one third of the stack was wood, about 200 cords went into 
each pile. These stacks burned 2 to 3 weeks, the ore was 
recovered, and a new stack built. Many of these stacks 
would be burning at the same time resulting in a tremen
dous amount of cord wood used each year for this one proc
ess (Macmillan 1973). Evidence indicating the amount of 
timber harvested around Butte during this period is lim
ited. But based on stand ages near Butte, much of the 
available timber was removed by 1885 (Joy 1989). White
bark pine probably made up less than 2 or 3 percent of the 
total volume. 

Marcus Daly arrived in Butte in the 1870's and in 1882 
acquired an interest in the Anaconda Mine, which even
tually set the stage for the development of the mill at 
Anaconda and major exploitation of the timber resource 
of Montana. Wood was the principal fuel with minor 
amounts of coal used where locally available. Most of 
the timber lands were still in the public domain, although 
the Northern Pacific had acquired over 1,500,000 acres for 
constructing a railroad through Montana (Butcher 1967). 
Since there was no control of cutting on the public do
main, no records were kept on the amount of timber har
vested. Wood cutters continued to cut what was avail
able, moving to the higher elevations and more distant 
sites as local sources were depleted. A story from a 
Mineral County paper quoted by Davis gives a good 
description of the period: 

The source of heat and power in those days was mainly 
dependent upon the efforts of the humble woodchopper, 
supplemented in a small measure by cost ly coke 
shipped from the Pennsylvania coal fields. But cord
wood was the main and most dependable resource. 
The chopper appeared in thousands and he did this job 
so well that the hills and mountains surrounding Butte 
for a radius of many miles were completely stripped of 
their forest growth during the years preceding the utili
zation of coal and hydro-electric power. Everything 
that would burn was cut and fed into the mouths of 
the boilers and smelting furnaces and much of the 
natural beauty of hill and mountain was changed into 
desolation .... 

Cord wood was a staple product and poured into Butte 
and Anaconda in thousands of cords daily by wagons, 
sleighs, pack trains, and flumes, and went up in smoke 
from mine hoists, smelters, "heap" roasting of ores and 
stampmills, to say nothing of the baseburner and 
kitchen stove, for wood was the only resource in which 
to keep the "home fires" burning (Davis 1963). 

While the total use ofwhitebark pine may have been 
limited during this period, use of the forests adjacent to 
Butte set the stage for the exploitation ofwhitebark pine 
in future years. 
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Butte-Anaconda Area, 1883-1896 
A major change and expansion in smelting operations 

was under way. Silver ore gave way to copper and the 
mill at Anaconda was established (Anaconda Copper 
Mining Co. 1909). McCune and Caplice were given a 
contract to supply the mill at Anaconda with 300,000 
cords offirewood at the rate of75,000 cords per year 
(Deer Lodge County History Group 1975; Kelly 1983). 
Flumes were constructed in Mill and Willow Creeks to 
bring the wood to the mill (figs. 1 and 2). At first mules 
with pack saddles were used to bring the cordwood to the 
flume (fig. 3). Later a narrow-gauge railroad was built 
into the woods with a donkey engine and long cable used 
to pull the cars loaded with wood to the loading platforms 
at the flume (Kelly 1983) (fig. 4). 

It is estimated that about 718,8()8 cords were removed 
from present-day National Forest lands during this period, 
or about 194,000 mbf (Kelly 1983; Newell1980). The 

Figure 1-Fiume in French Gulch 1906. 

Figure 2-End of flume in Mill Creek near 
Anaconda, MT, 1906. 



Figure 3-Getting wood for the Colorado Smelter, 
Butte, MT. 

Figure 4-Tram landing 1908. 

majority of this volume was lodgepole pine, but based on 
cruises cited in table 2, an estimated 12,000 mbf of white
bark pine may have been cut. Since much of the volume 
was for firewood or stuBs for the mines, tree size was not 
important and ifwhitebark pine was present, it probably 
was taken (Kelly 1983; USDA n.d.). In 1885 there were 
300 mines, nine stamp mills to crush the quartz ores, 
and as many as seven copper smelters operating in and 
around the city of Butte in addition to the works at 
Anaconda (Macmillan 1973). All of these operations re
quired wood for fuel. In 1883 the mill at Anaconda alone 
used about 200 cords per day. By 1891 this had increased 
to 360 cords per day. An upgrading of the mill increased 
use to 700 cords per day in the fall of 1891. This rate con
tinued through 1892. Lumber requirements for the same 
period were 40,000 mbfin 1888 and 100,000 mbffor both 
1891 and 1892. 

The mills at Butte continued to process ore using heap 
roasting up until about 1894 when it was outlawed by the 
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town. A report from 1890 indicated that about 25,000 
tons of ore were constantly in the process of open-air 
roasting (Macmillan 1973). It was becoming necessary 
to go elsewhere to find lumber as cutting in the Butte 
area had depleted much of that resource. During this 
period the Northern Pacific Railroad was being con
structed through Montana, and it also required large 
amounts of wood. To meet these needs and those of the 
Butte-Anaconda area, the Montana Improvement Com
pany was formed in 1882 (Butcher 1967). The first mill 
was established at Bonner with logs coming from the 
Blackfoot drainage. 

In 1884 cutting began in the Flathead Indian Reserva
tion. Much of this volume was for the railroad construc
tion, but portions found its way into the lumber market 
or the mines. In 1888 the lumber mills in Montana pro
duced 150,000 mbf, a large portion of which went to the 
Butte-Anaconda operations (Butcher 1967). 

1897-1905 Period 
While placer mining began early in Idaho, hardrock 

mining in the whitebark pine environment was delayed 
until the 1890's. The Spring Creek area on the present
day Salmon National Forest was developed at this time, 
and a stamp mill was constructed on site. It is unclear 
how long this mine was active, but use extended into the 
early 1900's (Jacobsen 1989; Umpleby 1913). In several 
areas along the Continental Divide old wood ricks remain 
that had been cut for firewood for these mills. Many of 
these ricks contain large amounts ofwhitebark pine 
(Hamilton 1989), but no estimates of volume could be 
made. 

Butte-Anaconda Area 
There are few references to timber use during this 

period in the studies reviewed. If harvest continued at 
the same rate as in the previous period, approximately 
500,000 cords may have been harvested in the immediate 
area. This may represent 8,000 mbf of whitebark pine. 
The new smelter was completed at Anaconda, which 
greatly increased the milling capacity; however, increased 
availability of coal may have precluded any major change 
in firewood needs (Deer Lodge County History Group 
1975; Kelly 1983). 

The use of electricity, which would eventually replace 
wood for fuel in many applications, was also increasing 
(Johnson 1988; Quivik 1988). The Alice Mine became the 
first mine in Butte to use electric lights in 1881, and by 
1900 Butte mines used electricity for surface tramming. 
As early as 1890 a small dam on Georgetown Lake was 
supplying electricity for the mines at Granite, but tech
nology to transmit the amounts of electricity required for 
the large mills was not available (Johnson 1988; Quivik 
1988; Sorte 1960). Daly installed an onsite genera tion 
plant using coal at Anaconda about 1890 (Quivik 1988). 
Coal needs were obtained from the towns of Storrs and 
Aldridge in the Bozeman area (Chadwick 1973). By the 
1900's steam generation plants were running in Butte 
and a hydroelectric plant had been installed on the Big 
Hole River near Divide. Additionally, power was being 



produced at Canyon Ferry on the Missouri River and 
brought to Butte on relatively low-voltage lines. In 1905 
Anaconda Company acquired the plant at Ennis and en
larged it for additional electricity production (Johnson 
1988). 

Butte-Anaconda Area, 1906-1915 
Major changes in the operation of the mills and owner

ship and control of the timber resource occurred during 
this period. In 1906 all smelting operations in Butte were 
moved to Great Falls with the exception of the Butte 
Reduction Works operated by William Clark. He con
tinued the business until1910 when he finally sold his 
operations to Anaconda (Malone 1983). Wood for the 
Great Falls plant was brought from Kalispell as well as 
the Missoula area and was obtained from low-elevation 
stands oflarch, Douglas-fir, and ponderosa pine. 

In 1905 the Hell Gate Forest Reserve was established 
and in 1906 the Big Hole Reserve. The Deerlodge Na
tional Forest was formed from portions of these reserves 
in 1908. Starting in 1906, records are available on vol
ume removed from these reserves. Unfortunately, species 
are not identified. One of the first sales was toW. R. Allen 
for 100,000 mbfin the French Gulch drainage (USDA 
n.d.). He built an extension to the McCune flume that 
crossed the Continental Divide into the Bighole drainage. 
The flume crossed the divide at about 7,000 ft elevation, 
which is generally near the lower limits ofwhitebark pine 
(Joy 1989). The flume covered about 18 miles, and had 
29 trestles, the highest of which was 72 ft and spanned 
775 ft (fig. 5). Most of the timber cut was for firewood and 
stulls for the mine (fig. 6). Cutting occurred throughout 
the year with the floating season from May to November 
(Newell1980). Many problems occurred with this sale, 
often the result of Forest Service inexperience in admini
stration of a sale of this size. At first the logger was al
lowed to select what he wanted. In late 1906 cutting rules 
were developed with clearcuts 150ft wide interspersed 
with 75-ft leave strips. Later this design was divided into 
75-ft2 alternate blocks. Windfall was a major problem 
with this design. In 1909 a system was established using 
strips 100 to 150ft wide. This approach resulted in many 
small unmerchantable trees being left. In 1910 the rule 
was changed to clearcutting in overmature stands and 
thinning in immature stands . Allen got a new contract 
for an additionallOO,OOO mbf, and cutting continued until 
1917 when the contract expired. At that time operations 
were moved to lower elevations in the Flint Creek drain
age where whitebark pine was less frequent (Newell 
1980). 

Cutting continued in other areas around the Butte
Anaconda area. An estimated 8,600 mbf of whitebark 
pine was harvested. This estimate was developed by 
using the percent ofwhitebark pine present by drainage 
(table 2) for sales over 7,000 ft elevation. This period 
marked the end of heavy cutting in the Butte-Anaconda 
area. The demand for firewood dropped significantly after 
1912 as electrification was implemented in the mills. 
Between 1908 and 1910 a new dam was built at Rainbow 
Falls near Great Falls and a 100-kW line was built to the 
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Figure 5-Trestle on French Gulch Flume 1906. 

Figure 6-Fuelwood and stull cutting, French Gulch 1908. 

Butte-Anaconda area. This was one of the first long
distance transmissions of high voltage and permitted the 
mills to turn to more electrification (Quivik 1988). Up to 
this point all hoist operations, which represented a major 
energy demand at the mines, were supplied by steam. 
These were now converted to electricity. 

1916-1940 Period 
During the early 1930's "tie hackers" for the Chicago, 

North Western, and Burlington Northern Railroads cut 
ties in the Dunoir area west of Dubois, WY. Whitebark 
pine is found on these sites mixed with lodgepole pine. 
It has a good form, and it was harvested along with the 
other species present. No estimates of this use are avail
able, however (Houston 1989). 



Table 3-Estimated whitebark pine use in 
the Butte-Anaconda area between 
1860 and 1940 

Time period 

1860-1882 
1883-1896 
1897-1905 
1906-1910 
1911-1915 
1916-1920 
1921-1925 
1926-1930 
1931-1935 
1936-1940 

TotaJ 

Estimated whltebark 
pine harvest 

(ihousand bOSi'd feet) 

3,000 
12,000 
8,000 
3,200 

11,400 
800 
180 
180 
60 
10 

38,830 

Butte-Anaconda Area 
Between 1914 and 1923 the annual requirement 

for wood products in the Butte-Anaconda market was 
400,000 stulls, 55,000 converter poles, 130,000 lagging 
poles, and 3,000 cords of firewood for area home use 
(USDA 1932). Volumes continued to decline with most 
of the harvest in latter years going for home fuel. 

The area north of Anaconda was described as having 
most of the accessible material removed by 1924. The 
Anaconda Copper Mining Company's needs came chiefly 
from the Big Blackfoot Drainage (USDA 1932). Of the 
35,000 acres evaluated by the proposed exchange, 28,000 
were listed as logged and 3,800 acres burned. Much of 
the area was clearcut and most of the marketable-sized 
material was taken. By 1919 coal was the principal fuel 
used in the smelting process (Anaconda Copper Mining 
Co. 1919). Natural gas came to the area in 1932 and 
further reduced dependency on wood and coal (Kelly 
1983). 

Summary of White bark Pine Use 
It is evident that significant use was made of whitebark 

pine between 1860 and 1940. A msjor portion of the vol
ume came from the public domain during a period of 
laissez-faire attitude in the country. No attempts were 
made to record use, and figures available represent infor
mation that was collected by government agents years 
after the fact. Table 3 presents an estimate of use of 
whitebark pine between 1860 and 1940 for the Butte
Anaconda area; it does not include other parts of Montana. 
These areas may account for an additional 500 mbf. 

As a check of these figures, a rough survey of cutover 
lands in the Butte-Anaconda area was conducted. Using 
volumes presented in the Deerlodge National Forest Plan 
(USDA 1987), an estimated 100,000 mbfofwhitebark 
pine may have been utilized. These values suggest that 
total use may be somewhere between 40,000 mbf and 
100,000 mbf. Based on the fragmentary information for 
the ACM Company during the period from 1882 to 1925, 
it is estimated that 4. 7 billion board feet of wood was used 
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by their operation alone. In addition some 50,000 mbf was 
used for home heating. Before 1906 an unestimated 
amount was used by the other mining operations not con
trolled by Anaconda. While these figures are only rough 
estimates, they provide an expression of the magnitude of 
timber activity found around the Butte-Anaconda area and 
the role whitebark pine played in that use. 

RECENT USE 
Presently, the role of whitebark pine in timber harvest 

is insignificant. Harvest activity continues to occur in this 
type in Montana, Idaho, and Wyoming. Most whitebark 
pine harvest is in conjunction with spruce or subalpine fir 
with which it is growing. Cutting during the past 20 years 
has occurred in northwestern Wyoming in the Bridger
Teton National Forest, but it has been incidental to regu
lar timber harvest and amounts are included with other 
species. The extent of this cutting could not be deter
mined. A similar condition was found in Idaho where 
cutting in the type has occurred in the Salmon and possi
bly the Payette National Forests. Significant acres of the 
type were killed by mountain pine beetle in the 1930's and 
40's in Montana and Idaho. Where accessible, much of 
this material is currently being used for firewood or house 
logs. Again no records have been kept to determine the 
extent of this activity (Jacobsen 1989). Regeneration ef
forts are geared to replacing the stands with spruce or 
lodgepole pine and whitebark pine regenerates through 
natural regeneration. 

An estimated 900 acres of whitebark pine type have 
been harvested in the Northern Region .. Table 4 provides 
a breakdown by forest, which indicates that most harvest 
has occurred in the Gallatin and Deerlodge National 
Forests. Much of the type has been allocated to noncom
modity uses in recent National Forest planning efforts. 
Similar information is not available for the Intermountain 
Region as it is lumped in with other types. California and 
the Pacific Northwest Regions have no reported use of the 
type. Indications are that the trees in these areas are of 
poorer form and, therefore, have been ignored in timber 
activity. Limited investigations were made on utilization 
of whitebark pine in Canada. A report by Day suggested 
that some large stands are found in Alberta in the Crows
nest Forest. Some of these stands contain 10 percent or 
more oflarge whitebark pine (Day 1967), which has been 
harvested and sold along with the lodgepole pine. 

Table 4-Acres harvested in the whitebark pine type by National 
Forest in the Northern Region 

Montana forests Acres Idaho forests Acres 

Bitterroot 29 Clearwater 1 
Beaverhead 91 Kootenai 42 
Custer 7 Nezperce 8 
Deerlodge 176 
Flathead 37 
Gallatin 402 
Helena 22 
Kootenai 42 
Lolo 67 



CONCLUSIONS 
While it is quite evident that significant amounts of 

whitebark pine have been used in the past and minor 
amounts are still being cut, there has never been a real 
interest in whitebark pine lumber or management for 
whitebark pine. If tum-of-the-century mining activity 
had been adjacent to the timber types found in the 
Kalispell, Missoula, or Bitterroot Valley areas, whitebark 
pine would probably have been ignored. Its use has been 
based on convenience and its association with other tree 
species. Use ofwhitebark pine will probably never reach 
the heights it experienced at the tum of the century and 
its place in the future may be that of providing food for 
wildlife. We still have much to learn about the tree itself. 
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BERRY PRODUCTION IN THREE 
WHITEBARK PINE FOREST TYPES 

ABSTRACT 

T. Weaver 
K.Kendall 
F. Forcella 

In the whitebark pine lwhortleberry (Pinus albicaulisl 
Vaccinium scoparium) habitat type of southwestern 
Montana, whortleberry plants produced seven to 
69 berries I m• X yr in 1974. In subalpine fir (Abies lasio
carpa) habitat types of northwestern Montana, huckle
berry plants (V accinium globulare) may produce from 
13 to 228 berries I m2 X yr. While removal of competing 
trees increases production, thinning the understory appar
ently reduces berry production in direct proportion to the 
shrubs removed; there is no compensatory production 
indicative of shrub-shrub competition in fully vegetated 
plots. Fifty- to 100-fold variation in production among 
years in Vaccinium globulare berry production is attrib
uted to variation in weather conditions. · 

INTRODUCTION 
Vaccinium species are common associates ofwhitebark 

pine (Pinus albicaulis). Whortleberry (Vaccinium scopar
ium) dominates the understories of relatively dry high
altitude forests in which whitebark pine is either climax 
(Pinus albica.ulis/Vaccinium scoparium and Abies 
lasiocarpa-Pinus albica.ulis/Vaccinium scoparium HT's) or 
seral (Abies lasioco.rpa/Vaccinium scoparium HT). Lower 
in whitebark pine's altitudinal range, and especially on 
relatively moist sites near the Canadian border, one also 
finds huckleberry (Vaccinium globulare) in communities 
including Abies la.siocarpa/XerophyUum tena%-Vaccinium 
globulare HT (Martin 1979). Habitat type (HT) and plant 
association names follow Pfister and others 1977. 

Vaccinium berries are important foods of bears (black 
and grizzly), birds (Clark's nutcracker, Cassin's finch, 
flickers, ravens, and robins), small mammals (squirrels, 
redbacked voles, and deer mice), and humans; and their 
production is therefore of interest to wildlife managers. 
This note summarizes our observations on the variation 
in berry production with changes in habitat type, over
story cover, shrub cover, and year. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Boleman, MT, 
March 29-31, 1989. 

T. Weaver is Plant Ecologist, Department of' Biology, Montana State 
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mist, North CentTaJ Sotl Conservation Research Lab, Agricultural Re
search Service, U.S. Department of Agriculture, Monis, MN 66267. 
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METHODS 
Two independent studies were conducted, one in the 

Madison Range of southwestern Montana near Bozeman, 
and the other in the Glacier National Park and Whitefish 
Range in northwestem Montana. 

Whortleberry fruit densities in the understories of five 
Pinus albicaulis/Vaccinium scoparium forests in the 
Madison Range study were determined by counting the 
berries in m2 quadrats placed at alternate meters along 
the center line of 10- by 30-m plots sampled in a study of 
forest productivity (Forcella 1977; Forcella and Weaver 
1977). Berry density was also recorded in a clearcut ski
run between the two forest stands measured on Lone 
Mountain (Madison Range near Bozeman, MT). All berry 
counts were made during August of 1974. 

Huckleberry fruit densities were measured in relatively 
young forests on Abies lasiocarpa-Pinus albicaulisl 
Vaccinium scoparium and Abies lasiocarpa/Xerophyllum 
tena%-Vaccinium globulare habitat types in the Rocky 
Mountains of Glacier National Park and in the adjacent 
Whitefish Range. Whitebark comprised relatively low 
percentages ( 4 to 40 percent) of the forest canopies, both 
because whitebark pine is being eliminated from the 
stands by white pine blister rust (Hoff and Hagle, this 
proceedings; Kendall and Amo, this proceedings) and 
because whitebark is never fully dominant in the rela
tively moist climate of the area (Amo and Weaver, this 
proceedings). Annual counts (1983-88) were made in 
seven forests; 20- by 20-cm plots were placed at 50 points 
located by pacing from permanent stakes along specified 
compass lines. While Vaccinium scoparium was present 
in some of these plots, its berries were never counted. 

AVERAGE BERRY PRODUCTION IN 
WHITEBARK PINE STANDS 

Average whortleberry production ranged from seven to 
69 berrieelm.2 in five closed Pinus albica.ulis/Vaccinium 
scoparium stands observed in southwestern Montana 
dming the summer of1974 (table 1). Because July
August precipitation in 1974 was 132 percent of normal 
and precipitation in the preceding August was 119 per
cent of normal (USDC 1973-1989), these yields are proba
bly average or above average. The average whortleberry 
weighed (dry) 0.0075 g. 

During the 1983-88 period, huckleberry production 
averaged 45 to 228 berrieslm2 in three Abies lasiocarpa
Pinus albica.ulis/Vaccinium scoparium stands and 13 to 



Table 1-Vaccinium berry production (berrieslm2} in three habitat types 

Environmental Arboreal Wortleberry Huckleberry 
type(H1)1 Locatlon2 Year cover Cover Berries Cover Berries 

Percent Percent Perm! Percent Perm2 
PIAUVASC3 Madison 1LM 1974 73 42 ± 3 68 ± 9 none present 

Madison 1-2 1974 0 48 ± 4 372 ± 47 
Madison 2LM 1974 97 44 ± 4 52 ± 9 
Gravelly 10MM 1974 52 31 ± 3 69 ± 10 
Elkhorn 11 1974 40 21 ± 2 7 ± 2 
Tobacco At 14 1974 56 50 ± 3 15 ± 4 

ABLA-PIALNASC3 Lewis 2DF 1983-1988 4 0 not 60 135 ± 65 
Lewis 3MB 1983-1988 22 26 counted 30 45 ± 15 
Apgar 6HM 1983-1988 0 30 35 228 ± 141 

ABLAIXETE-VAGL 4 Whitefish 1MO 1983-1988 24 35 50 34 ± 7 
Whitefish 2MO 1983-1988 44 60 35 13 ± 5 
Lewis 1MB 1983-1988 16 35 52 64 ± 14 
Lewis 1TM 1983-1988 42 0 70 33 ± 7 

1Habltat types are Pinus aJbicau/Js/Vaoclnlum scoparlum, Ablss laslocatpa-Pinus aJblcaullsiVaoclnlum sooparlum, and Ablss IIJS/ot:atpWXemphyl/um tsnax-
Vacclnlum globulare (Pfister and others 1977). 

2Loca1ions are given by mountain range and site number. PIALNASC sites are described In more detail by Forc:ella 1 f117. 
3Vacclnlum scoparium (VASC) standard errors represent quadrat to quadrat variance, n .. 15. 
"Vacclnlum globu/are (VAGL) standard errors represent year to year variance, n. 50. 

64 berries/m2 in four Abies lasiocarpa/Xerophyllum telUJ%
Vaccinium globulare stands in northwestern Montana. 
Huckleberry weights (dry) range from 0.02 to 0.11 g and 
average 0.06 g (Stark 1990). 

OVERBTORY-UNDERSTORY 
COMPETITION 

Removal of the whitebark canopy in an area between 
stands 1LM and 2LM resulted in a sixfold increase in 
whortleberry fruit production (table 1). Regression of 
huckleberry production against overstory cover indicates 
exponential decreases in berry production with increases 
in overstory cover; the equation [berrieslm2 = 214 e 
(- 0.075 canopy cover)] explains 96 percent of the variance 
in the berry production data (r = 0.96) and has a proba
bility of 0.001. Removal of the tree canopy al~ increased 
huckleberry production in nonwhitebark forests (Minore 
1972; Zager and others 1980). 

The inhibition of berry production by tree canopies is 
often attnouted to lack of light energy (Dahlgreen 1984; 
Martin 1983). Other hypotheses seem equally good. 
Since the failure of tree seedlings in closed forests is 
sometimes due to lack of water or nutrients rather than 
lack of light (Watt and Fraser 1933; Weaver 1974), and 
since the failure of seedlings in whitebark forests appears 
to be more likely due to edaphic than light factors 
(Weaver and others, this proceedings), berry production 
might also be limited by an edaphic factor. An additional 
possibility is that berry production might decrease with 
increases in canopy cover if lack of light inhibited pollina
tors or promoted flower- or fruit-attacking fungi. 
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COMPETITION AMONG SHRUBS 
If berry plants compete, one expects the production per 

unit area covered to fall with increases in percent of shrub 
cover. The hypothesis of strong within-species competi
tion among whortleberry plants is negated by the linear 
rise in berry production with increases in Vaccinium cover 
both in closed stands (berrieslm2 = 0.65 cover + 18. 75, 
r = 0.56) and in logged stands (berrieslm2 = 9.85 cover 
- 102, r = 0.66, p = 0.0). In huckleberry stands neither 
we nor Martin (1983) found any correlation between 
shrub cover and berry production. 

WEATHER AFFECTS HUCKLEBERRY 
PRODUCTION 

Huckleberry fruit production varied considerably 
among years with notable lows across most stands in 
1984 and 1987 (table 2). Year-to-year variance surely 
depends on a succession of weather-condition effects on 
flower initiation, pollination, winter kill, plant carbohy
drate stores, and photosynthesis during the berry-filling 
period. The poor production observed across all stands in 
1984 and 1987 suggests a common meteorological cause. 
We (1) hypothesize that water was the factor most likely 
responsible, (2) eliminate rainfall in the bearing season 
as a factor because, while 1984 was dry, 1987 was wet, 
and (3) speculate that the failed crops were due to 
drought during the flower bud initiation season, because 
the Augusts preceding both 1984 and 1987 were very dry 
(table 3). 



Table 2-Annual variation in huckleberry berry production ~n percent of maximum berry countlrn2) 

Site Maxlm2 1983 1984 1985 1988 1987 1988 

2DF 410 60 15 11 100 0 11 
3MB 95 48 19 89 34 0 100 
6HM 512 100 18 99 29 0 21 

1MO 58 86 21 48 45 47 100 
2MO 29 86 3 31 14 31 100 
1MB 95 77 57 100 88 3 771 
1TM 51 86 10 94 100 55 47 
Berry inclex1 17 36 19 21 36 20 

'Berry yields were recorded In seven stands for 6 years. Yields were ranked across years by glvfng the high pro-
duction a 1, the low production a 6. Ranl<s were summed aaoss stBnds to Index the producdvlty of each year. ~ 
ductivities were similar In all years except 1984 and 1987 when high SClOt9S Indicate poor crops. 

Table 3-Preclpitation (inches) in West Glacier, MT. Months with less then half of normal precipitation are 
asterisked 

Year: 1982 1983 1984 1985 1988 1987 1988 
Month Berry lndex1: 17 38 19 21 36 20 Normal 

May 1.40 0.96* 3.54 3.00 2.55 1.96 3.27 2.51 
June 2.48 4.41 2.83 1.77 3.44 2.05 1.58* 3.42 
July 2.58 4.70 .42* .09* 3.02 3.32 1.56 1.44 
August .89 .52* .73* 2.08 .54* 2.20 .36* 1.49 
September 2.12 1.43 3.61 4.83 3.49 .33* 1.83 2.25 

1High berry yield Indices from table 21ndlcate low yields In 1984 and 1987. While one summer was dry (1984) and the 
other one was wet (1987), both were preceded by dry Augusts. 
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USE AND IMPACT OF DOMESTIC 
LIVESTOCK IN WHITEBARK 
PINE FORESTS 

E. Earl Willard 

ABSTRACT 
The whitebark pine (Pinus albicaulis) ecosystem has 

historically been important as summer range for livestock. 
These ranges supply nutritious, green forage to supplement 
the often-dry summer ranges of lower elevations. Many 
areas were grazed by huge herds in the late 1800's and 
early 1900's. These herds have been greatly reduced due to 
recognition of the unacceptable levels of disturbance to the 
soil and vegetation, leading to overall range improvement. 
This paper summarizes the impact of livestock grazing in 
the whitebark pine ecosystem, including a history of graz
ing, disturbance of soils and plant communities, changes 
in livestock numbers and grazing management, and a 
view of the future. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis) ranges occur in a 

cold, windy, snowy, and generally moist climatic zone 
at timberline (Arno and Hoff 1989). Stands occur in a 
mosaic of subalpine parklands and alpine meadows, often 
remote and on steep, rugged teiTain. 

A combination of high precipitation, unstable soils, 
fairly steep slopes, and a short growing season with ex
treme weather variations makes proper livestock grazing 
very difficult on such ranges (Mueggler 1962). Blizzard 
conditions commonly occur in timberline types in all 
months except July and August (Pfister and others 1977). 
Since the snow is slow to melt in the spring, the soil is 
slow in warming and plant growth is delayed; the growing 
season is short (Thilenius 1975). Thus, livestock use the 
whitebark pine zone as summer range. 

One problem with maintaining livestock on high
elevation ranges too late into the season (mid to late 
September) is the chance of heavy snowfall. Early fall 
snowstorms are disadvantageous in two ways: (1) the 
obvious danger ofhigh losses of animals, and (2) the dan
ger of heavy trampling damage to the soil where the soil 
has been moistened by snow, but where it is not yet 
solidly frozen (Thilenius 1975). 

Paper presented at the Symposium on Whitebark Pine Ec:osystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 
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Some sites such as drainage bottoms, wet meadows, 
and grassy slopes are preferred by livestock, while for
ested sites and steep slopes are less prefetTed (Willard 
and others 1983). Water is often located in drainage bot
toms and unevenly distributed. When cattle water in the 
bottoms, they tend to spend more time on the lower slope 
as the slope becomes steeper. For example, Mueggler 
(1965) found that on a 10 percent slope, 75 percent of 
cattle use is likely to be within 810 yd of the foot of the 
slope; on a 60 percent slope, 75 percent of cattle use will 
probably occur within 35 yd of the bottom. Thus, live
stock grazing distribution is usually uneven on such 
ranges. 

Jardine and Anderson (1919) reported that each class 
of livestock uses the high-mountain ranges differently. 
Cattle prefer open grassy parks and meadows close to 
water and shade. Horses prefer high, open grass ridges; 
compared with cattle they will travel longer distances to 
water. Sheep will penetrate and utilize small areas of 
fallen timber; they can easily utilize areas that can be 
ridden through on horseback, and if quietly handled they 
will use areas that a horse cannot get through. Horses 
will use grass range not well suited to sheep and too far 
from water or too rough for full use by cattle. 

Sheep are the principal livestock now using the sub
alpine zone, since most breeds of cattle are poorly adapted 
to the colder, windy climate (Thilenius 1975). Horse use 
is significant in wilderness areas, mostly by recreation
ists' and government administrative stock. 

Livestock forage in the whitebark pine ecosystem varies 
considerably, depending on the local climate, associated 
vegetation types, and past grazing. Some dry-site white
bark pine stands in semiarid regions have open, grassy 
understories, but undergrowth is sparse in Sierra Nevada 
stands (Amo and Hoffl989). Common juniper (Juniperus 
communis), practically worthless as livestock forage, is a 
major understory plant in Alberta stands (Baig 1972). 
Steele and others (1981) stated that forage production 
may sustain light grazing, but in many areas grazing 
abuse has decimated the forage and exposed the soil; 
vegetation recovers slowly and, in some areas, soil loss 
may preclude complete restoration. 

Pfister and others (1977) reported that the major under
story species in Montana of value to livestock include 
Calamagrostis canadensis, C. rubescens, Carex geyeri, and 
Xerophyllum tenax. Forage production is low in these 
stands. However, forb and grass growth may be luxuriant 



in certain timberline areas, particularly those east of the 
Continental Divide on better soils. These ranges are 
presently grazed very little in Montana (Willard and 
others 1983). 

Steele and others (1981) reported that Arnica cordifolia 
is often the dominant forb in the undergrowth in Idaho; 
livestock seldom find much forage in the understory but 
may use these sites for bedding and shelter. Whitebark 
pine stands farthest from areas of heavy grazing may 
have an undergrowth dominated by Festuca idahoensis or 
Stipa occidentalis. Understory species vary considerably 
and range from Festuca iclahoensis on dry, exposed sites 
to Carex geyeri and Vaccinium scoparium on more mesic 
sites. 

Franklin and Dymess (1973) reported that on associ
ated alpine meadows in Oregon and Washington, the 
major community of importance to livestock is the Festuca 
viridula/Lupinus latifolius community. It is snow-free for 
a period of 3-4 months. Other communities are of very 
limited value to livestock. 

Mueggler (1962) stated that subalpine herblands that 
are natural openings on high-elevation slopes and ridges 
in northern Idaho form only a small part of the range 
area, yet furnish an important part of the summer forage. 
Such areas in good condition produce abundant grasses 
and forbs, but they are very sensitive to grazing abuse. 

EARLY GRAZING-THE WESTERN 
COMMONS 

Galbraith and Anderson (1971) reported that cattle 
were driven from Washington in 1858 to the British 
Columbia gold mines near Kamloops. Soon, other herds 
were driven to the Cariboo mining district. The preferred 
ranges on public lands in British Columbia became badly 
overgrazed before the Grazing Act was passed in 1919. 

During the period of 1850 to 1890, there was rapid ex
pansion of cattle and sheep ranching onto open range in 
Oregon and Washington. Sheep in great numbers were 
moved into eastern Oregon and across the Columbia River 
into Washington beginning in 1892. Sheep were far less 
expensive than cattle to feed and care for on the range. 
The market was limited, so the sheep quickly multiplied 
until the market eventually improved. Sheep numbers 
rose spectacularly from 1865 to 1901. This was the period 
of trail herding, when as many as 600,000 sheep were 
trailed from California and Oregon to stock ranges farther 
east (Thilenius 1975). Sheep numbers peaked in the 
western United States around 1910. 

Livestock were first introduced into Montana in the mid 
1800's. By 1880, approximately 400,000 sheep were re
ported in the Montana Territory. In the early 1890's, 
sheepmen gained a foothold on the ranges, especially in 
the northwestern States. In some States, especially 
Wyoming, Montana, and Idaho, sheepmen gradually 
forced the cattle interests from many of their old ranges 
(Barnes 1926), and many cowmen turned to raising sheep. 
Sheep in Montana increased to nearly 6 million by 1906. 
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Sheep were moved up the mountains into the subalpine/ 
alpine zone-more or less following the snow line-for 
summer grazing. High mountain ridges were often a 
cloud of dust for most or all of the summer. Intense com
petition occurred between herders to be first to move their 
bands onto preferred mountain ranges. No sheepman 
chose to save forage for future use, knowing it would be 
sought out by another herder with a hungry band of stock. 
It was common practice to graze everything into the 
ground before the sheep were moved down the mountain 
in the fall. The situation was graphically described by 
Barnes (1926): 

Every spring the herds of sheep followed the melt
ing snows into the high mountain meadows just as 
soon as the ground was uncovered. The hungry 
sheep fed on new plant growth, and their sharp 
hoofs trampled and cut up the sod until bare 
wastes took the place of grassy meadows and 
bunchgrass hillsides. From the pinnacles the own
ers watched with jealous eyes each other's progress 
into the high ranges. By day the cloud of dust that 
rose above the migrating herds, and by night the 
fires built to keep off the predatory animals, 
showed the advance of the rival herds. 

END OF OPEN RANGE ERA 
Much of the whitebark pine ecosystem is located on 

public lands. The first major act to control grazing on 
these lands was the reservation oflarge acreages in 
National Forests, which provided for grazing controls 
and grazing fees. The first forest reserve was established 
in 1891; many others were established by 1900. Grazing 
control on these forest reserves between 1900 and 1905 
was difficult (Dana 1956). Sheep grazing was at first 
forbidden in all reserves outside Washington and Oregon. 
The policy was changed in 1901 to allow sheep in those 
portions of reserves where it could be shown that sheep 
grazing would not be detrimental. 

Initially, horse and cattle grazing were regarded as less 
detrimental than sheep grazing, so they were subjected to 
little control on forest reserves. In 1900, however, per
mits were required for all classes of livestock. Jardine 
and Anderson (1919) reported that in 1907 approximately 
18,500 permits were issued for the grazing of cattle and 
horses on the National Forests; by 1917 the number had 
increased to approximately 32,000. In 1907 approxi
mately 1,250,000 head of cattle and horses were grazed, 
and in 1917 over 2 million were grazed. 

In 1906, grazing fees were adopted on forest reserves 
to help bring grazing under control. These permits were 
issued for a specific number of animal unit months 
(AUM's) of grazing on a specified area. These were 
granted to ranchers who owned enough property to sup
port the animals when they were not on the forest re
serve. Thus, public land grazing permits were tied to 
individual private ranches. Excessive livestock grazing 
and trespass grazing within forest reserves continued to 
be a major problem for many years. These were slowly 
reduced, but the practices had become deeply entrenched. 



GRAZING IMPACTS 

Infiltration and Sediment Yield 
Research is limited relative to hydrologic impacts of · 

livestock grazing in the whitebark pine ecosystem. How
e:'er, extensi~e ~vidence is available that shows the nega
tive hydrolog.tc Impacts of excessive grazing in other 
vegetation types. Livestock influence infiltration rates 
~~ sedimen~ production on watersheds by removing the 
soil s protective cover and compacting the soil. An ade
quate vegetative cover is generally accepted as the most 
important factor in maintaining adequate infiltration and 
preventing erosion. 

Meeuwig (1971) stressed the importance of maintaining 
vegetation and litter cover for adequate infiltration and 
soil stability on rangelands in Utah, Idaho, and Montana. 
On a subalpine watershed in Utah, Meeuwig (1960) re
ported that heavy grazing reduced vegetative cover and 
created a serious flood source area. 

Mueggler (1962) stated that many subalpine herblands 
in northern Idaho and northeastern Washington are seri
ously depleted because they have been grazed too heavily 
by cattle and sheep during the short summer grazing 
period. He indicated that forage depletion, sheet erosion, 
and guliying are evident in many areas. These areas now 
produce only a fraction of their potential forage. How
ever, the most serious result of overgrazing was expressed 
as loss of the soil mantle. 

Plant Community Indicators 
Range condition and trend on high-elevation ranges 

are recognizable by certain signs or indicators that can 
be detected by observing the soils and vegetation on a site. 
These indicators not only provide an insight into changes 
that may have occurred during the past because of live
stock grazing, but also suggest what may be expected to 
occur in the future if the manner of grazing is not altered 
(Ellison and others 1951). 

Jardine and Anderson (1919) stated that overgrazing 
for an extended period leaves signs that are readily recog
nized. These signs were listed as foiiows: (1) the pre
dominance of annual forbs and grasses, with a dense 
stand of such species and lack of variety in species; (2) the 
predominance of plants that have little or no value for any 
class of stock; (3) the presence of dead and partly dead 
stumps of shrubs; ( 4) noticeable damage to tree reproduc
tion; and (5) erosion and bareness. 

Ellison and others (1951) stated that three characteris
tics of high-mountain vegetation are especially important 
to consider in judging range condition and trend on high
elevation ranges: 

1. On range in good condition, the vegetation, along 
with the litter it produces, effectively protects the site 
against soil erosion, especially since the cover tends to 
be greater on high-mountain range than on lowland 
range. Bare spots are neither naturally large nor perma
nent on such sites. 
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2. Vegetation ofhigh-mountain sites in good condition 
usually supports many kinds of plants. 

3. There is a dominance by perennial plant species. 
If annuals are present, they make up only a small part 
of the community. Conspicuous annuals in high
mountain vegetation indicate the range is not in good 
condition. 

Sampson (1919) described four vegetation types or 
stages in plant succession on high-mountain ranges in 
Utah. These stages, listed in order from the most dis
turbed to climax, include the following: (1) early matur
ing annuals and weak perennials; (2) perennial herbs 
chiefly forbs with some aggressive grasses and shrub~; 
(3) aggressive perennial grasses in abundance with peren
nial herbs and shrubs; and ( 4) deep-rooted or densely 
tufted perennial grasses, growing almost to the exclusion 
of other plants. These stages have been widely studied 
by numerous workers on subalpine grasslands, and the 
validity of this classification has been generally accepted 
(Pickford and Reid 1942). 

The climate of alpine and subalpine rangelands is ade
quate for luxuriant plant growth. Thus, whenever the 
perennial plant cover of a site is less than normal even 
though it may be adequate to prevent acceleratel erosion, 
an unsatisfactory condition is indicated by two conditions 
(Reid and Pickford 1946): (1) reduced cover reflects a 
lower production of forage, and (2) the site becomes more 
xeric. A range in good to exceiient condition is more mesic 
than one in poor to fair condition. When the climax domi
nant plants are lost from a dry site, the site is slower to 
progress to a climax condition than when it is a mesic or 
wet site. 

Meadows at timberline in good to excellent condition 
support a dense sod of perennial grasses and sedges with 
few perennial forbs and essentially no annuals (Reid and 
Pickford 1946). Severely overgrazed meadows have a 
reduced cover of plants that is mostly annuals. Interme
diate seral stages have a mixture of perennial grasses and 
sedges, perennial forbs, and annuals. Thus, increased 
range deterioration is indicated as perennial forbs and 
annuals increase. 

Pickford and Reid (1942) also described these high
elevation communities in climax condition as dominated 
by grasses, with a small amount offorbs present. They 
indicated that as range condition declines, the perennial 
forbs and sagebrush increase on the site. Since the drier 
sites decline in range condition more readily than wetter 
sites (Reid and Pickford 1946), sagebrush first shows 
up on these dry sites and is an indicator of range 
deterioration. 

Sheep tend to prefer forbs over grasses, thus an over
grazed sheep range would be characterized mostly by low 
value grasses (Ellison 1954). As overgrazing continues, 
the less-preferred perennial grasses decline so that unpal
atable forbs and annuals predominate. Dominance by 
rhizomatous species represents an intermediate level of 
range condition (Ellison and others 1951). 



Plant Species Indicators 
Subalpine rangelands in eastern Oregon and 

Washington that support chiefly Stipa. columbiana and 
forbs indicate unstable soil and vegetation conditions 
(Pickford and Reid 1942) caused by overgrazing. These 
can be used as indicators of excessive grazing on these 
sites. 

Annuals that are indicative of overgrazing on high
elevation ranges in the Intermountain region include 
Lepidium, Polygonum, Amaranthus, and Descurainia. 
(Ellison and others 1951). Madia., where it is a strong 
competitor, is considered to indicate a poorer condition 
than the other annuals. 

Reid and Pickford (1946) described the vegetation on 
overgrazed sites in eastern Washington and Oregon. Poa 
pratensis, Koeleria cristata, Bromus carinatus, Agropyron 
trachycaulum, Achillea lanulosa, Potentilla, Aster occiclen
talis, and Taraxacum officinale are found on such sites. 
Dense stands ofWyethia are an indicator of poor condi
tion. Annuals that are found on disturbed sites include 
Polygonum douglasii, Gilia., Gayophytum, and Madia. 

Festuca idahoensis appears to be a major dominant 
species on high, open ridges. Branson and Payne (1958) 
found that this grass decreased with excessive sheep graz
ing in the Bridger Mountains of Montana. Morris (1961) 
considered Festuca idahoensis to be a decreaser in Cabin 
Creek and Sage Creek in southwestern Montana. 
Kuramoto and Bliss (1970) reported that Festuca idahoen
sis is the most important species in the mesic grass type 
and dry grass-forb type of the Olympic Mountains, W A; 
reduced abundance of this species was said to indicate 
regression from climax condition. 

Plant species most abundant on heavily grazed sheep 
range include Stipa lettermani, Agropyron trachycaulum, 
Achillea lanulosa, Aster, and Taraxacum officinale 
(Ellison 1954). 

Branson and Payne (1958) used exclosures to compare 
vegetation on protected sites to those grazed by sheep in 
the Bridger Mountains of Montana. They found that 
sheep grazing led to a decrease of Festuca idahoensis, 
Stipa columbiana, and Potentilla, and only a slight de
crease in Bromus carinatus. 

Morris (1961) summarized the climax vegetation and 
successional pattern for an upper elevation range in 
southwestern Montana. Festuca idahoensis and Stipa 
columbiana are the two dominant species. Bromus cari
natus and Agropyron trachycaulum are present but 
subdominant. Melica bulbosa is infrequent in the climax. 

·Forbs make up approximately 25 to 35 percent of the 
composition, and include Lingusticum, Senecio, Hiera
cium, Delphinium, and Mertemia. Achillea and Lupinus 
are present in lesser amounts. 

Regressive succession to a distinctly weed stage due to 
excessive grazing appears to follow this pattern (Morris 
1961): Festuca idahoensis and Stipa. columbiana are 
among the first to disappear, while Bromus carinatus and 
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Agropyron trachycaulum increase. Senecio and Ligus
ticum are replaced by Helianthus, which, along with 
Bromus carinatus and Agropyron trachycaulum, make 
up a distinct community. Further regression of the com
munity results in an increase in Aster engelmannii, 
annual forbs, and Melica bulbosa. The soils are unstable 
and excess runoff occurs on weed types or when Bromus 
carinatus and Agropyron trachycaulum are the major 
grass species. 

The successional status of Artemisia tridentata vasey
ana is difficult to establish. Morris and others (1976) 
indicated that it is probably a seral species that increases 
its range and density on disturbed sites. 

A range may have been overgrazed in the past but may 
now be improving in condition. The abundance of individ
ual plants in each of the age classes (seedling, young, 
middle-aged, and old plants) indicates whether a species 
is maintaining itself, or is increasing or decreasing. A 
mixture of age classes indicates that a species is main
taining itself in the stand. Improvement may be assumed 
when the climax species are increasing, and when gullies 
and other former bare spots are being revegetated (Ellison 
and others 1951). 

Soil Indicators 
A stable soil is required for satisfactory range condition 

on any area where a soil mantle has previously developed. 
Soil erosion always means a downward trend; thus, range 
improvement can only occur where the soil is stable 
(Ellison 1949). 

Pickford and Reid (1942) studied the subalpine grass
lands of eastern Oregon and eastern Washington. They 
reported that soil removal by accelerated erosion was an 
indicator of overgrazing on green fescue (Festuca viridula) 
communities. 

Ellison and others (1951) described the evidences of an 
unstable soil from studies in Utah, Idaho, Washington, 
and Oregon. They found these signs included rill marks, 
pedestaled pebbles and plants, tiny alluvial deposits, and 
gully development. They concluded that small rocks, 
pebbles, and bunchgrasses on the soil surface protect it 
from the erosive impact of raindrops, while the surround
ing unprotected soil is washed away. Thus, the rocks, 
pebbles, and bunchgrasses become elevated on low pedes
tals of soil. Pedestaling was found to be especially useful 
to indicate current accelerated erosion when storms are of 
such moderate intensity as not to form gullies or alluvial 
deposits. 

There is no evidence that frost heaving causes pedes
tals. Frost loosens the soil, may move rocks or pebbles to 
the soil surface, and can "heave" grass seedlings from the 
soil and onto the soil surface. However, it is highly un
likely that frost heaving will raise a deep-rooted, fibrous
rooted bunchgrass onto a pedestal. 

Substantial evidence demonstrates the negative im
pacts of excessive grazing on soils in numerous vegetation 
types. Flory (1936) found that soils on ungrazed, over
grazed, and severely grazed range sites had pore space 



of 68.1, 51.1, and 46.5, percent, respectively. Lodge 
(1954) reported that heavy livestock grazing resulted in 
soil compaction and reduced moisture-holding capacity; 
higher successional plant species were replaced by lower 
successional species that are more competitive under 
drier conditions. 

Willard and Hermann (1977) studied soil water infiltra
tion rates on various range sites in Montana to assess soil 
compaction by cattle grazing at various times of the year. 
Infiltration rates were generally highest on ungrazed 
sites, followed by those sites grazed in winter (when soils 
are frozen) and fall (when soils are dry). Infiltration rates 
were lowest on sites grazed during the spring when the 
soils were wet. Increased soil compaction was associated 
with increased soil surface erosion and regressive plant 
succession. 

Gullies 
Rainfall alone cannot account for the presence of an 

active gully system cutting into the soil mantle on high
elevation watersheds. Ellison and others (1951) stated 
that the presence of a soil mantle and a gully system 
cannot both be normal: the two are irreconcilable. They 
indicated that the same is true for occurrences of unvege
tated soil surfaces, wind-scoured depressions, accelerated 
soil movement, soil movement by trampling, pedestaling 
of plants, and widespread accumulation of gravel at the 
soil surface. On high-elevation ranges these are not com
patible with development of a soil mantle on a slope. 

Gullies are developed through excessive surface runoff. 
Bare, steep slopes on a gully generally indicate it is active 
and the watershed is poorly vegetated. Conversely, when 
the watershed plant cover is adequate, the gully slopes 
will be less steep and plants will be establishing both on 
the slopes and in the channels. 

Lichen Lines 
The growth of lichens on rocks can often be used as an 

indication of soil loss around the rock. Lichens grow on 
the aboveground portions of a rock, usually in the more 
moist positions on shaded sides and near the ground sur
face. Soil loss around these rocks can often be detected by 
observing lichen lines where the soil has been removed at 
the base of the rock. The lichens are very slow in moving 
onto the barren areas on the lower rock, thus leaving 
characteristic "lichen linesB in eroded areas (Ellison and 
others 1951). 

Pocket Gopher Activity 
The obvious diggings of pocket gophers on high

elevation ranges leads one to question the influence that 
these animals have on the soils and vegetation, and 
whether the gopher influences are natural or are an indi
rect result of over-grazing. Morris (1961) stated that the 
amount of gopher activity is directly related to a decline 

in range condition. He found that as the amount of 
Festuca. idahoensis decreased and the amount offorbs 
together with Bromus ma.rginatus and Agropyron 
tra.chycaulum increased, the amount of gopher activity 
increased. 

Because ofthe subterranean habitat of gophers, they 
mostly feed underground. Their food includes fleshy plant 
parts (taproots, rhizomes, tubers, and corms) found while 
excavating their runways. Gophers may actually cause 
an increase in grasses and sedges by feeding on other 
plant species. Ellison and Aldous (1952) found that 
Agropyron and Stipa. columbiana increased markedly 
where gophers were present. They concluded that there 
is no evidence that gophers have caused a reduction in 
total production; they may actually have promoted in
creased production slightly. 

No evidence was found by Ellison (1946) that gophers 
destroy sufficient vegetation to cause accelerated erosion 
on high-mountain ranges. He also found no evidence that 
the tunnels of gophers concentrate overland flow suffi
ciently to create gullies, unless, possibly, abnormal surfi
cial runoff is induced by other causes. 

It is generally assumed, then, that pocket gophers only 
become excessive in numbers and contribute to range 
deterioration when the normal environment is altered by 
heavy livestock grazing. There is little or no evidence to 
contradict this view (Morris 1961). 

CURRENT LIVESTOCK 
MANAGEMENT 

Resource values of the whitebark pine ecosystem in
clude water storage and yield, recreation, ecological diver
sity, wildlife, minerals, small amounts of firewood, and 
livestock grazing. Concerns with resource value conflicts 
between livestock grazing and other values, along with 
changes in livestock economics and grazing policy, have 
led to a general decline in livestock numbers in the white
bark pine ecosystem from the early 1950's to the present. 
In general, range condition is improving as livestock num
bers are reduced and better management is applied. 

High-elevation ranges are more suited to sheep than 
cattle grazing. However, sheep numbers have declined as 
cattle numbers have increased throughout the West. For 
example, from 1925 to 1982, sheep numbers in Montana 
declined from approximately 2.2 million to 0.6 million, 
while cattle numbers increased from about 1.1 million to 
2.9 million (U.S. Bureau of the Census 1983). These 
changes have generally led to a decreased demand for 
high-elevation grazing. 

Numerous grazing allotments in National Forests are 
currently vacant; many have been for 25 years of more. 
These allotments are being closed because of the absence 
of suitable range, changes in use from sheep to cattle, and 
resource conflicts. Many of the sheep allotments were 
closed in the 1950's and 1960's for resource protection on 
high-elevation ranges. 



in wilderness areas is for packstock. For example, there 
are about 17,000 acres in packstock allotments in wilder
ness in the Bitterroot National Forest (USDA Forest 
Service 1987). The Flathead National Forest had 2,664 
AUM's allocated to recreationists' stock and government 
administrative stock in wilderness in 1980 (USDA Forest 
Service 1985). 

FUTURE OF GRAZING IN THE 
WHITEBARK PINE ECOSYSTEM 

Various factors will interact to determine the future of 
livestock grazing in the whitebark pine ecosystem. These 
factors are mostly negative on public lands and mixed on 
private lands. Factors on public lands will include the 
following: wilderness designation of new areas, increased 
emphasis on recreation, conflicts between livestock and 
big game, increase in grizzly bears and introductio~ of 
wolves, improved riparian area management, and In
creased stress for range improvement. Factors important 
on private lands will include cost/benefits of producing 
livestock, availability of herders and riders, use of sheep 
to control weeds, and development of fee hunting of big 
game as an alternative to livestock production. . 

Livestock grazing in the whitebark pine ecosystem 1s 
expected to continue to decline on public lands and will 
probably remain constant on private lands. Since white
bark pine occurs mostly on public lands, most of the live
stock grazing will be reduced within this ecosystem. 

CONCLUSIONS 
The whitebark pine ecosystem has been an important 

source of livestock foraging since the late 1800's. The 
large bands of sheep that grazed these ranges during the 
"open range• period caused considerable, sometimes irre
versible, damage to the soils and natural vegetation: As 
these lands have come under management, the grazmg 
pressure has been reduced, many allotments have been 
closed, and partial recovery has occurred. 

In judging the impacts of present management, it is 
important to determine range condition and trend. These 
can be determined by using plant community and soil 
indicators. A range overgrazed in the past may now be 
improving in condition; conversely, a range in good condi
tion may be deteriorating. The abundance of plants in 
each age class indicates whether a species is maintaining 
itself, or is increasing or decreasing. Improvement im
plies an increase in climax plant species and active re
vegetation of gullies and other former bare spots. 

With the growing concern for protecting the whitebark 
pine ecosystem, along with an increase in poisonous 
plants, establishment of wilderness areas, decreased 
interest in herding livestock, and difficulty of ready access 
to these areas, there has been a steady decline of livestock 
grazing in this ecosystem. Conflicts with other uses will 
probably lead to further declines in livestock use. 
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Speakers answered questions from the audience follow- · 
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Linda Meriglaino}-What evidence do you 
have to support that pocket gophers only come in after 
excessive grazing? 

A.-It was not my intent to imply that pocket gophers 
are not present before excessive grazing occurs. Rather, 
pocket gophers are present only in small numbers on high 
elevation grasslands in good to excellent condition. As 
indicated by the studies reviewed in this paper, pocket 
gophers eat fleshy underground plant parts, not fibrous 
roots of grasses. Thus, the climax grasses must be re
duced by excessive livestock grazing to allow forbs and 
rhizomatous grasses to enter the stand in such density 
to support high densities of pocket gophers. 

Q. (from Sandy Kratville}-If we do receive increased 
horse use of high elevation ranges- what would you rec
ommend to reduce impacts to these areas? 

A.-The best way to reduce horse use and associated 
disturbances is to reduce the number of horses and the 
amount of time they spend on a specified area. This can 
be partially accomplished by regulating the number of 
horses using a particular trail system, and by limiting the 
time they spend on each of the meadows and grasslands; 
reduce the number, disperse them to the extent possible, 
and keep them moving. 



EXOTIC INVASION OF TIMBERLINE 
VEGETATION, NORTHERN ROCKY 
MOUNTAINS, USA 

ABSTRACT 

T. Weaver 
J. Lichthart 
D. Gustafson 

Thirty-five exotic species were found in vegetation char
acteristic of Northern Rocky Mountain timberlines. At 
least 20 percent were intentionally introduced along road
sides. The diversity of inrxuling exotics declined from 
subalpine to alpine vegetation. While exotic diversity 
generaUy increased with increa.sing disturbance, severe 
trampling excluded some species from road-shoulder sites. 
The exotics of greatest concern to wildland managers are 
Phleum pratense (timothy) and Poa pratensis (Kentucky 
bluegra.ss) because they establish widely, spread vigor
ously, and usually escape early detection. Control of any 
exotic should involve its eradication and simultaneous in
troduction of desirable competitors to minimize reinvasion. 

INTRODUCTION 
Timberline in the Northern Rocky Mountains is usually 

bordered above by alpine vegetation (Bamberg and Ml\ior 
1968; Johnson and Billings 1962) and below by either 
subalpine forests-often subalpine fir-whortleberry 
(Abies lasiocarpa-Vaccinium scoparium, Daubenmire 
and Daubenmire 1968; Pfister and others 1977)-or sub- · 
alpine meadows-often Idaho fescue-wheatgrass (Festuca 
idahoensis-Agropyron caninum, Mueggler and Stewart 
1980). Whitebark pine often occurs at and below timber
line and tends to dominate on relatively dry sites (Arno 
and Weaver, this proceedings). Since vegetation tends 
to vary continuously along environmental gradients, we 
believe that our observations of exotic weed invasion of 
adjacent forest, meadow, and tundra vegetation types 
also will apply to most timberline and whitebark pine 
vegetation types with similar understories. 

Our studies of exotic invasion of ml\ior vegetation types 
of the Northern Rocky Mountains have concentrated on 
two questions: 

1. Which exotics are capable of invading each environ
mental zone-habitat type (HT, Daubenmire 1968, 1970)? 

Paper presented at the Symposium on Whitebark Pine ~tems: 
Ecology and Management of a High-Mountain Resource, Bmeman, MT, 
March 29-31, 1989. 
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2. Within an environmental zone, how much distur
bance is required for success of the exotic; that is, does 
the plant require continuous disturbance or can it invade 
even undisturbed vegetation? 

METHODS 
To determine which exotics can invade major environ

mental zones of the Northern Rocky Mountains(question 1), 
we listed those present in each of 16 environmental types 
(= habitat types, HT's) ranging from dry grasslands up 
through forests to the alpine (Weaver and others 1989). 
Three of these HT's are found at timberline (Abies 
lasiocarpa-Vaccinium scoparium forests, Festuco 
idahoensis-Agropyron coninum meadows, and alpine 
tundra; Weaver and others 1989) and therefore represent 
whitebark pine understories. We sampled only roadside 
sites because these have a high probability of inoculation; 
that is, species absences there are likely due to the 
physical-biological environment rather than lack of 
seed. Ten sites were examined in each environmental 
zone (HT). At each site the five disturbance conditions 
described below were examined to ensure that exotics 
specific to any disturbance condition were included. As 
it turned out, this site reconnaissance-which examined 
far larger areas-identified few exotics not found in spe
cific plots used to answer our second question. 

Knowledge of the environmental zones (HT's) an exotic 
can occupy does not reveal the degree to which the plant 
will dominate the HT considered; will it occupy only 
highly disturbed areas or will it spread to undisturbed 
vegetation? To determine the capacity of an exotic to 
spread (question 2), we sampled sites experiencing the 
range of disturbance conditions (DC's) expected in the 
HT: constant heavy disturbance, periodic light distur
bance, one-time heavy disturbance followed by primary 
succession, one-time light disturbance followed by secon
dary succession, and no disturbance. These DC's appear 
at roadsides in the form of shoulder, ditch slope, cutbank, 
logged right-of-way, and undisturbed vegetation of our 
National Parks, respectively. Exotic dominance was 
sampled in each DC in a 0.5- by 25-m macroplot running 
parallel to the road. Presence was recorded in each 
macroplot for plot constancy calculations; constancy indi
cates regional ubiquity and is calculated as the percent 
of the 10 sites in an environmental zone and across all 
disturbance conditions (HT) or a disturbance zone within 



an environmental zone (HT-DC) occupied by the plant. 
Presence was also recorded in five 0.5- by 5-m subplots for 
frequency calculations; frequency indicates local ubiquity 
and is measured, for example, ·as the percent of five sub
plots in a macroplot occupied by the species. Cover was 
measured with 75 points lowered along the centerline of 
the macroplot; it indicates the degree to which the ground 
surface is covered by a particular species. 

PRESENCE BY HABITAT 
Our studies of vegetation above and below timberline 

suggest that 34 exotic species tolerate timberline environ
ments of the Northern Rocky Mountains and show that 
these species differ considerably in the consistency of 
their presence among sites in an environmental type 
(constancy; table 1, column 2). Exotic diversity (richness) 

Table 1-Constancy and infected site frequency of exotic species in three environmental types and five disturbance conditions. The species 
are listed in approximate order of their abilities to invade closed vegetation 

Exotic specles1 

Phleum pratense 
Poa pratensis 
Polygonum avicu/are 
Taraxacum officinale 
Descurainia pinnata 
Festuca rubra 

Madia glomerata 

Lychnis alba 
Thlaspi arvense 
Tragopogon dubius 

Trifolium hybridum 
Trifolium repens 

Agrostis alba 
Bromus inermis 
Dactylis g/omerata 
Matricaria matricari. 
Medicago lupulina 
Melilotus officina/is 

Agropyron repens 
Arabis glabra 
Festuca pratensis 
Plantago major 
Poa compressa 

Cirsium arvense 
Cirsium vulgare 
Lactuca serriola 
Medicago sativa 
Rumex crispus 
Tanacetum vulgaris 

Capsella bursa-past. 
Verbascum thapsus 

Alyssum alyssoides 
Rumex acetose/la 
Trifolium pratense 

Constancy2 Disturbance condltlon3 (Infected site frequencies > 20 percent) 

F.M.A. 

99.99.36 
99.99.00 
60.60.00 
99.99.91 
00.50.00 
00.00.09 

60.50.00 

10.00.00 
00.10.00 
10.10.00 

99.90.00 
90.30.00 

60.40.00 
50.99.36 
50.00.00 
60.20.00 
80.60.00 
40.70.00 

30.00.00 
20.00.00 
30.10.09 
20.00.00 
20.50.27 

10.00.00 
10.00.00 
10.00.00 
10.00.00 
20.00.00 
10.00.00 

30.00.00 
10.00.00 

20.00.00 
00.00.36 
20.00.00 

Shoulder- Ditch· Roadcut· Logged· Climax· 
constantly periodic once (1, once (2, never diaL 

~ ~ ~ M 
~ ~ ~ F M 
FM FM F M 
FMA FMA FM F M 

FM 

FM 
FM 

FMA 
FMA 
F 
FM 
FM 
F 

F 
F 
A 
F 
MA 

M 
F 

M M M 
A 

FM FM F 

F 
M 

M F 

FM FM 
F M 

FM F 
FM F 
F F 
FM M 
FM F 
FM F 

F 
F 
FM 
F 
FM 

F 
F 
F 
F 
F 
F 

'Column 1 fists all exotics found in three HT's-a forest (F ... Abies /as/ocarpa- Vacclnlum scoparlum, Pfister and others 1977), a subalpine meadow 
(M ... Festuca idahoensis-Agropyron caninum, Mueggler and Stewart 1980), and aJpine tundra (Johnson and Billings 1962). Eleven a!plne sites were sampled 
along the Beartooth Highway; 10 mountain meadows and 10 subalpine fir forests were sampled In and around Grand Teton NationaJ Park. Nomenclature follows 
Hitchcock and Cronquist (1973); abbreviated names are C. bursa-pastor/sand M. matrlcatloldes. 

2Column 2 gives the constancy of each species in the forest (F), meadow (M), and alpine tundra (A) environments; that Is, the percent of sites at which the 
exotic species was present in the area encompassed by five 0.5- by 25-m plots, one in each disturbance zone. In two cases a species, not present in the plots, 
was recorded outside; site constancles were slightly higher than plot constancies in these cases: Taraxacum 99.99.99 and Btomus inerm/s 50.99.45. Column 2 
can be summarized by counting numbers of present exotics (m > 10 percent, 30.17.07), common exotics (m >30 percent. 13.12.04), and universal exotics 
(m >SO percent, 05.05.01) in the forest, meadow, and alpine environments, respectively. 

:tcotumns 3 through 7lndlcate the disturbance conditions where, at Infected sites, the species had a frequency higher than 20 percent; that Is, the species 
occurred In more than 20 percent of the 1- by 5-m plots sampled at Infected sites in that disturbance condition. The disturbance conditions considered Include 
undisturbed (Climax-never dlsL), secondary succession on cleared right-of-way (Logged once (2°)), primary succession on roadcuts (Roadcut-once (1°)), peri
odically disturbed ditch slope (Ditch-periodic), and constantly disturbed road shoulder (Shoulder-constantly). The environments where the frequency exceeded 
20 percent are indicated by F (forest), M (meadow), and A (alpine tundra). 
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declines from 30 species in subalpine forests to 17 species 
in subalpine meadows, to seven species in alpine tundra. 
Wildland managers should notice that 20 to 30 percent of 
the high-frequency exotics (table 1, columns S through 7) 
have been intentionally introduced in roadside seedings. 

Vaccinium scoparium ( whortleberry) dominates the 
understories of the major forest habitats, such as Abies 
lasiocarpa-Vaccinium scoparium, Pinus albicaulis
Vaccinium scoparium, Abies losiocarpa-Pinus albicaulis
Vaccinium scoparium (Pfister and others 1977). In this 
vegetation we found SO exotic associates, of which lS 
occurred in over SO percent of the stands and five occurred 
in over 80 percent of the stands (table 1). 

Festuca idahoensis-Agropyron caninum meadows oc
cupy drier sites in the subalpine zone and serve as an 
understory in Pinus albicaulis-Festuca idahoensis wood
lands. These meadows contained 17 exotic species, of 
which 12 occurred at over 30 percent of the sites, five 
occurred at over 80 percent of the sites, and only two
Descurainia pinnata (tansey mustard) and Thlaspi ar
vense (pennycress)-were not observed as colonizers in 
whortleberry understories (table 1). 

Alpine vegetation appears around and among trees
whitebark pine (Pinus albicaulis), subalpine fir, and 
Engelmann spruce (Picea engelmannii) at upper timber
line. In this vegetation we found seven exotic species, of 
which four appeared in over 30 percent of the stands, one 
appeared in over 80 percent of the stands, and only two, 
Festuca rubra (red fescue) and Rumex acetosella (sheep 
sorrel), were not observed in whortleberry understories 
(table 1). 

PRESENCE BY DISTURBANCE 
CONDITION 

Exotic species that invade undisturbed climax vegeta
tion are of greatest concern to managers opposed to the 
modification of natural vegetation. We recorded no exotic 
colonization of forests with undisturbed whortleberry 
understories (table 2); the absence of exotics in closed 
forest stands is probably due to the high sun require
ments of the plants introduced. Six exotic species were 
present in over 30 percent of the meadow sites occupied 
by the exotic species (table 3). Three species, Festuca 
rubra, Poa compressa (Canada bluegrass), and TCJI"(I%
acum officinale (dandelion), were present in over 30 per
cent of the occupied alpine sites (table 4). Most of these 
colonizers had frequencies over 20 percent; that is, they 
occurred in over 20 percent of the 0.5- by 5-m quadrats 
sampled. Throughout this section, and in tables 2, 3, and 
4, disturbed site constancy is expressed on the basis of 
infected sites because our object is to express the capacity 
of species present to invad~ variously disturbed zones. If 
readers want to calculate conventional constancies they 
can use disturbed site constancy and total constancy 
(from table 1) to do so; for example, if the disturbed site 
infected-constancy were 50 percent and the total con
stancy were 50 percent the disturbed site total-constancy 
would be 25 percent. 
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Exotic species that colonize secondary succession sites 
such as logged or burned sites are also of concern because 
large areas are involved and their dominance might slow 
succession. Of 1S invaders found on logged Abies 
lasiocarpa-Vaccinium scoparium sites, six had constan
cies over SO percent and four had frequencies of 20 per
cent or more (table 2). While this disturbance condition 
does not exist in meadow and alpine sites, it exists poten
tially (unstudied) in high-altitude whitebark or limber 
pine (Pinus flexilis) woodlands. 

Topsoil removal leading to primary succession, while 
less common than the community destruction considered 
above, does occur on roadcuts, riverbanks, and landslides. 
Fourteen, 10, and two exotic species bad constancies over 
SO percent on roadcuts in forest, meadow, and alpine 
zones respectively (tables 2, 3, and 4). Sixteen species 
had frequencies of over 20 percent on primary succession 
sites in at least one environmental type (table 1). Two 
exotics-Lychnis (campion) and Thlaspi (pennycress)
that were restricted to primary succession sites in our 
sample are known to occupy repeatedly disturbed sites 
elsewhere. 

Ditch slopes are periodically influenced by humans; 
they may be mowed, watered, sanded, lightly compacted, 
sprayed with herbicide, or salted. Twenty-eight, 1S, and 
four species had constancies over 30 percent on infected 
sites in forest, meadow, and alpine respectively (tables 
2, 3, and 4). Infected site frequencies of 20 percent or 
more were observed for 20 species in this disturbance 
condition (table 1). 

Road shoulders are constantly disturbed by people with 
heavy trampling, mowing, watering, sanding, heavy com
paction, herbicides, or salt. Twenty-two, 15, and six spe
cies bad constancies over 30 percent on infected sites in 
forest, meadow, and alpine zones, respectively (tables 
2, 3, and 4). Infected site frequencies over 20 percent 
were observed for 21 species in this disturbance condition 
(table 1). 

Numbers and frequencies of species generally increase 
as one moves from undisturbed to regularly disturbed 
sites (right to left in tables 1 to 4). We believe such in
creases occur primarily because resources are more avail
able to individuals on more disturbed sites-both because 
competition is increasingly reduced and because supple
ments, especially runoff water, begin to appear. Diversity 
increases might also be due to a constant reintroduction 
of species, such as Chenopodium album Oambsquarter), 
which are unlikely to reproduce or spread away from the 
road. At timberline, half of the exotics such as Plantago 
major (broadleaf plantain) are restricted to high-resource, 
low-competition shoulder and ditch sites (table 2). 

Due to the interaction of disturbance and trampling, 
the increase in species richness ceases when one moves 
to the road shoulder (tables 1 to 4). Further increases in 
water and sun, decreased competition, or continual intro
duction support the increase of several species such as 
Capsella bursa-pastoris (shepherdspurse), Chenopodium 
album Oambsquarter), and Verbascum thapsas (mullien). 



Table 2-Exotic in~asion of ~ve disturbance zones in ABLA-VASC forests as indexed by percent constancy, percent frequency. and percent 
cover at rnfected srtes. Blanks separated by periods indicate zeros 

Disturbance zone1 and ptesencr 

Exotic specles2 

Verbascum thapsus 

Agropyron repens 
Alyssum a/yssoides 
Arabis glabra 
Capsel/a bursa-past. 
Chenopodium album 
Festuca pratensis 
Matricaria matricari. 
Plantago major 

Cirsium arvense 
Cirsium vulgare 
Lactuca serriola 
Medicago sativa 
Poa compressa 
Rumex crispus 
Tanacetum vulgare 

Lychnis alba 
Tragopogon .dubius 
Agrostis alba 
Bromus inermis 
Dactylis glomerata 

Madia glomerata 
Medicago lupuHna 
Me/ilotus officina/is 
Phleum pratense 
Poa pratensis 
Po/ygonum aviculare 
Taraxacum officinale 
Trifolium hybridum 
Trifolium pratense 
Trifolium repens 

Shoulder· 
constanUy 

en fq cv 

99.20. 0. 

33.27. 2. 
50.10. 0. 
99.20. 0. 
67.20. 0. 
50.10. 0. 
33.13. 0. 
83.53. 1. 
99.40. 1. 

99.53. 7. 
99.64. 8. 
99.48. 4. 

67.33. 1. 
63.55. 3. 
99.50. 2. 
90.82. 7. 
90.74.11 
83.47. 2. 
99.76. 5. 
80.54. 7. 
50.10. 0. 
44.31. 3. 

Ditch
periodic 

en fq cv 

99.40. 5. 
50.10. 0. 
99.30. 1. 
33. 7. 0. 
50.10. 0. 
67.33. 2. 
67.30. 2. 
99.50. 1. 

99.40. 0. 
99.20. 0. 
99.20. 0. 
99.99.12. 
99.30. 1. 
99.20. 1. 
99.20. 0. 

83.57.13. 
80.60. 6. 
99.48. 4. 

83.63. 4. 
75.50. 2. 
75.75. 5. 
90.68. 5. 
90.54. 3. 
67.47. 2. 
99.82. 4. 
60.58. 9. 
50.10. 0. 
89.62. 9. 

Roadcut· 
once(10) 

en fq cv 

99.40. 0. 
99.20. 0. 
67.23. 0. 
80.56. 5. 
40.28. 0. 

83.43. 1. 
50.30. 2. 
75.60.17. 
80.50. 1. 
40.30. 1. 
67.17. 0. 
80.64 .3. 
80.60. 7. 
0. 0. 0. 

44.18. 0. 

Logged
once(20) 

en fq cv 

17. 7. 0. 
60.16. 1. 
20. 4. 0. 

33.20. 0. 
13. 5. 0. 
25.15. 1. 
30. 6. 0. 
30.20. 0. 
50.23. 0. 
80.48. 2. 
40.16. 0. 
50.10. 0. 
11. 7. 0. 

Cllmax
neverdlst. 

en fq cv 

1Site and type of disturbance were: constandy and heavily disturbed road shoulder (Shoulder-c:onstandy), periodically and Hghdy disturbed ditch (Ditdl-periodlc) 
once heavily disturbed with soil removal (Roadcut-once 1°), once moderately d"lSturbec:l without soil removal (Logged-once~). and undisturbed climax (CUmax- ' 
never dlst). 

2Exotic presence at Infected sites Is reported wllh constancy (en ... percent of Infected sitos occupied), frequency (fq ... percent of 0.5- by 5-m subsltes occupied 
at infected sites), and cover (cv- percent of ground covered at Infected sites). Data are based on 10 sites sampled In the Grand Teton National Park area. 

Simultaneously, trampling at the road shoulder elimi
nates brittle-stemmed species such as Cirsium (thistle), 
Lactuca Oettuce), and Tanacetum (tansey) that would 
undoubtedly thrive in its abse~ce. Species that do survive 
on roadshoulders seem to do so (Dale and Weaver 1974) 
via flexibility (as with grasses and clovers, especially 
bluegrass, timothy, clover, &nd sweetclover), stemless 
forms (such as plantain, dandelion, and mullien), creeping 
forms (such as knotweed), and avoiding destruction with 
short life cycles or growth in the off-season (as illustrated 
by rockcress and shepherdspurse). 
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MANAGEMENT 
As noted above, the exotics of greatest concern are 

those capable of leaving the roadsides and invading little
disturbed or undisturbed native vegetation. For the up
per forest and alpine zones these include Phleum pratense 
(timothy), Poa pratensis (Kentucky bluegrass), Pol;ygonum 
aviculare (prostrate knotweed), Taramcum officiTUJie 
(dandelion), Descuro.inic pinTUJta (tansey mustard), and 
Festucc rubra (red fescue). Phleum pratense and Poa 



Table 3-Exotic invasion of five disturbance zones in FEID-AGCA meadows as indexed by percent constancy, percent frequency, and per-
cent cover at infected sites. Dashes indicate a nonexistent zone and blanks separated by periods indicate zeros 

Disturbance zone1 and presencr 
Shoulder- Ditch- Roadcut· Logged- Climax· 
constantly periodic once(1D) once(2D) neverdlst. 

Exotic species! en fq cv on fq CV on fq cv en fq ov en fq cv 

Chenopodium album 99.40. 0. .-
Agrostis alba 25.20. 1. 99.30. 1. 
Bromus inermis 80.50. 4. 80.36. 2. 

Festuca pratensis 99.40. 0. 
Tragopogon dubius 99.20. 1. 

Matricaria matricari. 50.30. 1. 60.30. 1. 60.20. 1. 
Poa compressa 60.28. 2. 60.32. 2. 20. 4. 0. 
Trifolium hybridum 78.44. 2. 78.60. 5. 67.24. 1. 
Trifolium repens 67.27. 1. 33. 7. 0. 33.27. 1. 

Thlaspi arvense 99.20. 0. 

Descqrainia pinnata 20.12. 0. 40.20. 1. 40.32. 1. 80.28. 1. 
Madia g/omerata 40.20. 0. 80.66. 1. 40.28. 0. 40.12. 0. 
Me/i/otus officina/is 71.17. 1. 57.20. 0. 14.11. 0. 14. 6. 0. 
Phleum pratense 60.32. 0. 99.60. 1. 70.40. 1. 60.30. 0. 
Poa pratensis 90.76. 3. 90.68. 3. 70.40. 3. 50.22. 0. 
Polygonum avicu/are 33.20. 2. 83.40. 2. 0. 0. 0. 33.23. 0. 
Taraxacum officinale 90.88. 7. 99.88. 5. 99.60. 1. 60.32. 0. 

1Site and type of disturbance were: constantly and heavily disturbed road shoukler (Shoulder-constantly), periodically and lightly disturbed ditch (Ditch-periodic), 
once heavily disturbed with soil removal (Roadcut-once 1 °) once moderately disturbed without soil removal (logged-once ~). and undisturbed climax (Ciimax
neverdist) 

'Exotic presence at Infected sites Is reported with constancy (en • percent of Infected sites occupied), frequency (fq a percent of 0.5- by s.m subsltes oocupied 
at infected sites), and cover (cv =percent of ground covered at Infected sites). Data are based on 10 sites sampled In the Grand Teton NatlonaJ Park area. 

Table 4-Exotic invasion of five disturbance zones in the alpine tundra environment, as indexed by percent constancy, percent frequency, 
and percent cover at infected sites. Dashes indicate a nonexistent zone and blanks separated by periods Indicate zeros 

Disturbance zone1 and presencr 
Shoulder· Ditch- Roadcut· Logged· Climax· 
constantly periodic once(1D) once(2D) never dlst. 

Exotic specles2 en fq cv en fq cv en fq cv en fq cv en fq cv 

Festuca pratensis 99.20. 0. 

Bromus inermis 75.26. 0. 26. 6. 0. 

Phleum pratense 60.10. 0. 60.10. 0. 26. 6. 0. 

Poa compressa 67.40. 0. 33. 7. 0. 0. 0. 0. 33. 7. 0. 

Taraxacum officinale 90.62. 1. 80.60. 1. 40.10. 0. 10. 2. 0. 
Rumex acetosella 50. 6. 0. 60.16. 0. 26.16. 0. 76.16. 0. 

Festuca rubra 99. 0. 0. 99.40. 0. 

1Site an_d type of disturbance were: constantly and heavily disturbed road shoukler (Shoulder-constantly), periodically and lightly disturbed ditch (Oitc:h-perlodlc), 
once heaVJiy disturbed with soli removal (Roadcut-once 1°) once moderately disturbed without soil removal (Logged-once~). and undisturbed climax (CIImax
neverdist) 

.'Exotic presence at Infected sites Is reported with consrancy (en. percent of Infected sites occupied), frequency (fq. percent of 0.5- by 5-m subsltes oocupled 
at mfected sites), and cover (cv .. percent of ground covered at Infected sites). Data are based on 10 sites sampled In the Beartooth Plateau area. 
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prateTUJis are of special concern because they often domi
nate the areas they occupy. Because we sampled along 
long-established roads, we believe that most invaders 
that have occupied the region for long periods of time 
have been introduced, have been naturally tested, and 
are unlikely to invade further. Any plants currently 
establishing in the region, however Oike, but probably not 
including leafy spurge [Euphorbia esula]), have not been 
tested naturally and could conceivably become important 
at timberline. While most new introductions fail to estab
lish, some establish in limited areas and small numbers 
and, presumably after either a "fitting mutation" or some 
natural or human-caused environmental change, spread 
widely (Krebs 1985). Plants that have only established 
well on roadsides in timberline environments are of little 
concern in this vegetation zone (because they occupy little 
area and have been well tested for escape), but should 
perhaps be controlled if roadsides through this zone serve 
as corridors for invasion of other habitats. Control of any 
exotic species should involve both elimination and simul
taneous introduction of a desirable competitor to mini
mize reinfection. 
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USE OF FOREST ECOSYSTEM 
PROCESS MEASUREMENTS IN AN 
INTEGRATED ENVIRONMENTAL 
MONITORING PROGRAM IN THE 
WIND RIVER RANGE, WYOMING 

ABSTRACT 

G. J. White 
G. A. Baker 
M.E.Harmon 
G. B. Wiersma 
D. A.Bruns 

Three forest ecosystem processes-conifer needle reten
tion, canopy litterfall, and litter decomposition-were 
measured as part of an integrated environmental monitor
ing program at a high-elevation site dominated by white
bark pine (Pinus albicaulis) and Engelmann spruce (Picea 
engelmannii). Whitebark pine demonstrated much lower 
needle retention rates and slightly slower decomposition 
rates relative to Engelmann spruce. Studies to date reflect 
low productivity at this site and will provide baseline data 
against which future monitoring data may be compared. 

INTRODUCTION 
This paper reports on forest ecosystem process meas

urements at an integrated environmental monitoring site 
located in a high-elevation, whitebark pine/Engelmann 
spruce (Pinus albicaulis/Picea engelmannii) system in the 
Wind River Mountains of western Wyoming. Ecosystem 
process measurements emphasized include conifer needle 
retention, canopy litterfall, and litter decomposition rates. 
Nutrient analyses were also conducted on conifer needles 
and litter samples. The primary objectives of this paper 
are:· (1) to describe the rationale for applying these meas
urements to a monitoring program, (2) to summarize and 
discuss the data collected to date, and (3) to compare data 
with those collected at other remote sites. 

This study represents an extension of previous monitor
ing and research conducted at other remote sites includ
ing national and international Biosphere Reserves and 
U.S. National Parks and wilderness areas (for example, 
Bruns and others 1982, 1984; Wiersma and others 1984; 
Wiersma and Otis 1986). In addition to the Wind River 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 
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program, other sites that have been studied include 
Olympic National Park in Washington (Brown and 
Wiersma 1979), Noatak National Preserve and Biosphere 
Reserve in Alaska (Wiersma and others 1986), and Torres 
del Paine National Park in southern Chile (Bruns and 
Wiersma 1988a; Wiersma and others 1988). The basic ob
jective of each of these monitoring programs is to provide 
the baseline data necessary to define the "natural" condi
tions at the site. This in tum allows better interpretation 
of the impacts of human activities on the system. A fur
ther goal of the Wind River monitoring program is to field 
test guidelines established by the U.S. Department of 
Agriculture, Forest Service, for monitoring the condition 
of remote, wilderness ecosystems (Fox and others 1987). 

SYSTEMS APPROACH 

An integrated, multimedia systems approach has been 
implemented in the Wind River monitoring program 
(Bruns and Wiersma 1988b). The design of the program 
is based on a watershed/drainage basin perspective (for 
example, Likens 1985; Minshall and others 1985), and 
links together key aspects of the forest, soil, stream, and 
lake components along select.ed pathways within the sys
tem (Bruns and Wiersma 1988b). This approach begins 
with the development of a simple conceptual design of the 
system to be monitored. This conceptual design is trans
lated into a schematic diagram such as that shown in 
figure 1. Such diagrams are intended as heuristic tools 
for identifying system compartments of primary concern, 
delineating potential pollutant pathways through the 
system, and identifying potential critical pollutant recep
tors. This allows us to view the problem as one of pollut
ant sources and pathways to critical receptor components 
of the ecosystem. The ultimate goal of such a program 
is to identify a list of pollutant and ecosystem measure
ments capable of providing good, quality-assured data 
against which future observations may be compared, 
allowing us to assess the relative condition of the system. 

The integrated ecosystem approach to environmental 
monitoring used in the Wind River monitoring program 
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Figure 1-Conceptual approach to monitoring sensitive wilderness systems. 
Shaded compartments are included in the monitoring program. 

involves the collection of two basic types of information: 
analyses of multimedia environmental samples, and 
measurement of terrestrial and aquatic ecosystem proc
esses identified as potential indicators of pollutant impact 
to the system. Components examined in the monitoring 
program include the atmosphere, soils, aquatic chemistry, 
aquatic biology, salmonid fish, and vegetation. Specific 
methods and procedures used are provided elsewhere 
(Bruns and Wiersma 1988b; Bruns a nd oth ers 1987, 1988; 
Fox and others 1987). The emphasis of this paper is on 
the portion of the program involving the measurement 
of forest ecosystem processes. 

FOREST ECOSYSTEM PROCESSES 
The measurement of parameters related to various 

ecosystem processes can be used to moni tor changes in 
ecosystem condition (Baker and others 1986). To function 
adequately as a n indicator of pollutant impact, an ecosys
tem parameter should satisfy the following criteria: (1) it 
should adequately reflect a process or function of the 
ecosystem, (2) it should respond to the input of an envi
ronmental pollutant in some predictable manner, (3) it 
should be measurable through time, (4) a small natural 
variability should be associated with it, and (5) the preci
sion associated with the measurement of the parameter 
should be adequate to observe departures from the norm 
(Hinds 1984; McShane and others 1983). Needle reten
tion, canopy li tterfall, and litter decomposition rates were 
chosen because they appeared to meet these criteria, and 
because they had been established in previous investiga
tions on ecosystem response to atmospheric pollutants. 

Prema ture needle loss and the associated change in 
litterfall rate have been shown to be related to the input 
of air pollutants eith er due to the direct action of the pol
lutant on needle or leaf surfaces or due to damage to root 

215 

systems caused by increased soil acidity (Mann and others 
1980; Ulrich 1981; Williams 1980). Litter decomposition 
may also be affected due to heavy metal inputs (Cough trey 
and others 1979; Strojan 1978), pH changes (Moloney and 
others 1983), or indirectly in response to changes in litter
fall characteristics resulting in litter input containing 
higher nitrogen concentrations relative to lignin (Melillo 
and others 1982). The potential for disruption of nutrient 
cycles or primary productivity may therefore increase. 
Increases in tree mortality have also been associated 
wi th airborne pollution in North America and Europe 
(Freedman and Hutchison 1980). 

The methodologies used to measure forest ecosystem 
processes in this program have been previously used in 
the Hoh Rain Forest of Olympic National Park (Baker 
and others 1986). Changes in needle retention, litterfall, 
and litter decay rates can result in changes in productiv
ity and mortality. Observation of these processes allows 
the establishment of a broader basis on which to explain 
changes in the system. The range of natural variability in 
an ecosystem is an important consideration in the design 
of a monitoring program (Miller 1984). It may be difficult 
to distinguish between natural ecosystem variabili ty and 
pollutant-induced change in the presence of extreme envi
ronmental conditions, short periods of pollutant exposure, 
or early stages of pollutant input. In such cases, the use 
of parameters with known a nd predictable fluctuations 
as indicators would aid in making that distinction. 

A hypothetical response of needle retention, canopy 
litterfall, and tree mortality in response to the input of 
a tmospheric pollutant is shown in figure 2. In response 
to pollutant input, conifer needle retention rates have 
been shown to decline significantly (Mann and others 
1980; Williams 1980), typically with the youngest needles 
showing the greatest impact (Ulrich 1981). In response 
to the decrease in needle retention times, litterfall rates 
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Figure 2-Hypothetical interactions between forest 
ecosystem parameters to input of atmospheric 
pollutants. 

would be expected to increase initially, before decreasing 
and ultimately leveling off at a lower level. Similarly the 
reduction in active photosynthetic area associated with 
decreased needle retention would be expected to contrib
ute to the overall mortality rate of the stand, although 
other factors would undoubtedly impact the mortality 
rate as well. 

Litter decomposition rate also plays an important role 
in nutrient recycling in forest ecosystems, and is influ
enced by many factors (Fogel and Cromack 1977). Altera
tions in nutrient release rates, therefore, may have an 
impact on tree growth and survival. Decomposition rate 
is not shown on figure 2, due to the difficulties associated 
with predicting the response of litter decomposition rates 
to the input of atmospheric pollutants. Pollutant input 
can have a detrimental effect on the organisms respon
sible for much of the decay, resulting in a decrease in 
the total rate of decay. The lignin-nitrogen ratio of the 
needles shed by the conifers may also play a significant 
role. If the response of the trees in the canopy is to pre
maturely shed younger needles, the lower lignin/nitrogen 
ratios typically associated with younger foliage may con
tribute to an increase in the decay rate of the litter 
(Melillo and othel's 1982). 

The intent of the model proposed in figure 2 is to inte
grate ecosystem response to atmospherically deposited 
pollutants in remote areas. The long-term goal of this 
study is to test these and other hypotheses against future 
changes in pollutant levels. 

STUDY SITE 
~e study site is located at Nancy Lake, in the upper 

portion of the Hobbs Lake watershed within the Bridger 
Wilderness Area of the Bridger-Teton National Forest WY 
(fig. 3). Nancy Lake is located at an elevation of 3 140m 
(10,400 ft), and is approximately 2 ha (5 acres) in ~urface 
area. Soils at the study area are thin, and the area is 
sparsely forested with Engelmann spruce and whitebark 
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Figure 3-Generallocation of the Wind River study 
site. Permitted point sources for SO and NO are 2 2 
also shown. Map based on USDA Forest Service 
(1984). 

pine, interspersed with small numbers of subalpine fir 
(Abies lasiocarpa). Some environmental monitoring previ
ously had been conducted by the Forest Service in the 
area (USDA FS 1984). The study site was originally cho
sen because of the presumed sensitivity ofhigh-mountain 
ecosystems to atmospheric pollutants, the presence of 
o;her ongoing complementary monitoring projects, rela
tively easy access to the site, and potential for the area 
to receive measurable pollutant input from energy devel
opment activities upwind (fig. 3). As such, the Wind River 
Mountains provide an ideal location for an integrated 
monitoring project (Wiersma and others 1985). 

METHODS 

Permanent Reference Stands 
Two permanent 0.25-ha (0.6-acre) study plots were 

established within different forest patches during the 
1987 field season. The plots are referred to as BR-1 and 
BR-2, and were chosen to reflect the basic forest types 
found in the Nancy Lake area. These forest types fit into 
the habitat types described by Steele and others (1983); 
BR-1 represents the P. engelmannii!Vaccinium scoporium 
type and BR-2 represents the P. albicaulis phase of the 
A lasiocorpa. type. Plot boundaries were surveyed with 
compass and meter tapes. Diameters of all trees greater 
than 1-cm diameter at breast height (d.b.h.) were meas
ured, and these trees were tagged 



Conifer Needle Retention 
Branches were selected for use in determining needle 

retention from whitebark pine and Engelmann spruce, 
the two dominant tree species found in the area. Single 
branches were sampled from five trees of each species, 
for each stand. Each branch was placed in a plastic bag, 
labeled, and was returned to the laboratory for counting. 
All were placed in a refrigerated room within 36 hours 
of collection, and were counted within 4 days of collection. 
Subsamples of needles from the branches sampled were 
analyzed for nutrient concentrations. 

In the laboratory, three secondary branches were se
lected from each primary branch for needle retention 
counts. The secondary branches were divided into single
year growth increments, starting with the most recent 
growth and proceeding through the oldest segment for 
which needles were still present. Because the spruces 
were found to retain their needles for up to 30 years, only 
the first 5 years and two randomly selected, older needle 
age classes were sampled for each branch. This reduced 
the time required to count the needles while still provid
ing an estimation of needle loss over the longer time 
frame. For each age class counted, measurements were 
made of twig length, number of needles present, and the 
number of needles absent as determined by the presence 
of residual needle scars. The fraction of needles remain
ing on the segment was then calculated for each segment 
by dividing needle number by the sum of the needle num
ber and the number of residual needle scars. In the case 
ofwhitebark pine, fascicles and fascicle scars were 
counted. 

Canopy Litterfall 
The method used to determine litterfall rates was modi

fied from Baker and others (1986). Twelve pairs of litter 
collection buckets were placed in each reference stand. 
The area of an individual bucket was 0.066 m2 (0.72 ft2). 

Material falling into the buckets was collected in nylon 
mesh liners. Three bucket pairs were placed randomly 
in each of four quadrants within each stand. One bucket 
pair in each trio was "fixed"; it always remained in the 
same location. The other two pairs were randomly relo
cated within the quadrant at the beginning of each sam
pling period. This fixed and movable bucket system al
lowed for the determination of both spatial and temporal 
variability oflitterfall while minimizing the total number 
of buckets required (Reiley and others 1969). Bucket 
pairs were used to provide samples for the determination 
of both nitrogen/lignin ratio and trace element analysis 
(Baker and others 1986). 

Litter bucket samples were collected three times each 
during the 1987 and 1988 field seasons. Samples were 
returned to the laboratory for processing. The samples 
were dried at 50 °C for 48 hours and weighed. Major 
components (needles, cones, fine branches) were sepa
rated. Each category was weighed separately and pooled 
for the season. These samples were analyzed for lignin 
and nitrogen concentration by methods described by 
Goering and Van Soest (1970) and Isaac and Johnson 
(1976), respectively. 
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Litter Decay Rates 
Annual decay rates were determined for various species 

using litter bags (Crossley and Hoglund 1962; Singh and 
Gupta 1977). Litter from species indigenous to this study 
area was collected for this portion of the study just prior 
to abscission. These species included whitebark pine, 
Engelmann spruce, subalpine fir, and willow (Salix spp.). 
Leaves from Pacific dogwood (Comus nuttollii) and 
needles from western white pine (Pinus monticola) were 
also used. These additional species were collected in 
Oregon, and were selected to provide a wider range of 
lignin and nitrogen concentrations. 

Litter was weighed and placed in 20- by 20-cm polyester 
bags of 1-mm mesh size. Each bag contained approxi
mately 10 g (dry weight) of litter. Subsamples of each 
species were used to determine moisture, lignin, and 
nitrogen content. The litter bags were placed in the field 
in August 1987 and were collected in August 1988. After 
collection, the remaining litter was removed from each 
bag, ovendried, and weighed. Litter loss was expressed 
as a rate constant (k), as well as a percentage (Jenny and 
others 1949; Olson 1963). 

Elemental Analyses 
In association with the 1987 needle retention study, 

needle samples were collected for elemental analysis from 
whitebark pine, Engelmann spruce, and subalpine fir. 
Litterfall samples collected during the 1987 and 1988 
field seasons were also analyzed to determine concentra
tions of various elements. Litter bucket samples collected 
in June 1988, representing the overwinter accumulation 
of litter, were not used for elemental analysis due to the 
uncertainties associated with the effects of snowpack and 
other factors on the litter. Elemental analyses were per
formed by spark source emission spectroscopy (Alexander 
and McAnulty 1981). 

RESULTS 

Needle Retention 
The results of the 1987 needle retention study are shown 

in figure 4. Data from both stands are combined because 
no significant difference was found between stands. Eighty 
percent of the white bark pine needles observed were lost 
over a 12-year period. In contrast, Engelmann spruce 
retained over 75 percent of its needles during the same 
time frame, and did not reach the 50 percent loss level 
until the 14th year. 

Chemical analysis indicated that both species had their 
highest nitrogen content in the needles of the current year 
(table 1). The nitrogen content of spruce needles was· 
initially higher than that of the pine, but this difference 
decreased as needle age increased. All needle age classes 
of whitebark pine contained higher lignin content than 
corresponding age classes from Engelmann spruce. 
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Figure 4-Needle retention for whitebark pine and 
Engelmann spruce, Nancy Lake, WY, 1987. 

Canopy Litterfall 
The 1987 and 19881itterfall data for the two permanent 

stands are shown in table 2. These data indicate that the 
litterfall rates during 1988 were substantially higher than 
those of 1987. In both years, the totallitterfall rate for 
BR-2 exceeded that ofBR-1. In both stands, the dominant 
component of the litterfall was conifer needles. 

Litter Decay 

The initial nitrogen content of litter used ranged from 
0.61 percent for whitebark pine to 1.18 percent for willow. 
Lignin is highest in the two pine species, and is lowest in 
the dogwood (table 3). Litter decomposition rate con
stants (k) were determined for each species by dividing 
the natural logarithm of the fraction of litter remaining 
by the time the litter remained in the field (years), and 
are shown in table 4. Of the species used in the study, 
decomposition of Pacific dogwood was the most rapid; the 
decomposition rate was slowest for western white pine. 

Analysis of variance for the litter decay rates indicates 
that there were highly significant differences in decay 
rates between species, but not between stands (BR-1 and 
BR-2). The regression between the annual decay rate 
constants (k) determined for the six species used in this 
experiment and their respective lignin/nitrogen ratios was 
highly significant (p < 0.001): 

k = 1.453(1igninlnitrogen)-0.564 
r= o.93 

The relationship between the decay constants and the 
lignin/nitrogen ratio of the species used for the Nancy 
Lake study site is shown in figure 5. 
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Table 1-Ugnin and nitrogen content of conifer needles of seven 
different age classes, Nancy Lake, WY, 1987 

Whltebark pine Engelmann spruce 
Needle age N Ugnln N Ugnln 

Year - - - - - - - - - - - - - - Percent - - - - - - - - - - - - - -

<1 1.93 13 2.08 5 
1 1.21 16 .74 10 
2 1.30 17 .66 9 
3 1.21 19 .66 9 
6 1.06 12 .65 9 

10 .84 14 .63 8 
13 .92 13 (') (') 

'Insufficient sample volume for analysis. 

Table 2-Utterfall data, Nancy Lake study site, 1987-1988 

Collection Days In 
date field 

08112187 32 
09/16/87 35 
10/06/87 20 

Seasonal Total 87 

07/18188 19 
08130/88 43 

Seasonal Total 62 

Total litter 
mass 
gJm2 

BR·1 BR·2 

7.2 7.4 
3.5 10.7 
2.6 9.3 

13.3 

13.9 
8.4 

22.3 

27.4 

12.4 
16.3 

28.7 

Seasonal 
lltterfall rate 

glha day 
BR·1 BR-2 

1,500 3,150 

3,600 4,630 

Table 3-lnitiallignin and nitrogen content of litter used in the deter
mination of decay rates percent 

Ugnln Nitrogen Ugnln/N 
Species Mean Stan. dev. Mean Stan. dev. ratio 

Pacific dogwood 6.2 0.20 
Willow 21.4 1.51 
Engelmann spruce 13.4 .15 
Subalpine fir 20.5 . 70 
Whitebark pine 23.4 2.02 
Western white pine 27.0 3.48 

0.87 
1.18 

.74 

.77 

.61 

.37 

0.20 
.07 
.03 
.05 
.02 
.01 

7.1 
18.0 
18.0 
26.0 
38.0 
73.0 

Table 4-Decay constants for litter of six tree and shrub species, 
Nancy Lake, WY, 1988 {per year) 

Species 

Pacific dogwood 
Willow 
Engelmann spruce 
Subalpine fir 
Whitebark pine 
Western white pine 

Stand BR·1 
Mean Stan. dev. 

0.487 
.284 
.262 
.220 
.202 
.111 

0.186 
.047 
.038 
.023 
.032 
.019 

Stand BR·2 
Mean Stan. dev. 

0.471 
.266 
.255 
.276 
.228 
.121 

0.029 
.019 
.020 
.035 
.047 
.019 
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Figure 5-Aelationship between decay rate 
constant and lignin/nitrogen ratio for six spe
cies, Nancy Lake, WY, 1987-88. 
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Results of the analyses oflitterfall samples and conifer 
needles for selected nutrients (P, K, Ca, and Mg) are 
shown in table 5. 

DISCUSSION 

The data collected during the 1987 and 1988 field sea
sons provide an indication of the recent status ofthese 
ecosystem processes at the Nancy Lake study site. Future 
measurements of these parameters can be compared with 
these baseline values to observe changes in the system. 
Additional data sets are required before we can ade
quately determine whether needle retention, canopy lit
terfall, and litter decomposition meet the five criteria 
described above for use as indicators of pollutant input. 

Needle Retention 
Needles of both whitebark pine and Engelmann spruce 

are retained for longer periods of time at this high
elevation system than are those of conifers observed in 
more temperate forests of the Pacific Northwest (Baker 
and others 1986). Many of the spruce examined at the 
Nancy Lake site retained needles for up to 30 years; this 
represents extremely long retention times for spruce 
needles (Harlow and Harrar 1958). We hypothesize that 
this extended retention rate represents a response to the 
shorter growing seasons or poor soil development charac
teristic of these high-elevation sites, where branch elonga
tion and growth of new photosynthetic tissue are restricted. 
Preliminary data from a study designed to examine the 
relationship between needle retention rate and elevation 
in the Nancy Lake area seem to support the hypothesis 
(White and Wiersma, in preparation). The trees in the 
Nancy Lake area appear to have responded to the envi
ronmental conditions of the site by maintaining their 
needles for longer time periods. The older needles present 
do show signs of age or exposure to the harsh environ
mental stresses naturally present at the site (Bruns and 
others 1988). 

Canopy Litterfall 

Canopy litter input is a more difficult parameter to 
assess due to the limited collection period and to the prob
lems associated with collecting accurate data during the 
winter months. These problems included damage to the 
collection buckets from snowpack and animals. The se
vere drought conditions prevalent in the area during 1988 
may have resulted in annual litter input rates that were 
abnormally high for this area. Additional data are neces
sary to determine the extent of the natural variability 
associated with this parameter. The annual input rates 
determined for the two stands are extremely low com
pared with those of more temperate forest sites in the 

Table 5-Concentrations of selected nutrients in conifer needles and litter samples, Nancy Lake, WY, 1987-1988 (all values in 
parts per million) 

Utterfall samples 
Collection date Stand p K CA MG 

August 1987 BA-1 2,800 2,830 4,790 972 
BA-2 2,460 2,410 2,990 1,330 

September 1987 BA-1 1,530 2,900 5,160 835 
BA-2 1,270 1,680 3,450 1,330 

October 1987 BA-1 1,160 2,120 5,920 769 
BR-2 989 1,690 6,280 1,110 

July 1988 BR-1 2,560 2,440 7,200 961 
BR-2 1,600 1,970 6,180 1,260 

August1988 BA-1 1,890 2,250 11,800 685 
BR-2 1,450 1,750 8,365 1,220 

Conifer needles 
Collection date Species p K CA MG 

July 1987 Whitebark pine 1,710 2,180 7,600 1,420 
July 1987 Engelmann spruce 1,240 2,580 15,400 767 
July 1987 Subalpine fir 1,460 2,060 15,400 766 

219 



Pacific ,Northwest (Baker and others, in preparation; 
McShane and others 1983). This reflects the relatively 
low productivity expected in a forest with a limited grow
ing season. The difference in litterfall rates found be
tween the two stands can primarily be attributed to the 
presence of the many small firs in the understory of BR-2. 
Other possible contributing factors include differences in 
relative canopy cover, basal area factor, and the number 
of stems per acre between the two stands. 

Litter Decomposition 

Decomposition rates have been shown to be dependent 
on the initial ratio of the concentrations oflignin and 
nitrogen in the litter, with litter containing high relative 
concentrations oflignin expected to exhibit the slowest 
decomposition rates (Melillo and others 1982). This rela
tionship was observed in the Nancy Lake decomposition 
data shown in figure 5. Decay rates, however, are also 
a function of climatic factors. The relationship between 
decay rates and lignin/nitrogen ratios from Nancy Lake 
is compared with those of other sites in figure 6. These 
sites represent a wide variety of climatic conditions, and 
include sites in Washington State (Harmon and others, 
in press), North Carolina (Cromack and Monk 1975), 
and Puerto Rico (La Caro and Rudd 1985). At any given 
lignin/nitrogen ratio, the decay rate constant is less at 
the Nancy Lake site than at other sites. This phenome
non appears to be due to a more harsh climate character
istic of the Wind River range. 

Elemental Analyses 
A cursory review of the nutrient concentration data 

from conifer needles and litter samples indicates that 
the levels of these nutrients in litter are similar in 
both stands (table 4). With respect to the needles, it 

_ Nancy Lake, Wyoming 

_Coweeta, NC (Cromack and Monk 1975) 
_ Hoh Rain Forest, WA (Harmon et. al. 1989) 
_Luquillo, PR (La Caro and Rudd 1985) 

20 40 60 
Lignin/Nitrogen Ratio 

Figure 6-Comparison of relationship between 
decay rate constant and lignin/nitrogen ratio for 
sites of varying climatic conditions. 
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is interesting that whitebark pine needles were found 
to have only about half the calcium content of either 
Engelmann spruce or subalpine fir while possessing al
most twice the concentration of magnesium. Comparison 
of the differences in calcium content of green needles 
versus that of litter collected during the same time frame 
(August 1987), indicates that a significant reabsorption of 
calcium from needles prior to abscission may be occurring. 
A more detailed review of the nutrient concentration data 
will be provided along with that of other chemical ele
ments in these and other environmental media in a future 
report (Wiersma and others in preparation). 
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STONE PINES AND BEARS 

David J. Mattson 
Charles Jonkel 

ABSTRACT 

Bears use stone pine (subsection Cembrae) seeds 
throughout the Northern Hemisphere, primarily Pinus 
sibirica, P. pumila, and P. koraiensis in Eurasia, and 
P. albicaulis in North America. Bears make the greatest 
use of pine seeds in eastern Siberia and in the Northern 
Rocky Mountains of the United States. The pine seeds are 
important to bears because of their high nutritional value. 
During years of poor pine seed crops, Yellowstone area 
grizzly bears are trapped and killed more often; in Siberia, 
brown bears wander more and become more predatory. 

Grizzly use of pine seeds in the Yellowstone area is vari
able among years, in accord with the erratic seed prod
uction. Vir.tually all seeds used by bears are extracted 
from red squirrel caches. In many areas, the whitebark 
pine has nearly disappeared as a result of the double on
slaught by white pine blister rust and mountain pine 
beetle infestations. This important food for some bears 
and populations has been nearly eliminated, and may not 
be available to bears despite human intervention for hun
dreds of years. Because the trees are so thinly distributed, 
silvicultural treatments hold little promise of appreciably 
enhancing pine seed availability to bears. 

INTRODUCTION 

The seeds ofwhitebark pine (Pinus albicaulis) and 
other stone pines (subsection Cembrae) are a high
quality wildlife food characterized by high triacerglycerol 
content (Craighead and others 1982; Hutchins and 
Lanner 1982; Mealey 1980; Shcherbina and Larionova 
1963) and energy concentration comparable to that of 
fleshy fruits (Craighead and others 1982; Mealey 1980). 
Large seed size contributes to efficiencies Qfuse by nu
merous species of birds and mammals (Hutchins and 
Lanner 1982; Tomback 1983). Because the cones are 
typically indehiscent (Arno and Hoff 1989; Lanner 1982), 
seeds remain concentrated in the cones and contribute 
to efficiencies of use, especially by red squirrels (Tamias
ciurus hudsonicus) and bears (Ursus spp.). Where bears 
eat the entire cone, the fleshy pulp of the cone also con
tributes to their diet (Jonkel1967). 

Whitebark pine and other stone pine seeds are high
quality bear food for reasons in addition to their high 
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energy content. Stone pine seeds mature by August and 
are available from then until bears hibernate (Hutchins 
and Lanner 1982; Iroshnikov 1963; Kenda111983). This 
period corresponds with the critical hyperphaegic state 
during which bears accumulate the fat necessary to sus
tain them through hibernation and subsequent hypophae
gia (Nelson and others 1983). Because of their high di
gestible lipid content, pine seeds very likely contribute 
more to efficiencies of body fat accumulation by bears 
than foods high in protein or sugar content (Allen 1976; 
Brody and Pelton 1988; Hadley 1985). Because of their 
durable nature, pine seeds can overwinter in or out of 
cones and provide high-quality food for bears the next 
spring and summer. Whitebark pine seeds and cones also 
contain estrogenic compounds (Jonkel 1967; Jonkel and 
Cowan 1971). These compounds could influence reproduc
tion in bears, but effects are undocumented and the pre
cise roles played by estrogens in delayed implantation are 
as yet unknown. 

Bear use of stone pines is disadvantaged by frequent 
poor cone crops. Craighead and Mitchell (1982) recorded 
bumper cone crops of whitebark pine only 2 of 12 years 
in the Yellowstone National Park area and 2 of7 years 
in the Scapegoat Mountains of Montana. In recent years 
we recorded good crops 2 and poor crops 4 out of 12 years 
in the Yellowstone area. Data from Weaver and Forcella 
(1986) suggested an average 2-year interval between poor 
crops and 6-year interval between good crops of white
bark pine in the Rocky Mountains during the 1970's. In 
Siberia, Nesvetailo (1987) estimated 10 good and 10 poor 
Siberian stone pine crops during a 58-year period. To
gether these observations suggest an average 2- to 6-year 
interval between both good and poor stone pine crops. 
It is also clear that this cycle is highly irregular amorig 
years, regions, and habitat types. 

In areas where bears depend on stone pine seeds for 
fattening, and where there are typically few fleshy fruits 
available, years of poor pine seed crops result in increased 
conflict between bears and humans. In the Yellowstone 
area there is a predictable and dramatic increase in adult 
female bear deaths and management actions against 
bears during poor seed crop years (Blanchard, this pro
ceedings). Similarly, in Siberia poor stone pine seed crops 
result in increased attacks on humans and increased 
livestock and agricultural crop depredations (Stroganov 
1962; Ustinov 1965). This increased conflict probably 
results not only from an increased number of poor
condition bears (Ustinov 1965), but also because of the 
many human foods available in bear habitat that consti
tute high-quality alternatives to native fruit and seed 
crops (Mattson, in press). 



DISTRffiUTION OF USE 
In common with other stone pines (including P. sibirica, 

P. pumila, and P. koriaensis), whitebark pine is used by 
bears wherever it is abundant (fig. 1). In North America 
this occurs south of the Canadian border in the cordillera 
of the western United States. Farther north, whitebark 
pine is only an incidental part of the forest vegetation 
(Amo and Hoff 1989). 

Within the range of stone pines, bear use of stone pine 
seeds ranged from near zero in Glacier National Park, MT, 
(Kendall1986) and the Mission Mountains of Montana 
(Mace and Jonke11986) to 18.3 percent and 28 percent 
of total sampled fecal volume in Yellowstone (Mattson 
and others, in preparation) and the Lake Baikal area of 
Ulan-Ude, U.S.S.R. (Ustinov 1965; Vereschagin 1976), re
spectively (table 1). Peak use consistently occurred from 
September through November. A secondary peak usually 
occurred in the spring, in association with use of overwin
tered pine seeds following large crops the previous fall. 
This pattern of use is typified by Yellowstone data for the 

years 1977-87 (fig. 2). When feeding on pine seeds, bears 
tend to consume the seeds to the near-exclusion of all 
other foods. This was consistently reflected in high mean 
percent volumes of pine seeds in scats-percent volume 
divided by percent frequency (fig. 2). 

There is a remarkable correspondence between the 
current southern limit of the main distribution of brown 
bears (Ursus arctos) and stone pines (fig. 1). This corre
spondence almost certainly does not reflect dependence 
of either species on the other. More likely human (Homo 
sapiens) intolerance has relegated brown bears to the 
comparatively inhospitable and harsh environments char
acterized by stone pines (Mattson, in press). Nonetheless, 
within this area of overlap, stone pine seeds are an impor
tant food for numerous Asian and North American bear 
populations (Aune and Kasworm, in press; Bergman 1936; 
Bromlei 1965; Craighead and others 1982; Kendall 1983; 
Kistchinski 1972; Novikov 1956; Stroganov 1962; Ustinov 
1965, 1976; and others), especially where there were few, 
irregularly available fleshy fruits (Mattson and others, in 
preparation). 

DISTRIBUTION QF 
URSUS ARCTOS 

OVERLAP OF 
URSUS ARCTOS 
AND CEMBRAE 

,.---, 
I : DISTRIBUTION OF 
L ___ J SUBSECTION CEMBRAE PINES 

() RECORDED BEAR USE 
OF CEMBRAE PINES 
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Figure 1-Distribution of brown bears (Ursus 
arctos) and stone pines (subsection Cembrae), 
and recorded instances of substantial stone 
pine seed use by bears ( Ursus spp.) (Clevenger 
and others 1987; Critchfield and Uttle 1966; 
Elgmork 1987; Patnode and LeFranc 1987; 
Yi-Ching 1981; Zunino 1975). 



Table 1-Percent frequency (%F) and volume (%V) of stone pine seeds in bear scats from study areas in the Rocky Mountains, Sierra 
Nevada, and Siberia 

Total scat 
collection 

Study area 

Rocky Mountains 
Glacier NP, BC1 

North Fork of the Flathead, MT2111 

South Fork of the Flathead, MT2 
Glacier N P, MT3 

Mission Mtns, MT2 
East Front, MT2'4 

Yellowstone, MT&WY5 

Grays River Mtns,WVS 
Sierra Nevada 

Yosemite NP, CA7 

Siberia 
Kamchatka8 

Primore8 

Ussun-9 
Baikal8110 

1Mundy (1963). 
2Mace and Jonkel (1983). 
3Kendall (1986). 
4Aune and Kasworm (in press). 
5Manson and others (in preparation). 
61rwin and Hammond (1985). 
7Graber and White (1983). 
8Vereschagin (1976). 
9Bromlei (1965). 
1'\Jstinov (1965). 
1'Husby and others (1977). 
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Figure 2-Percent frequency and volume of white
bark pine seeds in scats collected in the Yellow
stone area, by month, 1977-87 (n =number of 
years). Inset diagram depicts mean percent pine 
seed volume in scats of occurrence, by month. 
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25.0 
100.0 

Month or season 

Fall 
September 

October 
October 
Fall 

Fall 
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ACQUISITION OF PINE SEEDS 
Bears employ several strategies to acquire stone pine 

seeds depending on the presence of rodent intermediaries, 
the density and stature of stone pine forests, and the 
bear's ability to climb. Black bears (Ursus americanus 
and Selenarctos thibetanus) are more adept climbers than 
brown bears (Herrero 1978) and are more likely to climb 
trees to consume seeds in the canopy, or to break limbs 
off and subsequently consume the seeds on the forest floor 
(Barnes and Bray 1967; Bromlei 1965; Mealey 1975; 
Stroganov 1962). In northwestern Montana, bears com
monly climbed trees to acquire whitebark pine cones. 
These bears often had no hair on their entire front legs 
after a fall spent feeding on pine seeds (figs. 3 and 4). 
Pitch that built up on the feet and legs from clawing small 
whitebark pine trees peeled off when caked with dirt and 
debris, taking all the hair along. 

Brown bears seem generally restricted to acquiring 
seeds that have fallen or been brought down to the forest 
floor by other animals. Scavenging on fallen cones is 
apparently common in Siberia (Bromlei 1965). In the 
Rocky Mountains, forest floor scavenging on cones is rare 
(Mattson, personal observation; Aune and Kasworm, in 
press). In the Yellowstone area only 3 percent of 193 
instances where bears were known to have used pine 
seeds involved scavenging on fallen cones. These few 



Figure 3-The front feet of this black bear are 
caked with pitch from feeding on whitebark pine 
cones and seeds (1959 photo by C. Jonkel). 

Figure 4-Cracking of the pitch, debris, and hair 
mat on this young black bear's front foot show the 
extent of whitebarl< pine cone and seed feeding by 
this bear, and the process whereby bears lost the 
hair from their front legs (1959 photo by C. Jonkel). 

instances occurred in stands where whitebark pine com
prised approximately 76 percent of total stand basal area 
(X= 46.7 ± 10.6 m2/ha), and following extreme weather 
that knocked cones out of the trees. Taylor (1964) simi
larly mentioned bears concentrating at and scavenging 
on cones on the forest floor in an area where whitebark 
pine cones were wind-thrown by a "violent storm." Bears 
also consumed cones directly from the canopy of dwarfed 
stone pines, commonly in Kamchatka (Bergman 1936; 
Kistchinski 1972) and less frequently near timberHne 
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in northwest Montana and Yellowstone (Mattson and 
Jonkel, personal observation; Craighead and others 1982; 
Jonke11967; Tisch 1961). 

In most areas where brown bears make substantial 
use of stone pine seeds, rodents are a critical link. In 
the Rocky Mountains red squirrels preferentially harvest 
whitebark and limber pine seeds (Hutchins and Lanner 
1982) and cache them in middens, typically in intact cones 
(Hutchins and Lanner 1982; Kendall 1983). Bears subse
quently search out these middens and excavate the white
bark pine cones. This commonly occurs in the Yellow
stone area (Kendall 1983) and along the East Front of 
the Rocky Mountains in Montana (Aune and Kasworm, 
in press; Schallenberger and Jonkel 1980). Excavation 
of squirrel middens by bears to obtain seed and fruits 
is also known from northern Idaho (whitebark pine seeds) 
(Kendall1989), Yosemite National Park (whitebark pine 
seeds) (Graber and White 1983), and northern Minnesota 
(hazelnuts [Corylus cornuta]) (Rogers 1989). In the Yel
lowstone area, 97 percent of 196 pine seed feeding sites 
involved excavation of squirrel middens. A similar high 
percentage of squirrel midden use was characteristic on 
the East Front of Montana (Aune and Kasworm, in prepa
ration; Schallenberger and Jonkel1980). 

In Siberia, the Siberian chipmunk (Eutamias sibiricus) 
appears to be the primary rodent intermediary between 
stone pine seeds and bears. As in North America, stone 
pine seeds are a preferred food ofboth chipmunks and 
squirrels (Sciurus vulgaris) in Siberia (Ognev 1940). 
Siberian chipmunks commonly make stone pine seed 
caches of 1.5 to 2 kg in size (up to 6 kg) for winter and 
spring consumption (Ognev 1940). And as in the Rocky 
Mountains, bears search out and excavate these rodent 
caches in spring and late fall (Bromlei 1965; Novikov 
1956; Ognev 1940; Stroganov 1962; Ustinov 1976). 

The much greater use of chipmunk rather than squirrel 
caches by Siberian bears is puzzling. In his monograph 
on Eurasian mammals, Ognev (1940) suggested that chip
munks commonly attained much higher densities than 
squirrels in the range of Siberian stone pines. He quoted 
an estimate for one area of only 0.14 squirrel "nests"lkm 
of transects. This compared with 0.11 to 0.14 squirrel 
middenslkm in pure whitebark pine stands of the Yellow
stone area (Reinhart and Mattson, this proceedings). 
Significantly, virtually no bear use of squirrel middens 
was observed in pure wh.itebark pine stands of the Yellow
stone area. This suggests that when squirrels are at such 
low densities bears use relatively few squirrel caches. By 
all indications Siberian squirrels more often cache cones 
in hollow trees, through elevated openings, than do squir
rels in the Rocky Mountains. This would further compli
cate acquisition of squirrel caches by Siberian bears. 

Bears are remarkably adept at extracting seeds from 
cones in the Yellowstone area; few cone remnants are 
ingested along with the seeds (Kendall 1983). One way 
that bears achieve this is by scraping away the cone 
scales with their claws and lapping up the seeds with 
their tongues from among the debris (Kendall 1983). 
Typical bear feces that result from consumption of pine 
seeds consist almost wholly of broken seed coats (Kendall 
1983; Tisch 1961). Very few seeds pass through intact, 



and it is doubtful that bears serve as a significant disper
sal agent for whitebark pine in most of the Rocky Moun
tains (Hutchins and Lanner 1982). This is especially 
likely given the poor germination potential of unburied 
whitebark pine seeds (McCaughey, this proceedings). 

Interestingly, Siberian brown bears are apparently 
prone to ingest more cone scales when scavenging pine 
seeds out of cones from the forest floor (Semechkin 1963). 
This may be a consequence of their greater use of individ
ual seeds extracted from chipmunk caches. The scaveng
ing of cones may also be marginally profitable, providing 
little incentive to invest the added time and energy re
quired to break apart the cones and pick out the individ
ual seeds. 

or the three main seed-acquiring techniques, the exca
vation of rodent caches is on average the most energeti
cally efficient process for bears. Unless there is a bumper 
crop, bears will expend considerably more energy than 
they acquire by breaking major tree limbs and harvesting 
seeds from the relatively few cones on each limb. Simi
larly, unless there is an unusual weather event, very few 
cones will survive depredations of chipmunks, nutcrack
ers (Nucifraga spp.), and other avifauna and fall intact to 
the forest floor (Hutchins and Lanner 1982; Kozhevnikov 
·1963). Rodents increase the foraging efficiencies for bears 
by harvesting otherwise unavailable, intact cones and 
seeds from trees, then concentrating them in caches. Red 
squirrels will use caching sites or middens for many years 
(Reinhart and Mattson, this proceedings), which in tum 
facilitates their location by bears. In the Yellowstone area 
individual middens receive repeat use by bears in the 
same and different years (Mattson, personal observation; 
Kendall1983). Bear depredations may be so heavy in 
some habitats that many squirrels may not survive 
(Mattson and Reinhart 1987; Reinhart and Mattson, this 
proceedings). In these situations midden locations may 
be less predictable due to higher turnover of individuals 
in the squirrel population. 

CHARACTERISTICS OF PINE SEED 
FEEDING SITES 

Topography 
Bears exhibited different tendencies in their use of the 

landscape to acquire pine seeds depending on the year 
and study area. In the Yellowstone area, bears used mid
slopes and up-slopes to forage on pine seeds more than 
expected from distribution of all activity sites (fig. 5). 
However, they exhibited greater preference for mid-slopes 
during 1986, when using an overwintered crop, and up
slopes during 1987, when using a current year's crop. 
(Activity site and feed-site parameters were determined 
from visiting telemetry locations of radio-instrumented 
bears.) Greater use of mid- and up-slopes corresponded 
with the tendency for whitebark pine to occur at higher 
elevations in more wind-exposed habitats (Mattson and 
Reinhart, this proceedings). Interestingly, in the Yellow
stone area bears used ridgetops relatively little for pine 
seed foraging; in past years, ridge tops were the main 
foraging area for bears in the Whitefish Range of north
western Montana (Jonkel 1967). 
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Agure 5-Proportionate distribution of white bark 
pine seed feed sites and all other activity sites 
among landfonn and aspect classes in the 
Yellowstone area. 
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Distribution of pine seed feed sites among aspects var
ied considerably among years, regions, and landforms. 
In the Yellowstone area, greater than expected use of 
west and northwest exposures occurred during 1986, 
and of west, northwest, and northeast exposures during 
1987 (fig. 5). Use of west exposures occurred most often 
on mid- and low slopes. On the East Front of the Rockies, 
northeast, east-southeast, southwest, and west-southwest 
exposures were used most for foraging on pine seeds 
(Aune and Kasworm, in press). 

The distribution of use among aspects in Yellowstone 
appeared to be related to environmental factors, depend
ing on landform. (We derived estimates for environ
mental variables from published data.) Use of up-slopes 
and ridges was negatively related to estimated summer 
radiation (Buffo and others 1972) and estimated relative 
frequency of summer winds >8 klh (Dirks and Martner 
1982, Upper Rendezvous site) (fig. 6). This suggests that 
more exposed and "droughty" conditions did not favor 
bear use of pine seeds in convex topography. This effect 
was most likely mediated through the abundance of red 
squirrels; site favorability for squirrels was negatively 
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Figure 6-Relationship of proportionate pine 
seed feed-site distribution in Yellowstone among 
aspect classes, on convex landforms relative to 
summer radiation (June 22) and frequency of 
summer winds >8 klh (numbers, with higher 
values circled). 

related to wind exposure and positively related to stand 
basal area (Reinhart and Mattson, this proceedings). On 
mid- and low slopes, pine seed foraging increased expo
nentially with increased frequency of winter winds >8 k/h 
(j = 0.097 + 12.2 x", where y is the proportion of pine seed 
feed sites and xis the proportion of winter winds >8 klh, 

in a given aspect class). This relationship was probably 
related to decreased or more irregularly drifted winter 
snowpack with increased winter wind exposure (Reinhart 
and Mattson, this proceedings). Given that spring and 
summer bear use of overwintered crops occurred more 
commonly on mid-slopes, a combination of shallower 
snowpack and more productive squirrel habitat probably 
favored early season bear use of overwintered squirrel 
caches on west slopes. 

The elevational distribution of pine seed feed sites also 
varied among study areas and years, although in Yellow
stone virtually all feed sites occurred above 2,425 m 
(8,000 ft) elevation (fig. 7). East Front feed sites averaged 
455 m (1,500 ft) lower in elevation than Yellowstone feed 
sites, and partly reflected the 3° latitude difference in 
study areas (Aune and Kasworrn, in press). The eleva
tiona! distribution of pine seed feed sites was also much 
more dispersed on the East Front compared with Yellow
stone. The much lower elevational range of East Front 
feed sites, between 1,515 and 1,879 m (5,000 and 6,200 ft), 
almost certainly reflected bear use of limber pine (Pinus 
flexilis) seeds. Bear use oflimber pine seeds from squirrel 
caches was also recorded in Yellowstone, but only three 
times out of a total of 196 recorded instances of pine seed 
use. 

Use of the overwintered Yellowstone pine seed crop 
during 1986 tended to occur at higher elevations than use 
of the current year's crops during 1979 and 1987 (fig. 7). 
The higher elevational distribution of feed sites during 
1986 conformed more closely to the elevational distribu
tion ofwhitebark pine (from the Mount Washburn massif; 
see Mattson and Reinhart, this proceedings) than did pine 
seed feed sites the other 2 years. This suggests that bears 
preferred stands with higher whitebark pine basal area 
when using overwintered seed crops. 
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Timber Overstory 
There was a weak positive association between inten

sity of midden use by bears and whitebark pine basal area 
(table 2). This was more evident during use of an over
wintered crop during 1986, when bears tended to use 
more stands with higher whitebark pine basal areas com
pared to 1987 (xl = 12.81, df = 5, P = 0.025; number of feed 
sites relative to six categories based on whitebark pine 
basal area). This difference is understandable given that 
stands with higher whitebark pine basal areas would 
have a higher probability of providing over-wintered 
seeds. However, there was very little correlation between 
number of cones excavated from middens by bears and 
whitebark pine basal area (r = 0.194, n = 69, P = 0.106). 

Whitebark pine basal area was apparently only one of 
several habitat parameters that determined the location 
and intensity of pine seed foraging by bears. This was 
further implied by the relatively low average basal areas 
and percent composition of whitebark pine in stands used 
by bears for foraging on pine seeds (table 3). Stands with 
high percent whitebark pine composition and whitebark 
pine basal area were generally not preferentially selected 
by bears in the Yellowstone area. 

We recorded no use of younger aged, early successional 
stands by bears for foraging on whitebark pine seeds in 
the Yellowstone area. All stands used by bears were clas
sified as mature to ovennature and mid-successional to 
climax. This is not surprising, given the probable late age 
at which whitebark pine produce an appreciable number 
of cones under nonnal stand conditions. Although the 
relationship between cone production and stand age is 
not known for whitebark pine, this relationship is well 
described for the related and morphologically similar 
Siberian stone pine (Axelrod 1986). Generally, Siberian 

Table 2-Whitebark pine basal area associated with different inten-
sities of midden use by bears in the Yellowstone area, 
1986 and 1987 

Intensity of use , 
Low Moderate High 

- s. i s. Year n X s. n X n 

1986 5 10.1 5.0 15 13.8 17.1 14 19.0 27.1 
1987 14 9.1 7.8 20 15.8 15.4 19 14.0 15.7 

stone pines do not produce appreciable numbers of cones 
until stands reach 90 to 120 years of age. Under excep
tional conditions appreciable cone production begins as 
early as 30 years and, depending on stand and site condi
tions, high levels of cone production last 150 to 300 years 
(lroshnikov and others 1963; Kozhevnikov 1963). It is 
reasonable, therefore, to assume that most habitat types 
used by bears for foraging on whitebark pine seeds do not 
produce sufficient numbers of seeds to sustain bear use 
until stands reach approximately 100 ± 20 years of age. 

Habitat Types 
The msjority of pine seed use by bears in the Yellow

stone and East Front study areas occurred in the ABLA/ 
V ASC-PIAL h.t. phase (table 4). (This same type was 
designated the ABLA-PIAUV ASC h.t. in the East Front 
study area; see Appendix A for habitat type nomencla
ture). Proportionate use of the ABLAIV ASC-PIAL phase 
in the Yellowstone area varied from year to year, primar
ily as a result of different levels of use in mesic mid
elevation and drier high-elevation habitat types. The pro
portionate distribution of pine seed feed sites among all 
habitat types in the East Front and in Yellowstone during 
1987 was remarkably similar. Very little use of the PIAL 
series was documented in both study areas. These obser
vations suggest that bear foraging on pine seeds in the 
various drier portions of the Rocky Mountains occurs in 
similar habitats for probably much the same reasons. 

We quantified bear use of different habitat types by 
two different use-density indices for the Yellowstone area 
(table 5). These calculations used data collected at bear 
feed sites in 1986 and 1987. The estimated density of 
excavated material (D x E) indexed the density of bear 
use in sites selected for use by bears. (A/F) x E was di
mensionless and quantified overall density of bear feeding 
on pine seeds in a given type within the whitebark pine 
zone (>2,545 m); it was not specific to sites selected by 
bears. The second index was not calculated for high
elevation, dry habitat types because we lacked an esti
mate of availability for this type. 

Values of the second index suggest that overall density 
of pine seed feeding by bears at elevations >2,545 m (the 
whitebark pine zone) was highest in lodgepole pine (LP) 
cover types of the ABLAIV ASC-PIAL phase and lowest in 
the ABLAIV AGL-V ASC and ABLAIV ASC-V ASC phases. 
Intennediate levels of use characterized whitebark pine 
(WB) cover types of the ABLAIV ASC-PIAL phase and the 
ABLAITHOC and ABLA/CACA h.t.'s. 

Table 3-Whitebark pine and total stand basal area (X± S), and whitebark pine as a percent of total stand basal area 
and cover for whitebark pine seed feed sites in the Yellowstone area, 1986 and 1987 

Year 

1986 
1987 

X 

49.4 
46.6 

Basal area (m1/ha) 
Total Whltebark pine 

s. X s. 
22.3 
23.0 

14.9 
12.9 
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20.5 
15.1 

Mean percent 
whltebark 

pine 

30.2 
27.8 

Percent 
whltebark pine 
canopy cover 

x s. 

33.3 13.7 



The degree to which bears were selecting specific sites 
to feed on pine seeds within a habitat type is suggested by 
the ratio of estimated midden use density at bear-selected 
sites to the ratio of observed to expected proportionate use 
(D/(AIF)). A high value suggests that although relatively 
few sites were used by bears within a type, those few sites 
received relatively high-density use because of favorable 
combinations of squirrel densities and whitebark pine 
basal area. This was especially true for the ABLA/CACA 
h.t., and to a lesser extent for the ABLAIVAGL-VASC and 
ABLAIV ASC-V ASC phases and spruce-fir (SF) cover types 
of the ABLAIV ASC-PIAL phase. In other habitat types 
bear use of pine seeds was more uniform. 

Bears used the ABLAIV ASC-PIAL phase and high
elevation dry types (ABLA/ARCO and ABLAIRIMO h.t.'s) 
during 1986 and 1987 primarily to feed on pine seeds 
(fig. 8). Very little bear activity in the whitebark pine 

(PIAL) series was devoted to use of pine seeds, principally 
because very few squirrels reside in this type (Reinhart 
and Mattson, this proceedings); most bear activity in the 
PIAL series was described as travel. This assessment em
phasizes the importance of the ABLAIV ASC-PIAL phase 
and, in areas where this phase is less common, the drier 
high-elevation Abies losiocarpa {ABLA) series types. 

The ratio of whitebark pine basal area at sites used to 
forage on pine nuts and whitebark pine basal area at all 
other activity sites within a given habitat type is shown 
in figure 8. These data indicate that bears selected pine 
seed feed sites in the ABLAIV ASC-V ASC phase and 
ABLA/ THOC h.t. principally on the basis of locally 
greater whitebark pine basal area; use of these types for 
pine seed foraging was restricted to anomalous sites at 
higher elevations where mature whitebark pine occurred 
in appreciable amounts. 

Table 4-Proportional use (P) of habitat types and habitat type groups by bears for foraging on whitebark pine seeds in the 
Yellowstone area and East Front of the Rockies (data from Aune and Kasworm. in press) 

Yellowstone 
1979 1986 1987 East Front 

Habitat types p n p n· p n p n 

ABLANASC-PIAL 0.700 35 0.583 21 0.534 39 0.522 35 
ABLA-PIALNASC 

High-elevation. subxeric .120 6 .250 9 .082 6 .104 7 
Mesic-subhydric. mid-elev. .180 9 .194 7 .315 23 .313 21 
Mid-lower elev .• subxeric .000 0 .000 0 .068 5 .060 4 

Total n= 50 36 73 67 

Table 5-Whitebark pine basal area. estimated squirrel densities. and parameters of bear use for whitebark pine feed sites in habitat types of 
the whitebark pine zone 

(C) (D) (Dx E) (AIFX E) 
(B) Whltebark Estimated (E) Estimated Density of 

Estimated pine density Excavated density of (A/F) excavated 
squirrel basal area of midden material excavated (F) Ratio, material 

(A) density m2/ha use (m'/mldden) material Expected observed/ (dimension· 
Habitat types n (nlkm) X s. (nlkm) X s. (m'/krn) frequency1 expected less) D/(AIF) 

ABLAIV ASC-PIAL 
LP cover types 14 2.76 4.3 5.8 1.24 6.6 4.0 8.18 6.7 2.09 13.8 0.59 

ABLAIV ASC-PIAL 
WB cover types 37 2.05 20.1 17.0 1.59 5.6 6.9 8.86 27.5 1.34 7.5 1.18 

ABLAIV ASC-PIAL 
SF cover ty~s 6 2.36 10.7 9.0 1.43 3.5 3.8 5.00 7.8 .77 2.9 1.86 

High elev .• dry2 13 .85 14.9 25.0 .58 7.0 8.0 4.06 
Low elev .• drY' 5 2.23 9.2 9.7 1.25 1.8 2.25 4.1 1.22 2.2 1.02 
ABLAJCACA 4 3.62 9.2 15.4 2.07 7.4 15.32 6.7 .60 4.4 3.45 
ABLAITHOC 19 2.62 10.2 11.5 1.56 5.3 5.1 8.21 18.2 1.04 5.5 1.50 
ABLAIVAGL-VASC 4 1.32 5.7 6.9 .65 2.8 1.82 11.7 .34 1.0 1.91 
ABLAIVASC-VASC 5 2.92 .9 2.0 1.00 2.3 3.9 2.30 9.9 .50 1.2 2.00 
PIAL series 6 .14 40.2 4.4 .14 2.4 .34 7.3 .82 2.0 .17 

'From Mount Washbum study area. Yellowstone National Park (n ... 835). 
2ABLAIARCO, ABLAIRIMO h.t.'s. 
3ABLAISPBE. ABLAIJUCO, and ABLAIBERE h.t's. 
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USE OF SQUIRREL MIDDENS 

Most bear use of pine seeds in the Yellowstone area 
was from cones cached in squirrel middens. A major por
tion of bear excavations in middens were <2.0 m3 in size, 
and could be characterized as incidental or exploratory 
(fig. 9). A few midden excavations (n = 3) were extensive 
(30 to 51 m3). The number of cones excavated by bears 

per midden {y) during 1987 was positively and signifi
cantly related to total excavated volume (x) (9 = 33.2 + 
13.6x; r:l = 0.676, n = 52, F = 219.8, P < 0.000); excavated 
volume reflected the relative number of seeds acquired by 
bears from a midden. The volume of excavated material 
did not vary significantly among middens from different 
habitat types. 
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Figure 9-Proportionate distribution of Yellowstone pine seed 
feed sites, for 1986 and 1987 combined, with respect to estimated 
excavated volume (n = 1 09). 
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Figure 1 0-Aelationship of the ratio of exca
vated cone density to whitebark pine basal 
area averaged for Yellowstone area habitat 
types, for 1987. Inset depicts mean estimated 
number of cones excavatedlm2 for Yellow
stone area habitat types. 
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The apparent preferential harvest of whitebark pine 
cones by squirrels tended to minimize differences in the 
densities of whitebark pine cones in middens, relative to 
stand whitebark pine basal area. Absolute densities of 
cones excavated by bears in Yellowstone varied relatively 
little among habitat types (between 2 and 4 coneslm2), 
regardless of characteristic whitebark pine basal area 
(fig. 10). This was reflected in an asymptotic increase 
in the ratio of excavated cone density to whitebark pine 
basal area as basal area decreased. At low densities of 
mature whitebark pine, fewer squirrels' territories con
tained cone-producing trees, and despite preferential 
caching ofwhitebark pine cones by squirrels, there were 
fewer middens with whitebark pine cones available to 
bears. This phenomenon was evident in the positive rela
tionship between stand whitebark basal area (x, in m21ha) 
and the probability of a midden being excavated by a bear 
(y) (j = (942.8 + 13.36 X~)) (Mattson and Reinhart 1987). 
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FORAGING STRATEGIES 
Bear pine seed foraging, squirrel midden densities, and 

whitebark pine abundance are clearly related. A chronol
ogy of the trade-offs between midden density and white
bark pine basal area is evidenced by bear use of the 1987 
pine seed crop in the Yellowstone area (table 6). During 
the earliest period of bear use in July, the number of 
cones excavated per cubic meter of excavation was higher 
than during August. These earliest feed sites occurred 
in a few favored, lower elevation habitats on south and 
southeast exposures, primarily in the ABLAISPBE, 
ABLAIBERE, and ABLA/JUCO habitat types. These 
types were restricted to anomalous sites above 2,425 m 
elevation, and were more common at lower elevations. 
Whitebark pine cones probably matured earlier in these 
habitats, and because of high whitebark pine basal areas, 
the resident squirrels may have started caching white
bark pine cones earlier than in other stands with rela
tively less whitebark pine. Use through the first half 
of August was oriented toward stands with higher white
bark pine basal area and lower squirrel densities. The 
density of excavated material and cones was compara
tively low during this period, as would be expected with 
the low rate of caching during early phases of whitebark 
pine cone harvest by squirrels (Hutchins and Lanner 
1982). Peak use of pine seeds occurred between the 
middle of August and the middle of September, when 
bears used stands with higher squirrel densities. Bears 
excavated a higher density of cones during the last half 
of August, compared with the previous month, despite the 
lowest average number of excavated cones per cubic meter 
of excavation. By this time squirrel caching was at a 
uniformly high level (Hutchins and Lanner 1982), and 
squirrel midden density was probably most limiting to 
bear use of pine seeds. Although densities of excavations 
and excavated cones remained high during the last half 
of September, use generally declined. By this time mar
ginal habitats had probably been fully exploited, and 
bears turned to using other foods or pine seed sites with 
relatively more whitebark pine and fewer squirrels. Full 
exploitation of the modest 1987 pine seed crop (Blanchard, 
this proceedings) by bears probably occurred by the end 
of September; subsequent October bear use of pine seeds 
dropped to very low levels. 

We examined the relationship of various measures of 
cone-use density in habitats selected by bears to relative 
fecal volumes of pine seeds for different 1987 time periods 
(fig. 11). Although we had few data points, the derived 
relationships suggest constrai.nts on bear use of pine 
seeds that were related to minimum densities of available 
whitebark cones in favored habitats. Such relationships 
further suggest that bears did not forage on pine seeds 
during 1987 when densities were less than approximately 
39 available cones/midden and 56 available coneslkrn. 
The relationship of mean cones excavated per investi
gated telemetry location (relative pine seed use as docu
mented by feed-site investigation) to relative pine seed 
scat volume, suggests that at <9 excavated cones/ 
investigated relocation, pine seed use was likely to go 
undetected by scat analysis, at least at the 1987 sampling 
intensity (n = 472). 



Table 6-Whitebark pine basal area. estimated squirrel densities, and parameters of bear use for whitebark pine feed si~s for seasonal time 
periods, 1987. Squirrel midden densities were estimated by a site favorability index (Reinhart and Mauson, th1s proceecfings), and 
use of any given midden was predicted from stand whitebark pine basal area (Mattson and Reinhart 1981) 

(CX D) 
(E) (B) Estlmatod (D) Eatlmatod (A) (CX E) (E/0) 

Estlmatod Whltobark pine donslty Excavated donsltyof Minimum No. of Est. minimum Moannumbor 
squlrrol basalaroa ofmlddon matorlal oxcavated excavated conos donsltyof of oxcavated 
density m1/ha use (rr/mldden) material (llltnlddon) excavated cones cones par rn' 

Tlmoporlod n (Wkm) x s. (Wkm) X 

07/1~7131 7 2.04 22.3 17.5 1.66 1.8 
08101-08115 14 2.04 16.1 16.1 1.44 5.0 
08116-08131 19 2.80 11.4 15.7 1.73 6.5 
09101-09115 24 2.42 9.1 9.9 1.38 4.8 
09116-09130 2 1.98 9.2 1.13 2.6 
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Figure 11--Relationships between percent scat 
volume. by month for 1987, and estimated excavated 
cone densities; per km. per whitebark pine seed feed 
site. and per telemetry location visited. 

SUMMARY AND MANAGEMENT 
RECOMMENDATIONS 
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Stone pine seeds are a high-quality bear food because 
of their high triacerglycerol and energy content, relatively 
large size, and intermittent abundance. Wherever stone 
pines are relatively abundant, bears use them. lndehis
cent stone pine cones are collected by arboreal rodents, 
principally red squirrels and Siberian chipmunks, into 
middens or caches. Preferential caching by these rodents, 
to a certain extent, minimizes the variation in stone pine 
seed production among sites and years. These rodents, 
therefore, are a key to the bear's ability to use pine seeds 
in most areas and to management of bear habitat for pine 
seed use. 

Bears, midden locations and densities, the seasonal 
activities of squirrels, and whitebark pine abundance 

s. (m11km) X s. (B'Jcm) of excavation 

0.9 2.99 37.3 7.5 61.9 20.7 
5.1 7.20 75.5 76.4 108.7 15.1 
8.7 11.24 81.2 91.0 140.5 12.5 
4.2 6.62 116.6 103.7 161.0 24.3 
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2.94 50.5 57.1 19.4 

affect the seasonal foraging strategies of bears. Yellow
stone bears were found to forage seeds primarily within 
the constraints of whitebark pine availability and squirrel 
midden densities. Bears made substantial use of stands 
with relatively low numbers of mature cone-producing 
whitebark pine, and were limited primarily by the ab
sence of these trees altogether over substantial areas 
(more than approximately 1/2 ha). The greatest use of pine 
seeds typically occurred in LP cover types of the ABLAI 
V ASC-PIAL phase because both squirrels and whitebark 
pine were relatively abundant in this type. At elevations 
>2,425 m, use of the ABLAIV AGL-V ASC and ABLA/ 
V ASC-V ASC h.t. phases was limited primarily by the lack 
of cone-producing whitebark pine, while use of the PIAL 
series was limited by lack of squirrels. 

Management of bear habitat in drier portions of the 
Rocky Mountains for pine seed feeding depends on inte
grating squirrel and whitebark pine densities with bear 
foraging strategies. Stands of pure whitebark pine are 
of little use to most bears for pine seed foraging. How
ever, these less fire-prone stands of pure whitebark pine 
may serve as important reservoirs of seed for dispersal by 
Clark's nutcrackers (Nucifraga columbiana) into burned 
areas. 

Timber harvest has the potential to substantially im
pact bears through effects on squiiTels and whitebark 
pine in habitats characterized by appreciable squiiTel 
densities and mixed conifer species overstories that in
clude whitebark pine. In many areas, stands and habitats 
important to bears for pine seed foraging occur at lower 
elevations of the white bark pine zone and may contain 
few enough whitebark pine that their significance to bears 
is not recognized. Although whitebark pine is seral in 
much of the habitat used by bears to feed on pine seeds 
(Arno and Hoff 1989; Mattson and Reinhart, this proceed
ings), it may persist in stands for several hundred years 
as an appreciable cone producer. In addition, significant 
seed production is not likely to occur until trees are ap
proximately 100 years old. Assuming 250 to 300 years 
to senescence of whitebark pine, 3 to 4 percent harvest 
of a landscape per decade would be sufficient to maintain 
productive whitebark pine stands. A few large-scale natu
ral fires would serve the same purpose. Selective thin
ning of stands, even in favor ofwhitebark pine, would not 



necessarily benefit bears because a reduction in stand 
basal area under most circumstances predictably results 
in a reduction of red squirrel density (Reinhart and 
Mattson, this proceedings). Because squirrels require 
mixed-species conifer stands to achieve even moderate 
densities (Reinhart and Mattson, this proceedings), cut
ting and replanting stands to pure or near-pure whitebark 
pine has little promise of enhancing bear habitat, even in 
100 years. In conclusion, there seems little that active 
timber management can do to augment bear use of white
bark pine in drier portions of the Rocky Mountains, al
though in areas where timber harvest has already oc
curred or is planned for other reasons, judicious planting 
of whitebark pine in mixtures with other tree species will 
very likely benefit bears in the future. 

In northwestern Montana, whitebark pine has been 
seriously depleted by (1) extensive infections of white pine 
blister rust (Cronartium ribicola), (2) the massive moun
tain pine beetle Wendroctonus ponderosae) outbreaks of 
the 1970's and 1980's, and (3) by extensive logging of old
growth whitebark stands, especially in the Whitefish 
Range. Extensive use of whitebark pine cones and seeds 
in this area by both black and grizzly bears, as during the 
1950's and 1960's (Jonkel1967; Kendall and Amo, this 
proceedings; Tisch 1961), does not occur any more. 

Cutting practices that favor whitebark pine are ur
gently needed in northwestern Montana. The mechanics 
ofwhitebark pine regeneration are poorly understood; 
extensive periods (100 or 1,000 years) may be required 
before optimal conditions for reseeding and survival may 
occur. The elimination of old-growth stands, even though 
the trees are slowly dying from blister rust, may doom 
whitebark pine in its northern range and cause the per
manent loss of an important bear food. 
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APPENDIX A. HABITAT TYPE NOMENCLATURE AND ACRONYMS 
(STEELE AND OTHERS 1983) 

Acronym Common name Scientific name 

PIAL series Whitebark pine series Pinus albicaulis series 

ABLAIV ASC-PIAL phase Subalpine fir/Grouse Abies lasiocarpal 
whortleberry-Whitebark Vaccinium scoparium-
pine phase P. albicaulis phase 

ABLAIV ASC-V ASC phase Subalpine fir/Grouse A lasiocarpa IV. 
whortleberry-Grouse scoparium-V. scoparium 
whortleberry phase phase 

ABLAIV AGL-V ASC phase Subalpine fir/Globe A lasiocarpa IV. 
huckleberry-Grouse globulare-V. scoparium 
whortleberry phase phase 

ABLAITHOC h.t. Subalpine fir/Western A lasiocarpa 17'halictrum 
meadowrue h.t. occidentale h.t. 

ABLAISPBE h.t. Subalpine fir/Shiny-leaf A lasiocarpa/Spiraea 
spiraea h.t. betulifolia h.t. 

ABLAIBERE h.t. Subalpine fir/Oregon- A lasiocarpa/Berberis 
grapeh.t. repens h.t. 

ABLA/JUCO h.t. Subalpine fir/Common A lasiocarpa/Juniperus 
juniper h.t. communis h.t. 

ABLAIRIMO h.t. Subalpine fir/Mountain A lasiocarpa/Ribes 
gooseberry h.t. montigenum h.t. 

ABLAIARCO h.t. Subalpine fir/Heart- A lasiocarpaJArnica 
leaf arnica h. t. cordifolia h.t. 

ABLAICACA h.t. Subalpine fir/ A lasiocarpaJ 
bluejoint h.t. Calamagrostis 

canadensis h.t. 
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"ELK AND MULE DEER USE OF 
WHITEBARK PINE FORESTS 
IN SOUTHWEST MONTANA: AN 
ECOLOGICAL PERSPECTIVE 

Terry N. Lonner 
DavidF.Pac 

ABSTRACT 
Summer-fall elk (Cervus elaphus nelsoni) habitat use 

and relationships to logging were studied southwest of 
Butte in the Long Tom Creek area from 1971 to 1981 and 
mule deer (Odocoileus hemionus hemionus) population 
dynamics and habitat use were studied in the Bridger 
Mountains near Bozeman from 1971 to 1987. During 
these two studies elk and mule deer relationships to white
bark pine (Pinus albicaulis) communities were measured. 
Elk use of whitebark pine forests during the summer was 
incidental to the preferred use of high-mountain meadows. 
During faU, elk use of pure stands of whitebark pine at 
high elevations was negligible. However, fall elk use of 
whitebark pine was high when whitebark pine was associ
ated with subalpine fir (Abies lasiocarpa) at lower eleva
tions and there were high densities of tree regeneration. 
For female mule deer during summer and fall, forest cover 
types dominated by whitebark pine accounted for 15 and 
3 percent of total habitat use, respectively. This value for 
adult males was 4 percent during summer. Insufficient 
data prevented an evaluation of habitat use by adult males 
during falL 

Elk and mule deer selection of individual plant commu
nities is discussed with reference to their mobility and 
broad ecological amplitude. The authors recommend that 
natural resource managers responsible for mobile, large 
mammal populations in mountain environments evaluate 
management alternatives from the perspective of how land 
uses will affect the entire ecological unit and its seasonal 
range components, regardless of public I private land own
ership patterns. Management decisions thus made wiU be 
more successful in directing effective management of big 
game populations than decisions based on the importance 
of individual plant communities. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis) forests are one of 

many habitat components found on elk (Cervus elaphus 
nelsoni) and mule deer (Odocoileus hemionus hemionus) 
summer-fall range in southwest Montana. These forests 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecolcgy and Management or a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

Teny N. Lonner is Assistant Chief, Research and Tec:hnical Services 
Bureau, and David F. Pac is Deer Research Biologist, Montana Depart
ment ofFish, Wildlire and Parks, Bozeman, MT 59717. 
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occur at the upper limit of the animals' summer-fall dis
tribution. High-elevation zones occupied by whitebark 
forests provide a shorter period of occupancy for mule 
deer and elk than other habitats at lower elevations, 
due to weather conditions and site fertility. Most white
bark pine stands grow on weakly developed soils where 
nitrogen-fixing and other microbiotic activities are appar
ently restricted by low soil temperatures and high acidity 
(Arno and Hoff 1989). 

Whitebark pine is often a dominant seral ~ecies of the 
upper subalpine and timberline habitat types that have 
been classified under the Abies lasiocarpa series and has 
been recognized as valuable for wildlife habitat, water
shed protection, outdoor recreation, and esthetics (Amo 
and Hoff 1989; Pfister and others 1977). Forage produc
tion for livestock grazing and timber productivity are 
generally low where whitebark pine stands are prevalent. 
Silvicultural practices are frequently hampered by prob
lems in road construction, harvesting, regeneration, and 
site protection. 

In this paper we will present some pertinent results 
from research conducted on elk during the Long Tom 
Creek Elk Project (Lonner 1977), a research effort that 
was part of the Montana Cooperative Elk-Logging Study 
conducted from 1970 to 1985. Mule deer populations were 
studied in the Bridger Mountains from 1971 to 1987 as 
part of the Montana Statewide Deer Ecology Project. 
Data presented in this paper represent a portion of the 
results of the total study reported in detail by Pac and 
others (in preparation). 

THE STUDY AREAS 

Long Tom Creek 
The Long Tom Creek study area (177 km2

) was located 
20 km south of Anaconda, with the northwest corner in 
Deer Lodge County and the remainder in Silverbow 
County, MT (fig. 1). It served as spring, summer, and 
fall range for elk. The entire area was in public owner
ship; the Forest Service, U.S. Department of Agriculture, 
and the Montana Department of Fish, Wildlife and Parks 
(MDFWP) were responsible for administration ofland 
management. The Beaverhead and Deerlodge National 
Forests accounted for 78 percent (94 km2) and 9 percent 
(11 km2) of the area, respectively. The remaining 13 per
cent (16 km2) was managed by the MDFWP as part of the 
Mount Haggin Wildlife Management Area. 



Figure 1-Location of the Long Tom Creek elk 
study area and Bridger Mountains mule deer 
study area in Montana. 

Elevations ranged from 1,890 to 2, 792 m, with moder
ate slope gradients except for a few areas that consisted 
of steep slopes and talus fields. The three prominent 
drainages on the study area (Johnson, Long Tom, and 
Jerry Creeks) were tributaries of the Big Hole River. 
Geologically, this area is probably a northward extension 
of the Pioneer Mountains. Numerous strongly scoured 
cirque basins as well as lateral, ground, and recessional 
moraines provide evidence of geologically recent glaciation 
in the valleys of both Long Tom Creek and Jerry Creek 
(Moore 1956). The Boulder Batholith formation occurs 
within the study area and sedimentary rocks of Proter
ozoic, Paleozoic, Mesozoic, and Cenozoic ages are also 
exposed in the area (Moore 1956). 

The climate was generally mild during the summer and 
severe in winter, with the area usually under snow cover 
from November through May. The annual mean tempera
ture ranged from 38.5 to 41.7 °F during 1972 to 1980, 
with wide fluctuations in daily and seasonal tempera
tures. Annual temperature extremes ranged from 88 and 
-19 °F in 1977 to 91 and -34 °F in 1979. Annual precipi
tation (1972 to 1980) ranged from 19 em in 1974 to 49.7 em 
in 1975. Fifty-five to 80 percent of the annual precipita
tion fell between April1 and August 31 during the study 
(NOAA 1982). (Climatological data only approximate con
ditions on the study area because they were collected at 
the Divide weather station 15 km southeast of the study 
area at an elevation of 1,648 m.) 

Vegetation in the area was dominated by lodgepole pine 
(Pinus contorta), Engelmann spruce (Picea engelmannii), 
subalpine fir (Abies lasiocarpa), and whitebark pine. 
There were 13 forest habitat types (Pfister and others 
1977) identified in the study area, although only Abies 
lasiocarpa-Pinus albicaulis/Vaccinium scoparium (ABLA
PIAUV ASC h.t.), Pinus albicaulis h.t., (PIAL h.t.), and 
Abies lasiocarpa/Vaccinium scoparium (ABLAN ASC h.t.) 
were considered common. The ABLAN ASC h.t. was re
presented by the Vaccinium scoparium and Thalictrum 
occidentale phases. Three types were found occasionally: 
Abies lasiocarpa/Calamagrostis canadensis (ABLA/ 
CACA h.t.), Abies lasiocarpa/Luzula hitchcockii (ABLA/ 
LUHI h.t.)-V ASC phase, and Abies lasiocarpa/Calama
grostis rubescens (ABLA/CARU h.t.). Five were found 
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incidentally: Pseudotsuga menziesii/Juniperus communis, 
Abies lasiocarpa/Vaccinium scoparium-Calamagrostis 
rubescens phase, Abies lasiocarpa/Xerophyllum tenax 
Vaccinium scoparium phase, Pseudotsuga menziesiil 
Calamagrostis rubescens, and Abies lasiocarpa/Linnaea 
borealis. 

Stands oflimber pine (Pinus flexilis), Douglas-fir (Pseu
dotsuga menziesii), and alpine larch (Larix lyallii) also 
occurred in the area. Timber stands were aged as old 
as 325 years and ranged in stem density from scattered 
(200 treeslha) to dense (7,900 treeslha). Approximately 
75 percent (90 km2) of the study area was occupied by 
trees with a moderately dense (30 to 70 percent) to dense 
(>70 percent) canopy cover .. This timber was interspersed 
with numerous xeric and mesic meadows and talus out
crops. Scattered timber sites (areas with canopy coverage 
less than 30 percent), natural meadows, and clearcuts 
amounted to 4.6, 12.6, and 6.6 percent of the study area, 
respectively. A few small lakes or ponds also existed. 

Idaho fescue (Festuca id4hoensis) and other dry-site 
graminoids and forbs commonly dominated natural dry 
parks. Various sedges (Carex spp.), wet-site graminoids, 
several forb species, and a few shrubs, including Labrador 
tea (Ledum glandulosum), characterized wet sedge mead
ows. The older logged sites had very little conifer regen
eration, but a diversity of grasses and forbs grew in them. 
The newly logged sites (cut in 1975 to 1977), especially 
the clearcuts, had little revegetation by the end of the 
study. 

Before the study, clearcut logging occurred in six units 
totalling 421 ha in the Jerry Creek drainage. Logging 
during the study (1975-77) involved 12 clearcuts and 
one selective cut altering 242 ha and removing 8.17 mbf 
of timber within the Long Tom Creek portion of the 
study area. These 12 clearcuts ranged in size from 
6.4 to 49.2 ha with an average of 19.2 ha; the selective 
cut was 14.2 ha. 

The Bridger Mountains 
This mountain range is located just north of Bozeman, 

MT (fig. 1). It is one of a series of isolated frontal ranges 
located along the eastern flank of the Rocky Mountain 
cordillera. The total study area occupied nearly 2,000 km2 

that encompassed all habitats used by seven relatively 
distinct mule deer population/habitat units (Pac and oth
ers 1984). Average annual precipitation varied between 
35 and 127 em along an elevation gradient ranging from 
1,365 to 2,94 7 m. 

Soil parent materials consisted of consolidated sedi
mentary strata including a prominent calcareous sub
strate forming the backbone of the main Bridger Divide 
(McMannis 1955). Noncalcareous sandy or loam soils at 
lower elevations along the west slope arose from ancient 
arkoses (granitelike sandstones) and older metamorphic 
rocks. Andesitic sandstones at lower elevations along 
the east slope gave rise to similar soil types. Shale strata 
scattered throughout parts of the area resulted in clay 
soils. 

Important plant communities associated with deer win
ter ranges included shrub/grasslands dominated by big 
sagebrush (Artemisia tridentata), antelope bitterbrush 
(Purshia triclentata), Rocky Mountain juniper (Juniperus 



scopulorum), Idaho fescue, and bluebunch wheatgrass 
(Agropyron spicatum). Narrow stringers of Douglas-fir 
often occur along stream courses within the winter range 
boundaries. 

Habitats used by deer during spring, summer, and fall 
are characterized by an extensive coniferous forest at 
middle elevations comprised of numerous habitat types 
in the Pseudotsuga menziesii, Pinus flezilis, Abies lGBio
corpa, and Pinus albicaulis habitat series described by 
Pfister and others (1977). Subalpine plant communities 
consist of clumps of stunted conifer interspersed with 
grass/forb meadows. Important species included Idaho 
fescue, slender wheatgrass (Agropyron caninum), sticky 
geranium (Geranium viscosissimum), and tall larkspur 
(J)elphinium occidentale). The alpine meadow community 
occurred in scattered patches on high-elevation ridgetops. 
Species composition was relatively diverse and included 
Carex spp., Indian milkvetch (.Astragalus aboriginum), 
spring parsley (Cymopterus bipinnatus), and eight-petal 
dryas WryGB octopetala). Environmental characteristics 
along the east and west slope of the Bridger Mountains 
were described by Bucsis (1974), Nyberg (1980), Pac (1976), 
Rosgaard (1981), Steerey (1979), and Wilkins (1957). 

Approximately 90 percent of the 360 km2 of mule deer 
winter range was privately owned. Much of the spring, 
summer, and fall ranges along both sides of the Bridger 
Divide is administered by the Forest Service (Gallatin 
National Forest). A checkerboard pattern of public and 
private ownership occurs in the timbered foothills along 
the east slope. 

Our discussion of mule deer use ofwhitebark pine com
munities in the Bridger Mountains pertains to only one 
of seven population/habitat units that occurred in the 
total study area. We referred to that ecological unit as 
the Northwest Slope. Over a period of 16 years it con
tained all seasonal ranges used by a population that aver
aged 650 adult deer in late winter. This was the only unit 
that contained significant stands of whitebark pine, which 
covered 13.6 km2 (7 percent) of the total186-km2 area 
included within the Northwest Slope. All whitebark 
stands were classified as belonging to either the PIAL h.t. 
or the ABLA-PIAIIV ASC h.t. (Pfister and others 1977). 
To improve interpretation of habitat selection by deer, we 
also described plant communities according to vegetation 
cover types. 

METHODS 
Long Tom Creek Study 

Elk distribution and habitat use were determined 
primarily from elk "sign" recorded while periodically 
and systematically walking 11 circuitous foot routes. 
Routes were charted on aerial photographs and marked 
on the ground with colored plastic flagging material tied 
onto trees. Length ranged from 4.8 to 14.5 km; the aver
age was 9 km. The routes were divided into segments, 
each sampling a homogeneous cover type. Segments 
longer than 0.5 km were usually divided to provide better 
sensitivity in measuring elk spatial distribution over the 
study area. A total of 700 segments were delineated; 
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they ranged in length from 10 to 860 m, and averaged 
158m±SE4.7. 

Each segment of the route system was assigned at least 
a general cover type (park, open-scattered forest, clear
cut forest, medium-dense forest). Each segment with 
medium-dense forest was assigned a forest habitat type 
based on the Pfister and others (1977) classification sys
tem. Habitat types, however, often did not express the 
cover value of the forested segments. For each forested 
segment, tree densities were measured by species, diame
ter at breast height (d.b.h.), and height class. A cover 
type value from 1 to 5 was then assigned to each of these 
segments based on the amount of tree regeneration (all 
trees with a d.b.h. ofless than 4 inches; seedlings were 
not counted). The five density classes of regeneration 
were: 1 (100 to 250), 2 (251 to 500), 3 (501 to 1,000), 
4 (1,001 to 1,500), and 5 (1,500+ trees/acre). These five 
density classes of tree regeneration provided an index 
of hiding cover quality. This assumption was based on 
a signifi-cant relationship previously determined between 
sight distance (that distance at which approximately 
90 percent of an elk is hidden) and regeneration density 
(Lonner 1977). 

Routes were walked at least four times during summer 
and fall each year from 1972 through 1980. In 1973, 
1974, and 1976 the routes were walked six, seven, and 
five times, respectively. It took about 1 week for two 
people to walk the entire route system. For analysis, 
data were organized so the replications completed each 
year represented three time periods: summer (June to 
mid-August), early fall or the rut (mid-August to late 
September) and fall Oate September to late November). 
Only data from 1972 to 1976 were used for habitat analy
sis in this presentation. 

Elk use during summer and early fall was the total 
number of fecal pellet groups counted since the last repli
cation of the route system. Duplication of recording the 
same elk sign from one replication to another was avoided 
as much as possible. Elk sign during fall (October and 
November) could not be recorded directly due to snow 
cover. Therefore, during the first replication of the route 
system in June, elk use from the previous fall was deter
mined by counting pellet groups with a form and consis
tency characteristic of the fall season. 

All indexes of elk use for each segment were standard
ized by dividing the segment length into the total of fecal 
droppings; for example, if two fecal droppings were re
corded for a particular segment that was 182 m long, 
the index of elk use was transformed into a ratio of 
211.82 or 0.011. 

Use of specific vegetation types was interpreted by 
statistically comparing the average use that occurred in 
each type during a particular season with the mean elk 
use of the route system for that season. Positive asSocia
tions, or means significantly higher than the overall 
mean, indicate a preference or a concentration of elk use. 
Negative associations, or means significantly lower than 
the overall mean, may indicate an aversion or low concen
tration of elk use. Types listed as nonsignificant were 
those where elk use did not significantly deviate from the 
overall mean elk use. 



However, elk use lower than the mean did not necess
arily indicate an indifference or aversion to a particular 
habitat or cover type. Failure to select a particular habi
tat or cover type may only indicate that it may be avail
able in excess of the needs of the elk during the time of 
the study. 

Biotelemetry was also used to track radio-collared elk 
during the study, but these data were not used specifi
cally for evaluating elk habitat r elationships. 

Bridger Mountain Study 
A total of 46 individual cover types were defined accord

ing to dominant plant species as well as the structural 
characteristics of the overs tory and understory layers. 
The distribution of individual cover types was mapped 
within the Northwest Slope population/habitat unit using 
1:24,000 scale ortho-photo quads. This overlay map was 
digitized using the computer program GEOSCAN, a 
Houston Instruments Complot digitizing tablet, and 
Vax 111780 computer. 

Deer use of vegetation cover types during summer and 
fall was based on 1,466 aerial locations of 28 adult fe
males and 13 adult males equipped with radio transmit
ters. All deer were relocated every 7 to 10 days. Sample 
size was not a dequate to measure male use in fall. 

In our analysis of deer habitat use, we employed 
computer-generated sampling plots or "scan circles." 
The conceptual basis for this method assumed that an 
animal location is not only related to the single vegetation 
cover type at tha t precise location; it may be significantly 
influenced by the mosaic of vegetation types within a pre
scribed area around the relocation point. We used a scan 
circle radius of 100 rn to reflect the small seasonal horne 
ranges of mule deer in this environment . We employed 
the GEOCALC computer software program written by 
Bill Hoskins for the Interagency Grizzly Bear Study, 
Bozeman, MT. This program used a dot grid method to 
calculate cover type areas within scan circles around deer 
and random relocation points. 

For statistical analysis, individual cover types were 
combined into a hierarchical system. The primary stra
tum in the hierarchy described major vegetation zones 
along an elevation gradient. These consisted of steppe, 
montane forest, and subalpine/alpine. Secondary strata 
were categorized according to major structural differences 
in the overstory layer. The tertiary stratum in the hierar
chy categorized forest cover types according to the domi
nant tree species in the overstory layer. Terminology 
generally follows standardized definitions (Hann and 
Jensen 1987). 

Statistical comparisons of observed and expected use 
of cover types followed the technique described by Neu 
and others (1974) that employed a Bonferroni Z statistic. 

RESULTS 

Long Tom Creek Study 
During the summer, elk use of the park cover type 

was significantly above the expected, while elk use of 
the medium-dense forest cover type was significantly 
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Figure 2-Summer elk use preference in the Long 
Tom Creek study area of: four general cover types 
(A), five forest habitat types (B), and regeneration 
densities with two forest habitat types with white
bark pine as a dominant tree species (C). 

below the expected (fig. 2A). Within this general type, 
ABLAILUHI-VASC h .t. was the only forest type that re
ceived significant above-average elk use during the sum
mer (fig. 2B). The whitebark pine h abitat type received 
the least a ttention, but use was not significantly below 
the expected. Use of cover types within the two whitebark 
pine habitat types showed no statistical significance above 
or below the expected (fig. 2C). 

During the fall months, elk use of the open-scattered 
forest cover type decreased to a level significantly below 
the expected a nd elk use of the medium-dense forest cover 
type increased to a level that was similar to the expected 
(fig. 3A). Within this general cover type, elk use of four 
of the five forest habitat types was not different than ex
pected. Elk use of the whitebark pine habitat type was 
significantly below the expected (fig. 3B). Elk use of cover 
types with the ABLA-PIAUVASC and the PIAL habitat 
types was not different than expected except for a prefer
ence for cover type 5 within the ABLA-PIAUVASC h.t. 
and a significant aversion to cover type 1 within the PIAL 
h.t. (fig. 3C). 



C1l 
Ill 

::> 
~ w -0 
>< 
C1l 

"t:J 
..s: 

3 A. +Above overall ii elk use at P = .01 
-Below overall ii elk use at P = .01 

2 

0 

3 

2 

1 

0 

3 

2 

x elk use 

------------~----

Pari< Open • Scallertd Clearcut For011 Med.· DenM 
Forest Forest 

B. 
General Cover Types 

ABLA I ABLA I ASLA I ABLA (PIAL) I PIAL 
VASC.YASC VASC·TMOC LUH~VASC VASC 

Forest Habitat Types 
c. 

100 251 501 . 1001 1500. 100 251 501 - 1001 

- ~1~4500 - ~1~4500 
Regeneration Denslly (trees s 4 Inches Dbh I acre) 

+-- ABLA(PIAL) I VASC __.. +-- PIAL ~ 

Forest Habitat Types 

Figure 3-Fall elk use preference in the Long Tom 
Creek study area of: four general cover types (A), 
five forest habitat types (B), and regeneration densi
ties within two forest habitat types with white bark 
pine as a dominant tree species (C). 

In summary, elk use ofwhitebark pine forests during 
the summer was incidental to the preferred use of high
mountain meadows. During fall, elk use of pure stands 
ofwhitebark pine at high elevations was negligible. 
However, elk use of whi tebark pine was significant 
when whitebark pine was associated with subalpine 
fir at lower elevations and there were high densities 
of tree regeneration. 

Bridger Mountain Study 
During summer, more than 90 percent of all habitat 

use recorded for adult females occurred within the highly 
preferred montane forest zone (fig. 4A). Females avoided 
the steppe and subalpine/alpine zones. Much of their 
use was concentrated in two canopy classes of the mid
elevation forest, although only open-scattered canopy 
cover types were preferred (fig. 4B). 

Although females preferred the two canopy classes of 
high-elevation forests during summer, total use was much 
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less than mid-elevation forests (fig. 4B). Whitebark pine 
cover types in the high-elevation scattered and open forest 
were preferred and accounted for 7.3 percent of all use 
of vegetation types by adult females (fig. 4C). In the 
high-elevation medium-dense canopy forest, whitebark 
pine cover types were also preferred and accounted for 
7.7 percent of all female use. 

The montane forest continued to be very important 
to adult females during fall (fig. SA). Adult female use 
of high-elevation forests declined sharply during the fall 
with a corresponding increase in use of mid-elevation 
forests with medium-dense canopies (fig. 5B). This 
change reflected snow accumulation at the high eleva
tions. Combined use of all whitebark pine cover types 
did not exceed 3 percent during fall (fig. 5C) compared 
with a total of 15 percent in summer. 

In summer, adult males preferred the montane forest, 
which accounted for 67 percent of all habitat use (fig. 6A). 
Males avoided the steppe and used the subalpine/alpine 
zone in proportion to its occurrence. Total male use of 
these two zones was substantially greater than that re
corded for adult females. Males preferred the mid
elevation open-scattered canopy forests (fig. 6B), although 
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Figure 4-Adult female mule deer use during sum
mer of: major vegetation zones (A), four categories of 
forest (B), and cover types categorized by dominant 
tree species in the high-elevation forest (C). 
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Figure 5-Adult female mule deer use during fall 
of: major vegetation zones (A), four categories of 
forest (B), and cover types categorized by domi
nant tree species in the high-elevation forest (C) . 

use by males was noticeably less than that recorded for 
females. Use of the mid-elevation medium-dense canopy 
forest was similar for each sex. Cover types dominated 
by Douglas-fir were most important to both sexes in the 
mid-elevation forests. 

Male use of high-elevation forests in summer was not 
different than expected (fig. 6B). In the scattered-()pen 
canopy forest, whitebark pine cover types accounted for 
only 1 percent of total use (fig. 6C). Whitebark pine cover 
types in the medium-dense canopy forest accounted for 
3 percent of use. 

In summary, Douglas-fir cover types accounted for sig
nificantly more use than any other dominant tree species 
for both sexes. During summer, forest cover types domi
nated by Douglas-fir, whitebark pine, lodgepole pine, 
subalpine fir, and Engelmann spruce accounted for 58, 15, 
12, 5, and 3 percent of total habitat use for adult females. 
These values for adult males were 48, 4, 9, 4, and 2 per
cent, respectively. During fall for adult females, this 
same ordering of use of forest cover types was 72, 3, 15, 
0.5, and 0 percent. Insufficient data prevented an evalu
ation of habitat use by adul t males during fall. 
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Figure 6-Adult male mule deer use during summer 
of: major vegetation zones (A), four categories of 
forest (8), and cover types categorized by dominant 
tree species in the high-elevation forest (C). 

DISCUSSION 
Animal selection of most vegetation communities 

appears related more to overs tory and understory struc
ture than to habitat types or individual species of plants 
(Lonner 1976). The broad ecological amplitude of animal 
species such as mule deer and elk causes difficulty in 
understanding and quantifYing requirements for specific 
vegetation types such as whitebark pine communities or 
habitat types. Mobile animal species range freely over 
many vegetation types. It is implicit that difficulty will 
occur when a continuum of animal use is compared to a 
discrete classification system of vegetation, but it is im
portant that big game habitat management plans and 
objectives recognize and address this dilemma. 

A solution to this problem may be to express these rela
tionships at a level of resolution above that of individual 
plant communities or habitat types. When evaluating elk 
or mule deer habitat relationships, the complete ecological 
unit or population/habitat uni t that supports a migratory 
elk or mule deer population is the most critical entity to 
understand and quantify. An example of this is shown in 
figure 7 for the Northwest Slope mule deer population/ 
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Figure 7-The Northwest Slope mule deer 
population/habitat unit in the Bridger Mountains. 

habitat unit in the Bridger Mountains. This unit was 
based on the perimeter enclosing all relocations of indi
vidually marked deer associated with a particular winter 
range. Relocations of individual deer were summarized 
as activity centers. 

This unit includes all seasonal ranges required to sus
tain the population. Each seasonal range, in turn, is 
usually comprised of a mosaic of individual plant commu
nities. These lower order components have less individual 
importance to the welfare of an elk or deer population. At 
this level of habitat organization, mobile big game species 
can adjust to habitat changes much more easily than 
those that occur more broadly within the higher orders 
of organization. 

We recommend that natural resource managers respon
sible for mobile, large mammal populations in mountain 
environments evaluate management alternatives from the 
perspective of how land uses will affect the entire ecologi
cal unit and its seasonal range components, regardless 
of public/private land ownership patterns. Management 
decisions made at this level of resolution will more suc
cessfully direct effective management of big game popula
tions than decisions based on the importance of individual 
plant communities. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Tad Weaver}-How much overlap occurs be
tween adjacent mule deer population/habitat units in the 
Bridger Mountains? 
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A.-A total of 2,000 km1 occurs within the seven mule 
deer population/habitat units in the Bridger Mountains 
and only 9 percent of this total area occurs within overlap 
zones. 

Q. (from Tad Weaver}-If deer population/habitat units 
were obliterated across Montana and deer were allowed 
to recolonize the area, would the population/habitat units 
occur in the same places? 

A.-Yes. The portion of a population/habitat unit that 
anchors it at a specific site is the location of suitable win
ter habitat. Summer range consists of mesic habitats in 
the general proximity of the winter range. 

The location and distribution of winter ranges are very 
site specific and relate to special conditions of climate and 
topography. As long as these factors remain similar, then 
the location of population/habitat units will remain gener
ally constant. 



WHITEBARK PINE SEED DISPERSAL 
AND ESTABLISHMENT: WHO'S 
RESPONSIBLE? 

Harry E. Hutchins 

ABSTRACT 
Whiteba.rk pine (Pinus albicaulis) has many characteris

tics that typify an animal-dispersed plant species. This 
paper outlines the role of individual animal species in
volved in the dispersal and establishment of whitebark 
pine seeds in Wyoming. Red squirrels harvested 63.7 per
cent of the seed, and Clark's nutcracker 36.1 percent in 
large forested tracts. Seeds from open-grown trees are 
almost entirely harvested by nutcrackers (99.4 percent) 
with less than 1 percent going to ground squirrels, chip
munks, Steller's jay, ravens, and other birds. The behav
iors of animals that foraged on the pine seed and their 
influence on whitebark pine are discussed. Only Clark's 
nutcracker dispersed the seed in a way that might lead to 
the establishment of whitebark pine seedlings. Nutcracker 
caches on the open meadow ridges faced less predation 
than forest seed caches, so it appears to be more profitable 
for both the tree and the nutcracker to have seeds cached 
in the meadow. 

INTRODUCTION 
Until recently whitebark pine (Pinus albicaulis) was 

thought to disperse its seeds by the cone falling to the 
ground and decaying. New trees would then establish in 
the rotting residue of the indehiscent cones (Day 1967), 
or the cone would simply disintegrate (Shaw 1914; 
Weaver and Dale 1974). But what of those lone sentinels 
on the sides of rocky cliffs and scattered individuals along 
subalpine moraines? Or the seedlings establishing under 
a lodgepole pine (P. contorta) forest canopy several miles 
from a mature whitebark pine tree? 

When I first undertook this study the evidence began 
to mount implicating birds and mammals in the dispers
al and subsequent establishment ofwhitebark pine 
(Tomback 1978; Vander Wall and Balda 1977). In this 
paper I will outline my findings concerning the animal 
species that were observed foraging on, and dispersing, 
whitebark pine seeds. These data will be supplemented 
by other authors who can add to this discussion. My 
observations were primarily made from July 1979 to 
September 1981 in the Rocky Mountains of Wyoming. 
Additional observations have been made on whitebark 
and other wingless·seeded pines from 1982 to 1987. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
EcolOGY and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31,1989. 

Hany E. Hutchins is Natural Resource Instructor, Itasca Community 
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STUDY SITES 
The study was primarily conducted at Squaw Basin, 

Bridger-Teton National Forest, WY. This area of high
elevation meadows offered distant views of bird activity, 
whitebark pine growing in both contiguous forest and 
open-grown situations, and an abundant cone crop for 
whitebark pine during 1980. Besides whitebark pine, the 
forest stands were composed of Engelmann spruce (Picea 
engelmannii), subalpine fir (Abies lasiocarpa), and a mi
nor amount oflodgepole pine. The moraine meadow 
ridges were pioneered by lone whitebark pine. This 
provided an opportunity to study two different types 
of communities-forest and meadow. 

Observations of animal activity were also made at 
Surprise Lake (2,960 m, Grand Teton National Park, 
WY) and Mount Washburn (2,680 to 3,140 m, Yellowstone 
National Park, WY). These areas were similar to the 
Squaw Basin site except they lacked open-grown, cone
bearing trees. Details on the study sites can be found 
in Hutchins and Lanner (1982) and Vander Wall and 
Hutchins (1983). 

METHODS 
Several cone-bearing whitebark pines were chosen for 

observation in both continuous forest (red squirrels were 
present) and in open meadows at least several hundred 
meters from the nearest forest edge (these sites lacked 
squirrels). In each of these two types of sites, 1,005 white
bark pine cones were observed during the period from 
July 3 to November 2, 1980. The cones were scattered 
among several mature trees and were counted at 1- to 
2-week intervals using a 15-25 by 60-mm spotting scope. 
Counts were made by standing in a specific marked loca
tion and mapping the cones on clear acetate. Changes in 
the cone map at each observation were recorded, includ
ing the partial removal of a cone. Cone count data were 
converted into seeds using an empirically derived value 
for the mean number of seeds per cone (50.4 seeds/cone) 
(Hutchins 1982). Partially consumed cones were tallied 
by estimating from the ground the percentage of seed 
remaining as described in Hutchins and Lanner (1982). 
The seed harvest data were then plotted against cumula
tive time for both forest and meadow sites (Hutchins and 
Lanner 1982). 



At each observation date samples of seeds were col
lected to determine maturity and condition. The number 
of filled, discolored, insect-attacked, and second-year
aborted ovules were taUied. Mean dry weight of shelled 
seeds, seed coat thickness, and caloric content of shelled 
seeds were all obtained. Germination tests were also 
conducted with seeds collected at 10 collection dates dur
ing the 1980 field season. 

Seedfall (caused by animal foraging) below the tree was 
estimated by placing five 1-m2 wire mesh seed traps ran
domly below trees. The tops of the seed traps were de
signed to let seed fall through, but to exclude rodents. 
Data on the number of cones in the tree, the area of the 
tree crown, and the number of seeds falling per square 
meter were used to estimate the magnitude of seed fall. 

Predation on seed caches ofwhitebark pine was also 
studied in 1979 and 1980. I simulated three types of 
caches: (1) seed that lands on the soil surface from forag
ing accidents, (2) seed cached at a depth of 3 em simulat
ing Clark's nutcracker (Nucifraga columbiana) activity, 
and (3) seed cached at 7-cm deep, which simulates the 
most shallow red squirrel seed cache. Each individual 
cache contained 10 seeds. 

Animal/time/budget data were collected for the diurnal 
species found foraging in the whitebark pine ecosystem. 
Both quantitative and qualitative observations were made 
of the various activities and behaviors of the animals; 
these methods were detailed by Hutchins and Lanner 
(1982). 

Red squirrel middens were also analyzed and compared 
with 25 random plots to determine tree establishment on 
these seed/cone caching areas. A split-plot Analysis of 
Variance and Least Significant Difference multiple mean 
test (p = 0.05 and 0.01) were performed on these data to 
identify signHlcant differences. Tree seedlings were also 
studied to determine the year of establishment. 

RESULTS 

Seed Development 
Hutchins and Lanner (1982) monitored seed develop

ment and found mean seed coat thickness and seed 
weight to be significantly greater during the August 31 
to November 2 collecting period than before these dates. 
Clark's nutcrackers were unable to extract whole seed 
from a cone until August 13 due to the thin, fragile seed 
coats. The characteristic shell fragments of an unripened 
"nutcracker cone" were left as evidence of their foraging 
attempts (fig. 1). Thus, nutcrackers were unable to cache 
whole seed until after this date. 

By September 7-10, the cones had dried and turned a 
dull brown from their previous moist, pitch-filled, purple 
color. Whitebark pine cones are often referred to as inde
hiscent, however, about 25 percent of the cones collected 
after September 7 parted their scales slightly (4 to 8 mm; 
n = 141). This still was not enough of an opening to allow 
the seeds to fall out of their own accord. 
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Figure 1-Typical Clark's nutcracker damage to white
bark pine cones. On the left, damage before the seed 
coat has developed; on the right, nutcracker damage 
from mid-September, after the cone had dried. 

Seed Crop Depletion 

Figure 2 (from Hutchins and Lanner 1982) shows that 
seed crop depletion followed a logistic curve (r = 0.99 in 
the forest and r2 = 0.96 in the meadow). Seed harvesting 
began somewhat earlier in the forest than in the meadow. 
In fact, about 50 percent of the seed crop had been har
vested in the forest by August 31, while in the meadow 
this point was not attained until September 25. As seen 
on the graph, no seeds remained from this mast year in 
the forest stands by November 1. Only 0.1 percent of the 
seeds still resided in the tree crowns of the meadow trees, 
and these were no longer there when checked on June 27, 
1981. 

Even after several thousand hours in whitebark pine 
forests, I have never observed a whitebark pine cone fall
ing from a tree without being aided by an animal. We 
have even bagged several cones in a double layer of hard
ware mesh to protect them from animals. Clark's nut
cracker hammered righ t through the mesh to get at the 
seed after November when the cone crop was exhausted. 
Those that remained never abscised (Lanner 1982), as is 
sometimes mentioned in the literature. Analysis of seed 
traps below mature trees showed that 4.2 percent of the 
seed was dropped to the soil surface by foraging animals. 

Seed Cache Predation 
No seeds scattered in various locations on the soil sur

face of the forest or meadow survived to the following July 
in the simulated caching study (table 1). Seeds cached at 
nutcracker depth (3 em) in the forest had a much greater 
predation rate than those cached in the meadow. Those 
seeds cached at the shallowest squirrel depth known 
(7 em) had 100 percent survival of all artificial caches. 



100 A. Squirrel foraging begins. 
B. Clark's nutcracker foraging begins. 
C. First germlnable seed. 
D. First cachable whole seed. 
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Figure 2-8easonal course of whitebark pine seed harvest by vertebrates in Squaw Basin, 
WY, in 1980. 

Animal Interactions With Whitebark 
Pine Seed 

A variety of active diurnal animals were observed in 
or under whitebark pine trees. Many of these, however, 
were never observed foraging on whitebark pine seed. 
These nonforagers include: gray jay (Perisoreus canaden
sis), common flicker (Colaptus auratus), Cassin's finch 
(Corapodacus cassinii), rosy finch (Leucosticte spp.), pine 
siskin (Spinus pinus), dark-eyed junco (Junco hymelis), 
black-billed magpie (Pica pica), pine martEm (Martes 
americana), coyote (Canis latrans), and weasel (Mustela 
spp.). 

Table 1-Percent survival rates of simulated seed caches at three 
soil depths: surface, 3 em (simulated nutaacker cache), 
and 7 an (simulated squirrel) 

Surface 3cm 7cm 

1979-80 
Forest (n = 3)1 0 43.3 100 
Meadow (n = 3) 0 100.0 100 

1980-81 
Forest (n = 12) 0 10.0 
Meadow (n = 8) 0 62.9 

1n ==the number of cache replications, 10 seeds per cache. 
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Many feces of the mammal species listed above were 
examined, but no evidence of whitebark pine seeds was 
found. Gray jays were commonly found in the crowns of 
whitebark pine, but were only observed hawking insects 
and caching fresh carrion or boluses in pine branches. 
Dow (1965) found this species has little interest in pine 
seed during feeding trials, although Turcek and Kelso 
(1968) described its Eurasian cousin, the European jay 
(P. infaustus), as having been observed taking and cach
ing Siberian stone pine (Pinus sibirica). 

The other birds I have listed do not possess the ana
tomical adaptations or requisite behaviors to disperse 
seeds and thus promote establishment of whitebark 
pine-except possibly the magpie (Smith and Balda 1979). 
But in the thousands of hours I have spent observing 
animals in whitebark pine forests throughout its range, 
I have observed only two magpies, and both of these 
were flying swiftly over the trees toward lower elevations. 
Due to the rarity of this species in whitebark pine forests, 
any potential harvesting of seed would probably be 
unimportant. 

Many species were found foraging on whitebark pine 
cones (table 2). At this point I would like to take a closer 
look at their role in the dispersal and establishment of 
this pine. 



Clark's Nutcracker-Nutcrackers were the most com
mon resident bird to visit the whitebark pine trees 
(Hutchins and Lanner 1982). They were scattered about 
whitebark pine stands in loose flocks foraging and caching 
seed of this tree. They are dependent on these caches 
year round (Giuntoli and Mewaldt 1978; Vander Wall 
and Balda 1977; Vander Wall and Hutchins 1983). 

Nutcrackers were observed harvesting seed as early as 
July 13, 1979. During July, however, they appeared only 
to be testing the cones for ripeness and primarily feeding 
on the previous year's caches until mid-August. Seeds 
harvested at this time were lost to regeneration because 
the seed coats were broken and the seed was unger
minable until August 13. In 1980, the birds were able to 
successfully harvest whole, developed seed by August 15. 

Table 2-Summary of animals known to forage on whitebark pine seed 

Date when Dependence 
foraging Overlap with on WBPin 

Species begins WBPrange the subalpine 

Birds 

Clark's 2nd week of all high 
nutcracker July 

Steller's 1st week of all low 
jay September 

Common 1st week of all low 
raven September 

White-headed unknown N. Cascades to unknown 
woodpecker1 Sierra Nevada 

Hairy unknown all unknown 
Woodpecker1 

Williamson's unknown all unknown 
sapsucker1 

Mountain 1st week of all low 
chickadee September 

Red-breasted 1st week of all low 
nuthatch September 

White-breasted unknown all unknown 
nuthatch1 

Cassin's finch1 unknown all low 

Red crossbill1 unknown all unknown 

Pine 1st week of all low 
grosbeak September 

Mammals 

Red 2nd week of all except high 
squirrel July Cascades, 

Sierra Nevada 

Chickaree1 unknown CA, WA,OR high(?) 

Chipmunk 3rdweekin all low 
September 

Golden-mantled 3rdweekin all unknown 
ground squirrel August 

Black anytime- all except high 
bear raid middens Nevada 

Grizzly anytime- Rocky Mountains high 
bear raid middens 

New World unknown all unknown 
mice, voles 

'Foraging of these species has only been observed in the Sierra Nevadas. 
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Nutcrackers harvested seed from cones at increasingly 
faster rates (Hutchins and Lanner 1982) through early 
October, when seed became hard to find (fig. 2). Nut
crackers were never seen attempting to harvest Engel
mann spruce or lodgepole pine even as the whitebark 
pine seed crop dwindled in October. 

As the seed supply in the tree crowns was depleted, 
nutcrackers continued to search cones in the crown for 
stray seeds. I recorded one bird checking more than 
50 cones for a period of 613 seconds without finding 
a single seed. 

By November 2, it appeared nutcrackers were almost 
totally dependent upon their new seed caches, and would 
remain so until the following August. These caches were 
placed just below the soil sutface (2 to 3 em) and ranged 
in size from 1 to 14 seeds (% = 3.2 ± 2.8 seeds/cache) 
(fig. 3). These data agree closely with Tomback (1978) 
and Vander Wall and Balda (1977), but I found a much 
greater occurrence of single-seed caches than Tom back. 

Caches were made in a variety of locations on the vari
ous study areas. Sometimes the birds marked their 
caches by placing small sticks or stones on them. More 
commonly the caches were left unmarked, at least as far 
as we humans are concerned. I observed caching in wet 
moss, at the base of trees, the base of annuals, the base 
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of rocks, or not near any discernible landmark. The birds 
cached in the densely shaded forest or in open meadows; 
on northeast facing slopes where the snow may linger 
until August; or more commonly on the sunny, dry 
southwest-facing slopes. Tomback (1978) never observed 
caching in damp areas or on stream banks, and suggested 
that seed spoilage occurs on these wet sites. Hutchins 
and Lanner (1982), however, were able to successfully 
germinate seeds from a wet cone found buried in a 
squirrel midden. 

Transport distances varied greatly. Seeds were placed 
as close as 50 m from the site of the harvested tree, or 
were transported at least 3.5 km to the Breccia Cliffs on 
the edge of the Squaw Basin site. With little seed left in 
the trees by mid-October, the birds began retrieving many 
of their caches made in the Squaw Basin meadows and 
recaching them on the southwest-facing slopes of the 
Breccia Clift's. 

Large flocks of nutcrackers would often cache seed to
gether. At Mount Washburn a flock estimated at 150 
birds was seen caching seed under an open-grown white
bark pine stand, with 10 to 15 birds within a 10-m2 area. 
No aggression occurred among the birds during these 
observations. 

7 8 9 10 11 12 13 14 

Number of seeds per cache 
Figure 3-Ciark's nutcracker cache size frequency. Data from 157 observations made at 
several locations in Wyoming. 
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By November 2, 1980, snow covered many of the cach
ing areas for the winter. Nutcrackers were observed 
on several occasions successfully pecking through as 
much as 25 em of snow and ice to retrieve a cache. The 
Togwotee Pass area may receive up to 1,500 em of snow 
a year, yet the windswept ridges and south-facing slopes 
remain exposed enough for the birds to retrieve their 
caches. Caches on the northeast-facing slopes and under 
the forest canopy are more frequently used during June, 
July, and August, as the snow recedes from these sites 
last (Vander Wall and Hutchins 1983). 

The number of seeds an individual nutcracker caches 
annually has been estimated in several studies. The 
numbers for whitebark pine range from 32,000 in the 
Sierras (Tomback 1982) to 98,000 in the Rocky Mountains 
(Hutchins and Lanner 1982). Because of the number of 
variables that must be considered (such as flight dis
tances and the amount of available seed), these estimates 
vary a great deal from site to site and year to year. 

Studies by Vander Wall and Balda (1977) and Tomback 
(1982) estimated that an individual bird caches several 
times more seed than it needs to survive through the 
winter and early spring. At that time other food items 
become available-although the nutcrackers continue to 
use their caches heavily until the new cone crop begins 
to mature. This leaves many unused caches for potential 
germination and establishment of white bark pine seed
lings (Hutchins and Lanner 1982). 

Clark's nutcracker stands out from all the other poten
tial seed dispersers in two major ways. First, it consis
tently disperses seed in a way that increases the chance 
of seedling establishment. The seed is placed just below 
the soil surface and hidden from seed predators (Hutchins 
and Lanner 1982; Lanner 1980). 

Second, nutcrackers scatter caches across the 
landscape-both long and short distances from the 
source trees. Dispersal distances of up to 22 km have 
been observed by Vander Wall and Balda (1977). Also, 
the scattering of their caches again reduces predation. 

Steller's Jay (Cyanocitta stelleri)-Unlike the 
Steller's jays of the southwestern and central Rocky 
Mountains, the birds of the Yellowstone ecosystem are 
shy and silent. Consequently, they are difficult to follow 
and observe. They are primarily solitary foragers and 
uncommon visitors to the whitebark pine forest. These 
birds did not forage for whitebark pine seed until early 
September when the cones dried and the scales separated 
slightly. Their bill structure does not approach the effi
ciency of the nutcracker's in prying apart cone scales to 
get to the seed (Vander Wall and Balda 1981), thus they 
were often only able to extract seed from cones that had 
been exposed by nutcrackers. These jays harvested seed 
from the ground (14 percent of their observed foraging 
time) as well as from the cones (24.5 percent). The seed 
was always placed between their feet and hammered with 
their bill to crack the hull, whereas nutcrackers primarily 
cracked the seed between their mandibles. 

Observations showed Steller's jays either pouched 
their seed in their elastic esophagus for later caching, 
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or consumed the seed by breaking it into small pieces. 
Thus, they could not possibly pass the seed through their 
digestive system and disperse it in that manner. 

Although Steller's jays were observed caching white
bark pine seeds on seven occasions, none of these were 
in the soil. The birds placed the pine seeds in the crotch 
of a tree, a densely foliated witches-broom, or under dense 
lichen growth along a tree branch. The largest number of 
seeds I observed being pouched at one time by this species 
was five, although data from Vander Wall and Balda 
(1981) indicate these birds could hold up to 32 seeds per 
pouch load. Because this species does not cache white
bark pine seed in the soil, it is an improbable vector for 
seedling establishment. 

As the snow melted, Steller's jays fed heavily on the 
sprouting spring beauties (Claytonia lanceolata), pulling 
the corm from the ground and consuming the plant just 
as it emerged. Some of these were possibly cached for 
later use. 

Raven (Corvus coraz)-A third corvid observed forag
ing on whitebark pine seed was the common raven. These 
birds had a great deal of difficulty extracting seed from 
whitebark pine cones with their thick, long bills. They 
dropped most of the seed when foraging (Hutchins and 
Lanner 1982). Caching of carrion was observed with this 
species, but no observations were made of seed caching. 
More observations of this species in whitebark pine com
munities need to be made to confirm my observations. 
Reimers (1959, cited in Turcek and Kelso 1968), described 
observations of ravens caching Japanese (Pinus pumila) 
and Siberian stone pine (P. sibirica), although it was not 
clear in what type of substrate. 

Pine Grosbeak (Pinicola enucleator)-Pine gros
beaks primarily foraged on whitebark pine seed that had 
been exposed by Clark's nutcrackers breaking off cone 
scales. Their large conical beaks also enabled them to 
tear away cone scales to get at seed. Their foraging rates 
were very slow compared to the nutcrackers' due to their 
technique, and as a consequence, they had little influence 
on the depletion of the whitebark pine cone crop. 

Grosbeaks are not known to cache food (Smith and 
Balda 1979; Vander Wall in press). During my observa
tions, they cracked the seed coat and consumed the seed 
in the tree crown. It is unlikely that they could pass an 
intact seed through their digestive tracts. 

Mountain Chickadee (Parus gambeli) and Red
Breasted Nuthatch (Sitta canadensis)-These two 
species occasionally searched through the whitebark pine 
cones during September after the seeds were exposed by 
nutcrackers. Both these species almost always dropped 
the seed from the tree crown because the seeds were too 
large for them to handle. Their unsuccessful foraging 
bouts contributed to seed found on the soil surface, which 
was later consumed by other animals. Neither bird spe
cies was observed caching whitebark pine seed, although 
they are known to cache seeds of smaller seeded conifer 
species under bark (Smith and Balda 1979). 



Red Squirrel (Tamiosciurus hudsonicus)-Red 
squirrels are common residents of whitebark pine forests. 
In fact they were the second most commonly observed 
vertebrate next to the Clark's nutcracker (Hutchins and 
Lanner 1982). These mammals actively defend their 
territories (Smith 1968), and like nutcrackers, harvest 
whitebark pine cones and seeds as a fall and winter food 
source. Red squirrels were not observed in the meadows. 

Red squirrels spent most of their foraging time 
(75.8 percent) on whitebark pine cones or recovering 
dropped whitebark pine seeds. Most of the rest of the 
observed foraging activities were collecting Engelmann 
spruce cones (11.3 percent) and harvesting seeds of herba
ceous plants (12.9 percent). 

Red squirrels began harvesting cones as early as nut
crackers harvested seeds (July 13, 1979), but did so more 
intensely during July while the nutcrackers relied more 
heavily on the previous year's caches (fig. 2). Their forag
ing rate is much higher than that of the other mammals 
discussed in this paper because they usually harvest an 
entire cone (50 or more seeds in one chunk). 

Squirrels were observed pulling cones off the branches 
with their teeth 72 percent of the time (n = 71 observa
tions), as opposed to cutting the subtending branch. 
Halvorson (1985) presented an interesting discussion on 
the effects of cone cutting by squirrels on tree growth and 
cone production. With whltebark pine, however, because 
squirrels seldom cut the branches, little change occurs in 
growth form or cone production. 

Red squirrels often would leave cones on the ground 
below the tree where they were cut for up to 3 days before 
caching them in their middens. Seeds in cones were con
sumed until August 15 when squirrel activity turned 
more toward caching cones for a winter food supply. 
This date coincides with the onset of seed germinability 
of whitebark pine (fig. 2). 

Cone caching began on August 4 at Squaw Basin. 
Caching of other conifer species began later with 
Engelmann spruce on August 18, 1980, subalpine fir on 
September 11, 1980, and lodgepole pine on September 27, 
1980. All cones were stored on a midden (n = 114). These 
midden areas can be quite extensive and are composed of 
many years of cone debris above the soil surface (Finley 
1969; Smith 1970). Of the time spent caching food, 61.4 
percent was devoted to whitebark pine cones and 16.9 
percent to whitebark pine seeds. Foraging on the cones 
of other conifers in the subalpine forest accounted for 
most of the rest of the caching time (7 ,304 seconds of ob
servation). Some caching of mushrooms and herbaceous 
seed took place also. 

A second stage of caching began about September 16, 
1980. At this time, squirrels began to make large seed 
caches from whitebark pine cones by extracting seed from 
the cone, running several meters to place a seed in a . 
deeply dug hole, and then returning to the cone to acqmre 
another seed. This slow and inefficient process took 
63.8 ± 36.5 sec/seed cached (n = 34). These seed caches 
were placed 6.5- to 40.0-cm deep (n = 6); four were ob
served between 11- and 11.5-em deep. The number of 
seeds per cache ranged from 14-55 (x = 28.8 ± 19.2 seeds/ 
cache; n = 4), although Kendall (1981) found up to 176 
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seeds in a single hole. I examined the seeds from two 
squirrel caches and found all the seeds sound. 

Red squirrels actively chased Clark's nutcrackers from 
the trees above their territories and their middens. On 
two occasions, however, I watched nutcrackers steal 
whitebark pine seeds from squirrel middens. 

Chipmunk (Eutamios spp.)-Chipmunks seldom 
visit whitebark pine tree crowns, but do occur on both 
open meadow and forested sites. Most of their time is 
spent on the ground, usually near cover plants like 
sagebrush (Artemisia tridentata). They preferred herba
ceous plant parts (lupine seed and grasses) on my sub
alpine study sites until the third week of September when 
these plants died back and presumably lost much of their 
nutritive value. At that time, chipmunks clumsily foraged 
on the remaining whitebark cone crop (-10 percent in the 
forest, 40 percent in the meadow). They also _foraged on 
the small amount of seed below the trees, which had been 
dropped by any of the species discussed earlier. Heller 
(1971) similarly found that in the Sierra Nevada this 
species devotes little time to foraging on whitebark pine. 

I found no evidence of chipmunks caching whitebark 
pine seed. Broadbooks (1958) found the cache depth of 
western chipmunks (Eutamias amoenus) to average 28 
em. They use these types of caches as a winter and spring 
food source when they are periodically aroused during 
hibernation (Vander Wall in press). I examined chip
munk burrows to a depth of20 em without finding any 
evidence of them harvesting and caching whitebark pine 
seed. 

Chipmunks are known to scatter-hoard smaller 
amounts of seed in shallower caches from 2 to 5 em in 
depth (Vander Wall in press). There appears to be little 
information on the use of these caches, how long they last, 
and how commonly this type of caching occurs with the 
pines of the western United States. . . 

Although this species is often assumed to play a Slgrufi
cant role in afforestation of pines, no data support this 
conjecture for whitebark pine. In fact, the necessary in
formation to support this idea is lacking for any of the 
pine species (Gordon 1943; MacClintock 1970; Shtil'mark 
1963; Tevis 1953). Kawamichi (1980) reported scatter 
hoarding of oak acorns at more reasonable depths (3 em) 
in Japan by the Siberian chipmunk (Eutamias sibiricus). 
This chipmunk is known to occur in Siberian stone pine 
forests (Shtil'mark 1963). Still, the limited amount of 
seed these animals harvest apparently precludes them 
from being significant to whitebark pine establishment in 
the Rocky Mountains. 

Golden-Mantled Ground Squirrel-The golden
mantled ground squirrel also consumes a limited amount 
of whitebark pine seed. This species will rarely climb 
trees to feed on cones, but more commonly feeds on seeds 
that fall to the ground through foraging accidents. 

Ground squirrels will make caches in the ground, but 
like those of chipmunks, these caches are about 20 em 
deep (MacClintock 1970). This species also begins hi~r
nation quite early in September and w~uld not h~ve time 
to acquire much seed for storage. As With t~e chipmunk, 
few studies have been performed to determme ground 
squirrel foraging and caching behavior. 



A recent study in pinyon-juniper in Colorado provided 
no evidence for pinyon pine (Pinus edulis) seed (also large 
and wingless) being harvested by deer mice, chipmunks, 
pocket mice, or the golden-mantled ground squirrel 
(Haufler and Nagy 1984). In fact, all but the ground 
squirrel preferred arthropods. 

Nocturnal Rodents-This group of animals, made up 
primarily of mice and voles (Cricetidae), must also be 
considered as potental dispersal agents ofwhitebark pine 
seed. They were not directly observed in this study, but 
possible evidence of their foraging on whitebark pine seed 
was discovered by the shelled seed left behind on my 
simulated cache experiments. 

Surface seed caches simulating the seed found on the 
ground indicate it will not last long (table 1). Most of the 
seed in these caches was consumed within 2 weeks after 
placement under trees and the shelled seed was left be
hind. Almost all of the shells were left behind at the 
cache site, indicating little if any caching was done. 

There are two primary places cricetid rodents may ob
tain whitebark pine seed: (a) from seed that falls to the 
ground and (b) a discovered nutcracker cache. A small 
amount of seed E-4 percent of the seed crop) was found to 
fall to the forest floor in the mast year of 1980. About 69 
percent of this seed was determined not viable by exami
nation of the contents inside the shell. 

Nocturnal rodents may also find and recover nutcracker 
caches. Although the rodents may recache the seed, it 
was probably already placed in a suitable site for seedling 
establishment by Clark's nutcracker. Thus, even if these 
Cricetidae relocate the seed to another cache, their posi
tive effect on the establishment of whitebark pine is ques
tionable at best. 

Abbott and Quink (1970), working with eastern white 
pine (Pinus strobus), showed most caches by these rodents 
were made less than 15 m from the seed source. Thus, 
the habit of whitebark pine trees pioneering open mead
ows and disturbed areas does not arise from cricetid 
caches. Their study also stated that of those caches not 
recovered by the time the seed germinated, the germi
nated seedlings were soon consumed by these animals. 

This information coupled with the small amount of seed 
available on the ground for these rodents, indicates they 
could rarely be responsible for seedling establishment. 
Future studies need to look at this group of potential 
dispersal agents more closely to further delineate their 
role in whitebark pine ecosystems. 

Grizzly and Black Bears-Bears (Ursus arctos and 
U. americana) primarily obtain seed from squirrel mid
dens (Kendall 1981, 1983), although black bears are 
known to also break branches to harvest the seed (Tisch 
1961). I examined more than 10 fecal deposits packed 
solidly with whitebark pine shell fragments of grizzly 
bears and found a total of three seeds left intact. Many 
black bear scats were also examined, and only one seed 
remained undamaged. These scats were all found within 
25 m of a squirrel midden. If these seeds germinated in 
the bear scats, they would produce an insignificant num
ber of whitebark pine seedlings. 

Percentage of Seed Harvested by 
Each Animal 

Using raw data from this study and from long
term behavioral observations of nutcrackers by Steve 
Vander Wall (1981), I have estimated the percentage 
of the 1980 seed crop harvested by the animals in the 
Greater Yellowstone Ecosystem. 

On forested sites, about 63 percent of the seed was 
harvested by red squirrels and 36 percent by Clark's nut
cracker. The other 1 percent was harvested by all other 
animals combined (table 3). 

The story is quite different on meadow sites that have 
too few trees for squirrels to exist. Here the nutcrackers 
harvested almost the entire crop of whitebark pine seed 
(99 percent). 

I am uncertain to what extent these percentages might 
vary between years and different sites, but they do give 
an indication of what is occurring in Rocky Mountain 
whitebark pine communities in relation to seed crop 
harvest. 

Table 3-Estimate of whitebark pine seed harvested by various animals in Wyoming 

Minutes Number of 
Mean seeds spent Foraging Seeds Individuals Seeds harvested 
extracted/ foraging/ days/ harvested/ visiting b~ all Individuals 

Species mlnute1 day2 season Individual trees Forest Meador 

- - - - - - - Percent-- - -- -
Clark's Nutcracker 7.9 180 91 129,402 448 36.3 99.4 
Steller's Jay .7 120 55 4,620 11 <.1 .1 
Raven .6 30 53 954 15 <.1 <.1 
Noncorvids .7 120 56 4,704 43 .1 .3 
Red squirrel 43.4 240 84 874,944 116 63.5 

Chipmunk 1.7 120 35 7,140 10 <.1 .1 
'Seasonal average from observations made from August 15 to October 11, 1980. 
'Estimate made from observed daily activity patterns. 
'Meadow area lacks squirrels. 
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DISCUSSION 
Even during years of heavy cone crops, animals harvest 

nearly all of the seed crop by early November in the Rocky 
Mountains (Hutchins and Lanner 1982; Vander Wall 
1981). By this time, no cones remain on the trees and 
many of those bagged with hardware cloth have been 
broken into by squirrels and nutcrackers. Seeds do not 
have a chance to survive long enough on the ground and 
germinate as suggested by Day (1967) and others. The 
seeds and cones, which have been dropped to the ground, 
are eaten within 3 weeks by various foragers. 

A species cannot depend on chance regeneration to 
survive. Obviously whitebark pine has been very success
ful in naturally regenerating itself over millions of years. 
Through seed trap studies, I estimated about 4 percent 
of the seed crop is dropped to the ground through foraging 
accidents and only 30.5 percent of that seed was viable. 
Most of the seeds we see on the ground have been dis
carded by nutcrackers and squirrels, or dropped acciden
tally by other seed-foraging animals. They usually dis
card seeds that are of little food value (Vander Wall and 
Balda 1977). Consequently, seeds falling from trees to 
the ground are few in number, and of poor quality. If 
whitebark pine relied upon this method of regenerating, 
the tree would be extinct today. 

Surveys of middens versus random nonmidden plots 
show that the middens had a significantly lower number 
of stems in the regeneration size classes (table 4). This 
may be due to (1) near-constant digging and searching for 
cones and seed by squirrels in their food stores, (2) a deep 
litter layer from cone debris, which is a very poor seed 
germination bed, and (3) the ability of squirrels to more 
readily find their seed/cone stores within a limited storage 
area. Consequently, we can disregard red squirrels as 
agents of whitebark pine regeneration. 

One tree species that was found to be more abundant 
on squirrel middens was subalpine fir-in fact, I found it 
easy to locate middens from a distance by a cluster of fir 
trees. The youngest fir tree found on 25 middens sur
veyed was 6 years old; the youngest whitebark pine was 
30years. 

Squirrels harvest most of the whitebark pine seed in 
the forest and they are the major seed predator on for
ested sites. Red squirrels should not, however, be chas
tised for the destruction of the white bark pine seed crop. 

Table 4-Number of stems by diameter class (em), comparing 
squirrel middens and random forest plots. Each surface 
was sampled by 25 1O-m2 plots 

Tree species Surface <1 em 1·9cm 

Whitebark midden 7 13 
pine random 172 '119 

Engelmann midden 3 9 
spruce random 179 216 

Subalpine midden '~67 14 
fir random 10 2 

'Significance., 0.01 (LSD multiple mean test). 
'Significance ., 0.05 (LSD multiple mean test). 
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We must remember their importance in collecting seed 
for grizzly and black bear use. The effect bears have on 
squirrel populations due to their midden raiding habits 
is unknown. 

Nutcrackers are one of the most important biotic influ
ences developing and changing subalpine communities. 
This species alone probably accounts for nearly all white
bark pine regeneration, except for chance happenings. 
Whitebark pine becomes established wherever the nut
cracker caches the seed. I have found germinating seeds 
and observed caching in a wide variety of microhabitats, 
although nutcrackers may prefer certain sites. Several 
studies (Lanner 1982; Lanner and Vander Wall1980; 
Snethen 1980; Tomback 1978; Vander Wall and Balda 
1977) indicate south-facing slopes seem to be preferred. 
Where establishment actually occurs is another matter. 
Seedling establishment appears to be much more common 
on moister sites in the Rocky Mountains (Arno 1986; Arno 
and Hoff 1989; Vander Wall and Hutchins 1983) than in 
the Sierra Nevada (Tomback 1982). 

As far as the bird and the tree are concerned, it is more 
profitable to cache in the open meadow. Less predation 
occurs on nutcracker caches in the meadow, and the small 
ridges are usually free of snow due to wind action. Con
sequently, the higher cache survival rate benefits tree 
regeneration as well as the survival of the nutcracker. 
This more than any factor may be why we see whitebark 
growing where we do-pioneering the exposed ridges, 
roadside cuts, burned sites (Lanner and Vander Wall 
1980; Tomback 1986), and meadow swales. 

Determining cache sites, however, can be difficult be
cause nutcrackers will recache seeds. It appears that 
they forage on cones to get the seed out of the trees and 
down into the ground away from other seed eaters. Then 
as the seed crop becomes depleted in October, they spend 
their time recaching the seed over a much more dispersed 
area. This reduces loss to seed cache predators unlike the 
red squirrel cache loss to bears. 

When nutcrackers forget where they placed a cache 
(Vander Wall 1982), or die, or a rodent does not discover 
the seed cache-it has a chance to germinate. By placing 
the seed in an excellent germination bed just below the 
soil surface (2-3 em) and also hiding the seed from easy 
discovery by seed predators, the bird creates a new forest 
stand. 

These whitebark pine trees modify the once-open sub
alpine landscape so other more shade-tolerant species 
such as Engelmann spruce and subalpine fir can establish 
themselves in this community (Arno 1989; Franklin and 
Dymess 1973; Snethen 1980). The seed produced by 
whitebark pine attracts a large number of seed eaters 
(table 2), which in tum attract predators. During the 
summer/fall of 1980 at Squaw Basin, I recorded 10 hawk 
species (including the endangered peregrine falcon) and 
one owl species feeding among a large prey base of pri
marily seed eaters. After whitebark pines die, they 
become important to snag- and fallen-tree-dependent 
species as they decompose slowly. As previously dis
cussed, both bear species consume large amounts of 
whitebark pine seed before denning in autumn. Also, 
whitebark pine often provides the only substantial 



Table 5-Seed caching characteristics of animals that may 
potentially cache whitebark pine seed 

Species Substrate Depth 

Clark's nutcracker soil 2-3cm 

Steller's jay tree branch 

Common raven probably soil ? 

Red squirrel soil 6.5-40cm 

Douglas squirrel probably soil ? 

Chipmunk soil probably >20 em (?) 

Golden-mantled soil ? 
ground squirrel 

thermal and reproductive cover in an otherwise inhospi
table environment. And all this ultimately goes back to 
Clark's nutcrackers-caching the seed of whitebark pine 
in a manner that leads to successful establishment of 
seedlings. 

SUMMARY 

Whitebark pine depends upon animal dispersal for 
regeneration. There are many dispersal agents of white
bark pine seed, but only a few promote whitebark pine 
seedling establishment (table 5). The preponderance 
of evidence lies in favor of Clark's nutcracker-which 
by itself is almost entirely responsible for whitebark 
pine regeneration. These long-distance dispersal agents 
should be the key focus in subalpine community 
management. 

ACKNOWLEDGMENTS 

I wish to thank Ron Lanner, Steve Vander Wall, Diana 
Tomback, and Susan Hutchins for taking time out of their 
busy schedules to review this manuscript-and keeping 
me on the right track. Curt Halvorson was a great help 
with the literature search on rodents. 

Partial financial support for this study came from a 
NSF grant DEB-7802808 to Ron Lanner. 

REFERENCES 
Arno, S. 1986. Whitebark pine cone crops-a diminishing 

source of wildlife food? Western Journal of Applied 
Forestry. 1(3): 92-94. 

Arno, S.; Hoff, R. J. 1989. Silvics ofwhitebark pine (Pinus 
albicaulis). Gen. Tech. Rep. INT-253. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Intermoun
tain Research Station. 11 p. 

Abbott, H. G.; Quink, T. F. 1970. Ecology of eastern white 
pine seed caches made by small mammals. Ecology. 
51: 271-278. 

254 

Broadbooks, H. E. 1958. Life history and ecology of the 
chipmunk (Eutamias amoenus) in eastern Washington. 
Misc. Publ. 103. Ann Arbor, MI: Univeristy of Michigan, 
Museum of Zoology: 5-42. 

Day, R. J. 1967. Whitebark pine in the Rocky Mountains 
of Alberta. Forestry Chronicle. 43: 278-282. 

Dow, D. D. 1965. The role of saliva in food storage by 
the gray jay. Auk. 82: 139-154. 

Finley, R. B., Jr. 1969. Cone caches and middens of 
Tamiasciurus in the Rocky Mountain region. In: 
Contributions in mammalogy. Misc. Publ. 51. 
Lawrence, KS: University of Kansas, Museum 
of Natural History: 233-274. 

Franklin, J. F.; Dymess, C. T. 1973. Natural vegetation 
of Oregon and Washington. Gen. Tech. Rep. PNW-8. 
Portland, OR: U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Forest and Range Experi
ment Station. 417 p. 

Giuntoli, M.; Mewaldt, L. R. 1978. Stomach contents 
of Clark's nutcracker in western Montana. Auk. 95: 
595-598. 

Gordon, K. 1943. The natural history and behavior of 
the western chipmunk and mantled ground squirrel. 
Oregon State Monograph. Studies in Zoology. 5: 7-38. 

Halvorson, C. H. 1985. Influence of vertebrates on conifer 
seed production. In: Shearer, Raymond C., compiler. 
Proceedings-conifer tree seed in the inland mountain 
west symposium. 1985 August 5-6; Missoula, MT. Gen. 
Tech. Rep. INT-203. Ogden, UT: U.S. Department of 
Agriculture, Forest Service, Intermountain Research 
Station: 201-222. 

Hautler, J. B.; Nagy, J. G. 1984. Summer food habits of a 
small mammal community in the pinyon-juniper ecosys
tem. Great Basin Naturalist. 44(1): 145-150. 

Heller, H. C. 1971. Altitudinal zonation of chipmunks 
(Eutamias): interspecific aggression. Ecology. 52(2): 
312-319. 

Hutchins, H. E. 1982. The role ofbirds and mammals 
in the dispersal and establishment of whitebark pine. 
Logan, UT: Utah State University. 67 p. Thesis. 

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

Kawamichi, N. 1980. Food hoarding and seasonal changes 
of Siberian chipmunks. Japanese Journal of Ecology. 
30(3): 211-220. 

Kendall, K. C. 1981. Bear use of pine nuts. Bozeman, MT: 
Montana State University. 27 p. Thesis. 

Kendall, K. C. 1983. Use of pine nuts by grizzly and black 
bears in the Yellowstone area. In: Bears-their biology 
and management. Interagency conference on bear re
search and management. International Association for 
Bear Management: Calgary, AB: 5: 166-173. 

Lanner, R. M. 1980. Avian seed dispersal in the ecology 
and evolution oflimber and whitebark pines. In: Sixth 
North American forest biology workshop proceedings. 
Edmonton, AB: University of Alberta: 14-48. 



Lanner, R. M. 1982. Adaptations of whitebark pine for 
seed dispersal by Clark's nutcracker. Canadian Journal 
of Forest Research. 12(2): 391-402. 

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. 

MacCiintock, D. 1970. Squirrels of North America. 
New York: Van Nostrand Reinhold Co. 184 p. 

Shaw, G. R. 1914. The Genus Pinus. Cambridge, MA: 
Riverside Press. 96 p. 

Shtil'mark, R. R. 1963. Ecology of the chipmunk 
(Eutamias sibiricus Laxm.) in cedar forests of the 
western Sayan Mountains. Zoological Zhurnal. 42(1): 
92-102. From Biological Abstracts. Vol. 45. 

Smith, C. C. 1968. The adaptive nature of social organiza
tion in the genus of tree squirrels Tamiasciurus. Eco
logical Monographs. 38: 31-63. 

Smith, C. C. 1970. The coevolution of pine squirrels 
(Tamiasciurus) and conifers. Ecological Monographs. 
40: 349-371. 

Smith, C. C.; Balda, R. P. 1979. Competition among in
sects, birds, and mammals for conifer seed. American 
Zoologist. 19: 1065-1083. 

Snethen, K. L. 1980. Whitebark pine (Pinus albicaulis) 
invasion of a subalpine meadow. Logan, UT: Utah State 
University. Thesis. 

Tevis, L., Jr. 1953. Stomach contents of chipmunks and 
mantled ground squirrels in northeastern California. 
Journal ofMammalogy. 34:316-324. 

Tisch, E. L. 1961. Seasonal food habits of the black bear 
in the Whitefish Range of northwestern Montana. 
University of Montana, Missoula. 67 p. Thesis. 

255 

Tomback, Diana F.1978. Foraging strategies of Clark's 
nutcracker. The Living Bird. 16: 123-161. 

Tomback, Diana F. 1982. Dispersal ofwhitebark pine 
seeds by Clark's nutcracker: a mutualism hypothesis. 
Journal of Animal Ecology. 51: 451-467. 

Tomback, Diana F. 1986. Post-fire regeneration of 
krummholz whitebark pine: a consequence of nut
cracker seed caching. Madrono. 33(2): 100-110. 

Turcek, F. J.; Kelso, L. 1968. Ecological aspects of food 
transportation and storage in the Corvidae. Communi
cations in Behavioral Biology. 1:277-297. 

Vander Wall, S. B. 1982. An experimental analysis of 
cache recovery in Clark's nutcracker. Animal Behavi
our. 30: 84-94. 

Vander Wall, S. B. [In press]. Food hoarding in animals. 
Chicago, IL: University of Chicago Press. 

Vander Wall, S. B. [Personal communication]. July 1981. 
Research Biologist with Utah State University, Logan, 
UT. 

Vander Wall, Stephen B.; Balda, R. P. 1977. Coadapta
tions of Clark's nutcracker and the pinon pine for 
efficient seed harvest and dispersal! Ecological 
Monographs.47:89-111. 

Vander Wall, Stephen B.; Balda, R. P. 1981. Ecology and 
evolution of food-storage behavior in conifer-seed cach
ing corvids. Zeitschrift fur Tierpsychologie. 56: 217-242. 

Vander Wall, Stephen B.; Hutchins, Harry E. 1983. De
pendence of Clark's nutcracker, N ucifraga columbiana, 
on conifer seeds during the postfledging period. The 
Canadian Field Naturalist. 97(2): 208-214. 

Weaver, T.; Dale, D. 1974. Pinus albicaulis in central 
Montana: environment, vegetation and production. 
American Midland Nautralist. 92: 222-230. 



RED SQUIRRELS IN 
THE WHITEBARK ZONE 

Daniel P. Reinhart 
David J. Mattson 

ABSTRACT 

Reports results of a study of interactions among red 
squirrels (Tamiasciurus hudsonicus), bears (Ursus spp.), 
and whitebark pine (Pinus albicaulis) from 1984 through 
1987 in north-central Yellowstone National Park and in 
the vicinity of Cooke City, MT. This paper deals with 
resul~s that pertain to habitat relationships of red squir
rels in the whitebark pine zone. Indices of red squirrel 
activity and abundance were highest in the mesic and wet 
habitat types. Pure whitebark pine stands were appar
ently not favorable habitat for red squirrels. In the white
bark pine zone, cones of other conifer species were needed 
to offset yearly variations in whiteba.rk pine cone produc
tion. Optimal red squirrel habitat in this zone consisted 
of stands with high tree species diversity, basal area, and 
environmental favorability. Annual fluctuations in red 
squirrel densities reflected yearly whitebark pine cone 
production in stands with a high whitebark pine compo
nent. Bears may play a role in regulating red squirrel 
abundance in whiteba.rk pine stands. 

INTRODUCTION 
Red squirrels (Tamiasciurus hudsonicus) are commonly 

associated with coniferous forests. They range exten
sively in the boreal regions ofNorth America from Alaska 
to Arizona and from northern Quebec to the Appalachian 
Mountains (Smith 1970). Red squirrels are typically 
diurnal, solitary, and active throughout the year. Their 
diet consists primarily of the reproductive products of 
trees, fungi, and shrubs within the forests they occupy 
(C. Smith 1968). Although red squirrels are well adapted 
to live on a variety of foods available during the growing 
season (Ferron and others 1986), in the Rocky Mountains 
they must rely on stored conifer seeds for half the year 
(Finley 1969; Rusch and Reeder 1978). Conifer seed cones 
represent storable, high-energy packages that are rela
tively resistant to spoilage (Weigl and Hanson 1980). 

Red squirrels subsist on a seasonal food supply on 
a year-round basis by caching and storing conifer seed 
cones gathered within established, defended territories. 
Gathering and storing cones occupy up to 80 percent 
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of their daily activity from August through November 
(C. Smith 1968). Individual territories are nonover
lapping and contiguous within forest habitats and are 
defended from other red squirrels regardless of sex by 
vocalizations and by chasing intruder squirrels (Rusch 
and Reeder 1978; C. Smith 1968). 

A large, centralized midden is a major feature of a red 
squirrel territory. Middens are sites traditionally used 
to cache and feed on cones and consist oflarge amounts 
of cone clippings. They occasionally extend into springs, 
bogs, and creek bottoms where added moisture helps 
preserve cones in a closed, more storable condition 
(Finley 1969). 

In high-elevation mountain forests of western North 
America, whitebark pine (Pinus albicaulis) trees produce 
annually fluctuating crops oflarge, edible seeds (Forcella 
and Weaver 1986). These seeds are extensively used by 
wildlife such as Clark's nutcracker (Nucifraga columbi
ana), bears (Ursus spp.), and red squirrels (Kendall1981; 
Tomback 1982). The large, edible seeds of whitebark pine 
are apparently preferred over other conifers by red squir
rels and are readily cached when available (Hutchins and 
Lanner 1982). Whitebark pine seeds are also an impor
tant fall and spring food for grizzly bears (Ursus arctos) 
within the Yellowstone ecosystem and are obtained al
most exclusively by raiding squirrel caches (Kendall 
1981). During 1984 through 1987 the Interagency Grizzly 
Bear Study Team (IGBST) studied the interrelationships 
of grizzly bears, red squirrels, and whitebark pine. Habi
tat relationships of red squirrels within the whitebark 
pine zone are presented here. 

STUDY AREA 

Our study area consisted of the Mount Washburn mas
sif in north-central Yellowstone National Park, and an 
area in the Gallatin National Forest near Cooke City, MT 
(fig. 1). Both areas were located in higher elevations of 
the subalpine zone on moderately steep topography. Ele
vations ranged from 2,360 m (7 ,800 ft), just below the 
lower elevationallimits ofwhitebark pine distribution, to 
2,865 m (9,400 ft) at the upper limits of erect tree growth. 

Most study area timber cover was mature to over
mature with some stands of pole-sized, even-aged trees. 
Whitebark pine occurred throughout the study area and 
was variously represented from dominant to scattered 
individuals. Whitebark pine was more prevalent in 
the Mount Washburn area than in the Cooke City area, 
where lodgepole pine (Pinus contorta) was a more common 
dominant. 
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Figure 1-Location of red squirrel study areas (AS) 
and whitebark pine transects: Mount Washburn (B) 
and Cooke City (C). 

The study area included five major habitat types de
scribed by Steele and others (1983). The Pinus albicaulis 
(PIAL) series habitat types prevailed at high elevations on 
west and south aspects. The Abies lasiocarpa/Vaccinium 
scoparium-Pinus albicaulis (ABLAN ABC-PIAL) and 
Abies lasiocarpa/Vaccinium globulare-Vaccinium scopar
ium (ABLAN AGL-VASC) habitat type phases were the 
most common habitat types in our study area. The Abies 
lasiocarpa/Vaccinium scoparium-Vaccinium scoparium 
(ABLAIV ASC-V ASC) phase, Abies lasiocarpa/Thalictrum 
occidentale (ABLAITHOC), and Abies lasiocarpa/Spiraea 
betulifolia (ABLAISPBE) habitat types occurred at low 
elevations. The wet site Abies lasiocarpa/Calamagrostis 
canadensis (ABLA/CACA) type was found near creek 
bottoms and seeps. 

METHODS 
We delineated homogeneous timber stands on USGS 

15-ft topographic maps and 1:20,000 and 1:30,000 color 
aerial photographs. Line transects were laid out to inter
cept all stands so that no transects intersected and stand 
edge effect was minimized. Transects were laid out with
out bias toward timber stands or toward the monitored 
squirrel population. Transect lengths were determined 
from airphotos and corrected for slope. 
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Field work was conducted from mid-August to mid
September from 1984 through 1987. Beginning and end 
points were located using airphoto interpretation and 
marked with stakes. Two people walked all transects 
each year during daylight hours; one person maintained 
compass bearing and distance pacing, while the other 
person was responsible for observing and recording squir
rel sign. Regular pauses were observed every 100 to 200m 
in each stand for habitat evaluation. 

All stands were identified by forest habitat type (Steele 
and others 1983) and forest cover type (Despain 1977; 
Mattson and Reinhart, this proceedings). In addition, 
between 5 and 26 systematically placed variable-radius 
overstory plots were taken in each stand (see Mattson 
and Reinhart, this proceedings). 

Red squirrel data were collected annually while walking 
line transects (see Eberhardt 1978). Squirrel sign was 
referenced to transect locus and perpendicular distance 
from transect. All unduplicated sightings or vocalizations 
discerned from the transects and estimated to be within 
stand bounds were recorded. All individual squirrel mid
dens observed from transects were noted and described 
as active or inactive based on the presence of cached 
cones, fresh cone eli ppings, or squirrels. Red squirrel 
activity was recorded between 0 to 60 m from transect 
lines. Bear activity and bear-excavated red squirrel mid
dens were also noted. 

We calculated two indices of relative squirrel abun
dance for habitat types and for habitat type-cover type 
combinations. We summed sightings and vocalizations 
and divided by total transect length to derive linear fre
quency of occurrence. Similarly, we divided total middens 
by transect length to derive linear frequency of middens. 

Annual whitebark pine cone production for Cooke City 
and Mount Washburn study areas was obtained by count
ing cones on marked trees along predetelJllined whitebark 
pine cone transects (Blanchard, this proceedings). 

RESULTS 
Data were collected on up to 50 km of line transects 

per study year. Between 41 and 57 transects that 
sampled between 40 and 74 stands were walked annually 
on Mount Washburn. Between 15 and 22 transects sur
veyed between 51 and 65 stands near Cooke City. 

Annual whitebark pine cone production varied widely 
in the study areas (fig. 2). Whitebark pine cone produc
tion was highest in 1985 and lowest in 1986. Cone crops 
in 1984 and 1987 were intermediate. Cooke City cone 
data were missing in 1984 and therefore extrapolated using 
simple linear regression. Actual cone production in 1987 
was believed to be higher than the cone counts indicated 
because of earlier than normal cone maturation and har
vest and late cone surveys (Blanchard, this proceedings). 

Several patterns were evident by linear counts of vocali
zations plus sightings and active middens (table 1, fig. 3): 

1. Relatively little squirrel activity occurred in PIAL 
series habitats on Mount Washburn. These were mostly 
pure near-climax whitebark pine stands. 



2. Moderate amounts of squirrel sign were found on 
the drier ABLA/SPBE type and in the ABLAN ASC-PIAL 
phase. 

3. A higher incidence of red squirrel activity occurred 
in more mesic habitats represented by the ABLA-THOC 
habitat type and the ABLAN AGL-V ASC and ABLA/ 
V ASC-V ASC phases and in the wetter sites of the ABLA/ 
CACA habitat type. 

We calculated annual variation of squirrel density indi
ces for the major study area habitat types (table 1). On 
Mount Washburn (fig. 3A), annual variation in squirrel 
abundance generally reflected annual variation in white
bark pine cone production. This pattern was most evident 
in the ABLAN ASC-PIAL phase but was also apparent 
in the other more mesic habitat types. At Cooke City 
(fig. 3B), sequential years' variation of squirrel densities 
was not as pronounced as on Mount Washburn with the 
exception of the ABLAN ASC-PIAL phase where variation 
did reflect the whitebark pine cone crop. 

There were differences in the extent of variation among 
years between the two indices used to measure squirrel 
abundance (fig. 3). Linear densities of vocalizations and 

MOUNT WASHBURN 

~ COOKE CITY 

~ 
<: 
a 
(.) 

80 81 82 83 84 85 

YEAR 

Figure 2- Whitebark pine cone production, 1980-
1987, for the Mount Washburn and Cooke City study 
areas. Cone production for Cooke City in 1984 was 
extrapolated. 

86 87 
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Table 1-Mean densities (n/km) and coefficients of yearly variation 
of active red squirrel middens for habitat types of the two 
study areas 

Midden density 
Mount Washburn Cooke City 

Habitat type i c.v. X c.v. 

ABLAJCACA 3.64 0.506 2.35 0.719 

ABLAITHOC 3.20 0.233 1.63 0.355 

ALBAIVAGL-VASC 2.60 0.079 1.92 0.250 

ABLAIVASC-VASC 2.78 0.243 

ABLAIV ASC-PIAL, 
LP cover type 3.80 0.389 4.34 0.737 

ABLAIV ASC-PIAL, 
WB cover type 1.15 0.548 1.38 0.188 

ABLAJSPBE 1.53 0.580 

PIAL series 0.11 0.200 

sightings varied more than linear densities of active 
middens. There was also an exponential increase in 
the density of vocalizations plus sightings relative to 
the increase in the density of active middens (r = 0.959, 
p < 0.001) (fig. 4). 

Average Hnear frequency of middens for different habi
tat types was positively related to average timber basal 
area (r= 0.675, P < 0.001) (fig. 5). The ABLANASC
PIAL habita t type-whitebark pine cover type deviated the 
most from this relationship. Lodgepole pine cover types of 
the ABLAIVASC-PIAL phase fit the general relationship 
of basal area and squirrel density. At an average basal 
area ofless than 67.7 m2/ha (90 ft2/acre), no resident 
squirrels occurred. Mean basal area for the PIAL series 
defined this extreme end point. 

We also related a synthetic environmental variable, 
"site favorability," to mean squirrel midden abundance 
(fig. 6). Site favorability was an index that positively 
weighted direct solar radiation and negatively weighted 
wind exposure and elevation. Mattson and Reinhart (this 
proceedings) more fully described this variable. Squirrel 
abundance was lowest on the coldest, highest, and most 
wind-exposed habitat types (r = 0.792, P < 0.001). Vari
ation from this relationship was associated with overstory 
species diversity and higher basal areas ofwhitebark pine 
and Douglas-fir (Pseudotsuga menziesii). Habitat types 
with less squirrel densities included the PIAL series, 
which consisted of almost pure whitebark pine stands, 
and the ABLA/VASC-VASC phase, which consisted of 
predominantly pure lodgepole pine stands. The lodgepole 
pine cover type of the ABLAN ASC-PIAL phase and the 
ABLA/SPBE habitat type showed higher squirrel densi
ties than expected by site favorability index. Higher lev
els were associated with moderate overstory diversity 
and relatively high basal areas ofwhitebark pine and 
Douglas-fir, respectively. 
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Line transects have been used in previous studies 
to describe th~ relative abundance of wild populations 
(Burnham and others 1980; Eberhardt and others 1979; 
Hayne 1949). Indirect evaluation techniques have been 
useful measures of animal abundance when used to com
pare data between areas and time periods, or to associate 
habitat parameters with wildlife populations (Halvorson 
1984). The following criteria should be met to reduce bias 
and variability in auditory and visual line transects of red 
squirrels (Eberhardt 1978; Halvorson 1984; Hayne 1949): 
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1. Sample design includes standardized methods 
that are repeatable. 

2. Transects are laid out without bias toward the moni
tored population. 

3. Time of day or season in relation to animal activity 
patterns does not vary over the course of the sampling 
period. 

4. The effects of topography and cover on animal re
sponse to the observer are known. 

5. Monitoring of a population is undertaken for a time 
period long enough to cover full cycles of population 
abundance. 

This study of red squirrel populations appeared to have 
met these criteria. Red squirrel vocalizations could be 
heard between 0 to 60 m from transect lines, and usually 
occurred when the observer entered a red squirrel terri
tory (C. Smith 1968). Red squirrels and middens were 
sighted between 0 to 40 m from the transect lines. There 
were no apparent differences in the frequency of squirrel 
calls or sightings related to time during daylight hours; 
stand boundaries and red squirrel territories were discrete 
so that topography changes were not critical to our evalu
ation. This study encompassed 4 years that included high, 
low, and intermediate whitebark pine cone crops. Although 
more years are needed to fully monitor red squirrel popula
tion trends (Halvorson 1984), some aspects of red squirrel 
habitat relationships can be addressed. 

The high correlation of vocalization plus sighting 
densities with midden densities suggests that these two 
indices reltected the same phenomenon, and tends to 
corroborate the validity of each as a measure of squirrel 
abundance. The greater frequency of vocalization plus 
sighting densities relative to midden densities could have 
been a reflection of our greater sensitivity to red squirrel 
activity because of the greater detection range of vocaliza
tions relative to middens. The exponential increase and 
greater variation of vocalizations and sightings with re
spect to middens could also reflect positive acoustical 
feedback similar to ruffed grouse (Bonasa umbrellus) 
behavior (Rogers 1981). With increasing squirrel densi
ties (midden densities), there could have been an expo
nential increase in vocalizations triggered as a positive 
response to one squirrel's initial call. We suspect that 
this second explanation holds, and so considered squirrel 
midden abundance to be a more reliable indicator of 
squirrel density in our study area. 

The whitebark pine zone apparently constitutes an 
extreme of the red squirrel niche. Pure whitebark pine 
stands, represented by the PIAL series habitat types, 
were not hospitable habitats for red squirrels. Factors 
that may contribute to the lack of red squirrels in pure 
whitebark pine stands include less total overstory basal 
area and species diversity, highly variable cone crops 
characteristic of whitebark pine, and the high, cold, harsh 
environments associated with these stands. The more 
mesic and wetter habitat types supported more red squir
rels. These habitats had more overstory diversity, which 
in tum offered red squirrels other species' cone crops 
when whitebark pine seeds were not available. Lodgepole 



pine was an important conifer species to red squirrels. 
Although less preferred by red squirrels compared to 
some other tree species (Finley 1969), lodgepole pine 
played an important role in red squirrel habitat by provid
ing a more consistent source of serotinous and thus more 
storable cones (C. Smith 1968). 

Annual variation in red squirrel densities apparently 
reflected general whitebark pine cone crops in stands 
with a moderate to high proportion of whitebark pine. 
This was most evident in the ABLAIV ABC-PIAL phase 
of both the Cooke City and Mount Washburn study areas. 
Although cone crops of other conifer species in mixed 
stands were not measured in this study, they apparently 
played an important role in the red squirrels' food supply, 
especially in years of poor whitebark pine cone mast 
(Finley 1969). In general, squirrel densities in all habitat 
types were more sensitive to whitebark pine crops in the 
Mount Washburn study area where whitebark pine was 
more prevalent than in the Cooke City study area. Two 
factors may explain greater yearly fluctuations in red 
squirrel densities in stands with a substantial amount 
of whitebark pine: 

1. The food supply associated with large whitebark 
pine cone crops may allow the temporary establishment 
of more territories and squirrels in areas that did not 
previously support red squirrels. 

2. Bear depredation of red squirrel caches may com
pound the effects of variable whitebark pine crops by 
further disrupting the squirrel population social status, 
by competing for food, and by occasionally eating red 
squirrels outright. Squirrel remains show up in grizzly 
bear scats containing whitebark pine seeds (Knight and 
others 1987). 

Regulatory factors have been identified for red squirrel 
populations in other study areas. C. Smith (1968) sug
gested that territoriality allowed individual red squirrels 
the optimum conditions for harvesting, storing, and de
fending a seasonal food supply throughout the year. He 
further demonstrated that territory size was related to 
food supply, or was inversely proportional to habitat qual
ity. Kemp and Keith (1970) found a strong correlation 
between white spruce (Picea gla.uca) cone crops and red 
squirrel population levels. However, M. Smith (1968) 
showed that red squirrel populations could survive a 
white spruce cone crop failure by caching surplus cones 
during good mast years. 

Red squirrel populations in our study areas may be 
influenced by bear use and flexible habitat requirements 
of squirrels. Our study area included the edge of occupied 
red squirrel habitat. In the whitebark pine zone this edge 
varied with whitebark pine cone production. In years of 
unusually large whitebark pine crops, red squirrels occu
pied pure whitebark pine stands (Kendall1981). How
ever, this occupancy was probably shortlived. We found 
little sign of permanent red squirrel occupancy in stands 
with a high percentage of whitebark pine. Generally, 
with increased site favorability and species diversity, 
middens were characterized by increasing amounts of 
cone debris that indicated a longer history of occupancy. 
Red squirrels apparently established transient territories 
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in whitebark stands during years oflarge cone crops be
cause of the high forage quality of white bark pine seeds. 
We are not sure how this was realized, but it was proba
bly by the immigration of juveniles or extension of ranges 
by established squirrels into adjacent whitebark pine 
stands. Squirrels probably do not survive poor mast years 
in nearby pure whitebark pine stands because of frequent 
poor crops, the lack of alternative foods, and depredations 
by bears that possibly deprive them of an additional 
year's food. Ognev (1940) described a similarly dynamic 
situation for the European squirrel (Sciurus vulgaris) 
in the range of Asian stone pines (subsection Cembrae). 
He described transient territories and even mass 
"migrations" following years of crop failures. 

More research is needed to better understand the rela
tionships among whitebark pine, red squirrels, and bears, 
as well as how specific silvicultural treatments affect this 
system. Longer term study is required to assess red 
squirrel population responses to variable whitebark pine 
cone crops. In mixed and pure whitebark pine stands, 
red squirrel densities should be monitored, as should 
cone mast of all conifer species stratified by age and size 
classes. Study of red squirrel territory sizes with respect 
to different habitats or whitebark pine crops, as well as 
territory stability with respect to site favorability would 
provide valuable insight into red squirrel population regu
lation in this zone. More data are needed to assess the 
interaction between bears and red squirrel populations 
in the whitebark pine zone. This may be approached by 
relating levels of midden use by bears to annual vari
ations in red squirrel densities and whitebark pine cone 
crops. 

MANAGEMENT IMPLICATIONS 
Timber management can potentially affect red squirrel 

population densities in the whitebark pine zone. White
bark pine is not considered to be a valued commercial 
timber species (Amo and Hoff 1989). However, timber 
harvests do occur in stands that contain whitebark pine, 
primarily in stands of higher commercial value in the 
lower part of whitebark pine's elevational distribution. 
Basal area reduction by timber harvest in the whitebark 
pine zone will almost certainly reduce squirrel densities. 
Our results suggest this effect. Other studies in Alaska 
(Wolf and Zasada 1975) and Ohio (Nixon and others 1980) 
have also documented reduction in squirrel densities 
following reduction in basal area of seed-producing trees. 

The strong link between red squirrels and grizzly bears 
(Kendal11981; Mattson and Jonkel, this proceedings) in 
the whitebark pine zone merits the attention of resource 
managers. Management of grizzly bear habitat in the 
whitebark pine zone is partly contingent on management 
ofred squirrel habitat and populations. Because of squir
rel habitat requirements, management for both bears and 
squirrels logically revolves around maintenance of diverse
species, high-basal-area stands on favorable, more mesic 
sites of the zone. Forest managers should be cautious when 
applying silvicultural practices in whitebark pine forests 
to "enhance" grizzly bear habitat. Leaving seed-bearing 



whitebark pine trees in shelterwood cuts would reduce red 
squirrel densities by reducing overstory diversity and basal 
area. Planting whitebark pine seedlings following clearcut
tingmay benefit long-term management of these stands, but 
will have little positive effect until these slow growing trees 
are mature enough to bear cones. Both practices would 
increase human access and activity. Increased risk of bear 
displacement and mortality would outweigh any gains 
achieved by overt forest manipulation. 
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Speakers answered questions from the audience follow 
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Ron Lanner)-How many years is a squirrel 
midden likely to remain active? 

A.-Middens of cone scales and cores in addition to 
cached cones are conspicuous signs of a red squirrel 
territory. They range in size from 1 to 300 m2• Large 
middens can be decades old and represent the accumula
tion of many successive generations of red squirrels 
(Finley 1969). The advantage of a long-used, traditional 
site midden is that stored cone clippings help maintain 
cached cones in a moist, more storable condition. 

263 

Midden use is apparently short lived in predominant 
whitebark pine stands compared to other more diverse 
sites. Active middens can be recognized from inactive 
middens by the presence of fresh cones, cone clippings, 
and red squirrels at midden sites. In the predominant 
whitebark pine stands, we found active middens were 
generally smaller and newer than in other more mesic 
habitats. The proportion of all encountered middens 
found to be inactive was also higher in stands with a 
higher whitebark pine component. This may represent 
higher annual fluctuations in red squirrel abundance. 
This is consistent with our findings that pure whitebark 
pine stands are not favorable habitats for red squirrels. 



WHITEBARK PINE-AN IMPORTANT 
BUT ENDANGERED WILDLIFE 
RESOURCE 

Katherine C. Kendall 
Stephen F. Arno 

ABSTRACT 
Whiteba.rk pine (Pinus albicaulis) is a valuable wildlife 

resource in the western United States and southwestern 
Canada. Its large seeds are a preferred food for a variety 
of birds and mammals, especially Clark's nutcrackers 
(Nucifraga columbiana), red squirrels (Tamiasciurus 
hudsonicus), and bears (Ursus spp.). Whiteba.rk pine 
communities provide food and shelter for nongranivorous 
species as welL 

In many areas, whiteba.rk pine populations are being 
depleted by advancing forest succession and insect and 
disease epidemics. Extensive but unknown numbers of 
whitebark pine were lost to mountain pine beetle (Dend
roctonus ponderosae) in the Intermountain West in the 
1970's and early 1980's. Dwarf mistletoe (Arceuthobium 
spp.) is a significant source of mortality in some parts of 
California, Oregon, Nevada, and Wyoming. White pine 
blister rust (Cronartium ribicola) has killed much of the 
whitebark pine in portions of the Inland Northwest. 

This paper summarizes available information on the 
status and health of whitebark pine and on its importance 
to wildlife. Widespread losses of this species have a variety 
of implications for management issues such as the restora
tion of grizzly bear (U. arctos horribilis) populations. The 
need for better information on the status of whitebark pine 
is discussed. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis) is a valuable resource 

for a variety of birds and mammals in the western United 
States and southwestern Canada. Its large, wingless 
seeds are a preferred, high-energy food source, and white
bark communities provide other foods and shelter for 
several wildlife species inhabiting a harsh environment. 
The importance ofwhitebark pine to wildlife, however, 
has only recently been recognized. While useful research 
on red squirrels (Tamiasciurus hudsonicus), Clark's nut
crackers (Nucifraga columbiana), and bears (Ursus spp.) 
in whitebark pine communities has been conducted in the 
last decade, information is scarce on many aspects of 
wildlife ecology in these forests. 
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Recently, Arno (1986) warned that whitebark pine ap
pears to be threatened by the effects of fire suppression 
and insect and disease epidemics. Because whitebark 
pine occupies cold, high-elevation sites, it grows and 
matures very slowly. Most trees are about a century old 
before they produce significant cone crops. Thus, white
bark pine stands are especially slow to recover from dam
age and slow to respond to management measures. In 
this paper, we summarize currently available infonnation 
on the status and health ofwhitebark pine (little of which 
is published) and on the importance of whitebark pine to 
wildlife. 

mwORTANCETOwnDLWE 
Whitebark pine forests appear to be significantly more 

productive, in tenns of mass of seed produced per unit 
area, than most other temperate coniferous forests 
(Forcella 1977). The importance of whitebark pine as a 
wildlife food arises from the large size (0.1 to 0.2 g/seed; 
Krugman and Jenkinson 1974; McCaughey and Schmidt, 
this proceedings) and high lipid content (78 percent; 
Mealey 1980) of its seeds. The seeds are a concentrated, 
high-quality food source that can be stored for 12 months 
or more in squirrel middens or nutcracker caches; other 
high-elevation foods are more ephemeral. Typically, birds 
and mammals harvest almost all the viable seeds produced. 

Red squirrels concentrate their foraging activities on 
whitebark pine seeds when they are available, virtually 
ignoring other foods. They are the most efficient of all 
whitebark pine seed predators because they can cut down 
and cache cones quickly. Squirrels also guard their 
caches from most other seed harvesters except bears. In 
a mixed stand of white bark pine in Squaw Basin, WY, red 
squirrels accounted for 63 percent of all whitebark pine 
seeds taken by vertebrates (Hutchins and Lanner 1982). 
However, in nearly pure stands of white bark pine, squir
rel densities tend to be low (Mattson and Reinhart 1987) 
and Clark's nutcrackers harvest most of the seeds. Ap
parently, squirrel populations are highest where mature 
whitebark pine is mixed with other conifers. In these 
stands, alternate foods are available during years oflow 
whitebark pine cone production. 

Whitebark pine cones do not open and fall from the tree 
upon ripening in September. Cones are available to.bears 
in some areas on stunted trees. Typically, however, bears 
obtain seeds from squirrel caches. The whitebark pine 
stands that are most valuable to bears, then, are those 
inhabited by large populations of red squirrels. 



Wbitebark pine seeds are an important autumn food 
for grizzly (U. arctos) and black (U. americanus) bears 
wherever whitebark pine is common in Montana and 
Wyoming. This has been confirmed for the Whitefish 
Range (Tisch 1961), East Front of the Rocky Mountains 
(Aune and Kaseworm in preparation), Scapegoat Wilder
ness (Craighead and others 1982), and Yellowstone 
National Park (Knight and others 1988). 

Whitebark pine seed consumption by grizzly bears in 
the Yellowstone area is closely correlated with cone crop 
size (Knight and others 1988). During good cone crop 
years, Yellowstone bears feed almost exclusively on pine 
seeds in autumn (Knight and others 1985). Furthermore, 
seeds from the exceptionally heavy 1978 cone crop were 
the dominant bear food consumed in the spring and sum
mer of 1979 (Kendall 1983). Good cone crops appear to be 
positively correlated with grizzly bear cub production and 
early weaning of young (Blanchard 1989; Knight 1989); 
poor whitebark pine cone crops are associated with in
creased grizzly bear mortalities and conflicts with hu
mans (Knight and others 1988). 

In the Soviet Union, brown bears (U. arctos) feed on the 
seeds of the closely related Siberian stone pine (P. sibir
ica). During years of massive cone crop failure, large 
numbers of emaciated bears make long migrations in 
search of food, frequently entering villages and killing 
livestock and occasionally attacking people (Pavlov and 
Zhdanov 1972; Ustinov 1972). 

The Clark's nutcracker has evolved mutualistic rela
tionships with pines that have large, wingless seeds. 
Whitebark pine is a preferred food for the nutcracker 
which, in tum, is responsible for most whitebark pine 
dispersal and regeneration. Nutcrackers cache seeds up 
to 14 mi away from a seed source (Vander Wall and Balda 
1977). They bury more whitebark pine seeds than they 
require for winter and spring food, and many seed caches 
are in sites suitable for whitebark pine establishment 
(Tomback 1982). Nutcrackers are so dependent on white
bark pine and other conifer seeds that years of wide
spread cone crop failure cause nutcracker irruptions in 
which the birds may move hundreds of miles from their 
normal range (Davis and Williams 1964). Use of pine 
seed caches to feed nestlings and fledglings enables 
Clark's nutcrackers to nest earlier than other'passerines, 
which must wait until insects are available for feeding. 
By the next winter, the more mature and experienced 
nutcracker offspring may be better able to survive 
(Tomback 1978). 

Other birds and mammals are relatively minor consum
ers of white bark pine seeds compared to the species dis
cussed above (Hutchins and Lanner 1982; Tomback 1978). 
Golden-mantled ground squirrels (Spermophilus lateralis) 
and several species of chipmunk (Eutamias spp.) harvest 
seed from cones on the ground. Chipmunks also gather 
seed from cones in trees. The following birds are reported 
to feed on whitebark pine seeds: hairy and white-headed 
woodpeckers (Picoides villosus and P. albolarvatus), 
Williamson's sapsucker (Sphyrapicus thyroideus), moun
tain chickadee (Parus gambeli), white- and red-breasted 
nuthatches (Sitta carolinensis and S. canadensis), 
Steller's jay (Cyanocitta stelleri), raven (Corvus spp.), pine 
grosbeak (Pinicola enucleator ), red crossbill (Loxia curvi
rostra), and Cassin's finch (Carpodacus cassinii). 
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The significance of whitebark pine to wildlife extends 
beyond its seeds as food. Its community structure is also 
valuable to wildlife. The openness and influence of fire 
in some whitebark pine stands provide conditions for 
abundant wildlife forage. Whitebark pine will grow in 
high-elevation, exposed sites where it modifies the micro
climate and allows other less hardy vegetation to estab
lish (Habeck 1969; Snethen 1980). In winter, blue grouse 
(JJendragapus obscurus) often roost at timberline in the 
dense protective crown of whitebark pine, which provides 
thermal and hiding cover. The grouse also feed on white
bark pine buds and needles (Arno 1970). Cavities in 
whitebark pine snags provide favored nest sites for moun
tain bluebirds (Sialia currucoides) and northern flickers 
(Colaptes auratus) (McClelland 1989). 

Significant reductions in whitebark pine cone produc
tion may lower the wildlife carrying capacity of an area. 
Fewer whitebark pine seeds should result in fewer seed 
consumers and a decline in the number of their predators. 
Bears are both primary and secondary consumers in this 
system; they feed directly on pine nuts and on animals, 
such as red squirrels, that preferentially feed on pine nuts. 
In areas where whitebark pine is a major forest compo
nent, bears have been implicated as a factor in regulating 
red squirrel populations (Mattson and Reinhart 1987). 
Grizzly bears also prey on ungulates, especially elk (Cer
vus canadensis) calves (French and French in press). 
Because grizzly bear reproductive and mortality rates 
are correlated with whitebark cone crops in Yellowstone, 
long-term declines in cone production may lower bear 
population levels and could result in a decline in ungulate 
predation. 

THREATS TO WHITEBARK PINE 
Insect and disease epidemics and successional replace

ment by other conifers have reduced the numbers of 
whitebark pine throughout its range in the last 80 years 
(Arno 1986). In most communities (mixed stands) where 
whitebark pine provides food for squirrels and bears, it 
is a seral species perpetuated primarily by fire. Fire sup
pression has favored shade-tolerant conifers. Prior to the 
early 1900's, average natural fire intervals for whitebark 
pine stands were 50 to 350 years (Arno and Weaver, this 
proceedings; Morgan and Bunting, this proceedings), but 
under current management policies a seral whitebark 
pine stand would bum at 3,000-year intervals (Arno 1986). 

Fire control has apparently increased the damaging 
effects of mountain pine beetle (JJendroctonus ponderosae) 
and dwarf mistletoes (Arceuthobium spp.), all native spe
cies, on white bark pine. Even without the effects of fire 
suppression, mountain pine beetle epidemics killed large 
numbers of whitebark pine between 1909 and 1940 in 
Idaho and Wyoming (Arno 1970). With fire control, 
however, more extensive areas of old lodgepole pine 
(P. contorta) have developed. These support severe 
mountain pine beetle epidemics that spread to higher 
elevations and result in greater whitebark pine mortality 
than under natural fire regimes. Mountain pine beetles 
can also cause more mortality in the older whitebark pine 
stands that result from fire suppression. 



Because dwarf mistletoe is controlled by stand
replacing fire, it is now more prevalent in undisturbed 
stands than in the past (Alexander and Hawksworth 
1976). Whitebark pine is a principal host of1imber pine 
dwarf mistletoe (A. cyanocarpum) and is heavily parasit
ized by leafless mistletoe (A. americanum) (Jackson and 
Faller 1973; Mathiasen and Hawksworth 1988). Both 
can reduce growth rates of heavily infected hosts, increase 
mortality rates, reduce seed and cone production, and 
increase vulnerability to other diseases and insects 
(Hawksworth and Wiens 1972). 

White pine blister rust (Cronartium ribicola Fisch.), 
native to Europe, was accidentally introduced to western 
North America in 1910 and has since infected whitebark 
pine throughout its range (Hoff and Hagle, this proceed
ings). It attacks all North American five-needled pines, 
but whitebark pine is the most susceptible (Hoff and oth
ers 1980). The disease often first kills the upper, cone
bearing branches, and can eventually kill the entire tree. 
Seedlings and saplings are readily infected. Thus, white 
pine blister rust can significantly decrease whitebark pine 
seed production and regeneration (Arno and Hoff 1989). 
Blister rust infection also makes trees more susceptible 
and attractive to other diseases and insects, including 
mountain pine beetle. Blister rust control efforts, begun 
in the late 1930's, were largely unsuccessful and were 
abandoned in the 1970's. 

Fires in whitebark pine stands normally are beneficial 
to regeneration of the species. Some large, severely 
burned areas, however, have failed to regenerate white
bark pine (fig. 1). The proposed Great Burn Wilderness 
in the Clearwater National Forest in northern Idaho, 
and the Lolo National Forest in western Montana sup
ported extensive ridgetop stands ofwhitebark pine that 
were burned by the severe Great Idaho Fire in 1910 
(Cohen and Miller 1978). Recent.reconnaissance (by 
Arno) in different parts of this old burn revealed little or 
no regeneration ofwhitebark pine on sites (above 6,500 ft; 
1,980 m) where snags confirm that it was once a dominant 
species. Other subalpine conifers have become rees
tablished (fig. 2). Two plausible explanations for the neg
ligible reestablishment of whitebark pine are: (1) inade
quate whitebark pine seed source survived the 1910 fire 
and (2) white pine blister rust has killed most of the seed
lings and much of the seed source. 

Moderate levels of whitebark pine mortality may bene
fit some species of wildlife. Mortality from mountain pine 
beetle, mistletoe, and blister rust opens the forest canopy. 
This may result in increased undergrowth vigor and for
age production. For instance, berry production is often 
negatively correlated with canopy closure. Forcella (1977) 
studied the productivity of 28 stands in the P. albicaulis
Vaccinium scoparium association with varying amounts 

Figure 1-Remains of a nearly pure whitebark pine stand killed in the Great Idaho Fire of 
1910. Site is in the upper subalpine zone (Pfister and others 1977); the poorly developed 
postfire regeneration is composed of lodgepole pine and subalpine fir. Scene is at about 
7,300 ft (2,225 m) elevation on Granite Peak, on the Idaho-Montana divide 8 air miles north
west of Lolo Pass. (Photo by S. Amo.) 
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Figure 2-Aiong the Idaho-Montana divide 7 miles northwest of figure 1 (west of Kid 
Lake). Large snags are mostly whitebark pine that survived a low-intensity fire in the 
mid-1800's but were killed in the severe 1910 fire. Regeneration of subalpine fir and 
lodgepole pine has been successful at the more moderate elevations in the fore
ground (about 6,500 It; 1,980 m); but very little regeneration has taken place above 
7,000 It (2,130 m) (background) where nearly pure whitebark pine groves formerly 
existed. (Photo by S. Arne.) 

of tree canopy cover. He identified three significant wild
life foods other than pine nuts: V. scoparium berries, 
Carexgeyeri, andArnica spp. He found, however, that 
whitebark pine produced 2 to 35 times as many kcal/m2/yr 
of wildlife forage as these other species and was by far the 
most important wildlife food source in all stands studied. 

EXTENT OF DECLINE 
Because whitebark pine has limited value in timber 

production, data on its status are sparse. Foresters may 
have difficulty distinguishing between whitebark and 
limber pine, and many are unfamiliar with the remote 
high-mountain country where whitebark pine is found. 
Insect and disease surveys often fail to cover the white
bark pine zone or lump information on whitebark pine 
with other species. Therefore, available information is 
sketchy and relies on personal observation. Nevertheless, 
we believe there is enough evidence to justify concern for 
the perpetuation ofwhitebark pine as an important wild
life resource. 
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Some indirect evidence for a decline in whitebark pine 
comes from a comparison of past and recent bear studies 
and observations. R. Daubenmire (1989) encountered 
squirrel caches ofwhitebark pine cones that had been 
excavated by bears in the Selkirk Range of northern 
Idaho in the 1940's. A 1984 bear study in the Selkirks 
found no squirrel caches of whitebark pine cones and no 
whitebark pine seeds in bear scats, although three scats 
contained a small number of western white pine (P. m.on
ticola) seeds (Almack 1989). During a black bear study in 
the southern Whitefish Range of northwestern Montana 
in the early 1960's, all bears handled in the autumn 
showed signs of feeding on whitebark pine seeds (Jonkel 
1989) (fig. 3). Whitebark pine seeds occurred in 30 per
cent of fall bear scats collected during that study (Tisch 
1961) but in no bear scats observed in this area in the 
1980's (Hadden 1989; Jonke11989; Kendall, personal 
observation). In the Mission Range, south of Flathead 
Lake, MT, most bear droppings observed during fall be
tween 1925 and the late 1930's were entirely composed 
of whitebark pine seeds (Cheff 1984). Observations of 



Figure 3-Biack bear captured during a bear ecology study in the 
southern Whitefish Range, MT, in the early 1960's. The hair on its 
paws and stomach is matted with pitch from handling whitebark pine 
branches and cones. All bears trapped in autumn showed similar 
signs of feeding on white bark pine seeds, but this has not been seen 
in the 1980's. (Photo by Charles Jonkel.) 

grizzly bears and excavated squirrel middens were com
mon in the whitebark pine zone during this time. No bear 
feeding activity on whitebark pine has been reported in 
this area in recent years. More of this sort of comparative 
information would be helpful. 

Mountain Pine Beetle 
Some of the only quantitative information on mountain 

pine beetle mortality in whitebark pine comes from the 
Northern Region, Forest Service, U.S. Department of 
Agriculture (headquarters at Missoula, MT). In the 
Flathead National Forest in this Region, 225,000 acres 
of whitebark pine suffered some mortality from mountain 
pine beetle 1975-1988 (Gibson 1988). Most of this occur
red in the Whitefish Range, which lost one-half to two
thirds of its whitebark pine in the last 10 years to the 
combined effects of mountain pine beetles and white 
pine blister rust (Wilson 1988). Damage to whitebark 
pine stands ranged from very little mortality to almost 
100 percent loss. The mountain pine beetle epidemic in 
the Whitefish Range originated from a severe infestation 
in lodgepole pine in adjoining Glacier National Park. 
Between 1979 and 1985, over 25,000 acres ofwhitebark 
pine, primarily in the North Fork of the Flathead River 
drainage, were infested with mountain pine beetle 
(Gibson 1988). Much of the whitebark pine in this area 
was killed, including the oldest whitebark pine trees 
known in the Park (DeSanto 1989). 

Aerial surveys of mountain pine beetle infestations in 
the Forest Service Intermountain Region (headquarters 
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at Ogden, UT) are for commercial timber only. Thus, sub
stantially more whitebark pine mortality occurs than is 
indicated in insect damage figures (Knapp 1989). Heavy 
infestations in the Bridger-Teton and Targhee National 
Forests are killing large but unknown numbers of 
whitebark pine. For example, Knapp (1989) estimated 
that 50 to 75 percent of the whitebark pine on Signal 
Mountain was killed in recent years. Mountain pine 
beetle infestations are implicated in whitebark pine cone 
production decline in the Yellowstone ecosystem between 
1980 and 1987 (Knight and others 1988). 

The Forest Service Rocky Mountain Region (head
quarters at Denver, CO) includes expanses ofwhitebark 
pine in the Absaroka and Wind River Ranges of western 
Wyoming (Steele and others 1983). Little is known about 
mountain pine beetle damage in those stands except that 
mortality has been high along the Continental Divide in 
the Wind River Range (Lister 1989). 

In the Forest Service Pacific Northwest Region (head
quarters at Portland, OR) whitebark pine is abundant 
at high elevations along and east of the Cascade Crest 
in Washington and in the highest mountains of central 
and eastern Oregon (Arno and Hammerly 1984). It is 
identified on mountain pine beetle survey maps but is 
not distinguished from western white pine when damage 
figures are tallied. It is known that a mountain pine 
beetle outbreak in northeastern Oregon killed substantial 
amounts ofwhitebark pine in the 1970's (Bridgewater 
1989). 



Dwarf Mistletoe 

The few references available on whitebark pine infec
tion by dwarf mistletoe indicate it causes significant 
mortality in some areas. Cooke (1955) reported "ghost 
forests" ofwhitebark pine resulting from dwarf mistletoe 
on the northwest slopes of Mount Shasta, CA. In the 
same area, Mathiasen and Hawksworth (1988) found that 
96 to 98 percent of the whitebark pine was infected and 
half had been killed by limber pine dwarf mistletoe. 
Heavy infections of white bark pine were also reported 
in the Copper Mountains, Elko, NV, and near South Pass, 
Fremont County, WY (Mathiasen and Hawksworth 1988). 
Whitebark pine has dominated the crater rim community 
of Wizard Island, Crater Lake National Park, OR, for 
several centuries. However, recent mortality ( 45 percent 
of standing whitebark pine stems less than 4 inches d.b.h. 
were dead) and little regeneration have diminished the 
population (Jackson and Faller 1973). Because many 
living whitebark pine are heavily parasitized by leafless 
mistletoe, this was suggested as the primary cause of 
mortality. 

White Pine Blister Rust 

White pine blister rust is a major source of whitebark 
pine mortality in areas humid enough to support the 
spread of spores from one host (Ribes spp.) to the other 
(whitebark pine). Whitebark pine is afllicted by blister 
rust wherever it is found with infected western white 
pine. Blister rust has caused heavy losses of whitebark 
pine from the crest of the northern Cascade Range in 
Washington to Glacier National Park, MT, and south to 
Lewiston, ID (Arno, personal observation; Layser 1989). 
In drier climates, such as the Yellowstone area, whitebark 
pine is experiencing only minor mortality from blister rust. 

Some of the most severe blister rust damage to white
bark pine has occurred in the Forest Service Northern 
Region, especially in the Cabinet Mountains in north
western Montana and the Selkirk Range and Bitterroot 
Mountains (Selway and North Fork of the Clearwater 
drainages) in northern Idaho (fig. 4) (Arno, personal 
observation; Hagle 1988). For example, observations 
and photographs by Arno (1984) indicate that more than 
90 percent of the whitebark pine along the Selkirk Crest 
east of Priest River Experimental Forest was killed by 
blister rust by the early 1980's. This, no doubt, explains 
the absence of seeds in bear scats in the Selkirks dis
cussed earlier. A substantial amount ofwhitebark pine 
was killed by blister rust in the Whitefish Range, MT, in
cluding an area south of Werner Peak in which virtually 
all the whitebark pine is now dead (Wilson 1988). In the 
past, this area produced large cone crops that attracted 
bears. Whitebark pine was a major component of high
elevation forests in portions of Glacier National Park, but 
blister rust has killed significant numbers, especially on 
the east side of the park where more than 90 percent has 
been lost (Buchholtz 1989). Extensive whitebark pine 
mortality has occurred since the 1930's in the Mission 
Mountains due to blister rust and mountain pine beetle. 
Since 1960 there has been continual blister rust mortality 
ofwhitebark pine on Desert Mountain south of West 
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Glacier, MT (Schmidt 1989), whereas southward near 
Observation Peak in the Bob Marshall Wilderness, white
bark pines are just beginning to die from this disease 
(Keane 1988). 

In Washington and Oregon, whitebark pine is damaged 
by white pine blister rust, but there is no measure of the 
extent of the problem (Russell 1989). Blister rust has 
caused significant whitebark pine mortality in the Crater 
Lake area of Oregon (Harvey 1989). In the Olympic 
Range, wbitebark pine inhabits only the northeastern 
portion, but some stands, for example, at Constance Pass, 
have been killed by white pine blister rust (Arno and 
Hammerly 1984). Whitebark pine is common in north
eastern Washington and has died or is dying in many 
places from blister rust (Layser 1980). 

In California, whitebark pine occurs primarily in desig
nated Wildernesses, and there are no quantitative data 
on distribution or mortality. White pine blister rust had 
infected whitebark pine in northern California by the 
1950's. Increasing amounts of blister rust have been 
found in the Sierra Nevada in central California in the 
last 10 years. The rust is beginning to attack sugar pine 
(P. lambertiana) and western white pine at midelevations, 
so whitebark pine will probably be next (DeNitto 1989). 
A similar pattern is developing in the Lake Tahoe Basin 
and on the Lassen National Forest. Western white pine 
is beginning to contract blister rust, and whitebark pine 
is expected to follow suit (Kinloch 1989). 

IMPLICATIONS FOR MANAGEMENT 
AND RESEARCH 

Widespread loss ofwhitebark pine has a variety of im
plications for wildlife management. For example, it may 
limit efforts to restore grizzly bear populations in areas 
where, in the past, whitebark pine seeds were an impor
tant food. In the Selway-Bitterroot Wilderness, northern 
Cascade Range, and the Cabinet, Selkirk, and Mission 
Mountains, grizzly bear and whitebark pine numbers are 
greatly reduced. With other historically important food 
sources for bears gone or diminished-for example, deple
tion of salmon (Oncorhyncus spp.) and forage lost to 
agricul ture-whi tebark pine cone crops may be a factor 
in the continued survival or restoration of grizzly bear 
populations. Yet, this food source (and its decline) is often 
overlooked in bear habitat evaluations. 

Current trends suggest continuing losses of whitebark 
pine in many areas. Lodgepole pine established after the 
1910 fires will be vulnerable to mountain pine beetle 
attack 10 to 15 years from now (Gibson 1988). Intense 
infestations are likely to result in high mortality of white
bark pine. Extensive fires and drought create conditions 
favorable for bark beetle infestations. Mountain pine 
beetle populations increase in fire-scorched and drought
weakened trees and then spread to acljacent trees. 

National Park managers are charged with conserving 
natural ecosystems including pristine genetic pools. 
Because white pine blister rust is not native to North 
America and is causing significant ecological changes, 
blister rust is of special concern to National Park manage
ment. The possibility of an experimental program in 



Figure 4-Typical white bark pine mortality caused by blister rust and possibly mountain pine 
beetle in the northern portion of the Selway-Bitterroot Wilderness, 10. Scene is on Beaver Ridge, 
9 air miles southeast of Lolo Pass. (Photo by S. Arno.) 

National Parks to enhance whitebark pine's natural resis
tance by selecting for resistant genotypes has not yet been 
considered, but should be. 

Our extensive contacts with scientists familiar with 
whitebark pine communities and the effects of insects and 
diseases have left little doubt that there is cause for con
cern about the continuing productivity of this tree. Al
though a downward trend in whitebark pine abundance 
is apparent, it is also clear that better information is 
needed. The first step should be to conduct comprehen
sive surveys to assess the extent of damage to whitebark 
pine throughout its range and in various habitat types. 
Whitebark pine stands should be included in insect and 
disease surveys. 

Additional information on wildlife ecology in whitebark 
pine communities is also needed. Because ofwhitebark 
pine's reliance on Clark's nutcrackers for seed dispersal, 
it would be useful to know if nutcrackers are no longer 
attracted to whitebark pine stands with little cone pro
duction or at what level of cone production there is not 
enough seed to cache or virtually all pine nuts are recov
ered by seed predators. 

We must develop management techniques to counteract 
the problems besetting whitebark pine. We need to find 
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ways to reintroduce fire or mimic its effects in allowing 
establishment of seral whitebark pine. Techniques for 
widespread propagation of whitebark pine are needed 
for a variety of site conditions. 

Simulation modeling confirms the observational evi
dence of decline in whitebark pine in the inland North
west (Keane and others, this proceedings). Whitebark 
pine's status as an important mast producer is precarious 
or already lost in many areas. Wildlife concerns alone 
make massive cone reductions unacceptable. 

Whitebark pine was dominant over a much larger area 
in the early 1900's than today. A continuation of current 
successional patterns and mortality trends bodes poorly 
for whitebark pine. Unless resistant strains can be devel
oped and introduced in large quantities, white pine blister 
rust will further reduce whitebark pine cone production 
in moist regions. Whitebark pine often occurs in small 
geographically isolated populations, which can be de
stroyed by blister rust or endangered by successional 
replacement. This, coupled with longer fire intervals, 
could result in local extinctions and loss of genetic vari
ation. As we seek to mitigate the effects of human activi
ties on wildlife populations, we should make rejuvenation 
ofwhitebark pine stands an urgent priority. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Penny Morgan)-Is a major effort to regener
ate whitebark pine justified given the loss of whitebark 
pine as a resource, especially where we can document loss 
due to white pine blister rust? 

A.-Given the importance ofwhitebark pine to wildlife, 
regeneration efforts definitely warrant consideration. 
Other values include whitebark pine's role in the hydro
logic cycle and as a structural component of timberline 



communities, as well as its esthetic qualities. There is 
not currently enough information on many aspects of 
whitebark pine and white pine blister rust to decide if a 
m~or effort is justified. The first step toward answering 
this question should be to get better information on the 
status of whitebark pine throughout its range and in a 
variety of habitat types. 

Q. (from Anonymous)-What is the cone crop frequency 
of whitebark pine? Is it different throughout its range? 

A.-Little infonnation is available on annual variation 
in whitebark pine cone production. According to Bailey 
(1975), whitebark pine stands tend to cone profusely and 
simultaneously over large areas at infrequent intervals 
with very little cone production in the intervening years. 
However, good cone crops may be produced more fre
quently in the southern parts of its range. In a Sierra 
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Nevada study area, moderate to heavy whitebark pine 
cone crops were produced in each of 4 years cone produc
tion was rated (Tomback 1978). Data from the greater 
Yellowstone area suggest that while excellent cone crops 
are infrequent, moderate as well as poor cone crops are 
common (Knight and others 1987). Annual cone produc
tion was estimated for 29 whitebark pine stands in the 
northern Rockies (Weaver and Forcella 1986). Excellent 
cone years were preceded in 20 of 29 cases by average or 
poorer cone years. Poor cone years were not significantly 
correlated with yields in any previous year. There is no 
information on cone crop periodicity in the northwest 
range of white bark pine where it is more immediately 
threatened by disease and successional replacement. 
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ABSTRACT 
Infestations of white pine blister rust (Cronartium ribi

cola) and successional replacement by more shade tolerant 
conifers can reduce whitebark pine populations. This 
could adversely affect wildlife species dependent on white
bark pine cone crops including the red squirrel (Tamias
ciurus hudsonicus), grizzly bear (Ursus arctos horribilis), 
and black bear (Ursus americana). The ecological process 
model FIRESUM (a FIRE SUcession Model) was adapted 
to whitebark pine (Pinus albicaulis) forests and used to 
simulate effects of long-term successional trends on differ
ent seral and climax whitebark pine communities in rela
tion to (1) high severity (crown) fires and fire suppression 
scenarios, (2) near and far-distant seed sources, and (3) 
disease epidemics. FIRESUM is a gap-phase model that 
was used to simulate tree establishment, growth, and mor
tality on a 400-m2 (0.1-acre) plot. Live and dead fuel accu
mulations, fire behavior and frequency, fuel reduction, 
and insect- and disease-caused tree mortality were also 
modeled. Tree establishment and growth in the model are 
influenced by temperature, water stress, site quality, and 
light conditions. An additionalsubmodel was included in 
FIRESUM to simulate the Clark's nutcracker's (Nucifraga 
columbiana) important role in regenerating whitebark 
pine through seed-caching activities. A test of the FIRE
SUM model revealed its ability to predict basal areas 
within 15 percent of those values obtained from inventory 
data from actual postfire stands. 
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INTRODUCTION 
Whitebark pine (Pinus albicaulis) is a common tree 

species of upper subalpine forests and timberlines in the 
western United States and southwestern Canada. While 
this species is of limited use for timber, it is highly valued 
as a food source for wildlife and as cover for snow reten
tion and watershed protection (Arno and Hoff 1989; Day 
1967; Forcella and Weaver 1977). Whitebark pine is a 
component of stands comprising about 10-15 percent of 
the forested landscape in the Rocky Mountains of 
Montana, Idaho, and northwestern Wyoming. Most of 
these whitebark pine stands have not been commercially 
exploited. However, the species' abundance appears to 
be threatened by the individual and combined effects of 
fire suppression, insects, and diseases (Arno 1986). Mod
eling the effects of these factors on white bark pine might 
aid in developing management strategies for maintaining 
vigorous populations of this species. In addition, model
ing will help us understand important ecological relation
ships in white bark pine forests. 

This paper presents results of an application of process 
modeling to investigate the effects of fires and diseases on 
long-term stand dynamics in whitebark pine forests. The 
computer model FffiESUM (a FIRE SUccession Model) 
was modified and used for this investigation (Keane and 
others 1989). The model was used to simulate tree dy
namics for four natural and management scenarios using 
actual field data as inputs. Effects of seed source distance 
on tree regeneration were also simulated using FIRE
SUM. Model results were compared with actual field data 
sampled from two whitebark pine sites. 

FIRESUM is a gap-replacement, ecological process 
model (Shugart and West 1980) following the approach 
used for JABOWA (Botkin and others 1972) where indi
vidual trees are grown deterministically using an annual 
time step, difference equation. Tree growth and regenera
tion are affected by several site factors including light, 
water, tree densities, and temperature. Tree regeneration 
and mortality are modeled stochastically using Monte 
Carlo techniques (Keane and others 1989). To simulate 
whitebark pine regeneration it was essential to modify 
FffiESUM to account for the role of birds in seed disper
sal. Mortality from major insects and diseases was also 
included in the modeling process. 



WHITEBARK PINE ECOLOGY 
Whitebark pine is a long-lived, slow-growing tree of 

high-elevation forests from California and Wyoming north 
into southern Canada (Amo and Hoff 1989; Day 1967). 
Throughout most of its range, whitebark pine occurs on 
two kinds of sites: (1) alpine timberlines and very dry 
sites where it usually is the climax tree species, and 
(2) upper subalpine forests where it occurs as a seral spe
cies often associated with subalpine fir (Abies lasiocarpa), 
lodgepole pine (Pinus contorta), mountain hemlock (Tsuga 
mertensiana), and Engelmann spruce (Picea engelmannii) 
(Amo 1986). 

The seeds of whitebark pine are wingless, large 
(1,180 seeds/kg), and, like most pine seeds, nutritious 
(Botkin and Shires 1948; Lanner 1982; Mattson 1987; 
Schopmeyer 1974). These characteristics make the seeds 
highly desirable to many species of wildlife including the 
red squirrel (Tamiasciurus hudsonicus) (Smith and 
Follmer 1972), Clark's nutcracker (}lucifraga columbiana) 
(Forcella and Weaver 1977; Tomback 1978), black bear 
(Ursus americana), and grizzly bear (Ursus arctos horrib
lis) (Eggers 1986; Kendall 1980; Mealey 1975). Red squir
rels harvest whitebark pine cones and store them in 
caches or middens on the ground. These middens provide 
an important, energy-rich food for grizzly and black bears 
(Mattson 1987; Mattson and Reinhart 1986). 

Clark's nutcrackers play a major role in the regenera
tion of whitebark pine by being the primary means of 
dispersal for the large, wingless seeds (Hutchins and 
Lanner 1982; Lanner 1982; Tomback 1982). The nut
crackers harvest seeds from cones on trees and cache 
these seeds in the surface soil. Seeds not reclaimed by 
the nutcracker before late spring may germinate and 
grow into seedlings. 

Probably the agents most damaging to whitebark 
pine are mountain pine beetle (Dendroctonus ponderosae), 
white pine blister rust (Cronartium ribicola), wildfire, 
and successional replacement by more shade-tolerant 
conifers (Arno and Hoff 1989). Mountain pine beetle 
killed many mature stands of whitebark pine in the 
northern Rockies during the years 1909-1940 and again 
during the 1970's (Arno 1970). Blister rust, an introduced 
disease, destroys trees in regions where the climate is 
moist enough to allow it to complete its life cycle. Blister 
rust is especially damaging to seedlings and saplings 
(Amo and Hoff 1989), and it also severely damages upper 
(cone-bearing) branches long before causing mortality in 
larger trees (Amo 1986). Consequently, epidemics of bark 
beetles and blister rust in whitebark pine stands jeopard
ize perpetuation of whitebark pine cone crops in many 
stands. 

The cold, often moist, conditions in whitebark pine 
forests coupled with sparse fuels result in infrequent fires 
(50- to 300-year interfire periods) (Arno 1986). Whitebark 
pine is able to survive low severity fires that kill much of 
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the competing subalpine fir. This creates small openings 
favorable for regeneration. High severity fires, usually 
originating from lower elevation forest stands, kill white
bark pines, but the species often becomes more abundant 
in the postbum community as a result of nutcracker seed 
dispersal (Amo 1986). Fire suppression favors succes
sional replacement of whitebark pine with subalpine fir 
on sites where whitebark pine is a seral species. 

MODEL DESCRIPTION 

FIRESUM is a computer program written in FORTRAN 
77 containing 45 subroutines and a main driver program 
(Keane and others 1989). The model was originally devel
oped from the SILVA model of Kercher and Axelrod 
(1984) which modeled stand dynamics in ponderosa pine
Douglas-fir forests (Keane and others in press a). Each 
subroutine in FffiESUM simulates an ecological process 
and is composed of a specific algorithm driven by a set of 
associated parameters. Figure 1 presents a modified flow 
chart showing the names of the important subroutines. 
FffiESUM models stand dynamics on a 400-m2 (0.1-acre) 
simulation plot. Actual field data from two sites were 
used to construct the initial simulation stand. Modifica
tion ofFIRESUM to simulate whitebark pine stand 
dynamics required the alteration or addition of several 
algorithms, and the revision of nearly all model parame
ters. Because routines in FIRESUM are described in 
detail by Keane and others (1989), only the five most 
important processes and the new whitebark pine regen
eration routines are discussed in this paper. 

Growth Process (Subroutine GROW) 
Tree growth is modeled by an annual increase in tree 

diameter at breast height (1.37 m above ground) using 
annual time-step difference equations. In these equations 
(table 1), an optimal diameter increase for a tree species 
(DD is reduced by four growth reduction factors. The 
factors (numbers between 0 and 1) model effect oflight 
(rAL), crowding (rN), water stress (rW), and growing 
season warmth (rC) on tree growth. Process parameters 
are shown in table 2. 

Regeneration Process (Subroutine 
BffiTH) 

Trees are established on the simulation plot if two 
criteria were met. First, degree-days had to exceed a 
minimum number of degree days (DMIN) for the species 
under consideration, and second, the actual to potential 
evapotranspiration ratio (AET:PET) had to be greater 
than the minimum value (WSO) for the species (table 2) 
(Keane and others 1989; Kercher and Axelrod 1984). 
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Table 1-Descriptions of important equations and algorhhms used in the subroutines of FIRESUM 

Sub
routine 

GROW 

Important FIRESUM equations 

G D [1-{DHID H '' 
Dl = m ITfJ rAL rN rW rC 

274 + 3b.p-4b30Z 

Dl =annual diameter increment (ern) 

G = growth parameter calculated in FIRESUM 

D = tree diameter (em) 

H = 137 + b2D- b30Z (ern) 

D, =max. dia. for a species (ern) 

H, =max. height for a species (ern) 

rAL, rN, rW, rC =growth reduction factors 
0.0 < value < 1.0 

AL = AL
0 

8 -k*LAI 

AL0 = available light (full sunlight) 
standardized to zero 

k = extinction coefficient (0.426) 

LAI = sum of leaf area indices for all 
trees taller than one in question 

[(CW * PFOL) I CD] • SV 
LA=--------

PLA 

CW = crown weight (g) 

PFOL = proportion CWthat is foliage 

CD = needle density (glee) 

SV = needle surface area:volume ratio 

PLA = all sided to projected leaf area conversion factor 
.AL 1 [-4.64(AL-0.05)) r'" = -8 

shade tolerant species 

rAL = 2.24(1-9 [-1.136(AL-0.08)]} 

shade intolerant species 

rN = 1.0 - (BARIBARMAX) 

BAR = current basal area of plot (square meters) 

BARMAX = maximum attainable basal area for plot 

rW = 1 - [(1 -APR) I (1 - WS0))2 

APR = annual AET:PET ratio for simulation site 

WSO = lower limit of tolerance in APR 

[(DEGD - DMIN) (DMAX - DEGD)]v 
rC = ----------

[(DOPT- DMIN) (DMAX- DOPT)]v 

DEGD =degree-days for simulation site 

DMIN = minimum degree-days defining a species' range 

DMAX = maximum degree-days defining a species' range 

DOPT = degree-days needed for optimal species growth 

V = species-specific constant 
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Source or explanation 

Botkin and others (1972) 

Ker and Smith (1955) 

b2' b3 derivation shown in 

Botkin and others (1972) 

Kercher and Axelrod (1984) 

Kercher and Axelrod (1984) 

Keane and others (1989) 

Brown (1976) 

Brown (1978) 

Assumed to be 0.5 glee 

Lopushinsky (1970), Brown 
(1970), Minora (1979) 

Kaufmann and others (1982) 

Botkin and others (1972) 

Botkin and others (1972) 

BARMAX from Pfister and 
others (19n) 

Kercher and Axelrod (1984) 

Used Thorthwaite and Mather 
(1957) equations 

Calculated from acb.lal 
weather data 

Reed and Clark (1979) 

DMIN, DMAX, DOPT determined 
from weather data 

Keane and others (1989) 

(con.) 



Table1-(Con.) 

Sub
routine 

BIRTH 

KILL 

Important FIRESUM equadona 

rSRF = Exp (a+ b DS) 

rSRF = seed source distance reduction factor 

a, b = species specific constants 

DS = distance from seed wall 

rALs = e (-0.8 LAI) for shade-intolerants 

rALs = e (-0.25 LAI-1.0) for moderate shade tolerants 

rALs = 1 - e (-0.25 LAI-0.2) for shade tolerants 

PSUR = 1.0- aDD 

PSUR =proportion of surviving seedlings 

a = species specific constant 

DD a duff depth (an) 

P,. = 4/ AGEMAX 

Ps = Ps + 0.2- 0.2 Ps 

1 

~ --------------------------------
1 - 1+EXP(-1.941+6.32(1-EXP(BT))+0.00053SC2] 

fJ- = random or background mortality 

I! = stress mortality 

f}- = fire mortality 

BD = bark thickness (an) 

C = percent of crown scorched (%) 

AGEMAX = maximum attainable age (yr) 

Table 2-Parameter values for whitebark pine forest species implemented in FIRESUM1 

Parameter Tree apecles2 

symbol (units) PIAL PI CO LALY 

Hm(cm) 3,657.000 4,115.000 3,048.000 
Dm (em) 182.000 110.000 168.000 
AGEMAX (years) 1,000.000 350.000 800.000 
DMIN (deg-days) 800.000 1,500.000 800.000 
DOPT (deg-days) 3,000.000 3,000.000 3,000.000 
DMAX (deg-days) 5,200.000 6,500.000 5,200.000 
Shade tolerance M I I 
SV (cm2/cm2) 57.600 64.700 184.000 
PLA (m/m) 3.540 3.540 3.540 
WSO (proportion) .330 .400 .750 
Pc (probabi1ity) N/A .318 .368 
he (years) 1.000 2.000 1.000 
BC (proportion) .015 .014 .031 
DKF (proportion) .057 .044 .201 
DKL (proportion) .112 .112 .200 
L TO (proportion) .550 .660 .650 
DKO (proportion) .221 .221 .321 
AINC (em) .006 .016 .007 
Lc (percent) 50.000 40.000 45.000 
NYR (years) 7.000 3.000 1.000 

Source or explanadon 

McCaughey and Schmidt (1985) 

Based on unpublished data 

Boyce (1985) 

Botkin and others (1972) 

Derived from unpublished 
data 

Ryan and Reinhardt (1988) 

ABLA PI EN 

4,175.000 5,456.000 
126.000 234.000 
250.000 300.000 

1,003.000 1,003.000 
3,800.000 3,800.000 
6,200.000 6,200.000 

T M 
70.000 54.200 
2.040 2.040 

.650 .650 

.333 .167 
2.000 3.000 
.015 .022 
.034 .034 
JJ67 .067 
.650 .650 
.221 .221 
.008 .008 

80.000 80.000 
7.000 6.000 

1Sources for model parameters are Usted In Keane and others (1989). Variables not defined in text or table 1 are shown in Keane 
and others (1989). 

1PIAL-whltebark pine, PICO-todgepole pine, LALY-alplne larch, ABLA-subalplne fir, PlEN-Engelmann spruce. 
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If these criteria were met, the size of the cone crop was 
then evaluated. The procedure described below is used 
for every species in the model except whitebark pine. 
Since whitebark pine seed is dispersed by the Clark's 
nutcracker, its regeneration algorithm is presented in 
detail later in this paper. 

~-0 
~-----_jo.e 

Each year a species (not including whitebark pine) can 
have a good or poor cone crop, and trees are established 
only in the year following good cone crop years. Cone crop 
years are computed stochastically using Monte Carlo 
techniques discussed in Kercher and Axelrod (1984). 

The actual number of trees established on the simula
tion plot (FNJ) for a species is calculated from the 
equation: 

FNJ = SPM * PrREE * PSUR * rSRF * rALs (1) 

where SPM is the maximum number of seedlings that 
can become established on a square meter (10.8 ft!), 0.87 
was used for this investigation (Keane and others, unpub
lished data); PrREE is number of seed trees for the spe
cies under consideration divided by the total number of 
seed trees for all species (Keane and others 1989); and 
PSUR is a reduction factor (table 1) simulating the pro
portion of seedling survival as a function of duff depth 
(Boyce 1985; Keane and others 1989). The reduction 
factor rSRF models the effect of distance to seed source 
on seedling establishment (table 1). Equations used to 
compute rSRF for each tree species are a modification 
of the dispersal curves of McCaughey and others (1986) 
(fig. 2). Lastly, rALs is a reduction factor simulating 
seedling survival under various light conditions as a func
tion of leaf area and shade tolerance (Keane and others 
1989). All new trees, including whitebark pine trees, are 
established as saplings of 1.0 em diameter at breast 
height (d.b.h.) and 1.37 m tall. These new trees are in
cluded after a lag period of 25-50 years depending on the 
site. 

Whitebark pine regeneration is computed in subroutine 
PIN ALB, which models the effects of seed crop, nutcrack
ers, and light on whitebark regeneration. Four cone crop 
classes are used in PINALB: none, poor, moderate, and 
good, with each class having an associated probability of 
occurrence (p,) and a crop reduction factor (rCONFAC) 

Figure 2-Seed dispersal curves for several 
tree species. Probability of seedfall describes 
the chances a seed will fall to the ground at 
various distances. Whitebark pine (PIAL) curve 
from Tomback and others (1989); all other 
curves were derived from McCaughey and 
others (1986). Symbol definitions include ABLA: 
subalpine fir, and PIAL: whitebark pine, LAL Y, 
suba!pine larch, PIEN: Engelmann spruce, and 
PICO: lodgepole pine. 

(table 3). Cone crop class is determined stochastically 
using random number generation. The number of cones 
on a whitebark pine tree (CPT) is computed using the 
equation: 

CPT= CMAX * rCONFAC * rCRF (2) 

where CMAX is the maximum number of cones per tree 
(table 3) and rCRF is another crop reduction factor that is 
a function of tree age (fig. 3a). The total number of cones 
produced on the simulation plot (CONES) is calculated by 

Table 3-Parameters used in the whitebark pine regeneration algorithm and associated 
references 

Symbol 

P., 

CMAX 

Description and reference 

Probability of cone crop class 
Mattson (1986), 
Weaver and Forcella (1986) 

Maximum number of cones/tree 
Amo and Hoff (1989), 
Mattes (1984) 

rCONFAC Reduction factor for cone crop class 
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Class 

Good 
Moderate 
Poor 
None 

Good 
Moderate 
Poor 
None 

Value 

0.2175 
0.3152 
0.3152 
0.1521 

80.0000 

-1.0000 
-0.6700 
-0.3300 
-0.0000 

0-6 
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Figure 3-Aeduction factors used for modeling whitebark pine regener:ation with 
respect to whitebark pine seed dispersal by nutcrackers. Factor rCAF IS the cone 
reduction factor (A), rCACHE is the caching frequency reduction factor (B), rPREF 
is the site preference reduction factor (C), and rSRF is the seedling reduction factor 
for distance from seed source (D). 

summing the cones per tree across all cone-bearing trees 
on the plot. A cone-bearing tree is a tree at least 60 years 
of age or 20 em d.b.h. (Arno and Hoff 1989). The total 
number ofwhitebark pine seeds (NSEED) is computed 
by multiplying CONES by the number of seeds per cone 
(SPC), taken to be 68.8 for this study (Weaver and 
Forcella 1986). 

It is assumed all whitebark pine seeds are dispersed 
by the Clark's nutcracker (Hutchins and Lanner 1982; 
Tomback 1982) and the number of seeds imported to the 
site is equal to the number exported. Because the seed 
import:export ratio may vary across sites, it is assumed 
site conditions for the simulation plot are similar to sur
rounding areas. Although a cluster of seedlings can 
emerge from a nutcracker cache, we considered the 
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mature tree, single or clustered form, to function as a 
single tree (Linhart and Tomback 1985). The total num
ber of seedlings (TNS) established on the plot is computed 
from: 

TNs = INsEED • u- PFIND> • (1 - PCONsil * L SPCAC J 
(rCACHE* rPREF * rSRF *rALs) (3) 

where PFIND is the proportion of seeds reclaimed by 
the nutcracker during the following winter and spring 
(assumed as 0.8) (Tomback 1982), PCONS is the propor
tion of seeds eaten by the nutcracker during caching sea
son (calculated as 0.11 from Tomback 1982), and SPCAC 
is the average number of seeds per cache (=3. 7) (Tomback 
1978). The last four terms in the equation are regenera
tion reduction factors (numbers between 0 and 1). 



The reduction factors in the equation above account 
for the more important factors influencing dispersal and 
survival of whitebark pine seedlings. Frequency of nut
cracker visitation is modeled using rCACHE or cache
ability. This function (fig. 3b) is dependent on the number 
of cones per bird (CPB) calculated by dividing the total 
cones (CONES) by the number of nutcrackers which is an 
input to FIRESUM. Factor rPREF models the appeal of 
the site to nutcrackers and uses leaf area index as the 
driving variable (fig. 3c). The more shaded a site becomes 
(high LAD the less appealing the site is for nutcracker 
caching (extrapolated from Tomback 1978, 1982). The 
relationship of distance to seed source and caching inten
sity is modeled using rSRF. This function (fig. 3d) shows 
seeds may be carried up to 5,000 m from a seed source 
(Tomback and others 1989). Lastly, rALs simulates the 
effect of light conditions on seedling survival as previously 
presented for all other tree species. Because Clark's nut
crackers consistently cache whitebark pine seed 1-3 em 
below duff surface (TQmback 1982), duff depth was as
sumed to be an unimportant factor affecting whitebark 
pine regeneration. 

The absence of seed trees for a species on the plot pres
ents a special case in FIRESUM. Distances to seed source 
from simulation plot by species are input into the model. 
The factor rSRF and the number of seed trees are com
puted annually for each species. However, the value of 
rSRF only enters into the seedling equation(s) when all 
seed trees of that species are eliminated from the simula
tion plot, because ofbeetle epidemic or successional re
placement, for example. It is assumed in FIRESUM that 
the seed source of eliminated species composes 5 percent 
of the total seed crop trees outside the simulation plot 
(Keane and others, in press a) for all tree species but 
whitebark. In the absence ofwhitebark pine seed trees, 
the number of seeds carried to the site is 10 percent of 
CMAX times SPC. If all trees are killed on the plot, such 
as after a crown fire, the composition of the seed source 
stand is assumed to be identical to the prebum simulation 
stand. 

Mortality Process (Subroutine KUJ,) 
Trees die in FIRESUM from four types of mortality that 

are modeled as an annual probability of death. The first 
type is called random or background mortality. This 
probablity (Pr in table 1) is the chance of death from en
demic disturbances, such as windthrow, a tree experi
ences each year of its life (Keane and others 1989). The 
second type, stress mortality, results from severe stress 
over long periods because of limited light, water, or crowd
ing conditions. The probability of stress death (P

8 
in 

table 1) is a function of diameter growth increment and 
is only considered when a tree's annual growth increment 
becomes less than a threshold value (AINC in table 2). 
The third type of tree mortality is from fire. When a fire 
occurs on the simulation plot it kills trees by scorching 
foliage and killing cambium. Ryan and Reinhardt (1988) 
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developed FIRESUM's empirical fire mortality equation, 
which uses percentage crown scorched (Van Wagner 1972) 
and bark thickness as independent variables (P1 in 
table 1). This equation is used for all tree species. 

Insect and disease epidemics account for the last type 
of mortality. Currently, FIRESUM simulates only moun
tain pine beetle and white pine blister rust infestations. 
The year in which the beetle or rust infestation starts is 
input by the user. Tree mortality after the start of an 
epidemic is modeled as an annual probability of death. 
Since the objective of this study was to model the effects 
of blister rust infestations, the mountain pine beetle 
algorithm will not be discussed. 

Once a blister rust epidemic begins, each whitebark 
pine has a probability of infection assumed as 0.60 (Keane 
and others, unpublished data). If a tree becomes infected, 
the probability of death from blister rust (Pi) is computed 
annually using the equation: 

pi = e -0.16 • DBH (4) 

where DBH is the tree diameter (em). A tree remains 
infected all its life and, once infected, its cone crop is 
reduced by 90 percent. Whitebark pine's resistance to 
blister rust is modeled as a probability of resistance 
( = 0.05 based on consultation with Ray Hoff [Hoff 
1987]). Each established tree is determined to be either 
resistant or nonresistant based on Monte Carlo tech
niques using the probability of resistance. Blister rust 
kills only whitebark pine for all simulations. 

Fuel and Fire Processes (Subroutines 
FUEL and Fm.E) 

Six dead and two live fuel components are modeled in 
FIRESUM: four dead downed woody (litter, 1 -, 10 -, and 
100-hour timelag), dead shrubby, dead herbaceous, live 
shrub, and live herbaceous. Loadings for these compo
nents are computed annually and used to determine fire 
intensity (Keane and others 1989). Litter and duff load
ings are dynamically modeled in FUEL using compart
ments (Keane and others 1989; Kercher and Axelrod 
1984). 

Fires are simulated in FIRESUM by computing fire 
intensity, flame length, and scorch height from fuel load
ings and weather conditions using the FIREMOD subrou
tine developed by Albini (1976). FIREMOD uses 
Rothermel's (1972) model to compute the fire behavior 
characteristics. Fire occurrence is input by the user for 
a specific year, selected intervals, or stochastic intervals. 
After a fire occurs, duff, litter, and woody fuel loadings 
are reduced in subroutine BRNOFF using regression 
equations from Brown and others (1985). Fire weather 
conditions and fuel moistures are also inputs to the 
model. The values used in this study were taken from 
data measured for a hot day in August after a 2-week dry 
period. These are the conditions under which most fires 
occur in whitebark pine forests. 



Table 4-Site descriptions of the two stands used In the testing and evaluation of FIRESUM 

Aspect 
Site location s,vatlon class 

Meters 
One Horse Ridge 2,634 Southwest 

(PIAL h.t.) 

One Horse Ridge 2,329 Northeast 
(ABlA h.t.) 

METHODS 

Field Data Collection 
Site, vegetation, and climate data were collected at two 

whitebark pine sites on One Horse Ridge in the Bitterroot 
Mountains southwest of Missoula, MT (table 4). The 
ridgetop site is a whitebark pine habitat type (PIAL h.t.) 
in which whitebark pine is the indicated climax species as 
described by Pfister and others (1977). This site has a 
southern aspect and is substantially drier than the north
slope site, which is a subalpine fir habitat type (ABLA 
h.t.) in which whitebark pine is a major seral tree species. 
The ABLA h.t. site represents intermediate moisture 
conditions for a whitebark pine site. 

Field data were obtained by sampling methodologies 
discussed in detail in Keane and others (in press a, b). 
In summary, at each site, vegetation and environmental 
data were gathered for both a mature stand and an 
acijacent young stand that had arisen after a stand
replacement wildfire in the late 1800's (young stands were 
99 years old). Sample plots were 400 m1 and located in · 
representative portions of the stands. The following vari
ables were measured for each stand: stand age, tree den
sity and diameters, aspect, slope, elevation, and fuel load
ings. Weather data for these sites were extrapolated from 
historical weather data from similar whitebark pine sites 
(Arno 1970) and modified using the climate model 
MTCLIM (Hungerford and others 1989). 

Simulation Framework 
The model FIRESUM was used to investigate the ef

fects of fire and blister rust on seral and climax whitebark 
pine sites using nearby and distant seed sources. First 
FIRESUM was calibrated using data collected by Keane 
and others (in press b) in climax and seral whitebark pine 
stands. Then sample data from the mature stands on 
both One Horse Ridge sites were used as inputs to the 
model to create initial simulation stands. Sampled site 
and climate data were al8o model inputs. Then, the fol
lowing natural and management scenarios were simu
lated for both sites: 

1. No fires-complete fire suppression. 
2. Crown fire at year 150-a stand-removing wildfire 

is initiated at simulation year 150. 
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Disturbed Rust Beetle 
Slope age Infest. kill 

Percent Year 
21 96 Uttle Yes 

70 99 Uttle No 

3. Blister rust infection at year 150-a blister rust 
epidemic is initiated at simulation year 150 with no 
fires throughout the simulation period. 

4. Blister rust infection at year 100, crown fire at 
year 150. 

The crown fire scenario was conducted for two conditions: 
nearby and distant seeds sources. The distant seed 
sources were input as 3,000 m from the simulation plot. 
This attempts to replicate the differences between small 
and large bums. Results of each scenario and seed source 
distance effects were compared. 

Model Verification 
The mature stand data from the two sample sites were 

used as inputs to FIRESUM. Subsequent predictions at 
simulation year 99 were then compared with data col
lected in the young stands (age 99) at each site (Keane 
and others, in press a). The variables compared were 
basal area by tree species and fuel loadings. 

RESULTS AND DISCUSSION 
Simulations compare consequences of four natural and 

management scenarios for the One Horse Ridge PIAL h.t. 
and ABLA h.t. sites (figs. 4 and 5, respectively). These 
results show successional trends for a close or nearby seed 
source (small bum) for all tree species. Simulation re
sults for distant seed sources Oarge bum) after crown 
fires on the two sites are also presented (fig. 6). A de
tailed technical discussion of FIRESUM performance 
is provided by Keane and others (1989). 

Model Results 
Fires simulated in FIRESUM were crown fires that 

killed and consumed all trees on the simulation plot. 
Actual or "real world" fires moving through these plots 
would often be of low to moderate intensity (flame lengths 
of 0.5-1.5 m or 1-3 ~ 1- to 4-m scorch heights) because of 
the sparse fuel loadings. Simulated surface fires ranged 
from 250 to 300 kW/m fireline (1.9- to 3.88-m scorch 
heights) on the ABLA h.t. site and 180 to 250 kW/m fire
line (1.1- to 2.3-m scorch heights) on the PIAL h.t. site. 
These fires were not capable of igniting the crown and 
destroying all trees on the simulation plot. Therefore, 
it was assumed the crown fire did not originate on the 
simulation plot but was carried there from other stands. 
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Figure 4-Basal area predictions for tree species on the One Horse Ridge PIAL h.l 
Four scenarios are shown: (a) no fires (fire suppression), (b) crown fire at year 150, 
(c) blister rust epidemic at year 150, (d) blister rust at year 100 and crown fire at year 
150. Symbol definitions include ABLA: subalpine fir, and PIAL: whitebark pine, LALY, 
subalpine larch, PIEN: Engelmann spruce, and PICO: lodgepole pine. 

Simulated woody fuel loadings were much greater 
on the ABLA h.t. site (0.29 to 0.39 kg/m2) compared with 
those on the PIAL h.t. site (0.19 to 0.23 kg/m2). Predicted 
duff depths and fuel loadings varied greatly by scenario. 
Simulated leaf areas averaged around 1.5 to 2.6 m2/m2 

for the PIAL h.t. site and 3.0 to 6.9 m2/m2 for the ABLA 
h.t. site. 

No Fire Scenario-Results from the fire suppression 
scenario differ between the two whitebark pine sites (figs. 
4a and 5a). With the exclusion of fire, whitebark pine 
(PIAL) remains the dominant species on the PIAL h .t. 
site. On the ABLA h .t . site, PIAL is replaced succession
ally by the more shade-tolerant subalpine fir (ABLA). 
There is also a corresponding decline in whitebark pine 
cone production on the ABLA h.t. site (table 5). Maxi
mum fuel loadings for these stands tended to be similar 
(0.216 kg/m2 for PIAL h.t. and 0.362 kg/m2 for ABLA h.t.) 
indicating a potential for high severity wildfires after 
many decades of fire suppression. In the model simula
tion, the moist ABLA h .t. site was able to support small 
quantities of Engelmann spruce (PIEN) and lodgepole 
pine (PI CO), although this is not evident in the graph 
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(fig. 5b) because of the small basal area values. The com
position and basal area of PIAL for the PIAL h.t. site (fig. 
4a) correspond with those observed by Pfister and others 
(1977) for the whitebark pine (PIAL) habitat type. Aver
age duff depth was much greater for the ABLA h.t. site 
(3.2 to 5.4 em) when compared with the PIAL h.t. site (0.8 
to 2.2). This is mainly due to the smaller leaf areas on the 
PIAL h.t. site indicating a smaller amount ofneedlefall. 

Crown Fire Scenario-Successional trends after 
crown fires are somewhat similar between sites (figs. 4b 
and 5b). On the PIAL h.t. site, whitebark pine became 
well established within 25-40 years after fire and this 
species reached preburn basal areas after 150 years of 
simulation. On the ABLA h.t. site, whitebark pine be
came established after 25-35 years but attained prefire 
basal area much quicker (70-80 years). The shade toler
ant ABLA was eliminated from the ABLA h.t. site by 
crown fire and did not become a significant component in 
the stand until a century after the fire (fig. 5b). On the 
ABLA h .t. site, even though a crown fire occurred at year 
150, the average number of cones per year for all 500 
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Figure 5-Basal area predictions for tree species on the One Horse Ridge ABLA h.t. 
site where whitebark pine is the major seral tree species. Four scenarios are shown: 
(a) no fires (fire suppression), (b) crown fire at year 150, (c) blister rust epidemic at year 
150, (d) blister rust at year 100 and crown fire at year 150. Symbol definitions 
include ABLA: subalpine fir, and PIAL: whitebark pine, LALY, subalpine larch, PI EN: 
Engelmann spruce, and PICO: lodgepole pine. 
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Figure 6-Basal area predictions for tree species on the One Horse Ridge PIAL h.t. and ABLA h.t. 
sites when the seed source after fire is 3,000 m from the simulation plot. Two scenarios are shown: 
(a) PIAL h.t. site-crown fire year 150, (b) ABLA h.t. site-crown fire year 150. Symbol definitions include 
ABLA: subalpine fir, and PIAL: whitebark pine, LALY, subalpine larch, PIEN: Engelmann spruce, 
and PICO: lodgepole pine. 
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Table 5--Average number of whitebark pine cones produced each 
year on the simulation plot for the 500-year simulation period 

Scenario 

1 - No fires (fire suppression) 

2 - Crown fire year 150 

3 - Blister rust year 150 

4 - Blister rust year 100-
Crown fire year 150 

Average cones/year 
PIAL h.t. alta ABLA h.t. aile 

166 102 

134 

109 

44 

219 

55 

42 

years of this scenario was greater than all years in the no 
fire scenario (table 5). 

Duff depths (1.9 to 3.5 em) and fuel loadings (0.201 to 
3.120 kglm•) for the ABLA h.t. site were much less than 
those predicted for the no fire scenario. This is a result 
of the decrease in ABLA and the corresponding increase 
in PIAL. PIAL tends to cast less foliage and dead branches 
than ABLA, probably because of its smaller leaf area. The 
decrease in leaf area (2.2 to 4.3 m•!m•) was also evident in 
the simulation results for the ABLA h.t. site when compared 
to the no fire scenario. 

Blister Rust Scenario-Blister rust infections resulted 
in severe reductions of whitebark pine over long periods 
(greater than 500 years) for both sites (figs. 4c and 5c). 
Whitebark pine decreased throughout the simulation and 
is expected to be absent from the PIAL h.t. site by simula
tion year 750 (fig. 4c). The long, gradual decline of white
bark pine is the consequence of the great longevity of the 
species. On the ABLA h.t. site, subalpine fir replaced white
bark pine as the dominant tree species (fig. 5c). On both 
sites, the whitebark pine cone crop declined markedly as 
a result of the blister rust (table 5). 

Duff depths and fuel loadings decreased on the PIAL h.t. 
site (0.5 to 0.9 em and 0.14 to 2.1 kglm•) and increased on the 

ABLA h.t. site ( 4. 7 to 5.9 em and 0.29 to 0.40 kglm•) 
when this scenario is compared with the no fire and 
crown fire scenarios. This is because of the decline of 
PIAL on PIAL h.t. site and increase in ABLA on the 
ABLA h.t. site. 

Blister Rust-Crown Fire Scenario-This scenario 
illustrates the probable effects of crown fires in the 
blister-rust-infected whitebark pine stands common 
in Washington, northern Idaho, and northwestern 
Montana. Whitebark pine trees are unable to regener
ate on the PIAL h.t. site due to the blister rust (fig. 4d). 
Consequently, trees never become established on the 
site and it is converted to high-elevation grassland or 
alpine tundra. Blister rust also prevented whitebark 
pine regeneration on the ABLA h.t. site (fig. 5d), but 
subalpine fir (ABLA) was able to regenerate, grow, 
and become the dominant tree species. 

Distance to Seed Sources-The distance from 
seed source to simulation plot dictates the composition 
ofwhitebark pine sites (fig. 6). Comparing nearby 
(fig. 4b) and distant (fig. 6a) seed sources for the PIAL 
h.t. site reveals that the recovery time after fire is 
much greater when the seed source is distant. White
bark pine on the ABLA h.t. site (fig. 6b) is the only 
species able to become established and grow when the 

seed sources are 3 km away. This is a result of the 
great distance Clark's nutcrackers will fly to cache 
whitebark pine seed (see fig. 2). Only nearby seed 
sources (fig. 5b) provide for the prompt establishment 
of subalpine fir. 

Verification Results 
Test results show FIRESUM predictions seem to be 

comparable to conditions measured at the disturbance 
stands (table 6) after 99 years of simulation. Predicted 
whitebark pine basal area for the PIAL h.t. and ABLA 
h.t. sites is within 10 percent and 27 percent of the 

Table &-Verification results of the model FIRESUM for two whitebark pine sites' 

PIAL h.t. ABLA h.t. 
Variable Observed Predicted Observed Predicted 

Whitebark pine basal area 16.80 15.10 7.40 10.20 

Subalpine fir basal area 0.10 0.00 0.40 1.20 

1-hour time-lag fuel loading 0.08 0.06 0.06 0.11 

10-hour time-lag fuel loading 0.08 0.06 0.06 0.11 

1 00-hour time-lag fuel loading 0.30 0.25 0.21 0.93 

Duff depth 1.75 1.43 1.10 1.50 

,Units for basal area values are In meters squared per hectare, fuel loadings are In kilograms per meter 
squared, and duff depths are centimeters. 

285 



observed values, respectively (table 6). However, the 
observed and predicted fuel loadings differ; this could be 
a result of inaccurate decomposition parameters and cali
bration data. FIRESUM seems to overpredict basal areas 
for all tree species. This is probably because of the inade
quacy ofFIRESUM to model the harshness of the micro
environment for tree establishment and growth in these 
high-elevation stands. 

CONCLUSIONS 
FIRESUM modeling results indicate that the combined 

effects of fire suppression and blister rust infections could 
severely reduce whitebark pine populations (figs. 4 and 5) 
and their cone crops (table 5). This may affect population 
levels of red squirrels, Clark's nutcrackers, bears, and 
perhaps other animals inhabiting or utilizing high
elevation forests. White pine blister rust reduces and 
may eventually eliminate whitebark pine cone crops 
as a significant food source in some areas (table 5 and 
figs. 4c and 5c). 

The ability ofwhitebark pine to colonize large bums 
is much greater than that of subalpine fir due to seed 
dispersal by nutcrackers (fig. 6). 

Possible methods of increasing whitebark pine popula
tions and cone crop levels may be infeiTed from these 
simulation results. Allowing crown fires to occur on sites 
where whitebark pine is a seral species may increase 
whitebark pine populations. In areas where blister rust 
mortality is prevalent, planting rust-resistant whitebark 
pine might help perpetuate this species in sufficient 
amounts to provide a continued food source for wildlife. 

These FmESUM results are only a first approximation 
of modeling for whitebark pine forests. Although fore
casts seem to agree with data collected from field studies 
(Amo 1986; Pfister and others 1977), we plan to continue 
testing the model against actual stands and refine our 
characterizations of whitebark pine forest succession. 
Many parameters and equations in FIRESUM have not 
yet been accurately quantified for high-elevation ecosys
tems. In addition, we wish to identify and characterize 
any important ecological processes in the high-elevation 
forests that are not presently simulated in FIRESUM, 
such as the quality and quantity of sunlight. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Jerry Covault}-Your model says a stand
replacement fire (one less than 3,000 m from seed source) 
would have PIAL come back. Katherine Kendall pointed 
out that this situation in the Great Burn did not result in 
the reestablishment of PIAL. Is the model wrong? 

A.-No. The Great Burn was an extremely intense fire 
burning many acres of forest and leaving large continuous 
landscapes devoid of trees. History tells us that during 
the period after the burn, many sheep were brought to the 
area by rail and were grazed extensively throughout the 
bum. The sheep could have prevented or delayed white
bark pine establishment. The blister rust may have also 
had an effect on the species establishment. If we knew 
all factors involved I think we could model the results of 
the Great Bum fire and get relatively accurate results. 

Q. (from Dave Mattson}-Where did you get cone pro
duction figures for PIAL and ABLA habitat types? 

A.-Cone production figures were computed from data 
that you collected from your sample stands in the Yellow
stone area. Checks of your figures were taken from work 
by Weaver and Forcella (1986) and Amo and Hoff(1989). 
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Q. (from Don Despain}-Does your model account for 
seeds already on the site, those that don't need to disperse 
in? 

A.-Yes. The model puts seed on the simulation plot 
before the first simulation year. 

Q. (from Dick Baker}-For your high elevation (PIAL 
h.t.) in the blister rust-crown fire scenario I was surprised 
to see that the site converted to a grassland. What hap
pened to the nutcracker dispersal capability for 350 yrs? 

A.-Nutcrackers still cached seeds on the simulation 
plot, but due to adverse site conditions and the blister 
rust, the seedlings were unable to grow to maturity. 

Q. (from Ray Hoft}-What happens when you add 
some resistance to blister rust for whitebark pine in 
your model? 

A.-I did model 5 percent resistance in the whitebark 
pine (each tree established had a 5 percent chance 
of being resistant to the blister rust) and found that the 
severity of the site and nutcracker dispersal did not allow 
any of the resistant trees to grow to maturity. 

Q. (from Anonymous}-Why didn't you model mountain 
pine beetle in your model? 

A.-We did, but presented the results in another 
paper that was submitted for publication in the journal 
"Ecological Modelling." The paper was titled: "Modeling 
Stand Dynamics in Whitebark Pine Forests". 



Management Implications 

Wendel Hann and Kathy Hansen-Bristow 
Session Coordinators 

Papers in this section examine the ecological background of the 
various resources of high-mountain ecosystems and their implications 
for management. Included are wildlife, livestock, fisheries, hydrology, 
recreation, and timber resources and how these interact with changes 
in biological diversity, fire behavior, and silvicultural practices. There 
is little experience in active management of whitebark pine ecosys
tems, so the management implications presented here are essentially 
charting new ground. 
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WILDLIFE RESOURCES AND HABITAT 
MANAGEMENT OBJECTIVES IN THE 
WHITEBARK PINE ECOSYSTEM 

Dan Tyers 

ABSTRACT 
Several principles become apparent in managing for the 

wildlife resource in the whitebark pine (Pinus albicaulis) 
ecosystem. First, much of the value placed upon this ecosys
tem is transferred to it because of its value to the grizzly 
bear-a high-profile species due to its listed status. Second, 
if management of the wildlife resource in the whitebark pine 
ecosystem is to be successful it must be integrated and care
fully coordinated with other legitimate resources such as 
timber, recreation, and range. Third, for wildlife, this eco
system cannot be managed as an island. It must be man
aged with sensitivity to the total habitat requirements of 
wildlife that use it. 

Grizzly bear, bighorn sheep, and moose management 
options are discussed as examples of programs that apply 
to these three principles. 

It falls to wildlife biologists to develop management pro
grams that express the importance of this ecosystem. In 
general, our understanding of the actual habitat require
ments of wildlife as they relate to the whitebark ecosystem 
is often no more specific than an awareneBS that the area 
deserves special management consideration. Attempting to 
clarify and quantify the habitat requirements of each wild
life species in the whitebark ecosystem is a continuing effort. 
The level that we generally operate at usually results in 
setting the objective of simply preserving the integrity of 
the area. 

INTRODUCTION 
It seems to be generally recognized that our understand

ing of the habitat requirements of wildlife in the subalpine 
and timberline forests of the West is less well developed 
than it is for lower elevation forests (Amo and Hoff 1989; 
Raphael1987; Thomas 1987). This would include forests 
where whitebark pine (Pinus albicaulis) is found. It has 
been suggested that this paucity of information is the result 
of a comparative lack of accessible and available resources 
in this ecosystem. Available resources generate manage
ment and research attention, which generates information. 
As resources become more finite and the demand for them 
expands even into the comparatively remote whitebark pine 
ecosystem, interest in these areas is being generated. Wild
life managers and biologists are left playing a catchup game 
to keep pace with the demand for information this interest 
has created. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31,1989. 

Dan Tyers is District Wildlife Biologist. USDA Forest Service, Gallatin 
National Forest, Gardiner Ranger District, Gardiner, MT 69030. 
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Studies have shown that subalpine and timberline forests 
support low numbers of nongame species and low population 
sizes compared with other habitat types in the Rocky Moun
tains and in contrast with other coniferous forest systems in 
North America (Raphael1987). This, however, belies the 
importance of the whitebark pine ecosystem. If the cumula
tive values from watershed, recreation, range, species diver
sity, and habitat for non- game and big game species could 
be assessed in a compounding fashion, then the value of the 
whitebark ecosystem is better represented (Hann 1987). 
This ecosystem particularly gains in importance in manage
ment priorities when some of the value of one of the animals 
that uses it, the federally listed grizzly bear (Ursus arctos), 
is transferred to it. 

The value of the whitebark pine ecosystem to wildlife, in 
terms of what specific site and stand conditions optimize its 
value for a given species, is often not well quantified. As a 
result, wildlife management programs specific to whitebark 
are generally not very sophisticated. A generic response of 
simply attempting to protect whitebark forests for the wild
life resource is typical and often sufficient. It serves as a 
good "umbrella" management objective. The lack of specific 
information and the fragile nature of subalpine forests 
makes caution in management an appropriate response. 
Shallow, poorly developed soils with low fertility, severe 
climates, and a short growing season make them more vul
nerable to the mistakes of managers (Amo and Hoff 1989; 
Thomas 1987). 

However, more specific information is often needed to 
assist managers in developing programs for managing 
whitebark for wildlife. As better information becomes avail
able it can be integrated into three basic principles. 

MANAGEMENT PRINCIPLES 
First, even though the boundaries of the whitebark pine 

ecosystem and grizzly bear distribution do not directly over
lap, the national priority given to the grizzly gives it a driv
ing force in the broad topic of wildlife management in white-
bark pine areas. Second, a great deal can be accomplished 
for the wildlife resource if management objectives for this 
resource are carefully integrated with the management 
objectives of other resources. Although not the ideal situ
ation, this can be done using basic concepts of wildlife man
agement without the precise knowledge of the optimum site 
and stand characteristics for each species. Third, in general, 
the whitebark pine ecosystem represents only seasonally 
valuable range for wildlife. With this in mind, the white
bark pine ecosystem cannot be managed as an island for 
any species. In attempting to establish management objec
tives for a species that uses the whitebark pine ecosystem, 
all seasonally important ranges need to be considered. 



For the practical application of these three principles, 
three species that use the whitebark pine ecosystem will 
be discussed: the grizzly bear, the Rocky Mountain bighorn 
(Ovis canadensis) sheep, and the Shiras moose (Alces alces 
shira.si). Our understanding of the specific habitat require
ments of these (and other species) in the whitebark pine 
ecosystem is at different levels. When specific require
ments are determined, they can be integrated into the 
three principles mentioned. 

Grizzly Bears 
The importance of whitebark to grizzlies is well docu

mented (Kendall1981; Mealy 1975). The unique relation
ship between whitebark, grizzlies, and red squirrels (Tami
asciuius hudsonicus) has also been documented (Kendall 
1981; Mattson and Reinhart 1987). Mattson and Reinhart 
(1986) have taken our level of understanding further to 
describe the relationships between density and the proba
bility of red squirrel midden use by grizzly bears, site and 
stand characteristics, and trends in squirrel activity and 
population levels. An understanding of these relationships 
is being fine tuned (Mattson 1989). 

This information has provided us with a clearer under
standing of what areas with whitebark specifically are 
important to grizzlies and why. In a management sense, 
this could conceivably assist in determining the location, 
timing, and appropriateness of vegetation manipulation
either timber harvest or prescribed burning. Reforestation 
through planting whitebark, as an additional option for 
vegetation manipulation to benefit grizzlies, can also be 
considered (McCaughey 1988). 

Although this information is very useful by itself, it also 
has applicability in integrating recreation management 
with wilcllife management. Mattson and Reinhart (1986) 
observed that the availability of nuts greatly influences 
numbers of grizzly/human conflicts and resulting manage
ment actions. Management actions were observed to be 
fewer during years of good nut production and higher when 
nut production was poorer. They stated that, in general, 
low pine nut production is positively correlated with high 
mortality rates for grizzly bears. It was their opinion that 
when nut production is assessed during July, the potential 
intensity of grizzly/human conflicts can be predicted. With 
an awareness of the location of the most productive areas 
for grizzly bears for foraging on whitebark pine nuts, man
agers can adjust recreation use patterns. With an aware
ness of the annual success ofwhitebark pine nut crops, 
managers can brace for trouble with increased patrols, 
tighter travel restrictions, or more public education. In this 
context, the whitebark pine resource suddenly becomes a 
very relevant topic at the field level of management. 

Certainly, a management objective for meeting the habi
tat needs of the grizzly in the whitebark ecosystem would 
be to maintain or create site and stand conditions that 
optimize the area for the bear. However, there is another 
management objective that is overriding in its immediacy 
and in its demand for attention. It tends to permeate all 
management activities for all resources in grizzly country. 
Because of the grizzly's listed status and its propensity 
for conflict with humans, a wilcllife management objective 
for the whitebark pine ecosystem (and any other area 
where the bear is present) is zero preventable grizzly bear 
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mortalities. Time and dollars are invested in making 
attractants unavailable to bears, preventing bears from 
making the association between people and food, and 
avoiding conflicts between people and bears-all vari
ations on the same theme of trying to keep the grizzly 
from an untimely death (USDA FS 1986). Accomplishing 
this is in one sense optimizing the habitat for the bear, 
although it does not meet the usual sense of the definition 
ofhabitat enhancement. The listed status of the bear and 
the value of the whitebark pine ecosystem to the bear 
make this an important management objective. 

Bighorn Sheep 
Bighorn sheep summer in and adjacent to timberline 

forests. They often migrate to and from winter ranges 
through these same forests and through subalpine forests 
as well. Wakelyn and Bailey (1983) summarized key 
habitat factors of bighorn sheep range. They included: 
(1) abundant, continuous forage to support a large dis
persed group, (2) nearby escape terrain, and (3) good visi
bility. In habitats that afford good visibility, predator 
detection is increased allowing individuals to disperse 
further from escape terrain and more effectively use the 
forage resource. In addition, in habitats with good visibil
ity sheep tend to form larger groups. In larger groups 
individuals spend less time alert and may forage more 
continuously under the comparative safety of the collec
tive alertness of the whole group. Forest succession may 
degrade bighorn habitat by reducing the quantity and 
quality of available forage and by reducing visibility. 

Bighorn seasonal ranges are connected by traditionally 
used migration corridors. These corridors are predictably 
adjacent to the best escape terrain. This is often along 
rocky ridges where whitebark is present. Good visibility 
along migration routes is equally important and can also 
be degraded by forest and shrub succession. Wakelyn and 
Bailey (1983) concluded that sedentary populations either 
lacking in additional seasonal ranges or suitable migra
tion corridors have "bleak futures" as they are more sus
ceptible to disease and predation. 

Whitebark forests in advanced successional stages 
where visibility is poor and forage more limited due to the 
proliferation of other conifer species have progressed past 
the point of providing optimum habitat for bighorn sheep. 
Early successional stage timberline and subalpine forests 
are of more value to sheep. The influence of fire and its 
alteration of these forest types favor sheep. Gruell (1983) 
concurred that sheep, as a grass- and forb-eating herbi
vore without strong requirements for abundant cover, are 
favorably influenced by the results of fire. Therefore, a 
management objective for bighorn sheep in the whitebark 
pine ecosystem would be to maintain early successional 
stages, specifically in the timberline zone. Because of the 
low market value of timber in these areas and their gen
eral inaccessibility, particularly next to rocky escape ter
rain, timber harvest as a means of returning to early 
successional stages is not usually viable. 

However, manipulation of timberline and subalpine 
forests with whitebark by fire is not a panacea for meet
ing the habitat requirements of bighorn sheep populations. 
Suitable summer range in or adjacent to the whitebark 
pine ecosystem is most often not the limiting factor. 



Healthy populations (relatively large, mobile groups) need 
a variety of seasonal ranges linked by migration corridors. 
The year-round range of a bighorn may include up to nine 
seasonal ranges. Each migration corridor between seasonal 
ranges is potentially a weak link that can jeopardize a big
hom population. Forests with whitebark are only a part of 
a bighorn sheep population's range. The quality of winter 
range well away from the whitebark pine ecosystem is more 
often the issue. While management objectives for bighorn 
sheep in whitebark types should be to optimize security 
from predators and optimize available forage, they should 
be conducted with the awareness that areas with whitebark 
are only part of a more complex habitat. Careful coordina
tion with other land use activities is critical in all parts of 
a population's range. This is particularly true because the 
winter range of bighorn sheep, unlike the summer range, 
is more easily reached by humans and so is more suscep
tible to degradation. 

Shiras Moose 
Moose are traditionally associated with early succes

sional stages and deciduous browse species. However, 
Loope and Gruell (1973) observed that the moose popula
tion in northwestern Wyoming has increased with advanc
ing forest succession. Gruell (1980) stated that moose num
bers were low around the turn of the century when much 
habitat was in early succession with the influence of wild
fires. Moose populations did not increase significantly until 
more advanced stages were reached 60 years or more after 
large wildfires. He attributed the increase to an increased 
availability of winter forage, especially subalpine fir. He 
indicated that subalpine fir appeared to be the primary 
and even exclusive diet in late winter. Subalpine fir has 
increased dramatically over a widespread area in the near 
absence of wildfires. Studies from other areas where tall 
growing deciduous trees and shrubs that reestablish rap
idly after fire are well represented show moose benefiting 
from early successional stages. However, in northwestern 
Wyoming succession is slower, there are fewer tall decidu
ous shrubs and trees, and deep snows preclude the availa
bility of browse present in early successional forests. 
Schladweiler (1973) found subalpine fir to be an important 
browse species of moose in southwestern Montana, particu
larly at higher elevations and in late-successional-stage 
forests. Stevens (1970) found relatively large numbers of 
moose in the Gallatin range wintering at high elevations 
in late-successional forests (spruce-fir). 

Work being done on the Gardiner District of the Gallatin 
National Forest has resulted in similar conclusions (Tyers 
and others 1989). Moose in the drainages of the Yellow
stone River on or adjacent to the northern winter range 
of Yellowstone National Park and the Gallatin National 
Forest spend most of the winter in late-successional forests. 
Their diet is primarily subalpine fir. The forests used are 
cover types (Mattson and Despain 1985): LPS-overstory 
oflodgepole pine with some Engelmann spruce, subalpine 
fir, and whitebark pine in the pole size class; an understory 
of small to large spruce and fir seedlings and saplings, 
300 years plus post fire. SF-dominated by Engelmann 
spruce and subalpine fir in both overstory and understory; 
lodgepole pine, Douglas-fir, or whitebark pine may be 
present but are a minor stand component. WB3-
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dominated by mature whitebark pine and may also con
tain considerable Engelmann spruce, subalpine fir, or 
lodgepole pine; understory is a combination of Engelmann 
spruce, subalpine fir, and whitebark pine. DF3-ragged 
canopy of predominantly mature to overmature Douglas
fir but containing some Englemann spruce, subalpine fir, 
or whitebark pine in the pole-sized class, understory of 
small to large spruce and fir seedlings and saplings. 

A common denominator in these cover types is the fact 
that they are late-successional stage forests with an un
derstory of subalpine fir. A completion of the study and 
data analysis will further describe the microsites within 
those cover types the moose select. Density of subalpine 
fir saplings of a certain height will be important. 

Another common factor with these cover types is that 
whitebark pine may be present, but as different age 
classes and in different quantities. Also, these cover types 
represent late-successional forests several hundred years 
removed from fire. In areas where whitebark is present 
in late-successional forests and inoose are utilizing an 
understory of subalpine fir as a browse species, the return 
of these forests to an early successional stage through fire 
or timber harvest would be to the detriment of the moose. 

Snow depth and consistency have an impact on moose 
use of winter habitats. Forests with closed canopies can 
be easier to travel in than open areas because of these 
variables (Jenkins 1985; Peek 1971). Telfer (1970) in New 
Brunswick reported late-winter moose activity largely 
restricted to dense conifer-dominated stands after the 
animals spent fall and early winter in more open stands. 
In Quebec, des Mueles (1964) found that moose also 
shifted to more dense types when snow accumulated to 
77 to 86 em. Peek (1971) found that shifts to more dense 
types occurred as a response to differences in snow hard
ness and density as well as depth. Work currently being 
done in the northern Yellowstone area (Tyers and others 
1989) suggests that moose abandon the early winter for
aging areas in willow communities in late January in 
favor of dense forests-often with whitebark pine in the 
overstory or understory. This is in response to contrasts 
in snow depth and consistency. In late winter dramatic 
differences exist in these variables in open areas versus 
dense forests. These open areas include early succes
sional stage forests brought about by timber harvest or 
recent fire. Such areas show almost no use throughout 
the winter. Gruell's (1980) notion that deciduous browse 
is either unavailable because of snow depth, slow to ap
pear, or of insufficient quantities holds true for timber 
sale units in the study area described. 

A management objective for the Shiras moose in the 
whitebark ecosystem where snow depth and consistency 
and a lack of deciduous browse force an association be
tween moose and dense forests would be to maintain 
winter range areas in late-successional stage and ensure 
the integrity of travel corridors. This would require close 
coordination with timber harvest activities where the two 
occurred in the same area. 

DISCUSSION 
I have attempted to demonstrate that, although our 

understanding of the habitat requirements of wildlife in 
the whitebark pine ecosystem is thought to be poor, we 



still have guidelines available to us for establishing man
agement objectives for the wildlife resource. These guide
lines represent different levels of sophistication and can be 
expressed as follows (proceeding from the simple to the 
more complex): (1) establish management activities on the 
premise that the whitebark pine ecosystem is a fragile and 
finite resource that should be protected from consumptive 
activities; (2) establish management objectives based on 
three basic principles: the needs of the grizzly bear domi
nate, the whitebark pine ecosystem is seasonally important 
range to different wildlife species and cannot be managed 
as an island for any given species that uses this ecosystem, 
and management activities must be integrated; (3) manage
ment objectives can be established based on a knowledge 
of the specific site and stand characteristics that optimize 
the value of the area for a given species. 
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RESPONSE OF VEGETATION TO 
LIVESTOCK IMPACTS ON GREEN 
FESCUE SITES IN THE WHITEBARK 
PINE ECOSYSTEM 

Charles G. Johnson, Jr. 

ABSTRACT 
Subalpine grasslands have been important for mid- to 

late-summer grazing by domestic sheep. Operations cen
tered at base ranches in the canyons of the Sno.ke River 
and valleys surrounding the Wa.Uowa Mountains of north
eastern Oregon. A serious degrading of these rangelands 
occurred near the tum of the century when sheep produc
tion was primary and concern for the natural resources 
was secondary. Following World War II, sheep use mark
edly declined with a. responding rebound by vegetation 
that covered the scars of land abuse. 

Pioneering range scientists used subalpine areas of the 
Wallowa.s to lea.m grassland successional relationships. 
Arthur Sampson studied the Standley Allotment between 
1907 and 1911; Pickford and Reid selected Tenderfoot 
Basin for their 1938 investigation of depleted green fescue 
range. Their initial photographic work has been periodi
cally retaken along with interpretation of successiono.l 
trend. 

The primary plant associations utilized by sheep in the 
subalpine areas of the Wa.Uowa Mountains were domi
nated by green fescue (Festuca viridula Basey~ Classify
ing vegetation based on the potential of the site to produce 
a. climax dominant grass is simplified by the pioneering 
secondary succession work accomplished by earlier investi
gators. The continued monitoring of green fescue sites will 
enable land managers to interpret severity of use with 
resulting plant compositional and productivity changes. 

INTRODUCTION 
Every mountainous part of the West has•its particu

lar breed of mountain bunchgrass; thus, green fescue is 
the mountain bunchgrass of the Blue Mountain country 
of northeastern Oregon and southeastern Washington. 
Lambs fed on these ranges are famous for condition and 
the high market prices they command. Few sights· are 
more pleasing to the eye than high knolls and ridges 
covered with a fine stand of green fescue. The rich 
green hue of the foliage contrasts strikingly with the 
bright bluish-purple heads (USDA 1937). 

Paper presented at the Symposium on Whitebark Pine Ec:oeyatems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

Charles G. Johnson, Jr. is Area Plant Ecologist Cor the Malheur, 
Umab1la, and Wallowa-Whitman National Foresta, Forest Service, 
U.S. Department of Agriculture, Baker City, OR 97814. 
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Green fescue (Festuca. viridula Basey) plant communi
ties are found in the subalpine fir and whitebark pine 
zones occurring in parks, on open slopes and ridgetops, 
and as a part of a savanna beneath open-growing trees 
(Reid 1942). 

Green fescue communities generally occur in exposed 
portions of the subalpine forest above 6,000 tl; elevation. 
These grasslands exist on relatively dry sites within a 
high-precipitation zone (over 35 inches pptJyr) that have 
been created by excessive wind transfer of winter snows, 
exposing these slopes to dessication (Daubenmire and 
Daubenmire 1968). Deep, finely textured soils capable 
of high water-holding capacity help compensate for wind 
dessication promoting the fescue on exposed, open slopes 
(Weaver 1979). Therefore, they support grasses and forbs 
in the absence of trees except for occurrence beneath white
bark pine in a savanna. These sites are often droughty 
in late summer when intense storms can provide highly 
erosive winds and torrential rains can cause severe sheet 
and gully erosion. 

The species occurs in southern British Columbia 
and Alberta, the northern Rockies of western Montana 
and Idaho, along the Cascadian crest in Oregon and 
Washington, in the Sierras from Mount Lassen to 
Yosemite, and in the Wallowa and northern Blue 
Mountains of northeastern Oregon. 

The grass plants form a dense sod with an extensive 
root system penetrating to depths of 3 ft and greater 
(USDA 1937). In good ecologic condition, green fescue 
communities are characterized by almost pure stands 
of grass, a dense foliage cover, and interstitial areas occu
pied by fescue root crowns and litter (Reid 1941). The 
forb composition oflate-seral green fescue communities 
is often less than 20 percent (Johnson and Simon 1987). 

Green fescue is well adapted to the severe climatic con
ditions prevailing at these subalpine elevations. In late 
seral stands, green fescue can average over 500 lb/acre. 
Communities in mid-seral stages of succession often con
tain a greater forb composition, which can provide up 
to 1,300 lblacre. Late-seral green fescue stands in the 
Wallowa Mountains average almost 900 lblacre of total 
herbage production (Johnson and Simon 1987). 

Besides being very productive, green fescue is highly 
palatable and very nutritious. Sheep have been the pri
mary class of livestock to historically use these high
elevation grasslands. They habitually prefer forbs, but 
avidly seek the succulent fescue and tend to graze this 
herbage more closely than that of other grasses (Sampson 
and Chase 1927). The deep extensive root system pro
vides a stabilizing force to thwart erosion from high winds 



and surface water runoff resulting from either rapid snow
melt or high-intensity storms. When degraded, green 
fescue loses its vigor, seedhead production is diminished, 
and seedling establishment is often poorer. The capability 
of green fescue communities to withstand trampling from 
heavy animal use is lessened. The result is an increase in 
forb and other graminoid composition coupled with a 
breaking down of the soil mat followed by rapid soil loss. 

GRAZING IMPACTS-THE 
TENDERFOOT BASIN STUDIES 

Tenderfoot Basin is located in the whitebark pine zone 
of the Wallowa Mountains at elevations ranging from 
7,200 to 8,500 ft. By the turn of the century, the domi
nant green fescue communities were badly deteriorated 
from sheep abuse. Annual overutilization of the available 
forage from the practice of turning livestock onto the al
lotment too early in the season resulted in low plant 
vigor and a decline in vegetative cover. The Wallowa 
Mountains were used extensively as primary summer 
range for large sheep ranches. In the early part of this 
century, 380,0.00 sheep were estimated to have grazed 
annually in the subalpine portions of these mountains 
(Cole 1977). The Tenderfoot Basin area was selected by 
G. D. Pickford and E. H. Reid to study plant succession 
and effects of use on green fescue grasslands. A second 
area was selected for comparison where sheep use had 
been much lighter, resulting in a green fescue community 
of near-climax ecologic condition. 

There were four 1,200-head bands of sheep grazing for 
3 months in Tenderfoot Basin in 1916 with a carrying ca
pacity of 6.4 sheep months/acre. By 1938, the area could 
sustain only 0.57 sheep for a month on an acre (Pickford 
and Reid 1938). The plant communities were character
ized as having only 33 percent vegetative cover with 
needlegrasses dominating over fescue on pedestals result
ing from severe soil loss (estimated at 428 tons/acre). 
Other sites were further degraded. Here vegetative cover 
was only 10 percent consisting of needlegrass six times 
more abundant than green fescue and dominated by 
perennial and annual forbs. Erosion pavement was pre
valent between the pedestals. Soil loss was e~mated at 
927 tons/acre on these earlier seral sites (Strickler 1957). 

In contrast, in near-climax stands, green fescue com
prised 68 percent with lupine the only other associate. 
The grass sod was fairly continuous with no distinct hum
mocky appearance, exposed soil was less than 25 percent 
at the surface, and no erosion pavement was evident. 
This climax fescue grassland could carry 5.35 sheep on 
an acre for a month where the best stands at Tenderfoot 
Basin could only support 0.57 sheep (Pickford and Reid 
1942). 

SUCCESSIONAL CHANGE (1956) 
Tenderfoot Basin was reexamined in 1956 following an 

18-year period of lighter sheep use (Strickler 1957). The 
desirable forage species had increased in cover and pro
duction; most perennial forbs decreased in cover and 
vigor. Active erosion had ceased as desirable grasses 
began to colonize the erosion pavement. Pedestals were 
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breaking down and depositing soil on the pavement, provid
ing new growing sites for young grass plants. In 1938, the 
three major graminoids (fescue, needlegrasses, and sedges) 
produced an average of 630 lb/acre on the Tenderfoot Basin 
sampled sites. In 1956, the same sites produced an average 
of 1,530 lb/acre of these graminoids (Strickler 1961). Fes
cue cover increased from 11 to 32 percent over the time 
period. 

What contributed to this reversal in succession? It was 
determined (Reid and others 1980) that accelerated erasion 
ceased and vegetative rehabilitation began when: 

1. The number of sheep using Tenderfoot Basin was 
reduced; 

2. A deferment period had occurred; 
3. Allotment entry was regulated to coincide with range 

readiness; 
4. Periods of nonuse occurred; 
5. Sheep were permitted to graze freely; 
6. Bedgrounds were used for only one night. 

FESCUE DOMINANCE 
REESTABLISHED (1978) 

After 40 years had elapsed from the period of overutiliza
tion, the Tenderfoot Basin study locations had responded 
with a new vegetative vitality that altered the community 
composition toward the climax stage of succession (Reid 
and others 1980). Total plant cover had continued to in
crease since 1956 under light impact from grazing animals. 
The needlegrasses, sedges, and forbs declined in percent 
composition. Green fescue had regained dominance over 
needlegrass in the established perennial bunchgrass loca
tions and was more actively invading the bareground loca
tions. Most pedestals had either collapsed or were less 
visible due to a ~ounding" by the new vegetative covering. 

The acceleration of change between 1956 and 1978 was 
principally created by the reduction in sheep months of 
grazing, deferment periods over the preceding 40 years, 
and the stabilizing period necessary for fescue seedling 
survival on the eroded soil. Another factor in the accelera
tion of change may have been increased activity by soil 
mycorrhizal fungi. Prior to that time continued soil distur
bance restricted fungal formation. 

MANAGEMENT OF SUBALPINE 
VEGETATION 

The need to maintain foliar or litter cover is important 
to the protection of subalpine fescue sites. Utilization 
should be limited to 50 percent of the fescue plant; this 
would require a minimal stubble height of 3 inches 
(Pickford and Reid 1942). At this limit of utilization, suffi
cient seed stalks should remain for natural reproduction. 
Grazing should be limited to a 1- to 2-month season follow
ing fescue seedhead formation and ripening to allow for 
dissemination of viable seed. 

Domestic cattle are injurious to green fescue communi
ties. The weight of the animal creates severe erosive op
portunities through displacement of the porous soils and 
separation of sod mats from trampling hooves. The fine
textured, porous soils are very susceptible to subsequent 



wind and water erosion. Sheep, properly tended, should 
promote fescue by preferentially grazing forbs and tamping 
fescue seed with their hooves. The lighter animal can 
move rapidly across the slopes and maximize utilization 
of the rangeland as a whole much more effectively than 
cattle (Johnson and Simon 1987). 

Most of the subalpine areas where green fescue and 
high-elevation Idaho fescue communities (Hall1973) occur 
are managed as portions of the National Wilderness Pres
ervation System. Grazing by commercial permit has de
clined and appears to be continuing in decline. The major 
management concern for subalpine herbaceous vegetation 
will continue to be generated by people. As our population 
increases and these higher elevation sanctuaries are 
sought by the recreating public, degradation could increase 
where people and their animals congregate. Populations 
of native and introduced wild ungulates, if allowed to in
crease unchecked, can create some of the same degradation 
problems as were encountered by investigators in the 
Wallowa Mountains early in the 20th century. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Anonymous)-Do you think that grazing do
mestic stock will ever be excluded from public lands? 

A.-Not in the foreseeable future. Domestic livestock 
grazing is still a viable use of the forage resources of our 
National Forests. In many bunchgrass-dominated plant 
communities, a grazing animal stimulates tillering and 
invigorates the grass stand to produce new growth. Old 
growth is consumed with a resulting reduction in the 
buildup of material conducive to rodent infestations, 
disease, and fire susceptibility. 

Q. (from Anonymous)-What effect did the drought of 
the 1930's have on your sites? How much of the state of 
the 1938 stands depended on the drought? 

A.-Pm not sure we can determine the role of climate 
on the state of green fescue rangelands 50 years ago. 
Certainly the major factor leading to the condition of 
the rangelands then was overgrazing by domestic sheep. 

Q. (from Anonymous)-Are there situations in sub
alpine meadows where forbs are an indicator of a healthy 
situation? What's wrong with forbs? Where should they 
be growing? 

A.-There is nothing wrong with forbs in subalpine 
plant communities. From the successional point of view, 
we see forb increase with degradation of green fescue 
grasslands and ultimate domination by forbs in very de
nuded areas. The concept oflate-seral (near-climax) com
munities having nearly forbless stands dominated by 
perennial bunchgrass is proposed through work in classi
fying green fescue stands where stability has occurred 
over time. Forbs provide a diverse offering to the grazing 
resource. We may wish to manage for mid-seral stands 
where green fescue is strongly associated with a forb com
ponent. If we are managing for recreational use, forb 
abundance is often highly desired by our high-country 
users. 



STREAMS, LAKES, AND FISH IN 
WHITEBARK PINE ECOSYSTEMS 

RayJ. White 

ABSTRACT 
Not only do streams, lakes, and fish occur in the white

bark pine (Pinus albicaulis) ecosystem, but the streams 
and fish are important to ecosystems lying downslope 
and extending out into the mountain valleys. Many of the 
lakes support significant recreational fishing, but few of 
the streams do, although they may serve as spawning, 
juvenile rearing, and refuge areas. The primary fishes 
of interest are salmonids, certain kinds of which seem 
better adapted than others to high-altitude streams. The 
streams here tend to be an extraordinarily harsh environ
ment due to steepness, coldness, ice conditions, and nutri
ent poverty-but in some regions may have a more depend
able water supply than those farther downslope. Ava
lanches, ice, snow, boulder control, vegetation, beaver, and 
disturbance by livestock grazing may often play important 
roles in shaping stream channels in these areas. Many of 
the high lakes of the United States Rocky Mountains have 
been stocked with trout, char, or grayling, many kinds of 
which are exotic to the regions or drainages. Many of these 
lakes no longer contain their prestocking-era faunal com
position. The lakes that are deep enough often have sub
stantial salmonid populations, but growth tends to be 
slow, owing to infertility, cold, and 7 to 8 months of ice 
cover. Those near hiking, pack-trip, or vehicle trails are 
commonly overfished, but many are so remote that this 
is not a problem. 

INTRODUCTION 
Streams and lakes exist as distinctive aquatic subeco

systems nested in and closely interconnected with a hier
archy of larger, primarily terrestrial, ecosystems, such as 
those defined by small drainage (catchment) basins and 
clusters oflarger basins. In some drainage basins and 
ecosystems, whitebark pine (Pinus albicaulis) is the pre
dominant tree. This may or may not mean they are 
whitebark pine ecosystems. 

The stream and lake subecosystems perform in special 
ways that are surely affected by whitebark pine and the 
associated biota. It is likely that no one has studied char
acteristics of streams and lakes in relation to whitebark 
pine specifically. The plant communities ofwhitebark 
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pine forests must influence the chemistry of soils, hence 
of surface and subsurface runoff water that feeds streams 
and lakes. Streams and lakes in the forest may supply 
food for various members of the animal community, 
namely herbivores, such as moose (Alces american us), and 
carnivores, such as osprey (Pandion haliaetus), mustelids, 
and bears. It is well known that fish can be very impor
tant in the diet of grizzly bears (Ursus horribilis). They 
feed heavily on cutthroat trout (Oncorhynchus [formerly 
Salmo] clarki) from Yellowstone Lake that migrate into 
the lower reaches of tributary creeks to spawn in late 
spring and early summer, however researchers in Yellow
stone National Park have no evidence that bears eat fish 
in creeks at still higher elevations (Reinhart 1989). Al
though beaver (Castor canadensis) may not use whitebark 
pine, within some parts of the forests, they may strongly 
influence vegetation, soils, water levels, fish, and wildlife 
habitat. At this stage of our knowledge it may be most 
appropriate to discuss general characteristics and func
tioning of streams and lakes that are at about the same 
range of altitude as whitebark pine and to raise questions 
and highlight potentially important issues based on gen
eral information. 

For this paper, I not only have reviewed literature, but 
have discussed the subject with limnologists, as well as 
with fishery biologists from State agencies and the Forest 
Service, U.S. Department of Agriculture, in Montana and 
Idaho, who deal with waters in the whitebark pine range. 
Interesting and potentially useful information exists that 
is not in the literature because the observations are not 
from formal study but are largely subjective. 

The assigned topic, "water quality and fish," was 
changed because water quality is only one of several im
portant general aspects of aquatic ecosystems affecting 
their performance and their fish. Other key aspects are 
water quantity (for example, streamflow discharge and 
lake volume), physical structure of the water body, and 
temporal regimens of variation in water quantity, water 
quantity, and physical structure. All are interrelated. 

Because the needs for protecting water quality are 
fairly well known, and because matters of water quantity 
are covered by Farnes (this proceedings), I will concen
trate on physical structure and its effects on fish. To 
consider stream quality and lake quality in their totalities 
is often much more effective than focusing narrowly on 
water quality. I am fond of pointing out that even if the 
water of a stream or lake is pure enough for human ba
bies to drink, and even if it is at the same time sufficiently 
nutrient-rich and of the right temperature for growing 
lots of organisms, still, it cannot harbor many fish of de
sirable size if the container is the wrong shape. 



The shapes of stream channels and lake basins are 
important to the suitability of these water bodies for other 
organisms as well. For example, the fineness of stream
bed texture (small-scale structure) can greatly affect the 
kinds and abundances of benthic fauna. Also, the steep
ness of side slopes of lake basins, as well as lake depth
hence darkness-am affect the abundance of rooted 
aquatic plants and all that depend o_n ~he pl~ts. . 

What goes on in ecosystems contaimng whitebark pme, 
especially in regard to vegetation and soils, may greatly 
affect the shapes, water quantity, and water quality of 
streams and lakes. Conditions of the drainage basin's 
vegetative mantle will exert much control on inputs of 
water, sediments, and dissolved chemicals. Streambank 
vegetation is a major determinant of stream channel 
shape and of the stability of the bed and banks. In par
ticular, the sloughing of trees and brush into channels 
forms jams and other large roughness elements that re
sist downward and lateral erosion of the stream and that 
provide hiding cover for fish and other orgainsms. There 
are obvious effects of drainage basin morphometry; slope 
steepness is important, as are the roles and effects of 
snow avalanches and landslides on the shapes and hy
drology of streams and lakes. 

In the sections that follow, I will discuss lakes sepa
rately from streams. One characteristic common to both 
types of aquatic systems and of special relevance within 
a forest is that, when not frozen, they have wet surfaces 
that catch small particles of organic debris. Of great im
portance to stream and lake ecosystems, particularly 
small ones such as found in alpine areas, is the amount 
of small debris from terrestrial vegetation-such as bits 
of bark and twigs, pollen grains, leaves, and needles
that enters and can be used by the aquatic biota. These 
fragments can be blown for great distances through the 
air and across surfaces of rock, ice, and crusted snow, but 
the wet surfaces of water bodies act as sticky traps for 
them. This material is then held within the stream or 
lake and does not soon, if ever, return to the terrestrial 
part of the larger ecosystem. Hence, streams and lakes 
receive far more allochthonous particulate organic input 
than would derive even from having a canopy of vegeta
tion. In small headwater creeks in particular, the food 
web tends to be based far more on terrestrial organic 
detritus than on algal production (Vannote and others 
1980). 

The sport fishes adapted to life in high-mountain lakes 
are all salmonids-trouts, chars, and graylings. Before 
stocking was begun, the salmonids that naturally oc
curred in high-mountain waters within the range of the 
whitebark pine were the cutthroat trout, represented by 
several subspecies, each including many strains having 
special adaptations to local conditions; the arctic grayling 
(Thymallus arcticus ); some varieties of redband or rain
bow trout (Oncorhynchus mykiss, formerly Salmo gaird
neri) west of the Continental Divide, and also on that side 
of the mountains, the river char known as bull trout (Sal
uelinus confluentus). Few species ofnonsalmonid fish oc
curred in high streams or lakes; sculpins (Cottus spp.), the 
longnose sucker (Catostomus catostomus), and the burbot 
(Lota Iota) probably were the only ones. Stocked species 
have included cutthroat trout, arctic grayling, rainbow 
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trout, brook trout (Saluelinus fontinalis-a char fr?m 
eastern North America), golden trout ( 0. aguabonr.ta) 
from California, and the European brown trout (Salmo 
trutta). 

HIGH-ALTITUDE LAKES AND 
THEm FISH 

High lakes of the Rocky Mountains and other ranges on 
this and other continents are generally small, often locally 
numerous have usually been fonned in various ways by 
glacial action, and are always cold, thickly covered ~th 
ice and snow for most of the year, and relatively nutrient 
poor (Loeffier 1983; Rabe and Breckenridge 1985). The 
typical inaccessibility of mountain lakes to fish has meant 
that most were fishless, at least until people began exten
sive stocking. 

In contrast to nearby streams, lakes now support al
most all of the high country's recreational angling. On 
high Rocky Mountain trails, hikers or packtrippers who 
have fishing rods are almost always on the way to or from 
a lake not a stream. Some people go into the mountains 
mainl~ for the fishing, but for many, that sport is inciden
tal to other recreation. In the last few years, the propor
tion of mountain lake fishing that is incidental, as op
posed to being the main objective, may have in~eased, 
according to the impressions of the few mountain lake 
anglers I polled on this matter. · 

By the late 1960's, overharvest of trout in wilderness 
lakes by backpackers was a major management head
ache for State of Idaho biologists. Therefore, the State's 
official infonnational booklet on mountain trails and lakes 
was discontinued, and now privately published trail 
guides may undermine that effort to reduce angling pres
sure (Gebhards 1988). Idaho's Sawtooth National Rec
reational Area has particularly heavy human use; lakes 
near trails are intensely fished, and remote lakes seldom 
fished. Outfitters are taking clients back into some of 
the remote lakes, and these are suffering problems caused 
by horse grazing. 

Camping near lake shores may now be the foremost 
human use of alpine lakes, but fishing surely remains 
as an enhancement of the camping experience, as well 
as a major attraction . The plant-and-soil systems of the 
riparian zones of high lakes may be particularly fragile. 
It is obvious to all who have observed the effects of human 
activity, such as camping around high lakes, that damage 
to physical and vegetational conditions occurs as a result 
of trampling, wood-gathering, fire sites, waste disposal, 
and the use of pack animals. Chemical water quality of 
the lakes also can be affected by these activities (Taylor 
and Erman 1979). 

In most high lakes of the Rocky Mountains, there 
would be no fishing had the fish-mainly trout but also 
grayling-not been introduced by humans. In the 1920's 
in Montana's Beartooth Range, for example, miners, pack
ers, rod and gun club members, and government person
nel began to stock fish in the mountains (Anderson 1984). 
For sustained fishing, repeated stocking was required 
because many of the lakes lacked spawning habitat. Most 
had no gravelly tributary or outlet streams, or lacked cer
tain types oflakebed gravel formations. In the Beartooth 



Range today, about 35 percent of the lakes contain fish, 
25 percent lack fish but are probably capable of sustaining 
them, and 40 percent are unsuitable for fish (Anderson 
1984). 

The planting of trout and grayling in high lakes was 
often successful from an angling standpoint, when the 
lakes were relatively deep and nutrient rich. The practice 
was rather unsuccessful (fish grew poorly) in lakes that 
were too shallow or nutrient poor, or when, as was often 
the case, more fish were stocked than the food resources 
could sustain (Reimers 1979). The process of overcrowding 
and consequent stunting of salmonids introduced in high
mountain lakes also is common in the Alps (Pechlaner 
1966, 1984). 

Salmonid stocking may almost always have been a dis
aster for the pre-existing faunal community. In the few 
lakes having native populations of trout or grayling, the 
stocked trout of other species-or of other strains of the 
same species-would usually have exerted adverse com
petitive pressure (Moyle and others 1986). When the 
stocked species was able to breed substantially with the 
indigenous species, introgressive hybridization may often 
have eventually eliminated the former; this is common 
when rainbow trout are imposed on some strains of cut
throat trout (Behnke and Zarn 1976). 

Not only do unmanaged high-mountain lakes tend to 
have few kinds offish, if any, but, owing to recent (on the 
geologic time scale) formation of the lakes, poor accessibil
ity, harsh climate, and low nutrient availability, the entire 
faunal community of such a lake tends to be poor, com
pared to lakes of similar dimensions at lower altitude. 
The typical natural, relatively simple, hence probably on
resilient community, would have had some salamander, 
frog, or predatory invertebrate (insect or zooplankter) at 
the peak of the aquatic trophic pyramid-aside from water 
birds during the short, ice-free season. 

When salmonids were suddenly thrust into such sys
tems, they would within a few months or years deplete 
the invertebrates that were large enough to be of value 
to them (Pechlaner 1966, 1984; Reimers 1979). Predatory 
fish of any kind in ponds and lakes at any altitude become 
stunted (almost stop growing) when they become so nu
merous that the invertebrate population is kept size
selectively cropped down to the point that the only food 
organisms left are those so small that the fish's energy 
cost of capturing and eating such an organism exceeds 
the energy that can be gained from it. This process is 
so well known that the literature for it need not be cited. 
This was demonstrated in reverse when brook trout were 
transplanted from a densely populated mountain lake to 
a less crowded one and subsequently accelerated in growth 
(Rabe 1967). 

Thus, especially in the nutrient-poor lakes so often 
found in alpine areas, the fish virtually eradicate the food 
supply, almost stop growing, and exist for years on the 
verge of starvation-which fish are good at, especially in 
very cold water. Perhaps in almost no high lakes, even 
if the supply of larger invertebrates has not been severely 
cropped off, do trout or grayling grow at rates that would 
generally be considered fast. This is because the water is 
continually so cold. Where food remains relatively plenti
ful, the slowly growing fish that survive eventually reach 
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large size because in the cold they live much longer than 
in waters of normal temperature regimen. 

The result in many high lakes has been extraordinarily 
large, long-lived trout. These are lakes that were rather 
lightly stocked, have been very lightly harvested, and are 
biologically productive. Examples of excellent fisheries in 
high lakes abound. A Beartooth Mountain lake accessible 
by a good but steep foot trail many kilometers long report
edly contained not only fair-sized cutthroat trout caught 
by anglers in summer, but also brook trout of2 kg or 
more. The latter were apparently caught with regularity 
only in winter by very few fishermen using special bait 
and willing to wade through kilometers of hip-deep snow 
(Marcuson 1975). Some other lakes of that area yield 
cutthroat and brook trout that are commonly as large 
as 35 to 40 em (personal observation of the author). 

Greater lake productivity can be due to location in cal
careous mountains and on south-facing slopes, as well 
as other conducive attributes (Johnson 1973; Rabe and 
Breckenridge 1985). Calcareous Oimestone) formations 
are fossilized marine organisms and their products. Wa
ter flowing over and through such rock dissolves alkaline 
ions and other plant nutrients. The alkalinity also di
rectly benefits trout and many other organisms by impart
ing near-neutral pH to the water and by buffering against 
swings in acidity and against toxicity of various dissolved 
metallic ions. As opposed to lakes of humid eastern North 
America, in which the limiting nutrient for biological 
productivity is usually phophorus, those of the arid West 
are most often nitrogen limited (Priscu 1985-87). High 
mountain lakes of the West appear to fit this pattern. In 
research now under way, most lakes of Montana's Bear
tooth Range are proving to be nitrogen limited. Fallout 
from the 1988 fires in Yellowstone National Park resulted 
in nutrient enrichment, as evidenced by microbial re
sponses, in high, alpine lakes (Angelo 1989). In a sample 
of 10 high-mountain lakes in a once-remote wilderness 
area of California, there was significant positive correla
tion between percentage frequency of benthic plants and 
intensity of past recreational camping in the lake vicinity 
(Taylor and Erman 1979). 

In the many nutrient-poor or overstocked high lakes, 
the fish also lead long lives, but starving, stunted, truly 
miserable lives, and do not reach large size. The classic 
account is that of a brook trout population stocked in a 
high Sierra Nevada lake, the last survivor of which lived 
into its 24th year, doubling the previous longevity record 
for the species. Its body length was only 25 em, mostly 
accrued during its first 6 years of growth, 9 months of 
which were in a hatchery from which the lot was stocked 
at mean size of 6.6 em (Reimers 1979). In various other 
types of waters, brook trout reach 25 em in 2 to 3 years. 

HIGH-MOUNTAIN STREAMS AND 
THEffiFISH 

High-altitude streams are typically small, cold, and 
very steep with much shallow water rushing over beds 
oflarge stone. The steep reaches, however, often contain 
accumulations of boulders and large woody debris that 
form a stairstepped bed. Behind the obstructions, gravel 



deposits serve as spawning beds. Just below the steps 
plunge pools occur, which provide fish with resting sites 
protected from swift current and predators. 

The multifaceted benefits to fish habitat of having 
many large roughness elements (mainly boulders and 
logs) in streams and the important role of woody debris 
in creating such roughness have recently become appar
ent (Lisle 1981, 1986). Important among these benefits 
is the creation of hiding cover (visual isolation from preda
tors and competitors) and eddies where current is slow 
enough to enable fish to maintain position without undue 
expenditure of energy. Where whitebark pine predomi
nates, the contribution of its logs and limbs to streams 
is a question of interest that has probably not yet been 
investigated. 

Streambed steepness is also occasionally interspersed 
with mountain meadows and swamp pockets where gradi
ent is less, where gravel and finer sediments accumulate 
to form the streambed, and where pronounced meander
ing courses form, having pools at the bends and riftles 
between bends. Stream-dwelling salmonids are adapted 
to the features associated with stairstepping in the steep 
reaches and meandering in the low-gradient reaches. 

The populations of resident trout in these small, steep, 
cold waters often attract little angling because the fish 
are generally small. Many of the streams, however, are 
considered to be very important to the fisheries of down
stream rivers and lakes, not only because they supply 
water and nutrients, but because they serve as spawning 
grounds for larger fish that migrate from the larger, 
warmer waters. They also provide rearing habitat for 
young offspring. In western Idaho, bull trout and west
slope cutthroat trout (0. clarki lewisi) predominate in 
streams above about 2,000 m; juveniles of steelhead rain
bow trout and chinook salmon (0. tshawytscha) are the 
primary inhabitants at lower altitudes (Anderson 1988). 

Fish in alpine streams face many problems, natural and 
human caused. Due to the vagaries of drought and spells 
of ample flow, trout populations in headwaters tend to 
fluctuate greatly (Erman 1986). Many parts ofhigh
altitude streams freeze completely in winter, and their 
fish must move to other areas or perish, although those 
of small enough size can survive where the streambed 
is composed of stones that offer interstices leading to sub
surface water. Slushlike anchor ice, which typically forms 
on winter nights and disappears the next day, also is a 
special hazard. Artificial sources of damage to high
mountain streams probably derive from almost any type 
of human activity that occurs in or near the streams and 
their riparian zones. Notable in the past was the near 

'eradication of beaver from streams. At present, in addi
tion to recreation, significant artificial factors include 
livestock grazing, logging, mining, and a variety of con
struction and maintenance activities associated with 
dwellings, roads, trails, power lines, telephone lines, 
pipe lines, water storage dams, and diversions for water 
supplies. 

Beaver constitute one of the major natural habitat 
influences for stream fish in the Rocky Mountains-a 
beneficial influence in most cases. Their dams and ponds 
contribute importantly to the stairstepped stream profile 
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and diversity of channel form and flow. The ponds also 
trap and store organic matter that would otherwise flush 
out of the system sooner and not be as available to stream 
(and terrestrial) organisms. Roles of beaver in stream 
ecosystem functioning were discussed by Naiman and 
others (1986). Whether beaver ever relate directly to 
whitebark pine apparently is not discussed in the litera
ture, but beaver definitely extend their activity into the 
altitudes of the whitebark pine range. 

In eastern Idaho, western Wyoming, and southern 
Montana, beaver are often abundant at 1,800 to 2,500 m 
(Platts 1989). In whitebark pine areas, they use willow 
for dams and for food, particularly for winter food caches. 
In summer much of their diet may be herbaceous plants, 
which tend to thrive at high altitudes better than in lower 
zones that have prolonged dry periods. Although willow 
brush tends to be small at high altitudes, it suffices for 
beaver dams, which can be low and relatively weak 
because (1) large floods do not occur in headwaters, 
(2) heavy snow cover prevents the winter ice layer from 
becoming as thick as at lower altitude, and (3) the beaver 
need not flood as large an area to reach sufficient food, 
owing to the availability of herbaceous vegetation (Platts 
1989). Donald Anderson (1989) reports that beaver im
poundments are important to Idaho salmon at altitudes 
of 1,800 to 2,000 m. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (Mike Merigliano)-Ifthe exotic trout and other 
fishes are eliminated from the previously barren high
mountain lakes, would the original food chain reestablish 
itself in the original composition? 

A.-This consideration, not covered in the brief oral 
presentation, is touched upon in the printed version. 
Referenced material indicates that populations of 
invertebrates-at least of some invertebrates-increase 
(and trout growth rates increase) as trout populations 
diminish. This is not to say, however, that the full species 
complement and proportional abundances of the commu
nity have been restored. Probably there has not been 
enough study for us to know whether full recovery of an 
original community ever takes place. One might expect 
some species that are highly vulnerable to predation by 
(and competition from) trout, that have low reproductive 
rates, and low interlake mobility, hence poor potential for 
recolonization, to remain absent for many years after dis
appearance of trout from a lake. In the absence of former 
components of the community, especially if they had been 
key species in the trophic system-or "keystone" species 
in other respects-the species that do recover would be 
unlikely to repopulate to the same relative abundance 
as before disruption of the community by the trout. 
The community could therefore not be said to have truly 
recovered. 



SNOTEL AND SNOW COURSE DATA: 
DESCRffiiNG THE HYDROLOGY OF 
WHITEBARK PINE ECOSYSTEMS 

Phillip E. Farnes 

ABSTRACT 

Snow survey measurements have been made in and near 
whitebark pine ecosystems in the Western United States 
and Canada for over 50 years. Within the past 15 years, 
automated SNOTEL (snow survey telemetry) sites have 
provided daily data on snow water equivalent, total pre
cipitation, and temperature. This information, along with 
hydrologic relationships, is used to describe the various 
hydrologic environments occupied by whitebark pine. 
Variations in snowpa.ck, snow water equivalent, annual 
precipitation, growing season precipitation, and potential 
water yield from these areas are presented. SNOTEL sites 
in the Western United States and similar sites in Alberta, 
British Columbia, and California that provide historic 
and current data on snow water equivalent, total precipi· 
tation, and air temperature in or near whitebark pine 
ecosystems are identified. 

INTRODUCTION 
Whitebark pine generally occupies the higher elevation 

zones of western alpine watersheds (Arno and Hoff 1989; 
Little 1971). These areas are also the main water
producing zones. Snow courses and SNOTEL (snow 
survey telemetry) or similar sites have been established 
in these zones to monitor the seasons' snowpack and the 
primary source of the water supply. Data from these sites 
are also useful in evaluating the climatic and hydrologic 
regimes of whitebark pine. 

SNOW SURVEYS 
Snow surveys started in the West near Mount Rose, 

NV, in 1906 (USDA SCS 1988a). However, the first major 
expansion to all western States occurred in the mid-
1930's, as a result of unprecedented drought and water 
shortages. There are now approximately 1,500 snow 
courses in the Western United States and 300 in Alberta 
and British Columbia. The record for manual snow sur
veys, which include both snow depth and snow water 
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content, now exceeds 50 years at many locations. Gener
ally, snow surveys are made three to five times each year. 
P4any of these snow courses are located in areas occupied 
by whitebark pine. 

Snow pillows were first installed in the early 1960's. 
These containers hold an antifreeze solution and are 
placed on the ground surface. The weight of the snow 
on the pillow is transferred to sensors inside a shelter 
and recorded with onsite recorders or telemetered, using 
radio equipment. Usually, snow pillows are 10 to 12ft in 
diameter and are made of nylon reinforced neoprene. 
They provide a continuous record of snow accumulation 
and melt. Recording and storage precipitation gauges are 
also installed to quantify the total precipitation at these 
locations. 

Snow pillows are a part of a system of SNOTEL sites 
that now number about 550 in the Western United States, 
excluding California (Barton 1975; McMillan 1981). All 
SNOTEL sites gather snow water equivalent, total pre
cipitation, and air temperature daily. Other data such 
as wind speed and direction, solar radiation, and soil tem
perature are collected at a few of these sites. There are 
about 110 similar sites in California and about 12 in 
British Columbia and Alberta. 

The SNOTEL electronics are currently being upgraded 
with microprocessors that can be programmed to select, 
accumulate, or average data. At sites with the upgraded 
electronics, daily maximum and minimum temperatures 
are being selected and the average daily temperature is 
being calculated using 96 daily observations. 

While the primary use of these data is to forecast water 
supplies, they can also be used to evaluate the climatic 
regime of the whitebark pine. 

There are approximately 110 SNOTEL sites or other 
snow measuring sites where both precipitation and snow 
water content data are gathered that coincide with white
bark pine ecosystems. While these sites occur in Alberta, 
British Columbia, California, Idaho, Montana, Nevada, 
Oregon, Washington, and Wyoming, as shown in table 1, 
the majority of these sites are in Idaho, Montana, and 
Wyoming. 

Those wishing to access these data or those who have 
questions should contact the Soil Conservation Service, 
U.S. Department of Agriculture, (SCS) snow survey staffs 
in the western States (USDA SCS 1988b). Cooperators 
can access the SCS's Centralized Forecast System (CFS) 
in Portland, OR, using a computer and modem. Both real
time and historic data for snow courses and SNOTEL 
sites are available. Depth and snow water equivalent are 
available for snow courses. Daily snow water equivalent, 



Table 1-Sites in or near whitebark pine 

Range of Range of 
average average 

Number ·Range of annual maximum 
State or Province sites elevations precipitation SWE 

Feet ••.....• • Inches .•••••••• 

Alberta 6 6,960- 7,640 30-43 17-31 

British Columbia 5 5,540- 6,360 38-58 16-36 

California 8 9,800-11,450 30-40 12-32 

Idaho 18 5,560- 9,150 31-88 22-71 

Montana 32 5,930- 9,100 26-85 10-50 

Nevada 7 7,700-8,800 24-43 15-24 

Oregon 9 5,315-6,200 35-112 19-72 

Washington 5 5,400- 6,500 51-83 40-74 

Wyoming 16 8,200-10,100 21-48 9-33 

precipitation, and air temperature are available for 
SNOTEL sites in Idaho, Montana, Nevada, Oregon, 
Washington, and Wyoming. In California, the Depart
ment of Water Resources is the responsible agency and 
can provide snow, precipitation, and temperature data. 
In Alberta and British Columbia, the Provincial govern
ments can provide this information. 

PRECIPITATION, SNOWPACK, AND 
WHITEBARK PINE 

Data from these sites show that whitebark pine grows 
under a wide variation of average annual precipitations 
and snow water equivalents. Average annual precipita
tion varies from about 20 inches to over 100 inches. Aver
age maximum seasonal snow water equivalents range 
from about 10 inches to over 70 inches (California 1987; 
USDA 1987 Annual Data Summaries for Idaho, Montana, 
Nevada, Oregon, Washington, and Wyoming; Alberta 
Environment 1986; Ministry of Environment 1985). 

Some of the lower average annual precipitation 
amounts may be misleading because redistribution of 
snow by wind may create a more favorable moisture envi
ronment for this species. This is most evident in some 
areas in Wyoming where snow at higher elevations is 
redistributed into drifts around tree stands. These drifts 
increase soil moisture, modify soil temperature, and hold 
soil moisture to near field capacity levels later into the · 
season. This redistribution of snow may also create a 
favorable microclimate for reproduction in these lower 
precipitation areas. 

The amount and distribution of precipitation between 
complete snowmelt and fall freezeup may be the most 
critical factor in whitebark pine survival and growth. 
Since soils in whitebark ecosystems generally have low 
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water holding capacity, the frequency of summer rain 
may be as important as the quantity of precipitation that 
falls. Also, condensation is very common in these alti
tudes during summer months, and it is possible that this 
enables these trees to lower their daily transpiration. 

The date snowpack melts to zero at SNOTEL sites 
in or near whitebark pine areas averages mid to late 
June. In California, Nevada, and Oregon, the average 
date of complete melt can be as early as mid-May. Snow
melt at the higher elevation sites in Wyoming continues 
into mid-July on the average. 

Average precipitation that occurs after all the snow 
has melted and prior to fall freezeup, usually in early 
September, varies from about 3 to 5 inches. However, 
a few sites show precipitation as high as 7 to 8 inches 
during the snow-free season. Very little runoff is gener
ated from the precipitation falling during this snow-free 
period as most of the summer's precipitation enters the 
soil profile and subsequently is used by the vegetation 
or evaporates. 

Lack of significant moisture over long periods may 
stress the whitebark pine since the water holding capacity 
of the soils is quite low. The amount and distribution of 
this precipitation could also be related to the success of 
pine nut production. Sustained growth and good nut 
production are probably optimum when there is adequate 
moisture available from the soil throughout the entire 
growing period for 2 or more consecutive years. 

WATER YIELDS AND WHITEBARK 
PINE 

Whitebark pine areas are usually in the heavier precipi
tation zones in areas that have scanty vegetation and on 
soils that have a low water holding capacity. These areas 



yield large per-unit runoff within any given watershed; 
the per-unit runoff is generally exceeded only by that 
from the alpine areas above timberline. 

In areas of western Montana that have an average 
annual precipitation of 30 inches, about 35 percent of 
this annual precipitation (about 10 inches) eventually 
flows out of the watershed as streamflow. The efficiency 
increases to about 60 percent in the 70-inch precipitation 
zones where about 40 inches eventually become stream
flow (Farnes 1978). Snowmelt runoff from whitebark pine 
areas occurs late in the runoff season and is some of the 
most valuable water for irrigation in drainages not having 
reservoir storage. The runoff from these high elevations 
usually coincides with large irrigation demands in June 
and July. 

Management of these stands would probably have little 
effect on water yield or peak flows for any given water
shed. The snow at high elevations is not usually melting 
or is melting very little when the peak flows are occurring 
from these watersheds. Any change in snow distribution 
related to management of existing whitebark pine stands 
would not cause any significant changes in peak flows at 
downstream locations. Removal of significant volumes of 
timber would reduce evapotranspiration and could result 
in small increases in runoff until regeneration is estab
lished. In windy areas, snow redistribution could be al
tered by stand management and could affect the runoff. 
Selective thinning in denser stands would increase snow 
throughfall and would increase the water yield from 
snowmelt. However, in most situations, the costs for such 
treatment would probably exceed any benefits accruing 
from the increased runoff. Each situation would need to 
be evaluated on its specific merits and objectives to deter
mine whether it was economically and environmentally 
feasible to attempt to manage any given stand of white
bark pine for water yield enhancement. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Wendel Hann)-Is there a difference in the 
way whitebark pine catches and shades snow compared 
to subalpine fir? 

A.-In younger stands where shapes are similar, for 
example, tall and slender, the response is similar. As the 
crown of the whitebark pine begins to expand, there is a 
much larger surface area that intercepts snowfall and the 
shade of the larger crowns encompasses a much larger 
ground surface area that reduces melt rates of snowpacks 
in the shaded area. 



RECREATION IN WHITEBARK PINE 
ECOSYSTEMS: DEMAND, PROBLEMS, 
AND MANAGEMENT STRATEGIES 

David N. Cole 

ABSTRACT 
Whitebark pine ecosystems are an important element of 

many of the most spectacular high-elevation landscapes in 
the western United States. Tht."'Y occupy upper subalpine 
and timberline zones in the prime recreation lands of the 
Cascades, the Sierra Nevada, and the Northern Rocky 
Mountains. This paper explores the nature of the recrea
tional opportunities that the whitebark pine ecosystem 
provides and the demand for those opportunities. Impor
tant management problems are described, as are strategies 
for minimizing problems and optimizing recreational 
opportunities. 

Dispersed backcountry recreation is particularly impor
tant in whitebark pine ecosystems. Maintenance of 
natural-appearing landscapes is a critical management 
objective with this type of recreational use. The principal 
management challenges are to (1) provide opportunities to 
enjoy the landscape but concentrate and contain use wher
ever it regularly occurs, (2) design transportation systems 
and facilities to blend with the surroundings, (3) strive to 
improve site rehabilitation techniques, and (4) minimize 
the obtrusiveness of other forest uses. 

RECREATION DEMAND AND 
OPPORTUNITIES 

Most whitebark pine ecosystems are remote and inac
cessible by road (Arno and Hammerly 1984). Conse
quently, the most common recreational activities are 
dispersed backcountry pursuits, such as backpacking, 
horsepacking, hike-in fishing, photography, nature 
study, and contemplation. A large proportion of these 
ecosystems-probably well over one-half-is protected 
as Wilderness, under the authority of the Wilderness Act, 
which expressly prohibits mechanized equipment, such as 
four-wheeled vehicles, motorcycles, snowmobiles, and 
even mountain bikes. This limits the range of recreation 
activities in most places. 

Demand for outdoor recreation is great in whitebark 
pine ecosystems. The Cascades and Sierra Nevada are 
close to the population centers of the Pacific Coast, and 
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the Northern Rocky Mountains are an important vacation 
destination. Wilderness acreage in these areas is abun
dant and large numbers of wilderness visitors are at
tracted to whitebark pine ecosystems. Eight of the 10 
most heavily used wilderness areas in the United States 
have substantial amounts of whitebark pine (fig. 1). 
Within these wilderness areas, visitors are frequently 
attracted to these high-elevation forests. Visitors com
monly hike or ride through lower elevations up to the 
higher elevation forests and meadows that are their pri
mary destination. This tendency can be illustrated using 
data collected in the most popular portion of the Eagle 
Cap Wilderness, in the Wallowa Mountains of northeast
em Oregon. In that area, about one-third of the land
scape consists ofwhitebark pine forests, associated 
subalpine meadows, and spruce-fir forests in which white
bark pine is a component. However, 46 percent of the 
trail miles and 78 percent of the campsites are located in 
these ecosystem types (Cole 1977). Most wilderness visi
tors want to spend most of their time in these places. 

The reasons why wilderness visitors are particularly 
attracted to whi tebark pine ecosystems have not been 
studied. Four attributes of these ecosystems that likely 
attract large numbers of dispersed recreationists are es
thetics, diversity, ease of hiking and camping, and good 
fishing. These landscapes are highly esthetic. Views of 
rugged peaks are often spectacular. At these elevations 
the peaks look close and the open stand structure pro
vides more frequent vistas than the denser forests of 
lower elevations. Stunted whitebark pines and sun
bleached snags are highly attractive, particularly silhou
etted or bathed in late evening's alpenglow. 

Whitebark pine landscapes are also unusually diverse. 
Meadows and rock outcrops are frequently as abundant 
as the forests and invite exploration. Creeks babbling 
through the meadows and the wildflowers that fill the 
meadows add to the diversity and interest of these areas. 
So do glacial features, such as cirque lakes and waterfalls, 
that cascade over glacially carved steps. The relatively 
open and highly diverse landscape invites cross-country 
travel and dispersed camping. It is relatively easy to 
hike off trail and to find attractive campsites away from 
heavily trafficked places. 

Finally, the fact that whitebark pine ecosystems fre
quently occupy glacially carved landscapes means that 
cirque lakes are common features. These lakes attract 
visitors both as an esthetic and logical destination area 
and because they frequently offer good fishing. Fishing 
is an important wilderness activity for many visitors. In 
many wilderness areas, more than one-half of all visitors 
spend some time fishing (Lucas 1980). Fishing quality is 
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Figure 1-Eight of the ten most heavily-used wilderness areas in the country are in places with 
whitebark pine ecosystems. Numbers in parentheses are the rank of each wilderness area in 
terms of amount of use. 

often an important consideration when selecting a wilder
ness destination and goes a long way toward explaining 
the popularity of whitebark pine ecosystems. 

While backpacking, horsepacking, hiking, and fishing 
are probably the most common recreational opportunities 
that whitebark pine ecosystems provide, other types of 
recreation also are pursued. In the few places where 
roads access whitebark pine forests, scenic driving, pic
nicking, and roadside camping occur. The Tuolumne 
Meadows-Tioga Pass area in Yosemite National Park is 
a good example of a popular place offering this style of 
recreation. Snowmobiling and off-road-vehicle driving are 
well-established in some places and mountain biking is 
growing greatly in popularity. Demand for these experi
ences is high, again because of esthetics, diversity, and 
fishing. However, these opportunities are limited by road 
access and are not as unique to these ecosystems as is 
backcountry recreation. Finally, downhill and cross
country skiing occur in whitebark pine forests, but are 

. not especially common there. 
One theme common to all of these recreational pursuits 

is the importance of scenic quality and a landscape that 
has not been greatly altered by man. This latter concern 
is explicit in wilderness, where the Wilderness Act (P.L. 
88-577) directs management to preserve wilderness such 
that it "appears to have been affected primarily by the 
forces of nature, with the imprint of man's work substan
tially unnoticeable." Scenic qualities and an environment 
that contrasts with civilization are important motivations 
for visiting wilderness (Lucas 1985; Stankey and Schreyer 
1987). I would hypothesize that these motivations are 
also important to recreationists outside wilderness and 
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more important in whitebark pine ecosystems than in 
most other ecosystems. 

A major management concern, then, should be to mini
mize the evidence of human use. This means minimizing 
the impacts caused by recreational use and sensitive 
design of transportation routes and facilities to accommo
date recreational use. It also means minimizing the ob
trusiveness of other forest uses, such as timber harvest
ing, grazing, and mining. 

COMMON MANAGEMENT PROBLEMS 
The most common problems that recreation managers 

face in whitebark pine ecosystems are resource degrada
tion and crowding as a result of intensive recreational 
use. Trail and Campsite degradation, packstock impacts, 
development of user-created trails around lak.eshores, 
litter, and loss of solitude are all significant problems in 
many places (Washburne and Cole 1983). These problems 
are not unique to whitebark pine ecosystems, but they 
may be particularly pronounced due to the popularity of 
those landscapes. 

Two studies have evaluated the susceptibility of white
bark pine ecosystems to recreational impact. In the Eagle 
Cap Wilderness, campsite impacts in whitebark pine 
forests were pronounced. The undergrowth vegetation, 
primarily grouse whortleberry (Vaccinium scoparium), is 
quite fragile; the mean vegetation loss on the central part 
of campsites was 94 percent. This compares, for example, 
with neighboring sedge (Carex nigricans) meadows where 
the mean vegetation loss on campsites was only 40 per
cent (Cole 1981). 



Dale (1973) studied trails in whitebark pine, lodgepole 
pine, and spruce-fir forests of the Lee Metcalf Wilderness, 
in the Madison Range in southwestern Montana. Trails 
in whitebark pine forest were not particularly deep, but 
they tended to be unusually wide, particularly when sub
jected to heavy use. Factors that might contribute to 
wider trails here include (1) rocky soils that tend to cause 
users to spread out, (2) sandy soils that are readily dis
placed laterally, and (3) open vegetation that makes walk
ing side-by-side easier. Generally, the suitability of 
whitebark pine forests for trails appears to be good to 
moderate, while suitability for campsites is moderate to 
poor. 

Two problems that are particularly pronounced in 
whitebark pine ecosystems are the impacts associated 
with the collection of fuel wood for campfires and wide
spread proliferation of user-created trails and campsites. 
Collecting and burning wood in campfires is a common 
practice in most wilderness areas. In popular places this 
practice leads to large areas denuded of all downed wood 
and extensive damage to standing trees, both dead and 
alive. Damage to trees, from broken off lower branches 
to felled saplings and hacked snags, presents obvious evi
dence ofhi.unan impact. A forest floor totally devoid of 
downed wood also looks unnatural to many visitors. In 
addition to these esthetic impacts, there are undoubtedly 
ecological changes that result from this practice. Recent 
research suggests that removal oflarge woody residue on 
and in the soil may have serious consequences. Large 
decaying wood plays an important and irreplaceable role 
in the ecosystem-for example, in water and nutrient 
conservation and as a substrate for biological activity 
(Franklin and others 1981; Harvey and others 1979). 

These problems are likely to occur wherever fuel wood 
consumption rates exceed the rate at which downed 
woody material is produced. Problems are particularly 
likely in whitebark pine forests because productivity is 
relatively low and consumption is often high, due to the 
popularity of these places as destination areas. In a few 
study areas in the Sierra Nevada, for example, Davilla 
(1978) found that whitebark pine wood litter production 
was very low compared with that oflodgepole pine and 
mountain hemlock. This led him to recommend that fuel
wood never be collected in forests where the dominant 
tree is whitebark pine. In many national parks campfires 
are prohibited at higher elevations; however, campfires 
are seldom prohibited in wilderness areas administered 
by the Forest Service, U.S. Department of Agriculture 
(Washburne and Cole 1983). While it is very common to 
discourage the use of campfires (and encourage visitors to 
use stoves), it is uncommon to differentiate among ecosys
tems in terms of their productivity and therefore the im
portance of not having a campfire (Cole in press). 

Another problem that is particularly pronounced but 
not unique to whitebark pine forests is the proliferation 
of campsites and user-created trail systems in popular 
destination areas. Proliferation reflects heavy use, ease 
of cross-country travel, and the large number of potential 
campsites in these ecosystems. For example, all 
campsites were inventoried in a 325-acre area around two 
popular lakes in the Eagle Cap Wilderness. More than 
200 campsites were found (fig. 2). Virtually every site 
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around Mirror Lake with the potential for camping 
showed some evidence of use. Also, the fact that recrea
tional use in the area was spread over a very large num
ber of sites did not mean that impact on these sites was 
negligible. More than half the campsites had experienced 
a moderate to great loss of vegetation (Cole 1982). In 
addition to all these campsites, numerous infonnal trails 
branched off from the constructed trails to other camp
sites and to circle the lakes. Created by users, many of 
these trails are poorly located and prone to erosion. 

Impact problems are exacerbated by the difficulty of 
rehabilitating damaged recreation sites in whitebark pine 
forests. Rehabilitation is required wherever excessive or 
inappropriate use has occurred or whenever management 
objectives change. Much of the current rehabilitation 
work in wilderness is focused on campsites close to lake
shores. In the past, few wilderness areas had specific 
objectives about appropriate campsite locations; today 
objectives frequently stress maintaining lakeshores in as 
natural a condition as possible. It is also common to reha
bilitate braided trails and trails that have been relocated 
either because they were inadequately constructed or 
poorly located. 

Without assistance, trails and campsites in whitebark 
pine ecosystems will require decades-if not centuries
to recover. For example, campsites in a lodgepole pine
whitebark pine forest around heavily impacted Bullfrog 
Lake in Kings Canyon National Park were closed to over
night use in 1961. After 17 years of closure, soil compac
tion levels had returned to near-natural levels. Litter 
depth and volume, however, remained substantially below 
those found in undisturbed forest. Tree damage, vegeta
tion loss, and user-created trails remained pronounced, 
although recovery had begun. Tree mutilations were 
often covered over with new growth and some of the trails 
were being recolonized (Parsons 1979; Parsons and 
DeBenedetti 1979). 

Attempts to assist site rehabilitation in these ecosys
tems are challenging. It is difficult to effectively close 
sites to use, and without effective closure sites are not 
likely to recover (Cole and Ranz 1983). Even where assis
tance has been effective in establishing an initial plant 
cover on damaged sites, recolonization of the entire site 
may be slow. For example, the success of transplanting 
was followed over a period of 5 years on two campsites in 
the Eagle Cap Wilderness. Mean vegetation cover on 
these two sites increased from 6.3 and 10.8 percent in 
1979 to 7.3 and 12.3 percent in 1984. This compares with 
a mean vegetation cover of about 60 percent on undis
turbed sites. Most of this increase was a result of the 
original transplanting of plugs. While most transplants 
survived, they had not spread and did not contribute 
much to a gain in vegetation cover (Cole 1986). 

A final problem is disposal of human waste. Toilet 
facilities are seldom provided in whitebark pine ecosys
tems because use frequently is dispersed and facilities 
often are considered inappropriate. Where heavy over
night use occurs, camping areas can be littered with feces 
and toilet paper. In addition to being an esthetic problem, 
this can pose a health hazard. It is difficult to clearly 
demonstrate a cause-and-effect relationship between 
inadequate disposal of human waste and disease; 
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Figure 2-The distribution and degree of vegetation loss on campsites around Mirror and Moccasin 
Lakes in the Eagle Cap Wilderness, OR. 

however, there is some evidence that Giardia spp. are 
more abundant in surface waters of frequently used rec
reational areas (Suk and others 1987). Giardia contami
nation is now a common problem in whitebark pine . 
ecosystems. 

MANAGEMENT STRATEGIES 
Maintaining a natural-appearing landscape is the key 

to recreation management in whitebark pine ecosystems. 
Recreationists visiting these places expect to see little 
evidence of human use and impact. Characteristics of 
whitebark pine forests that make this difficult are inher
ently low productivity and low resilience. Once damage 
occurs, recovery takes a long time. Given the popularity 
of these places with backcountry recreationists, this low 
resilience means that management must be especially 
proactive. Management must strive to avoid problems 
rather than deal with them after they have occurred. 

Four challenges face managers of whitebark pine eco
systems seeking to optimize recreational opportunities. 
First, it is important to concentrate and contain recrea
tional use wherever it regularly occurs. Extremely low 
recovery rates make it imperative to minimize the num
ber of places that are disturbed by recreational use. This 
is accomplished by confining as much use as possible to 
establiz:;hed trails and campsites. Overlooks should be 
designed to contain use and, if necessary, managers 
should harden heavily trafficked surfaces. Wilderness 
visitors should be encouraged to stay on constructed trails 
and use well-established or even officially designated 
campsites. Where packstock use is allowed, facilities for 
concentrating impact in small areas (for example, 
hitchrails or corrals) should be provided. The conse
quence of not pursuing this strategy is proliferation of 
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impacts-a mistake that will require decades and centu
ries to correct. 

Second, transportation systems and facilities can in
crease recreational opportunities in these ecosystems. 
Scenic byways and overlooks can add greatly to the enjoy
ment of motorized recreationists. Well-constructed trails, 
hitchrails, and toilets can add to the enjoyment of 
backcountry recreationists. Sensitive design is important, 
however. Cut slopes visible for miles-whether along 
roads or trails-are intrusive and detract from the 
natural environment. The challenge is to make certain 
that transportation systems and facilities blend into the 
natural-appearing landscape. This is particularly true 
inside wilderness, where the general philosophy is to 
provide facilities for purposes of safety and resource pro
tection, but not visitor convenience. 

The third challenge is to improve our ability to rehabili
tate damaged sites. More experimentation with rehabili
tation methods is needed. Rehabilitation efforts need to 
be documented and monitored; successes and failures 
need to be communicated to others. One example of a 
step in the right direction is a new rehabilitation program 
begun in whitebark pine and other ecosystems in 
Yosemite National Park. Experiments with seeding, 
nursery propagation, transplanting, and a variety of cul
tural treatments are under way. A controlled trampling 
experiment was conducted to evaluate the resistance of 
individual plant species and plant communities to 
trampling. Rehabilitation success is being monitored and 
results are being published in reports (Hadley and 
Moritsch 1988). Similar efforts are needed elsewhere. 

The fourth challenge is to minimize the obtrusiveness 
of forest uses other than recreation. Timber harvesting, 
domestic livestock grazing, and mining are uses that can 
leave obvious disturbances on the landscape and detract 



from the esthetics of these places. Where these uses oc
cur, every effort should be made to separate these uses 
from recreational uses. Buffer strips along trails and 
roads can screen places where disturbance is evident. 
Trails can also be rerouted away from these places. Graz
ing can be limited to times and places where recreational 
use is low. 

A CONCLUDING REMARK 

A final challenge I might mention is the challenge I 
experienced in trying to write this paper. Information on 
recreational opportunities and problems in specific ecosys
tem types is sorely lacking. Consequently I had few con
cepts or data to work with and no precedent to follow or 
even build upon. Biologists seem to have conveniently 
ignored recreation management, preferring to concentrate 
on management of more tangible commodities. Recrea
tion managers and researchers too frequently ignore the 
unique opportunities and constraints that each ecosystem 
presents. Better cooperation between these two groups is 
needed to effectively manage whitebark pine and other 
ecosystems. 
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TIMBER MANAGEMENT AND 
TARGET STANDS IN THE 
WHITEBARK PINE ZONE 

Jimmie D. Chew 

ABSTRACT 
Regardless of the mixture of la.nd management objec· 

tives, quantification of the type of stands that will meet 
these objectives, target stands, is Meded. Quantification 
of target stands is essential as the starling point for the 
diagnosis of treatment needs and to achieve consistency 
over time in the interpretation of a given management 
diredion. 

To facilitate quantification of target stands a U.S. 
Forest Service Regional form has been developed. This 
form provides one format for identifying various essential 
attributes. . 

For many resource objectives tire desired conditions in
clude tire aggregate conditions of a number of stands in a 
given area over time. A Data GeMral computer program 
has been developed to assist with tire summarization and 
graphic representation of many stands projected over time 
by tire Stand Prognosis ModeL Tire summary and repre
sentation can be linked to key attributes that are descrip· 
tive of the target stands or to area conditions. 

INTRODUCTION 
Timber management can mean many things to different 

people. Within the whitebark pine (Pinus albicaulis) 
forest types of the Northern Region, Forest Service, U.S. 
Department of Agriculture, the activities that we usually 
associate with timber management will generally be done 
with little or no emphasis on sustained production of wood 
products. 

Instead ofidentifying our management activities in the 
whitebark pine zone as timber management, it is more 
appropriate to refer to them as forest management: the 
application of our knowledge of silvics and forest ecology 
to create and maintain the types of stands that will meet 
our management objectives over time. 

NEED FOR TARGET STANDS 
The desired future condition that we refer to when 

we talk about implementing National Forest plans has 
to be considered at both the level of the individual stand 
and their aggregates across the forest. For all of our man
agement objectives we need stands that will provide the 
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desired conditions over time. How can we utilize our 
knowlCldge to ensure that we have such stands? How 
can we get from plans to the desired type of stands on 
the ground? How can we communicate with different re
source managers over time about the type of stands we 
need? How can we achieve an adequate degree of consis
tency in the application of a given management direction 
between National Forests within a Region? 

The use of site-specific evaluations of present and fu
ture stand conditions and the description of characteristic 
stands that meet Forest plan objectives are necessary to 
answer these questions. An essential part of being able 
to transfer our management objectives to the ground is 
to quantify what types of stands are needed to meet these 
objectives. Only by a comparison of an existing stand to 
a target stand can we devise a treatment or determine if 
no treatment is appropriate. All too often a treatment is 
prescribed simply because it is possible to use it; not be
cause it is needed to modify existing stand conditions to 
achieve long-term management objectives. 

REGIONAL FORM FOR TARGET 
STANDS 

To assist in the quantification of target stands the 
Northern Region has provided a standard format: Re
gional Form Rl-FS-2470-24 (12J86). An example ofits 
application has been taken from the Lewis and Clark 
National Forest in Montana (tables 1 and 2). The man
agement objective addressed by these two target stands 
is for "timber production and livestock grazing." Each 
target stand represents the application of this resource 
objective to a specific set ofhabitat types each one featur
ing a different tree species and different density levels 
overtime. 

Target stands have not been defined for all ecosystems 
and resource management objectives, specifically not for 
whitebark pine. Nevertheless, we can identify some of 
the questions that must be answered to formulate a target 
stand for meeting important management objectives in 
whitebark pine ecosystem. For an objective of producing 
cones for grizzly bear food what should the stands be like? 
Do we want stands that are all whitebark pine? Or should 
they be a mixture of species? Should they have uniform 
spacing of trees, or clumpy spacing? How long will it take 
the stand to start producing an adequate number of cones 
for food? Will the stand need to be thinned to remove 
natural regeneration of spruce and subalpine fir in the 
understory? How do stands in the Gallatin National 
Forest compare to those in the Flathead National Forest 
in regard to these questions. Answers to these questions 



Table 1-Target stand description 

De vel-
opment Trees Basal Struo-
stage Age perac area OMelia ture 

Seedfing 0-15 300- 0-1 Single 
2000 story 

Sapling 15-30 500- 2 
1600 

Pole 31-50 400-780 70-210 5 

lmm.saw 51-70 200-300 130-240 8 

Mature saw 71-110 200-300 180-240 10 

MANAGEMENT AREA: MA-8 
HABffAT TYPES: AblaNasc 730, Ablall.lbo-Vasc •, PameJl.lbo.Caru • 
PRIMARY RESOURCES: Timber and Uvestock Grazing 

Table 2-Target stand description 

De vel-
opment Trees Basal Strue> 
stage Age perac area QMdla ture 

Seedfing 0-20 200- 0-1· Single 
1700 story 

Sapling 21-40 200-1200 2 

Pole 41-70 200-700 40-140 6 

lmm.saw 71-100 200-400 80-175 9 

Mature saw 101-130 160-280 100-180 11 

MANAGEMENT AREA: MA-8 
HABffATTYPES: PlceBISest•, AblaiCips 770, Psme/Juco 3110. Psme/Spbe 340 

PRIMARY RESOURCES: Timber with Livestock Grazing 

are needed to quantify target stands that will meet our 
management objective of providing cones for grizzly bear 
food. Target stands for all other management objectives 
in the whitebark pine zone also need to be developed. 

NEED FOR ANALYSIS OF STAND 
AGGREGATES 

The desired future forest condition goes beyond what 
we describe for the individual stand. Creating a 5-acre 
stand to provide cones as food may be meaningless if it 
is the only such food souree within an entire area. As 
we look at areas, they should be a collection of individual 
stands. As there is variability in the types of stands 

Height Species Growth I&D Forage Remarks 

0-8 LP Dwarf B-400 OF, S-acceptable 
Mstoe H-100 
minor 
occur-
renee 

8-25 LP 10 B-300 H-75 Begins providing 
game hiding cover 

25-50 LP 20 B-200H-50 

50 LP B-200 H-50 

65 LP 30 B-200H-50 

Height Species Growth I&D Forage Remarks 

0-4' 

5-25 

25-30 

30-50 

50-56 
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OF Budworrn B-400 
Low, Root H-600 
Rot Mod 
15%Area 

OF 3 SBWLow B-300 
RR-low H-450 
5%Area 

OF 20 SBWLow B-200 
RR-Low H-300 

OF 44 B-200 
H-300 

OF 30 B-200 

we can create, there is variability in how these stands 
respond to treatments over time. Evaluations of existing 
and future conditions over an area need to be as site spe
cific as we can make them. This is perhaps more critical 
within the whitebark pine ecosystems than in many other 
forested ecosystems. Many of the presentations at this 
symposium have stressed how slowly whitebark pine 
ecosystems recover from impacts. Instead of using aver
age responses over time, the Stand Prognosis Model 
(Wykoff and others 1982) allows us to generate site
specific values. We can evaluate our ability to meet given 
resource objectives in terms of the development of specific 
stands within a given area. The Northern Region has 



linked a Data General graphics package with the 
Prognosis output to provide area summaries for 
resource attributes. For example the acres within 
different stand structural stages can be displayed for 
specific future decades (fig. 1). The changes in these 
attributes are stand specific based upon stand pro
jections that will change with various treatment 
scenarios. 

In terms of whitebark pine forests and the grizzly 
bear food management objectives discussed above, we 
can assess specific stand attributes such as blister 
rust status, crown ratio, tree height, and stand density 
for their influence on cone production. We can pro
duce graphs similar to figure 1 to represent the effect 
of our management choices on acres in various cone 

Pole - 48.4% 

production stages over time (fig. 2 and 3). By projecting the 
subsets of stands relating to the different cone production 
stages of figure 2, we can develop a picture, decade by decade, 
of the efficiency of management in achieving our chosen de
sired future conditions. An example is shown in figure 4. 

Other resource objectives might be given priority within 
the whitebark pine zone-for example, watershed enhance
ment. As in the approach outlined above, needed information 
would be developed to describe desired stand conditions that 
define target stands for achieving the water resource goals. 
Similarly, stand and area projections would be aggregated 
for the present and for future time periods to guide decisions 
and provide benchmarks for monitoring management 
performance. 

Shrub/Sapling - 27.4% 

Opening - 0% 

Old Growth - 3.4% 

Mature - 2.2% 

Young - 18.6% 

No. of Stands 146 
Total Acres 4904 

Figure 1-Stand structure stages of white bark pine stands for wildlife 
habitat of the Gallatin National Forest for decade starting in 2021. 
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Too young - 49.6% 

Too old - 3.3% 

Optimum - 9.9% 

Just beginning - 37.2o/o 
No. of Stands 307 
Total Acres 10241 

Figure 2-Projected percent of whitebark pine stands in various 
stages of cone production for the decade starting in 1990. 

Just beginning - 47.3°/o 

Too young - 29.1% 

Too old - 5.4% 

Optimum - 18.2% 

No. of Stands 307 
Total Acres 10241 

Figure 3-Projected percent of whitebark pine stands in various stages of cone 
production for the decade starting in 2020. 

313 



A 
c 
r 900 858 

e BOO 
s 

- 752 

700 
0 

600 p 

- 650 

- 553 
t 500 - 460 

c 400 - 379 

0 300 -
n 
e 200 -

p 100 -
r 0 
0 2 3 4 5 6 
d Decade Into Projection 

Figure 4-Projected acres of whltebark pine that will be optimum for whitebark pine 
cone production by decades. Projection is for 147 stands, 4,940 acres. 

SUMMARY 
Whether our management objectives are for watershed 

management, timber production, wildlife habitat, visual 
management, or any mixture of these resources, quantifi
cation of target stands is essential. Quantification of tar
get stands provides the starting point for the diagnosis 
of treatment needs and consistency for the many resource 
managers involved in the interpretation of a given man
agement direction over time. Without the quantification, 
it becomes difficult to monitor and judge the success of 
vegetative treatments and to rationally modify them to 
ensure meeting management objectives. 
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Speakers answered questions from the audience following 
their presentations. Following are the questions and an
swers on this topic: 

Q. (from Earle F. Layser)-ls it not presumptuous for 
us to assume we can set objectives for these high-elevation 
forests? Do they not by their very nature dictate their own 
objectives? 

A. The very nature of these forests sets limitations and 
defines potentials. What would be presumptuous would 
be that we, at this time, assume we know all there is to 
understand concerning the limitations of these high
mountain ecosystems. 



THE ROLE OF GENETIC DIVERSITY 
IN WHITEBARK PINE CONSERVATION 

Peter F. Brussard 

ABSTRACT 

Whitebark pine, like most other coniferous trees, ho.s 
high levels of genetic variation. This has been demon
strated for allozymes, and can be inferred for recessive 
deleterious genes as welL The current levels of genetic 
diversity in different populations of whitebark are deter
mined to a large extent by their history and degree of 
isolation. Populations consisting of many contiguous or 
semicontiguous stands will have the highest amounts of 
heterozygosity. Small, geographically isolated, popula
tions will have the least because of the strong influence 
of founder effects and restricted gene flow. If events occur 
tho.t reduce current levels of gene flow in whitebark pine 
populations, levels of inbreeding are likely to increase. 
This will result in increased expression of deleterious re
cessives which, in turn, will reduce rates of survivorship 
and reproduction. These events can be particularly critical 
in populations already cho.llenged by parasites, disease, or 
climate change. 

INTRODUCTION 

Consideration of genetic factors is critical in developing 
a management plan for any species because genetic vari
ability is important for both short-term population fitness 
and long-term adaptation to changing environmental 
conditions. As the effects of global warming become ap
parent during the next half century, both factors are 
likely to become extremely relevant to conservation plan
ning (Peters 1988; Peters and Darling 1985). Unfortu
nately, populations may not begin to show symptoms of 
genetic decline until the F 2 generation; for long-lived spe
cies like whitebark pine this seems to be an impossibly 
long time frame. However, this also means that decisions 
made now regarding genetic management will have im
portant consequences for the resource many years in the 
future. 
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GENETIC VARIATION IN OTHER 
SPECIES OF PINES 

At this writing there is no published survey of genetic 
variation in whitebark pine (Pinus albicaulis). However, 
a recent review by Ledig (1986) pointed out that genetic 
variation in conifers in general and pines in particular is 
usually quite extensive, although there are some notable 
exceptions. Allozymes (polymorphic proteins) have been 
surveyed in 24 species of Pinus at between 4 and 59 loci 
per species. The proportion of these loci found to be poly
morphic (P), under the criterion for polymorphism that 
the most common allele must occur in a frequency ofless 
than 0.95, averages 0.53 ± 0.25 and ranges from 0 to more 
than 0.90 per species. The mean heterozygosity (H) for 
these species, calculated over this same range ofloci, is 
0.17 ± 0.09 and ranges from 0.0 in Torrey pine (P. torrey
ana) to 0.36 in loblolly pine (P. taeda) (data taken from 
table 1 in Ledig [1986]). 

The average values for P and H in pines are higher 
than for most other plants and animals. For example, 
average P and H in vertebrates are 0.17 and 0.05, in in
vertebrates, 0.38 and 0.11, and in plants, 0.26 and 0.07, 
respectively (Nevo 1978). Although estimating levels of 
variation in entire genomes from the relatively small 
number ofloci typically used (15-40) in the studies from 
which these figures are derived may be weak from a sta
tistical standpoint (see Mitton and Pierce 1980), allozyme 
variants are generated and lost by exactly the same proc
esses that generate and erode other kinds of genetic vari
ation-mutation, drift, and selection. Thus, it is likely 
that species of pines with high levels of allozyme variabil
ity would also tend to be rich in other kinds of genetic 
variability. This seems to be true as well for polygenic 
traits such as growth rate, growth form, and wood charac
teristics and for genetic loads (Ledig 1986). 

While certain types of genetic variation are important 
for both short-term population fitness and long-term ad
aptation, other variants, especially when occurring in 
homozygous form, may be deleterious. These deleterious 
alleles are referred to collectively as a population's genetic 
load, and expressed genetic load can significantly depress 
the population's overall levels offertility and viability. 
Genetic load in conifers is often high; for example, depres
sion in embryo viability following inbreeding is commonly 
reported (Namkoong and Bishir 1987). Ledig (1986) re
ported that embryonic lethal equivalents (recessive le
thals that if dispersed among different embryos would 
cause, on average, one selective death) range from 0.3 to 
9.4 per zygote and average 5.2 in eight species of Pinus; 



the usual range is 1 to 4 in other plants, humans, and 
fruit flies. It should be noted that the total genetic load 
is actually much higher in pines because much additional 
mortality occurs after germination. 

The high levels of genetic variation typical of pines are 
a consequence of many aspects of their life histories and 
reproductive biology. Most populations are exposed to 
heterogeneous selective pressures along major environ
mental gradients of elevation, exposure, and soil types. 
Timing of pollen release usually promotes outcrossing, 
and wind pollination provides opportunities for long-range 
gene flow. Furthermore, pines are long-lived and accumu
late large numbers of somatic mutations; these mutations 
are transmitted to succeeding generations when somatic 
tissue is converted into germinal tissue. Ledig (1986) 
believes that this high mutational load drives the breed
ing system to outcrossing, which in tum protects all forms 
of genetic variation. The resulting high genetic load is 
expressed only under extreme inbreeding. The suggestion 
by Namkoong and Bishir (1987) that many of the genes 
that depress embryo viability in conifers may represent 
unique mutants, which will be eliminated by selection, 
is consistent with this idea. 

Ledig (1986) has also summarized the patterns of distri
bution of genetic variation in various pine species. In 
general, he found that species oflimited range have little 
variation, while widely distributed species tend to have 
more. However, there are many exceptions. For example, 
loblolly pine is wide ranging and highly variable, while 
red pine (P. resinosa) has a wide range and almost no 
detectable variation. Western white pine (P. monticola) 
is genetically uniform across most of its range, but is 
highly variable in California. Torrey pine is found only 
in two small populations, both of which lack genetic vari
ation, but each population is genetically unique. Great 
Basin bristlecone pine (P. longeava) has a highly frag
mented range, but it maintains high levels of variation 
with 90 percent of the total variation in the species found 
in any one population. Clearly, the current levels and dis
tribution of genetic diversity in these species are complex 
functions of the species' dispersal history, population size, 
and degree of present range fragmentation. 

GENETIC VARIATION IN 
WHITEBARK PINE 

No survey of genetic variation has yet been done for 
whitebark pine throughout its range (McCaughey and 
Weaver, this proceedings), although such a survey is 
badly needed. A few relevant data are available, however. 
Furnier and others (1986) reported polymorphism at 9 out 
of 12 enzyme systems (75 percent) (or for 11 out of 20 pre
sumed loci-[ 55 percent]) examined by electrophoretic 
techniques in two populations from Alberta. Linhart and 
Tomback (1985) used allozyme data to determine the 
genetic composition ofmultitrunked individuals in popu
lations from Colorado and Wyoming. Their paper pro
vided enough raw data for me to make an estimate of 
heterozygosity of0.32 for the trees in one clump, although 
the small number of loci (N=4) and individuals (N=5) 
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involved, plus the strong probability that all the individ
uals in the clump are siblings or half-siblings, make this 
estimate very tentative. Even with these limited data, 
however, it appears that whitebark pine has ample ge
netic variation, perhaps even more than the average for 
pines. 

Because of its bird-mediated seed-dispersal mechanism, 
whitebark pine populations are likely to have a genetic 
structure different from those of wind- or gravity
dispersed species. Some data exist on this structure 
within clumps of trees, among clumps within populations, 
and among different populations. Fumier and others 
(1987) and Linhart and Tomback (1985) reported that 
clusters of two to 12 trees consist of at least some geneti
cally different individuals. Weaver and Jacobs (this pro
ceedings), however, present data showing that some 
clumps result from basal branching of the same genetic 
individual. Thus, trees with more than one trunk may 
consist either of a single genotype or more than one geno
type (termed multitrunk trees and tree-clusters respec
tively by Tomback and others [this proceedings]). How
ever, these differences cannot be determined without 
genetic examination. 

Some of the individuals within tree-clusters are likely 
to be closely related because nutcrackers often gather and 
cache together seeds from the same parent tree. This was 
confirmed by Fumier and others (1987), who found that 
individual trees in a cluster were genetically more similar 
to each other than they were to trees in neighboring clus
ters. Further evidence is provided by Tomback (in press), 
who found that seed caches contained both related and 
nonrelated seeds and estimated with simulations that 73 
to 93 percent of the caches contained two or more sibling 
or half-sibling seeds. 

The close relatedness of trees within clumps evidently 
does not extend to clumps within stands. Fumier and 
others (1987) showed that individuals in neighboring 
clumps were not any more similar genetically than were 
individuals in distant clumps. Tomback and Linhart 
(1989) point out that such a pattern would be expected in 
a bird-dispersed species; one bird may disseminate seeds 
from a stand of trees to different areas, and within these 
areas, more than one nutcracker, each with seeds from 
different stands, may cache. Thus, gene flow among con
tiguous or semicontiguous stands ofwhitebark pine is 
probably rather widespread, resulting in large, diverse, 
and relatively homogeneous populations over fairly large 
areas due to the large home range of its dispersal agent 
and its wind pollination system. 

Genetic heterogeneity probably increases on a larger 
geographical scale, however. Within its range, the distri
bution area ofwhitebark pine is highly fragmented, and 
gene flow is no doubt much less common among these 
units than within them. Furthermore, many small, iso
lated populations were probably established as a result 
oflong-distance seed dispersal by nutcrackers (Wells 
1983). Such establishment would lead to strong founder 
effects in these populations, and gene flow among them 
would be sporadic and uncommon. The net result of this 
fragmentation is likely to be a complex of genetically 



differentiated units within the main body of the species' 
range and highly heterogeneous and genetically depau
perate populations in areas outside the main Rocky 
Mountain and Sierra Nevada cordilleras. Smith (this 
proceedings) presented data that support this supposition; 
he found appreciable differences in the frequency of genes 
coding for xylem resin monoterpenes between populations 
in Nevada, California, and Oregon. 

GENETIC FACTORS AND 
WHITEBARK PINE CONSERVATION 

The goal of conservation genetics is to maintain popula
tions large enough to keep levels of inbreeding low and to 
maintain high levels of heterozygosity. This is not only 
because there is reasonable evidence that supports the 
idea that heterozygosity at certain loci leads to increased 
fitness, but also because even moderate inbreeding can 
cause large increases in the expression of a population's 
genetic load. This increased expression oflethal equiva
lents and other deleterious recessives generally leads to 
reduced vigor and reproductive output, and the popula
tion becomes more susceptible to various stresses such 
as insects, disease, or climate change. Thus, large reduc
tions in stand size or even extensive fragmentation of 
existing large stands--especially to the extent that me
dium-range seed or pollen dispersal patterns are seriously 
disrupted-may eventually result in a general decrease in 
population fitness for the remaining trees due to in
creased levels of inbreeding. As fitness decreases, repro
ductive success may decline appreciably, and this may 
eventually result in the population's extinction. 

How large must populations be to prevent such genetic 
problems? Levels of inbreeding and the rate ofloss of 
genetic variation are determined by a population's geneti
cally effective size, not by its census size. Effective popu
lation size can be thought of as the number of individuals 
actually contributing genes to the next generation. This 
number is a complex function of spatial structure, age 
structure, variance in breeding sex ratio, variance in re
productive success among individuals, and fluctuations in 
population size over time. Needless to say, there are no 
data on effective population sizes in whitebark pine, but 
many aspects of the species' biology suggest that it may be 
small relative to total population numbers. For example, 
most populations are highly age structured because of 
episodic recruitment. Spatial structuring of related indi
viduals and seed caching by nutcrackers may result in a 
high variance in progeny survival, and previous disease 
epidemics or insect outbreaks may have resulted in sub
stantial population bottlenecks. 

Genetic problems are likely to be more severe in small, 
isolated populations. These populations will be lower in 
heterozygosity and more inbred due to founder effects and 
reduced gene flow, and as a consequence they may face 
rapid extinction when exposed to stressful conditions. 
However, a few of these populations may have survived 
previous bouts of inbreeding, become purged of their ge
netic loads, and developed local adaptations with high 
survival value. 
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A survey of genetic variation throughout the range of 
whitebark pine is a necessary first step for formulating a 
genetic management plan for the species and for identify
ing populations of high conservation concern. Next, long
term plans must be made to preserve these populations 
where they occur. Reliance on botanical gardens, test 
plantations, seed storage banks, DNA libraries, and other 
similar techniques for the preservation of genetic diver
sity in this or most other tree species is too uncertain and 
far too costly (Ledig 1989). Stand preservation will in
volve the conservation of the entire whitebark pine eco
system, including, particularly, a healthy population of 
nutcrackers. Fortunately, whitebark pine populations 
are concentrated at high elevations, which are generally 
the areas most often preserved as wilderness or national 
parks. Thus, while loss of genetic variation may be less 
of a problem in whitebark pine than in some of its conge
ners whose habitats coincide with more immediately prof
itable land uses, loss of seed sources from blister rust and 
population senescence related to fire suppression may 
well result in a declining genetic base for the future. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Ron Lanner)-Since squiiTels cause eventual 
death of most whitebark seeds on trees in closed mixed 
stands, should effective population size be adjusted to 
emphasize the importance of open-growing trees that 
maximize nutcracker harvest? 

A-Yes. This phenomenon will increase the variance 
in progeny contribution to the next generation and result 
in a substantial decrease in the ratio of genetically effec
tive population size to census size. 

Q. (from Dick Baker)-Would you recommend crossing 
isolated populations to preserve genetic diversity? 

A-Outcrossing is one way to replenish depleted ge
netic variation and decrease the level of inbreeding in 
isolated populations. However, outcrossing can also dis
rupt coadapted gene complexes that confer adaptation to 
local environments and consequently result in loss of 
fitness similar to that caused by inbreeding depression. 
This phenomenon is called "outbreeding depression." 
While there are no long-term deleterious consequences of 
outbreeding depression over the span of several genera
tions, it can greatly increase the chance of population 
extinction during early generations if it is severe. Thus, 
outcrossing is not a universal panacea, especially in long
lived organisms such as whitebark pine. 

Q. (from Dick Baker)-Whitebark pine has many dis
junct populations, much like Great Basin bristlecone pine. 
Yet, genetic diversity seems to be much greater in white
bark pine, implying much longer isolation. Any idea why? 

A-I am not sure what you mean by "genetic diversity" 
in this context. If you mean genetic diversity in the sense 
of heterozygosity, Great Basin bristlecone has an H of 
0.33 and a P of 0. 79 (here Pis calculated somewhat differ-

• ently from the values presented in my paper), very near 
the high end of the scale. While an accurate H estimate 
for whitebark pine is cutTently unavailable, my very 
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rough calculation of 0.32, along with P estimates of 
0.55 to 0.75, puts it in the same ballpark as Great Basin 
bristlecone-certainly not very much greater. 

If you mean "genetic diversity" in the sense of intra
population differentiation, once again accurate com
parisons are not possible. It is true that Great Basin 
bristlecone has little genetic differentiation among its 
populations; the reason for this is to be found in its past 
history. This species occutTed in essentially continuous 
stands throughout the Great Basin until about 12,000 
years ago. Now it is reduced to remnant populations on 
mountaintops. Since these populations apparently have 
not experienced severe bottlenecks since the last glacial 
period, they have retained high amounts ofintrapopula
tion variation. The present isolation of these Great Basin 
bristlecone populations evidently has not lasted long 
enough for much differentiation to occur among the 
remnant populations. 

However, as I have suggested above, there is likely to 
be more differentiation among isolated populations of 
whitebark pine. This is because many of these popula
tions probably originated from a few founding individuals 
carried to distant suitable habitats by birds. These found
ers would carry only a sample of the genetic diversity of 
the parent population with them, and the small post
establishment genetically effective population size would 
result in numerous fixations and losses of alleles by ge
netic drift. Thus, I predict that many isolated whitebark 
pine populations will be low in intrapopulation variation 
and high in interpopulation variation. 

Q. (from Diana Tomback)-The dispersal of seeds by 
nutcrackers-a very mobile disperser-adds complexities 
to whitebark pine genetics. How would this affect conser
vation strategies for the species? 

A.-Events that result in the reduction of nutcracker
mediated seed dispersal may have important genetic 
consequences of conservation concern. For example, 
widespread mortality in large whitebark pine populations 
from blister rust or pine beetle epidemics may leave only 
small, isolated fragments alive. These remaining frag
ments stand a good chance of becoming increasingly 
inbred if pollen flow and nutcracker visitation stop or 
decline appreciably; this in tum may lead to lowered 
fitness and perhaps eventually to extinction. 

Likewise, small, isolated populations of whitebark 
pine probably receive some gene flow through occasional 
nutcracker-mediated seed dispersal. This trickle of gene 
flow may be enough to prevent a significant loss of genetic 
variation and extreme inbreeding in these populations. 
If nutcracker numbers decline, or if the species undergoes 
a range shift because of climate change, these populations 
will lose their only source of gene flow-with the conse
quences outlined above. 



FIRE BEHAVIOR CHARACTERISTICS 
AND MANAGEMENT IMPLICATIONS 
IN WHITEBARK PINE ECOSYSTEMS 

Richard J. Lasko 

ABSTRACT 

Fire is a significant element of alpine timberline ecosys
tems in the Northern Rocky Mountains. Fire behavior in 
these ecosystems is influenced by topographical, meteoro
logical, and vegetative conditions that are characteristic 
of the alpine timberline. These characteristics and their 
relationships to fire behavior are analyzed. 

INTRODUCTION 
Managets are faced with a variety of challenges in the 

stewardship of high-elevation forests and timberlines in 
the Northern Rocky Mountains. The diversity of micro
habitats and their distribution on the landscape in the 
alpine timberline compound the difficulties of prescribing 
management programs to achieve resource objectives. 
Success in these endeavors depends upon a clear under
standing of the ecological processes that define the ecosys
tem. The ability to predict the behavior of fire, and its 
effects, is prerequisite to the management of any system 
where fire is a major ecological process. 

The occurrence of fire in the alpine timberline in the 
Intermountain West is well documented (Forcella and 
Weaver 1977; Hawkes 1980; Heinselman 1985). Charred 
wood was found in the duff surrounding 300-year-old 
spruce in potentially fire-resistant, high-elevation cirque 
basins in northwestern Montana (Bigler 1976). Lightning 
is the primary cause, although, human-caused fires can 
enter the alpine timberline from lower elevations; or be 
introduced into this zone as human-ignited prescribed 
fire. 

It is difficult to apply the concept of fire frequency 
to the alpine timberline because of the variety of micro
habitats that occur. If fire regimes are characterized in 
this zone, they are usually described as having fire return 
intervals of 50 to 300 years (Arno and Hoff 1989). Both 
low-intensity and high-intensity fire have been docu
mented in this zone (Billings 1969; Lasko 1987). 
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Accurate prediction of fire behavior depends on the skill 
and knowledge of the user and the degree of uniformity, 
or lack of uniformity, of the fuels and environmental con
ditions (Rothermel 1983). AI though fire occurrence at the 
alpine timberline is amply documented, there is a lack of 
recorded observations of fire behavior. Characteristics of 
the microhabitats of this zone define fire behavior poten
tials and effects. Successful management of fire at the 
alpine timberline requires recognition of the microhabi
tats and an understanding of the ecosystem processes 
that led to their establishment. 

THE Fm.E ENVIRONMENT 
While each microhabitat is unique in a microclimatol

ogical sense, broadscale climatological features are appli
cable to the alpine timberline. These general climatic 
attributes define the limits of fire in this zone. Climates 
of the alpine timberline are commonly described as having 
long, cold winters and short, cool growing seasons. Pre
cipitation generally increases with elevation (Baker 1944) 
and quite frequently occurs as snow. 

Relative Humidity-Diurnal patterns of relative hu
midity in the alpine timberline differ significantly from 
those in valley bottom sites (Furman 1978; Hayes 1941). 
In contrast to the valley bottom sites where humidities 
can often reach values of 80 percent or greater under 
frequent summer night-time inversion conditions, humid
ities seldom exceed 50 percent at the alpine timberline. 
This factor contributes to the drying of all fuel size 
classes, including the dufflayer, thus increasing the igni
tion potential and length of the daily burning period. 

Snowpack Intluences-Distribution, depth, and du
ration of snow cover have significant effects in determin
ing the patterns of vegetation on the landscape and the 
environment for the drying of fuels. Deeper snowpacks 
do not directly correspond to moister fuel conditions, espe
cially in large-diameter fuels (McCammon 1976). How
ever, deeper snowpacks in~rease the duration of snow 
coverage of fuels and vegetation, resulting in shorter 
growing and decomposition periods. Drought conditions, 
wind ablation, or early removal of snowpacks by warm 
spring rains can increase the amount of time that fuels 
are exposed to the drying conditions of the atmosphere, 
thus lengthening and increasing the severity of the fire 
season at these high-elevation sites. 



Fuels-Microclimatic conditions associated with alpine 
timberline do not encourage the decay of woody fuels. 
Downed trees that had been killed by fire were still pres
ent on a timberline site in Colorado 160 years after the 
fire (Billings 1969). Fuel inventories conducted in north
em Idaho and Montana indicate that forested alpine 
timberline zones are characterized by accumulations 
of large-diameter downed and dead woody fuels. These 
inventories have indicated an average of 2 tons/acre of 
small-diameter materials (0.25 to 3 inches in diameter) 
and about 9 tons/acre of material over 3 inches in diame
ter (Fischer and Clayton 1983). Fuel loadings are ex
pected to increase in northwestern Montana as a result 
of Pinus albicaulis mortality resulting from mountain 
pine beetle (Dendroctonus ponderosae) and white pine 
blister rust (caused by Cronartium ribicola). 

Windfield-Alpine timberlines are directly influenced 
by regional air mass phenomena and associated gradient 
winds. Windspeeds often increase at high-elevation sites 
during night-time hours (Baughman 1981). The location 
and orientation of each particular site influences wind ve
locity. When ridgelines are oriented perpendicular to the 
airflow, a standing eddy can fonn on the lee side of the 
ridge. AB gradient winds increase, lee waves and rotors 
may form and updrafts of up to 100 miJh may occur 
(Scorer and Klieforth 1959). Fires may stall on the lee 
side of ridges due to the retrograde wind direction associ
ated with these conditions. 

MICROHABITATS AND FIRE 
BEHAVIOR 

Fire Behavior Terminology-A brief discussion of 
fire behavior terminology is in order before proceeding 
with descriptions of plant associations and their fire be
havior potentials. Surface fires refer to flaming fronts 

Table 1-Fire behavior characteristics of the alpine timberline 

Surface 
fire 

Microhabitat Fuel conditions Intensity 

Upper Heavy loadings High 
subalpine possible 
forest 

Open forests Moderate to low Low 

advancing in surface fuels within 6 ft of, and contiguous 
to, the ground (Rothermel 1983). Spot fires refer to small 
fires established by firebrands in advance of the main 
body of fire. Crown fires are grouped into three classes by 
Van Wagner (1977): 

Passive Crown Fires-Trees torch as individuals, 
reinforcing the spread rate, but these are not basically 
different from surface fires. 

Active Crown Fires-A solid flaming front develops 
in the crowns, but the surface and crown phases advance 
as a linked unit dependent upon each other. 

Independent Crown Fires-Fires advance in the 
crowns independent of surface fire spread. 

Characteristics of the microhabitats define fire behavior 
potentials and effects. As forests approach timberline the 
general pattern is that they decrease in density and 
height. As elevation increases, forests eventually break 
into scattered clumps of trees separated by meadow or 
park-like openings dominated by shrubs and other low
lying vegetation (Price 1981). Since standard terminology 
for the plant associations or microhabitats of the alpine 
timberline is nonexistent, I will rely on nomenclature 
used by Amo and Hammerly (1984) and Price (1f)81). 
Fire behavior characteristics of the microhabitats of the 
alpine timberline are summarized in table 1. 

Upper Subalpine Forests-Picea engelmannii and 
Pinus albicaulis are usually codominant in the closed 
forests that form the lower reaches of the upper subalpine 
zone (Achuff 1989). Abies lasiocarpa is often present. 
Habitat types representative of this zone include Pinus 
albicaulis-Abies lasiocarpa, and Pinus albicaulis. The 
understory of these forests is strongly dominated by a 
low-lying shrub, Vaccinium scoparium, on many sites in 
the Northern Rocky Mountains (Weaver and Dale 1974). 
Forbs such as Xerophyllum tenax may also be present. 

Crown 
fire 

potentlal1 Are effects 

High Stand 
replacement 

Low Favors Pinus 
albicaulis 

Krummholz Moderate Moderate High Return to 
tundra 

Groves Light Low Low Favors Larix 
Jyallii 

Ribbon forest Moderate Moderate High Return to 
tundra 

Cirque basin Heavy High High Stand 
replacement 

Tundra Low Low Low Remains as 
tundra 

'Under extreme burning conditions and extended drought. 
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These forests generally occupy sites within or immedi
ately above thermal belts and are subjected to extensive 
drying conditions. Tightly spaced canopies reduce the 
amount of precipitation reaching forest floor fuels and 
vegetation, contributing to increased ignition potential 
and fire intensity. The intensity of surface fires depends 
on th~ amount of downed woody material because the 
shrub layers are not especially flammable or dense 
enough to promote high fire intensities. Regeneration 
of Abies lasiocarpa and Picea engelmannii, if present, 
provides ladder fuels and contributes to passive and ac
tive crown fire activity. In dense stands, intermingled 
tree crowns increase the susceptibility of the forests to 
active and independent crown fire and subsequent stand 
replacement. Table 2 summarizes the relative fire resis
tance of alpine timberline conifers in the Northern Rocky 
Mountains. Following disturbance, regeneration of coni
fers generally occurs, but growth is slow-often requiring 
a period of 200 years for conifers to reach diameters of 
16 inches (Bigler 1976). 

Open Forests-Open stands of Pinus albicaulis and 
Picea engelmannii can sometimes be found at the upper 
reaches of the closed forest zone. Forest floor vegetation 
consists oflow-lying grasses such as Luzula hitchcockii; 
shrubs such as Vaccinium scoparium; and forbs such as 
Xerophyllum tenax. Widely spaced tree canopies prec~ude 
the development of independent crown fires, but pasSive 
crown fire activity can occur with the presence of Picea 
engelmannii or Abies lasiocarpa saplings, which transport 
fires into the upper tree canopy. Surface spread is usually 
confined to large, downed woody debris, due to the ab
sence of extensive duff and surface fuels. The widely 
spaced canopy also allows increased penetration of rain
fall to the forest floor fuels. 

Krummholz-This term describes a vegetation pattern 
of environmentally dwarfed forms of Abies lasiocarpa, 
Picea engelmannii, and Pinus albicaulis (Weaver and 
Dale 1974) that become treelike on favorable sites 
(Amo 1984). Under dry conditions these dense mats 
of vegetation can exhibit crown fire behavior in a nontra
ditional application of the term. Alpine tundra vegetation 
follows stand replacement fire on these sites and can 
persist for hundreds of years. Increased snow deposi~on 
may occur in unburned krummholz zones on the lee Side 

ofburned areas, resulting in additional krummholz mor
tality, eventually causing a return to alpine tundra vege
tation in the unburned krummholz zone. 

Ribbon Forest and Snowglade-On gentle slopes 
or plateaus the forest tends to occur in elongated strips 
aligned perpendicular to the normal winter wind direc
tion. Ribbons are usually 10 to 20m across and may be 
several hundred meters long. Ribbons are commonly 
composed of Abies lasiocarpa and Picea engelmannii 
(Billings 1969). Larix lyallii and Pinus albicaulis may 
also occur in the ribbons (Arno and Habeck 1972). Moist 
bands of subalpine meadow vegetation, large tussock
forming grasses and sedges, occupy intervening strips 
25 to 75 m across and are the result of snow deposition 
on the lee sides of the forested ribbons. Fire activity is 
usually quite localized because of the intervening meadow 
vegetation (Billings 1969). Both crown and surface fires 
can occur in the ribbon forest. Low-intensity surface fires 
may modify the understory vegetation and have little 
effect on the coniferous ribbons; while crown fires have 
long-term effects. Succession back to the ribbon forest 
pattern usually requires several hundred years (Billings 
1969). 

Groves-Generally associated with Larix lyallii in the 
Northern Rocky Mountains, these small stands of trees 
usually occur on moderately cool exposures above the tree 
limit for other species of conifers (Arno 1972). Groves of 
Larix lyallii may also occupy bedrock and coarse talus 
sand within or adjacent to talus slopes (Arno 1972). Un
der extreme conditions fires can bum woody debris and 
depositions oflitter occurring on talus slopes, but will not 
generally cause mortality in the groves. Fire-scarified 
seedbeds adjacent to the talus slopes can seed in rapidly 
with Larix lyallii seedlings (Arno 1972). 

Tundra-This plant association grows above the cli
matic timberline and is characteristically dominated by 
low-growing (20 em or less), perennial, herbaceous, and 
shrubby vascular plants, and extensive mats of crypto
grams (Thilenius 1975). Fire does not appear to be influ
ential in the tundra association (Thilenius 1975). Where 
tundra has extended below timberline as the result of 
past fires, larger downed woody debris may remain on 
these sites and serve as the mechanism of fire spread. 

Table 2-Fire resistance of alpine timberline conifers (adapted from Flint 1925) 

Fire 
Species resistance Bark Stand habit Branch habit 

Abies Very low Very thin Moderate Low and dense 
/ssiocarpa 

Pinus Moderate Thin Open High and open 
slbicsu/is 

Larix Moderate Thin Open Open 
lysllii 

Pices Low Thin Dense Low and dense 
engelmsnnii 
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Cornice Lines-These snow deposition zones form 
along ridge lines and are composed of moist subalpine 
meadow vegetation, large tussock-forming grasses, and 
sedges. Surface firespread through these treeless strips 
is limited. This feature may prevent firespread across 
ridgelines under moderate burning conditions. The pres
ence of a cornice line contributed to the confinement of 
the Charlotte Peak fire to the Holbrook drainage under 
severe burning conditions in 1985 in the Bob Marshall 
Wilderness (Lasko 1986). 

Cirque Basins-Moist conditions and topographic 
features shelter these sites from all but the most severe 
episodes of external fire. Pinus albicaulis can be present, 
but the dominant coniferous species is Picea engelmannii. 
Shrubs such as Menziesia fen-uginea commonly inhabit 
the forest floor and retard the spread of surface tire under 
most condtions. Under the severest of burning conditions, 
at the latter stages of stand succession when large 
amounts of downed woody debris are present, stand 
replacement crown fires can occur. Site characteristics 
generally allow the establishment of coniferous regenera
tion within 10 years of major disturbance. Two hundred 
years were required for trees to reach 18 inches in dia
meter in cirque basin stands above 5,000 ft elevation in 
northwestern Montana (Bigler 1976). 

SUMMARY 

Fire management programs create subtle yet long
lasting alterations in the alpine timberline. Fires less 
than 10 acres in size can alter vegetation patterns for 
hundreds of years. Continued elimination of fire from 
this zone delays its inevitable occurrence, increases fuel 
loadings, and ensures the severity of future fires. The 
desire of the public for a risk-free environment and the 
maintenance of existing landscapes, add to the complexity 
of the situation. A clear understanding of the role of fire 
is prerequisite to correct management of the timberline 
resource. Limited experience with the application of fire 
in the alpine timberline requires us to proceed with 
caution. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from anonymous)-What do you see as the role of 
human-induced fires in the management ofwhitebark 
pine in wilderness systems, when considering mountain 
pine beetle and blister rust? 

A.-The interactions between fire, mountain pine 
beetle, and white pine are ecosystem processes that the 
Wilderness Act was established to perpetuate with as 
little influence by humans as possible. The introduction 
(by humans) of nonnative organisms will alter or shift 
affected ecosystems. In the instance of blister rust the 
best we can do is probably document the effects on the 
ecosystem. 
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SILVICULTURAL MANAGEMENT 
ALTERNATIVES FOR WHITEBARK 
PINE 

Douglas E. Eggers 

ABSTRACT 
Whitebark pine (Pinus albicaulis) has received little 

management emphasis except in the past 10 years. 
Silvicultural treatment of whitebark pine is starting to 
draw increased interest as attention is focused on the spe
cies and its potential management. The objective of this 
paper is to summarize what is currently known about the 
silvicultural management of the species. There has been 
little written concerning silvicultural treatment in white
bark pine stands; however, there are some inferences that 
can be drawn by examining specific examples. These ex
amples will be used to demonstrate that information does 
exist and that these existing data will probably need to be 
used to guide management while additional data are gath
ered and understanding is gained. 

SILVICULTURAL OBJECTIVES 
The most important factor to keep in mind (and the one 

so often neglected) when examining silvicultural manage
ment alternatives for whitebark pine (Pinus albicaulis) is 
the need to identify clear, accomplishable, land manage
ment objectives. Daniel and others (1979) described the 
role of silviculture in forest and wildland management. 
Formulating silvicultural strategies requires the recogni
tion of biological, managerial, and economic considera
tions. For example, objectives for recreation, water 
production, wildlife, or wood may require forests with 
different structures. Translating those objectives into 
specific kinds of stand structures and composition then 
becomes a matter of silvicultural application. This 
silvicultural application involves a basic understanding of 
principles that will in turn translate into recommended 
practices. This paper will not address different land man
agement objectives other than showing how they may 
affect treatments. The assumption is made that the per
petuation of the whitebark pine component is desired. 

In translating land management objectives into tan
gible, specific activities, it is important to define the sub
ject using accepted forestry terminology. The terms used 
here ate taken primarily from the Society of American 
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Foresters' publication, "Terminology of Forest Science, 
Technology, Practice and Products" (Ford-Robertson 
1971). 

The first definition, silviculture, is fundamental to the 
rest that will be presented in this paper. Silviculture is 
defined as follows: 

1. Generally, the science and art of cultivating (growing 
and tending) forest crops, based on a knowledge of silvics. 

2. More particularly, the theory and practice of control
ling the establishment, composition, constitution, and 
growth of forests (Ford-Robertson 1971). 

The definition can be refined further to understand that 
silvics is: "The study of the life history and general char
acteristics of forest trees and stands, with th'e particular 
reference to locality factors, as a basis for the practice of 
silviculture" (Ford-Robertson 1971). Examination of the 
"theory and practice of controlling the establishment, 
composition, constitution, and growth" of whitebark pine 
based on what is known about its life history and general 
characteristics, using some specific references to locality 
factors, will be the focus of this paper. The specific ex
amples given will utilize what is known of current stand 
structure and knowledge of stand history as well as eco
logical information to project the treatments necessary to 
produce the desired future conditions. 

CONTROLLING ESTABLISHMENT 

Controlling establishment involves "The process of 
developing a crop to the stage at which the young trees 
may be considered established; i.e., safe from normal 
adverse influences-e.g., frost, drought, weeds or 
browsing-and no longer in need of special protection or 
special tending, but only routine cleaning, thinning, and 
pruning" (Ford-Robertson 1971). 

The process of developing a crop of whitebark pine to 
the stage that it is considered established or free to grow 
starts with regeneration. Daniel and others (1979) distin
guished between silvicultural reproduction (regeneration) 
methods and silvicul tural systems: a regeneration method 
describes the manner of cutting to ensure regeneration 
and a silvicultural system describes additionally the proc
ess for treating the resulting stand after establishment. 
Attention will be focused on regeneration rather than on 
silvicultural systems. The regeneration methods that 
could be used in whitebark pine stands, according to Arno 
and Hoff (1989), would be either even-aged or uneven
aged depending on site factors and management objec
tives. Even-aged regeneration methods are clearcutting, 



seed tree, and shelterwood. Uneven-aged regeneration 
methods are single tree and group selection. These vari
ous methods form a continuum, as described by Daniel 
and others (1979); the amount of site exposure that re
sults ranges from the least, with single tree selection, to 
the greatest, with clearcutting. 

The silvical characteristics ofwhitebark pine including 
irregular large cone crops, uncertain seed dissemination, 
and low seed germination, will narrow the range of 
silvicultural options that are feasible for any particular 
site. 

There has been little management activity in north
western Wyoming that has focused directly on whitebark 
pine. Only in recent years has there been much attention 
given to whitebark pine, therefore, there is not the 
amount or detail of data available that there is for some 
other species. However, observations have been made 
that should be valuable in evaluating the appropriateness 
of prescribing various regeneration methods. The types of 
data, such as timber inventory data, that exist for the 
Bridger-Teton National Forest, also exist for most other 
National Forests. 

Arno and Hoff (1989) noted that whitebark pine often 
regenerates :fOllowing wildfire and after clearcutting (with 
or without site preparation) on southern exposures or 
ridgetops. They also observed that to regenerate white
bark pine on moist sites, appreciable stand opening and 
localized site preparation would probably be necessary. 
Arno and Hoff (1989) found that whitebark pine can be 
regenerated artificially by using seedlings or seeds in 
mineral soil or at the soil-litter interface. Eggers (1986) 
has noted various artificial regeneration methods that 
could be utilized. 

The author has made observations on a study site 
located in the Union Pass area of the Bridger-Teton 
National Forest that was set up in 1971 to evaluate sev
eral methods of harvesting mature lodgepole pine (Pinus 
contorta Dougl. ex Loud.) and to compare postharvest 
treatments (Benson 1982). These observations have 
shown that whitebark pine seedlings are becoming estab
lished on this site. The greatest number of seedlings is 
located in the areas that received the treatment of 
clearcut, tractor pile, burn, and plant. This stand, prior 
to harvest, had over 1,500 stems/acre of whitebark pine 
under 5.0 inches d.b.h. These seedlings, which became 
established under the closed canopy of the predominately 
lodgepole pine stand over its 160-year life span, were of 
poor quality and arranged in a clumpy pattern (Benson 
1982). The evidence would indicate that if there is white
bark pine in surrounding stands, within 10 to 15 years 
there will be some stocking of whitebark pine in clearcuts. 

At this relatively moist, higher elevation (9,200 ft) 
where strong winds are experienced during the winter, it 
is probable that some seed dispersal takes place from 
seeds being blown along on crusted snow. There could be 
some dispersal by rodents or birds, however, the pattern 
of occurrence corresponds to that of seedlings of other 
species started from wind-home seed. There were more 
seedlings observed on the north and northeast sides of the 
planted lodgepole pine, which would seem to indicate that 
some degree of shading may benefit establishment. The 
whitebark pine seedlings found in this area are single and 

325 

not clustered as they would be if a whole cone disinte
grated on the ground and the seeds germinated. 

One of the factors that has contributed to the seedling 
establishment of all species in this area is the wet seasons 
that occurred during the mid-1980's. It is also interesting 
to note that observations made in late 1988, after one of 
the driest years on record, confirmed that a number of 
first- and second-year seedlings were still alive. This 
would indicate that after germination, vigorous rooting 
takes place, thereby aiding survival. 

There have been questions raised on the value of releas
ing understory whitebark pine. My observations, made 
primarily in mixed species stands in which whitebark 
pine is a component, of the growth response of residual 
seedlings and saplings ofwhitebark pine after release 
have indicated that residual seedlings and saplings have 
responded little to release. The observations were made in 
clearcuts and in stands with various levels of partial cut
ting (some regeneration harvests and some intermediate 
harvest). This is an area that needs additional data to 
determine more of the specific characteristics of the re
siduals such as age at release and average growth prior to 
release. 

The inference that can be drawn from these observa
tions is that whitebark pine establishment is enhanced by 
bare mineral soil and an abundance of moisture. Germi
nation is one of the most critical factors known at this 
time. Answers to the whys of poor germination are cur
rently unknown. Pi tel and others (1980) indicated that 
there appears to be a relationship between the complete
ness of development of the embryo and the condition of 
the seed coat that affects germination. The factors at 
work here are important, but personal observation has 
shown that more seedlings are visually evident after a 
wet season, particularly a wet spring, than any other 
time. More moisture is permeating the seed coat, thereby 
aiding germination, whatever the mechanism is for break
ing down seed dormancy. 

There are silvical characteristics important to establish
ment that can be controlled with some degree of predicta
bility. Seed production, is one such characteristic. Flow
ering and fruiting is an integral part of seed production 
and can be influenced by the application of spacing control 
to produce trees with a higher proportion of crowns that 
are fully exposed to light (Daniel and others 1979). Tech
niques used in seed production areas such as thinning, 
fertilization (after foliar analysis), and protection from 
insects and other seed destroying agents could also be 
used. 

Regeneration methods that recognize the basic silvical 
needs of the species will be the most successful. Addi
tional examples are described by Amo and Hoff (1989), 
such as a rooting habit that develops a deep spreading 
system. The root system is well-anchored in the rocky 
substrate and is seldom disturbed despite the tree's large, 
exposed crown and the violent winds to which it is sub
jected. They also indicated that while whitebark pine had 
previously been reported as very intolerant, more recent 
observations show that it would be more accurate to clas
sify it as intermediate in tolerance to shade. 

Whatever regeneration method is chosen, the retention 
of healthy, windfirm seed trees with good phenotypic 



characteristics will aid in natural regeneration. It is 
important to realize that regeneration through natural 
regeneration alone will probably mean long regeneration 
periods. These regeneration periods may be decades, in 
comparison to a few years for such associated species as 
Engelmann spruce or lodgepole pine. The characteristic 
that whitebark pine is intermediate in tolerance would 
indicate that there will be some seedlings that become 
established. 

Using the Bridger-Teton National Forest as an ex
ample, in the short term, if the whitebark pine component 
is to be increased or its range is to be extended, artificial 
regeneration will be necessary. If this option is chosen, it 
will be very expensive to carry out on an operational ba
sis. It is not an easy solution, as described by Eggers 
(1986), but one that could be carried out if management 
emphasis and budget were committed to it. 

CONTROLLING COMPOSITION 
Composition is defined by the Society of American 

Foresters (Ford-Robertson 1971) as the "species composi
tion of a forest crop or stand, the representation of tree 
species in it. This is expressed quantitatively as percent 
by volume or basal area of each species; percent by num
ber only at the seedling stage." 

The species composition that is desirable may be de
pendent on the land management objectives, but what is 
possible will be dependent on inherent characteristics 
such as site quality, habitat type capabilities, and pres
ence or absence of pest agents. Whitebark pine, Society of 
American Foresters Cover Type 208, (Eyre 1980) is used 
to designate pure stands or mixed stands in which the 
species comprises a plurality of stocking. It is necessary 
to know the existing vegetation to formulate a better 
prescription for what is desired. For example, in the over 
50 forest habitat types identified in the eastern Idaho
western Wyoming area, whitebark pine was found in 36. 
On the Bridger-Teton National Forest, whitebark pine 
occurs with lodgepole pine, limber pine (Pinus flexilis 
James), Engelmann spruce (Picea engelmannii Parry ex 
Engelm.), subalpine fir (Abies lasiocarpa [Hook.] Nutt.), 
Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco), and 
aspen (Populus spp.). The single-stemmed growth form is 
most commonly associated with a plurality oflodgepole 
pine. The multi-stemmed growth form is more commonly 
found with a plurality ofwhitebark pine at the extremes 
of environmental conditions. Common shrub and herba
ceous associates are listed in "Forest Habitat Types of 
Eastern Idaho-Western Wyoming" (Steele and others 
1983). This publication lists the percentage canopy cover
age by species and the constancy or the percentage of 
stands in a habitat type that contain a given species. 

Controlling the species composition begins with estab
lishment, through the favoring of trees left for seed or 
artificial reforestation. The time between establishment 
and the next regeneration period can be used to perform 
a whole range of stand manipulations, generally termed 
intermediate treatments, to control the species composi
tion. Cleaning, weeding, liberation, and improvement 
cuttings could be used at various stages of stand growth, 
singly or in combination, to achieve the land management 
objectives. 
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CONTROLLING CONSTITUTION 
Constitution is the "structure, of a forest crop or stand, 

the distribution and representation of age and/or size 
classes" (Ford-Robertson 1971). 

Land management objectives will guide the controlling 
of distribution of age and size classes of whitebark pine 
and specific stand structures: the relative proportion of 
overmature (declining in vigor, health, or soundness), 
mature (full development of height and seed production), 
saplings, and seedlings. Success requires an understand
ing of stand dynamics including succession, competition, 
and tolerance. This can be aided by the identification of 
habitat types as described in the previous section. The 
various pathways of succession are affected by the start
ing point. The progression toward climax vegetation will 
continue without treatment, but the character of the 
stand can be changed through treatment. The silvicultur
ist can control the structure by applying various treat
ments including harvesting, site preparation, controlling 
species composition, and thinning. These choices will 
affect the ways individual trees and species will respond. 
These choices may range from broad to narrow in the 
short term depending on the character of the existing 
stands. 

An illustration from the Bridger-Teton National Forest 
timber inventory information will help to put this into 
perspective. Examining the timber inventory plot data 
has given a profile of the existing condition of the white
bark pine resource: 

Characteristic 
Average for 

wbitebark pine 

d.b.h. 14.9 inches 
height 51 feet 
d.b.h. age 157 years 
past 10 yrs. radial growth 0.25 inches (range 0.1 to 0.9) 
best 10 yrs. radial growth 0.8 inches (range 0.25 to 2.25) 
age of best growth 20 years 
elevation 9,000 feet 

These facts should help when writing prescriptions that 
will be able to be implemented. What does an analysis of 
these data show? It shows that for the Bridger-Teton 
National Forest, the whitebark pine is a mature/ 
overmature resource that is currently growing slowly, but 
at younger ages is capable of growing as well as its 
associates. 

CONTROLLING GROWTH 
Growth is described as: "increment, accretion. The 

increase in girth, diameter, basal area, height, volume, 
quality or value of individual trees or crops" (Ford
Robertson 1971). 

The definition of growth covers the whole range from 
individual trees to entire forest. Land management objec
tives should indicate the relative importance of various 
growth factors. This could mean quality or value in terms 
of such characteristics as multi-stemmed growth habit, 
foliar biomass, or consistently large seed crops. 

There are basic standards that should be reviewed to be 
able to set realistic growth expectations. A number of 
these have been described in earlier sections. There are 



givens. For example, the height that a tree can reach at 
a certain age on a particular site is largely limited by soil 
and climatic factors. Different species respond differently 
to differing site quality. It is important to recognize that 
whitebark pine grows over a range of climatic conditions 
but is characterized by Arno and Hoff (1989) as growing 
in cold, windy, snowy, and generally moist conditions. 
They indicated that in moist mountain ranges, whitebark 
pine is most abundant on warm, dry exposures and in 
semiarid ranges it becomes prevalent on cool exposures 
and moist sites. The mean annual precipitation for most 
stands where whitebark pine is common is between 24 
and 72 inches with about two thirds of the precipitation 
coming in the form of snow and sleet. 

In considering environmental factors affecting growth 
of whitebark pine stands, two of the most important are 
insects and disease. The most damaging insect pest of 
whitebark pine is the mountain pine beetle (Dendroctonus 
ponderosae Hopkins). There has been a significant 
amount of mortality in mature stands throughout the 
northern Rocky Mountain area Arno and Hoff (1989). 
This insect may kill individual trees even at higher eleva
tions but most whitebark pine tree killing in northwest
em Wyoming occurs when beetle populations build up in 
lodgepole pine stands at lower elevations. Management 
in lower elevation stands may need to increase to lessen 
the impact on higher elevation stands. Mountain pine 
beetle has caused severe damage to some whitebark pine 
stands. The principal disease that causes damage to 
whitebark pine is white pine blister rust (Cronartium 
ribicola); it usually results in death in sapling and pole
sized trees and top killing in mature trees. 

We also need to recognize that basic tree physiological 
principles are at work even though we may not know or 
recognize them all for whitebark pine. Examples are: the 
major reasons why understory may not respond after 
release are that poor root systems can't use the increased 
nutrients, low live crown ratio won't allow adequate food 
production, or advanced age decreases ability to respond. 

In the area of growth, as in establishment, composition, 
and constitution, there are some specific examples from 
data collected in unmanaged stands that can be used to 
illustrate what is known. From these examples infer
ences can be drawn on the expectations from stand 
manipulations. The major growth factors that can be 
affected by management activities are: controlling compo
sition and manipulating density. 

The following examples from the Bridger-Teton 
National Forest will help to demonstrate: 

The best whitebark pine height growth on the Bridger
Teton National Forest (as evidenced by the greatest num
ber of plots with trees over 70 ft in height) was recorded 
at elevations between 8,300 and 9,100 ft. 

The most prevalent habi~t type for these plots was 
Abies lasiocarpa/Vaccinium scoparium-Vaccinium 
scoparium phase. The Abies lasiocarpa Series is the most 
prevalent on the Forest and Vaccinium scoparium is the 
most prevalent habitat type in the Abies lasiocarpa 
Series. The yield capability for this habitat type is quite 
broad, ranging from 20 to 90 cubic ft per acre per year 
(Steele 1982). The inventory data showed that on the 
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above habitat types we can expect a tree that is 17 to 20 
inches d.b.h. and over 70 ft tall to be between 150 and 175 
years old. Trees that are over 30 inches d.b.h. and over 90 
ft tall are usually at least 220 years old. One of the larger 
specimens recorded on the inventory plots was 38.1 inches 
d.b.h., 111ft tall and 281 years old. We can also infer 
from the inventory that the growth pattern after estab
lishment could follow the progression shown in table 1. 

It will help lend perspective to the observations by 
recognizing that in tenns of relative productivity, the 
Bridger-Teton National Forest has the highest overall 
productivity of any National Forest in the Intermountain 
Region of the Forest Service. The Bridger-Teton's average 
productivity potential is 63 f.t3/acre/yr, (USDA Forest 
Service 1980) which compares to an average of 64 f.tN 
acre/yr for the Rocky Mountain area as a whole (USDA 
Forest Service 1982). 

Table 1-Growth examples at various ages from 
Bridger-Teton National Forest inventory 

Age D. b. h. 

Years Inches 

25 5.3 
40 10.8 
70 12.6 

100 13.7 

CONCLUSIONS AND 
RECOMMENDATIONS 

Height 

Feet 

21 
41 
67 
71 

It would seem that whitebark pine is neither the mysti
cal nor mysterious species that some have made it out to 
be, but one for which a broader base of knowledge is 
needed. The attention focused recently on whitebark pine 
due to its relationship with grizzly bear habitat has 
helped to add to the knowledge base. We need to use the 
information, such as timber inventory plot information, 
that is currently available until more site-specific informa
tion for particular stands is collected. By observing what 
has happened in stands that have been entered, a silvicul
turist should be able to determine appropriate ways to 
manipulate individual stands to meet land management 
objectives. These land management objectives need to be 
clearly stated in quantifiable tenns. We can then work 
toward developing the types of stands that we desire, 
while recognizing that it will take a considerable amount 
of time to get them. 

Future research and information needs: 

1. Continue to refine nursery propagation techniques, 
2. Continue the genetic work to determine variability in 

whitebark pine, 
3. Delineate and define objectives for those stands that 

need management prescriptions, and gather the site data 
needed. 
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RECLAMATION PRACTICES IN 
IDGH-MOUNTAIN ECOSYSTEMS 

RayW.Brown 
Jeanne C. Chambers 

ABSTRACT 
Mineral exploration, mining, road construction, and 

recreation have resulted in severe disturbances to many 
subalpine and alpine ecosystems througlwut the moun
tainous West. Revegetation research has revealed several 
promising techniques that may lead to the rehabilitation 
of these disturbances. The selection and use of adapted 
native plant species representative of different seral stages 
are needed to provide optimum species and structural 
diversity in revegetated communities. Amendments such 
as fertilizer, organic matter, and surface mulching that 
ameliorate limiting adaphic and microclimatic conditions 
are essentiaL 

INTRODUCTION 
High-elevation mountainous regions of the western 

United States support vitally important ecosystems. 
They are the primary watersheds for agricultural indus
trial, and metropolitan development as snow acc~mula
tion and water storage in these areas provide the main 
sources of summer runoff for western streams and rivers. 
The more gentle slopes and rolling plateaus of mountain 
regions also provide summer range for both livestock and 
wildlife, and these unique ecosystems offer stunning 
panoramas and remote wilderness solitude for recreation
ists. However, with the advent of modem technology 
many areas are being disturbed at an accelerated rate by 
human activities such as recreation, road construction, 
mineral exploration, mining, and other endeavors. 

The impacts of disturbance on high-elevation lands 
threaten their important watershed, wildlife habitat, 
grazing, and recreational values. Revegetation of these 
disturbances is essential to minimize the consequences of 
erosion and loss of water quality, and to reestablish stable 
native ecosystems. However, conventional techniques of 
revegetation developed for more moderate climatic zones 
at lower elevations have largely been unsuccessful for 
disturbed high-mountain ecosystems. The rigorous cli
mate at high elevations, coupled with the impacts of dis
turbance, dictate the use of techniques that have been 
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designed for the unique conditions of high-elevation life
zones. Short, cool growing seasons, strong winds, fre
quent frosts, and a limited pool of adapted plant species 
severely complicate revegetation efforts. These con
straints are compounded by the effects of disturbance 
that often result in spoil material that is acidic low in . , 
essential plant nutrients, or contains toxic concentrations 
of heavy metals or other unsuitable constituents. Ero
sion, acid-water runoff, and sedimentation frequently 
result in the destruction of off-site plant communities, 
streams, and aquatic habitats, and the general deteriora
tion of water quality. 

In 1972 the Intermountain Research Station initiated 
an integrated research effort to develop revegetation tech
niques for high-elevation disturbances. Also, considerable 
interest was fostered in high-elevation revegetation prob
lems throughout the West with the establishment of the 
High-Altitude Revegetation (HAR) Committee. Early 
attempts to revegetate disturbances at high elevations 
were frustrated by a lack of knowledge about the com
plexities of high-elevation environments and the effects 
of disturbances. However, during the last 15 to 20 years 
numerous promising techniques and approaches have 
been developed for the revegetation of these areas. The 
purpose of this paper is to summarize the nature of high
elevation environments, the effects of disturbance on 
them, and the more successful revegetation techniques 
available. 

FACTORS LIMITING 
REVEGETATION 

Climatic conditions of high-elevation regions are often 
limiting to successful revegetation of disturbances. Gen
erally, high-elevation environments have low heat budg
ets that result in short, cool growing seasons (Billings 
1974). Typical high-elevation growing seasons range 
from 45 to 90 days with average summer temperatures 
near 10 oc (Billings and Mooney 1968). Growing season 
temperatures frequently fall below 0 °C, and frost occurs 
throughout the growing season in many areas. Needle ice 
can uproot seedlings and contribute to surface soil erosion 
on disturbed sites throughout the growing season where 
soil water status is maintained at or near saturation 
(Brink and others 1967). At high elevations in the west
em United States precipitation occurs mainly as winter 
snow, but soil water availability is highly variable with 



season, location, and topography. For example, snow 
fields commonly accumulate on the lee sides of ridges 
while ridgelines may remain nearly snow free due to 
redistribution by wind. High winds are common in 
subalpine and alpine ecosystems, and can cause signifi
cant soil erosion and be physically and physiologically 
detrimental to plants. Also, wind coupled with high 
solar radiation flux densities in mountain life-zones 
can promote extremely high rates of evaporation and 
transpiration. 

The type of disturbance imposes various limitations 
on successful revegetation. Severe disturbances result 
in the removal of surface soil horizons and expose the 
underlying geological materials. Less severe disturbances 
leave the surface soil in place but may result in the mix
ing of the surface and subsurface soil horizons (Chambers 
and others 1988). Natural causes of severe disturbances 
include geomorphological processes such as landslides 
or avalanches; human causes include such activities as 
road building and mining. Less severe disturbances re
sult from causes such as freeze-thaw cycles (Johnson and 
Billings 1962), small-mammal burrowing and tunneling 
(Thorn 1982), and some human recreational activities. 
The two types of disturbances result in significantly dif
ferent revegetation environments. Severe disturbances 
that remove surface organic horizons and leave mineral 
soils in place are often characterized by lower water and 
nutrient holding capacities. Disturbance in general can 
result in the loss of finer soil particles due to wind erosion. 

Severe disturbances at high elevations can expose 
pyrtic materials that initiate a cycle of sulphide oxidation 
near the soil surface (Johnston and Brown 1979). This 
can result in low soil pH and increased availability of 
potentially toxic metals such as copper, iron, and alumi
num. Plant establishment and growth, and thus, natural 
successional processes, can be severely limited. Runoff 
from such areas frequently causes mortality to offsite 
plant communities and seriously degrades water quality 
and aquatic ecosystems downslope. 

A major limitation to successful high-elevation revege
tation is knowledge about the selection and use of adapted 
plant species. The total flora of high-elevation ecosystems 
is relatively small compared with more moderate low
elevation life-zones, and the pool of adapted species suit
able for revegetation is limited. Introduced plant species 
commonly used for revegetation in lower elevation areas 
are frequently unadapted and unsuccessful when used for 
revegetation of high-elevation disturbances. Brown and 
Johnston (1979, 1980) found that such introduced species 
as smooth brome (Bromus inermis) and intermediate 

• wheatgrass (Agropyron intermedium) were no longer 
present 4 years after planting on a subalpine site that 
had been mined in southwestern Montana. However, 
native adapted species from the area such as tufted hair
grass (J)eschampsia cespitosa) and alpine bluegrass (Poa 
alpiM) increased in density, cover, and biomass produc
tion over the same period. The most important criteria 
used in selecting adapted species for revegetation, includ
ing observations of natural succession on disturbed areas, 
are discussed by Chambers and others (1984, 1988). 
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SELECTION OF ADAPTED PLANT 
SPECIES 

Selecting plant species for revegetation that are suited 
to the limiting environmental factors characteristic of a 
disturbance is one of the most important aspects of suc
cessful reclamation. Adapted species are those capable 
oflong-term survival and reproduction. One of the most 
promising methods of identifying adapted species for 
revegetation of high-elevation disturbances is to examine 
natural successional processes on local old disturbances 
such as road cuts and fills and gravel pits (Brown and 
Johnston 1980; Chambers and others 1984, 1988). Unfor
tunately, most native high-elevation plant species suited 
for revegetation are not commercially available and must 
be hand-collected. Collection of seed tends to be expen
sive, but use oflocally adapted populations greatly en
hances the chances for successful revegetation. 

Species Selection 
Research results suggest that reclamation success of 

high-elevation disturbances may be improved when mix
tures of species are planted that represent different life 
histories and physiological traits. Typically, grasses are 
the most widely used group of plants in revegetation, yet 
heavily fertilized swards of high-nutrient adapted grasses 
often tend to form closed stands that exclude or inhibit 
the invasion of other species (Brown and others 1984). 
Research on plant succession on high-elevation distur
bances suggests that inclusion of different lifeforms in 
seeding and planting mixtures, together with appropriate 
amendments, may increase species and structural diver
sity of revegetation communities and enhance rates of 
successional development (Chambers and others 1988). 
In addition, use of seed mixtures consisting of species 
with many different physiological and ecological charac
teristics improves the chances of stand survival in the 
event of catastrophic events such as insect infestations, 
disease, or drought (Brown and Johnston 1980). 

In alpine environments many plant species adapted for 
revegetation of disturbances can be classified according 
to their frequency of occurrence in different successional 
stages (Chambers and others 1984, 1988). Initial coloniz
ers of disturbed sites often exhibit broad ecological ampli
tudes, and are usually widely distributed in geographic 
area. At low elevations early colonizers tend to include a 
large complement of annual "weeds"; at higher elevations 
more desirable perennial species predominate. Early 
colonizers often have large and consistent seed production 
capabilities, effective seed dispersal mechanisms, high 
seed germination percentages, and high rates of growth 
and development. They may also be able to tolerate high 
concentrations of heavy metals, low pH, and other adverse 
disturbance conditions. 

Late-seral species often have slower growth rates, 
lower seed production, and lower rates of seed dispersal 
than early seral species (Chambers and others 1988). 
For example, frequent colonizers such as tufted hairgrass 
typically produce large quantities of small-sized seeds 
with high viability and germination, have high seed 



longevity, high seed dispersal capability, high plant 
growth rates, and low root:plant biomass ratios (Chambers 
and others 1988). In contrast, species typical oflate-seral 
communities such as alpine avens (Geum rossii), an al
pine forb, produce small quantities oflarger sized seeds 
with relatively short seed longevity, low seed dispersal 
capability, low growth rates, and high root:plant biomass 
ratio (Chambers and others 1988). Also, tufted hairgrass 
tends to have shallower, less extensive root systems 
and higher nutrient requirements than alpine avens 
(Chambers and others 1987c). Species adapted to low
nutrient sites, such as alpine avens, can ensure long-term 
stability on disturbances, but lower rates of production 
are to be expected (Chambers and others 1988). Listed 
below are native alpine and subalpine species that have 
been established successfully on disturbed sites from 
seeds (*), together with others that have favorable charac
teristics for revegetation (Brown and others 1978, 1988; 
Chambers 1987; Chambers and others 1984, 1988): 

Grasses and Grasslike Plants-

*Agropyron trachyca.ulum (slender wheatgrass) 
*A scribneri (Scribner wheatgrass) 
*Care% paysonis (Payson sedge) 
*Deschampsia cespitosa (tufted hairgrass) 
*Phleum alpinum (alpine timothy) 
*Poa alpina (alpine bluegrass) 
P. epilis (skyline bluegrass) 
P. rupicola (timberline bluegrass) 
*Trisetum spicatum (spike trisetum) 

Forbs-

*Achillea millifolium (western yarrow) 
Agoseris glauco (pale agoseris) 
Arenaria obtusiloba (alpine sandwort) 
Artemisia ca.mpestris (wormwood) 
*A scopulorum (alpine sagebrush) 
Cerastium arvense (mouse-ear chickweed) 
C. beeringianum (alpine chickweed) 
*Geum rossii (alpine avens) 
Lupinus argenteus Oupine) 
*Potentilla diversifolia (varileaf cinquefoil) 
Senecio fremontii (Fremont's groundsel) 
*Sibbaldia procumbens (sibbaldia) 
Smelowskia calycine (smelowskia) 
Solidago multiradiata Oow goldenrod) 
Trifolium dasyphyllum (whiproot clover) 
T. parryi (Parry clover) 

Many of the species listed have broad ecological ampli
tudes and occur as frequent colonizers on alpine distur
bances. Also, many have high reproductive rates and 
easily collectible seeds. 

Seed Collection 
Seed collection of adapted native species requires a 

knowledge of the phenology of plant development and the 
complex interactions with environment. Seed maturity 
and production are highly variable from year to year, and 
collection must be opportunistic to take advantage of good 
seed production years for different species. Several years 
may be required to collect sufficient seed of all species 
desired for a given revegetation project. Usually, seeds 
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mature on the plant in the late summer or fall, and 
should be collected just prior to natural dispersal. The 
seeds are normally stored in dry, porous containers such 
as paper or cloth bags, and kept in a cool, dry environ
ment maintained near 0 °C (Chambers and others 1987a). 
However, there is some evidence that seed longevity of 
high-elevation species is improved if seeds are stored at 
-18 oc at low moisture content (Billings and Mooney 
1968). 

Seed Mixtures and Planting Concerns 
Seeding rates based on the number of viable seeds per 

unit area for each species used, instead of the more typi
cal method of weight per unit area, allow rates to be de
termined on an individual species seed viability basis. 
This ensures that potential competition among species 
will be uniform over the area, provides optimum opportu
nity for survival of seedlings, and permits success or fail
ure of each species in the mixture to be correctly assessed. 
The amount of seed applied for each species in a mixture 
may need to be acljusted for different seed lots collected 
from different locations and times because seed viability 
varies widely from year to year (Chambers in press). 

Knowledge of seed germination requirements of species 
is essential to determine seeding methods and other re
vegetation techniques. Many species have small-sized 
seeds that cannot emerge from the soil if planted too 
deeply; species with larger sized seeds may require deep 
planting to avoid desiccation during dormancy and seed
ling development. Also, some species must be planted at 
or near the soil surface because of a requirement for light 
during germination (Chambers and others 1987b; Haggas 
and others 1987). Chambers and others (1987b) found 
that many alpine forbs require light for germination, but 
grasses have less specific requirements. Also, they found 
that wet cold stratification during the winter following 
fall seeding results in fewer days for germination and, 
consequently, an increased likelihood of seedling estab
lishment the following spring. 

Nutrient Requirements and Growth 
Use of fertilizer is a common practice in revegetation, 

yet little is known about the growth responses to specific 
nutrient levels or nutrient requirements of native high
elevation plant species (Brown and Johnston 1979; 
Chambers and others 1988). Although highly site specific, 
nitrogen (N) and phosphorus (P) are usually the most 
limiting nutrients on disturbances, but individual species 
responses to these nutrients vary widely. The availability 
of these and other nutrients and the nutrient retention 
capacity of a soil are often determined by the severity 
of the disturbance (Tilman 1986). Chambers and others 
(1988) found that tufted hairgrass, a frequent early colo
nizer on alpine disturbances, responded more to N inputs, 
and that the typical late-successional species, alpine 
avens, respond more toP. They also showed that tufted 
hairgrass had greater rates of growth at all levels ofN 
and P than alpine avens. This suggests that tufted hair
grass may have competitive superiority over alpine avens 
on disturbances and over broad ranges of available Nand P. 



However, factors other than fertility and growth rate 
may affect the interactions among species in a revegeta
tion mixture. Low growth rates and high root:shoot ratios 
are important attributes of species adapted to low
nutrient environments. Including species in a seed mix
ture that are low-nutrient and low-growth-rate adapted 
together with those that are high-nutrient and high
growth-rate adapted can help ensure long-term stability 
on nonintensively managed reclaimed disturbances. It 
may be necessary to use moderate seeding and fertilizer 
rates and to seed low-growth-rate species in equal 
amounts with high-growth-rate species in such mixtures. 

RECLAMATION METHODS 
The immediate goal of revegetation is to provide pro

tection and surface stability on disturbed sites, but 
esthetics and long-term site stability are also important 
concerns. The general principles of revegetation appli
cable to disturbances in all life-zones, such as shaping 
and contouring, fertilizing, seeding and planting, and 
mulching apply to high-elevation disturbances. How
ever, under the severe environmental conditions unique 
to high elevations in the mountainous West, the more 
subtle aspects of timing, species selection, and microenvi
ronmental concerns often determine the difference be
tween success and failure in revegetation. A primary 
objective of revegetation is to ameliorate soil and microcli
matic conditions that are limiting to the physiological 
tolerances of otherwise adapted plant species on that site. 
For remote area disturbances that will be managed at low 
intensity levels following revegetation, proper methods 
should lead to site conditions that promote natural succes
sion by enhancing invasion and colonization of different 
microorganisms, plant lifeforms, and animal species. 
Ultimately, a plant community should be established that 
is commensurate with ecosystem dynamics of that area. 

Contouring and Shaping 
Mine spoil piles, old roadbeds, and other severe distur

bance areas should be reshaped to conform to the original 
contour of the land as nearly as possible (Brown and 
Johnston 1979). Reshaping should minimize slope angles, 
sharp ridgelines, and undrained depressions that lead to 
wind-scour, excessive erosion or overland flow, and water 
accumulation. Contouring should be designed to promote 
optimum environmental conditions for plant establish
ment and growth. Spoil or soil materials containing toxic 
concentrations of heavy metals and acid-bearing wastes 
should be buried under the best growing medium avail
able in areas where subsurface drainage is not likely to 
cause contamination or loss of water quality. Topsoil 
should be stored and replaced before reclamation wher
ever possible. Contouring and shaping work should be 
completed well in advance of planned revegetation to 
permit settling to occur before seeding and planting. 
Ripping compacted spoil material may be necessary to 
promote root aeration and growth, and to facilitate water 
and nutrient absorption. 
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Season and Timing of Revegetation 
High-elevation disturbances should be revegetated in 

the fall. Timing of revegetation has been found to be 
extremely important to successful plant establishment 
(Brown and Johnston 1980; Chambers 1987). Transplant 
stock should be hardened to low fall temperatures and 
should be in a dormant condition during planting. Seed, 
transplants, and soil amendments should be applied as 
late in the growing season as possible so that cold tem
peratures prevent germination and growth. Severe frost 
damage to young seedlings and transplanted stock may 
result if planting is too early. Fall revegetation ensures 
that seeds and amendments will be in place when condi
tions are ideal for germination the following spring as 
snowmelt occurs. Fall seeding and planting can usually 
be accomplished when conditions are relatively dry and 
when the soil or spoil can be worked most easily. 

Spring or summer revegetation can be detrimental to 
successful plant establishment on high-elevation distur
bances. Most high-elevation areas remain inaccessible in 
the spring until large snowdrifts melt. By the time access 
and site conditions are suitable, the optimum conditions 
for seed germination and seedling development may be 
passed. 

Nutrients and Other Soil Amendments 
A complete soil analysis should be performed well be

fore seeding and planting so that low levels of available 
plant nutrients and potentially limiting physical or chemi
cal soil properties can be identified (Chambers and others 
1987a; Jurinak 1982). Mine spoils and other disturbed 
sites are often deficient in required nutrients for higher 
plants, and may have low pH and toxic concentrations 
of heavy metals that limit plant establishment. Amounts 
and ratios of fertilizers should be determined from levels 
of nutrients already present in the soil, the nutrient re
tention and cycling capacity of the soil, and the particular 
requirements of plant species to be seeded. In general, 
soils with high percentages of organic matter and fine 
textures have greater nutrient retention capacities than 
coarse mineral soils low in organic matter. Consequently, 
one-time applications of fertilizer may have more long
term benefits in fine-textured soils with greater amounts 
of organic matter. To substantially increase levels of 
available plant nutrients in mineral soils, organic matter 
additions may be necessary. Nutrient levels in the soil 
should be balanced for both high- and low-nutrient
adapted species. It is important to add a proportion of 
low-nutrient-adapted species to the seed mixture for low 
organic matter mineral soils to ensure long-term site 
productivity. 

Fertilizer should be distributed uniformly over the site 
in the proper proportions to achieve the desired ratio of 
N-P-K and other needed nutrients. Commercially avail
able hand-operated distributors perform acceptably with 
granular fertilizers (Brown and Johnston 1979, 1980). 
Normally, rates of application on high-elevation distur
bances range from about 50 to 110 kg ofN per ha, but 



actual rates vary with specific sites and objectives. The 
site should be harrowed, raked, or rototilled to incorporate 
the fertilizer into the upper 15 to 30 em of soil or spoil. 

The incorporation of organic matter or mulch into the 
upper layer of soil or spoil is beneficial for both improved 
nutrient- and water-holding capacity. Materials such as 
steer manure, straw, hay, peat moss, and other organic 
matter have been used successfully (Brown and others 
1976, 1978). 

If the soil pH is lower than about 5.0, lime or calcium 
carbonate should be applied in sufficient amount to raise 
the pH to about 5.5 or 6.0. Soil pH above 5.5 ensures that 
residual nutrients and applied fertilizers will be available 
to the developing plants, and that aluminum concentra
tions will be unavailable for uptake. Soil acidity tests 
performed by soil testing laboratories can provide data 
that recommend liming or calcium carbonate application 
rates necessary to neutralize acidity (Jurinak 1982). This 
amendment should be applied at the same time as fertil
izer, and should also be incorporated into the upper 15 
or 30 em of soil. Brown and Johnston (1980) used 2,240 
kg/ha of hydrated lime on the McLaren Mine in south
western Montana to successfully aqjust soil pH above 5.0 
before revegetation. However, exact quantities required 
vary widely with specific site conditions. 

Seeding and Planting Methods 
Seed mixtures of several species should be applied on 

the site after fertilizer and other amendments have been 
incorporated into the soil. Optimum seeding rates on 
high~levation disturbances normally range from about 
225 to 550 total seeds per m2 depending on the species 
used and site conditions. Generally, the seed is distrib
uted uniformly with a hand-operated distributor or broad
cast by hand over the surface of the site, and then covered 
by light raking or harrowing. Brown and Johnston (1980) 
used a commercial seeder-packer on a subalpine mine site 
to cover the seed to a depth of about 1 em. Packing en
sures firm contact between the seed and the soil particles, 
which appears to enhance germination. Species requiring 
light for germination (Haggas and others 1987) should be 
applied on the surface separately after the other species 
are seeded and packed. Seeding should be done during 
relatively calm periods to minimize wind redistribution. 

Transplanting offers an alternative to seeding, and in 
some cases may be desirable in combination with seeding. 
Plant survival rates tend to be high when transplanting 
is accomplished in the fall with dormant containerized 
stock, and when rigorous planting procedures are followed 
(Brown and Johnston 1980). Plants may be grown from 
seed in a greenhouse or nursery as tublings, and then 
transported to the site for hardening and planting. Addi
tionally, sod pieces collected from old road cuts or other 
disturbances can be collected and transplanted directly 
on the disturbed site (Brown and others 1976, 1978). Al
though survival of transplants can be high, transplanting 
tends to be very expensive and should probably be re
stricted to small key disturbances where slopes are too 
steep for seeding and where erosion hazards are high. 
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Surface Mulching 

Surface mulching is recommended following seeding to 
moderate the effects of wind redistribution of seed, reduce 
evaporation, and minimize the effects of frost on seedling 
development (Brown and Johnston 1979, 1980; Chambers 
and others 1988). Materials such as straw or hay held in 
place with either pinned netting or an emulsion agent 
have been used successfully (Brown and Johnston 1979, 
1980; Chambers 1987). Surface mulches should lightly 
cover the soil, yet still allow light to penetrate to the soil 
surface (Brown and Johnston 1979). 

RESEARCH NEEDS 

Although techniques for revegetation of high-elevation 
disturbances appear to be successful, additional research 
is needed as these life-zones come under increasing pres
sure from a wide variety of uses. Identification of adapted 
native species and an understanding of their physiological 
tolerances and ecological characteristics remain some of 
the most urgent needs. We need a better understanding 
of successional processes on disturbances, including the 
effects of competition and of nutrient and water relations 
requirements and interactions. In addition, we need to 
understand the characteristics and long-term interactions 
that mycorrhizal and nitrogen-fixing symbionts have with 
other adapted species on disturbances. 

Further research is needed on the long-term effects of 
various reclamation methods, including soil amendments, 
and the effects they have on species performance and 
interactions and on soil nutrient retention and cycling. 
Studies on soil weathering and development and the dy
namics of heavy metals and other toxic materials as they 
interact with plants are needed. Present methods appear 
to be inadequate for successfully revegetating the most 
extreme acidic mine spoils in the alpine zone throughout 
the West. Thousands of hectares of abandoned pyritic 
mine dumps and tailing piles throughout the mountain
ous West are located in the headwaters of watersheds 
from which increasing demands are being made as metro
politan areas expand. These, together with new mines 
and other disturbances, are degrading water quality of 
streams, rivers, and reservoirs throughout the region. 
Clearly, reclamation research ofhigh~levation distur
bances needs to be expanded and intensified. 
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LANDSCAPE- AND ECOSYSTEM-LEVEL 
MANAGEMENT IN WHITEBARK PINE 
ECOSYSTEMS 

Wendel J. Hann 

ABSTRACT 
7b provide adequate resource protection in alpine and 

subalpine areas, managers need to expand their perspec
tive!> and focus on ecosystem and landscape-level manage
ment. Single-resource and microsite focuses stymie inte
grated management and protection plans. A landscape 
perspective is outlined for the Northern Rocky Mountains, 
interpreting climatic, landform, topographic, and distribu
tion factors and their relation to vegetation mosaics. 

INTRODUCTION 
The upper subalpine and alpine zone of the Northern 

Rocky Mountains has a unique natural vegetation mosaic. 
This mosaic of forested and nonforested communities 
differs from the montane forested and nonforested com
munity mosaic that occurs in the next lower elevation 
zone. The alpine and subalpine community mosaic is a 
diverse complex of subalpine forest-dominated upland 
communities, shrub- or herb-dominated upland communi
ties, shrub- or herb-dominated wetland communities, and 
talus, scree, or rock cliff areas, with sparse vegetation 
cover. 

The types of community mosaics within the alpine/ 
subalpine zone vary by geographic area and type of dis
turbance history, and are strongly correlated with topog
raphy and amount of soil development. A second process 
of importance is presettlement and postsettlement fire 
history. Differences between geographic areas exist, both 
in the natural potential for fire ignition and spread and 
in the history of fire suppression. A third process that 
produces different types of mosaics is disturbance by 
humans, which in this zone, typically includes timber 
harvest, roads, mining, effects of pollution, effects from 
recreation, and livestock grazing. 

Managers and researchers face a difficult challenge in 
this zone. It is imperative that we take a landscape per
spective and ecosystem management approach to main
tain a diversity of productive and functioning ecosystems. 
Yet the nature of resource advocacy and studies that em
phasize small, uniform areas stymie our ability to manage 
ecosystems at a broad-scale level with an integrated ap
proach. Our basic management objective should be land 
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stewardship that protects the basic ecosystem values of 
soil, water, air, biotic diversity, and ecological processes, 
while producing resources for public use. To protect these 
values and provide resources it is logical to move forward 
in understanding and implementing an ecosystem man
agement approach at a landscape level. 

The understanding of communities and their linkages 
at a landscape level is a developing science. This paper 
will provide a landscape perspective of subalpine and 
alpine ecosystems in the Northern Rocky Mountains, 
interpret some of the effects of human activities on the 
landscape mosaic, and identify challenges for managers 
and researchers to meet to provide sound land steward
ship of these ecosystems. 

PRIMARY FACTORS OF LANDSCAPE 
MOSAICS 

The pattern, shape, size, and juxtaposition of communi
ties on a landscape are formed or controlled by a variety 
of factors (Bailey 1988). These factors range from broad
level factors, such as change in climate, to site-specific 
factors, such as effects of fire, insects, or windthrow 
(Knight 1987). Broad-level and community-specific fac
tors interact to result in a dynamic pattern of shifting 
community shapes and sizes. This spatial and temporal 
pattern is an important component in the development 
of management strategies. 

Geographic and Climatic Patterns 
Different geographic areas have different spatial and 

temporal patterns on their landscapes within the sub
alpine and alpine zones. Within the Northern Rocky 
Mountains there is a strong west-to-east longitudinal 
gradient and a strong south-to-north latitudinal gradient 
that create different patterns as a result of changing cli
mate conditions (Arno and Hammerly 1984). From west 
to east, subalpine and alpine climates shift from inland
maritime, to semidesert, to continental influence. From 
south to north in the Northern Rocky Mountains the 
lower elevationallimits of the subalpine and alpine zones 
tend to decrease with elevation. However, this can be 
strongly influenced by local relief and wind patterns. 

Landform Patterns 
Local landforms and valley to mountaintop relief 

strongly influence the climate of the subalpine and alpine 
zones (Arno and Hammerly 1984; Habeck 1987). The 



present landform landscape is an interaction of the t'and
forming process with the geological bedrock and previous 
landforms (Bailey 1988). In subalpine and alpine areas 
glaciation is a common important landforming process. 
Areas that had significant mountain glaciation that cov
ered all aspects differ considerably from areas that had 
minor mountain glaciation or nivation snow basin action 
on north slopes, but were not glaciated on alpine plateaus 
or southerly aspects. Other areas on the northern end of 
the Northern Rocky Mountains that were strongly influ
enced by both continental and mountain glaciation have 
a different landform landscape. 

Areas that have low-elevation valleys associated with 
high-elevation mountains appear to differ significantly 
in their subalpine and alpine landscape from those areas 
where the valleys are relatively high elevation and the 
relief difference from valley to mountaintop is not as 
great. Those areas that have large relief differences usu
ally have sharper gradients in the alpine and subalpine 
zone and often have higher precipitation. 

Topographic and Edaphic Patterns 
Aspect, slope, and soil have a strong influence in the 

alpine and subalpine zone. The slope, aspect, and position 
of a community determine microclimatic influences that 
create a highly complex set of conditions across relatively 
small land areas. This results in an intricate pattern of 
variation within and between communities. 

Many plants in the subalpine and alpine zone are on 
the edge of their ecological amplitude. Consequently, 
minor shifts in soil characteristics that change soil physi
cal and chemical conditions can affect the ability of plants 
to survive and compete. This results in high variability 
within and between communities. 

Natural Disturbance and Cycles 
Natural disturbances and successional cycles, or se

quences, cause dramatic changes in the spatial and tem
poral patterns of subalpine and alpine communities. 
Natural disturbances of fire, wind, drought, severe cold, 
erosion, animal herbivory, and mortality or reduction in 
vigor from insect or disease influences all interact to re
sult in dynamic conditions in this zone. Vegetation com
position over time, as a result of interacting plant species 
growth rates, competitive ability, and mortality, also 
changes over time as influenced by the various distur
bance factors. In the subalpine and alpine zones, where 

. plant growth rates are slow and competitive ability is low, 
disturbance factors are often harsh and play a strong role 
in maintaining a dynamic set of shifting conditions. But 
alpine plant communities have a relatively low ability to 
buffer against these changes, in comparison to lower ele
vation montane and valley systems. 

Landscape Linkages 
The mosaic of ecosystems in a landscape has linkages 

of: (1) snowmelt and water flow, (2) energy state and 
transfer, (3) nutrient state, cycling, and transfer, (4) ani
mal habitat needs and movement, and (5) buffering from 
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disturbance. In systems such as the subalpine and alpine 
zones, which are subjected to extreme environmental 
conditions, these linkages are critical for species and com
munity survival. Changes in community juxtaposition or 
conditions can shift the environmental balance and nega
tively affect an associated community to the point where 
it can no longer survive. An example in the alpine and 
subalpine zones is the moist herbaceous communities 
typically associated with the lee side of a patch of sub
alpine trees or timberline krummholz trees. Removal 
of the patch of trees through fire or other disturbance 
eliminates the conditions for snow retention in the adja
cent community, which changes the moisture, energy, 
and temperature conditions in that ecosystem. 

Human Disturbance 
Impacts from human developments, pollution, and dis

turbance to natural processes have been relatively low 
in the subalpine and alpine zones compared to other eco
systems. However, these zones are very sensitive to dis
turbance by humans, and the consequences are often 
highly visible. Primary human disturbances that have 
affected the subalpine and alpine ecosystems involve: 
(1) mining, (2) oil and gas development, (3) road con
struction, (4) direct fire suppression impacts, (5) indirect 
fire suppression effects, (6) domestic livestock grazing, 
(7) logging, and (8) air pollution and associated global 
climatic change. Because of the lack of buffering ability 
in subalpine and alpine ecosystems, the effects of these 
disturbances are longer, often more drastic, and tend 
to be more chain-reactive than in other more productive 
and less fragile ecosystems. 

The principal effects of historic natural resource man
agement and development on landscape patterns and 
linkages have tended to fragment communities that are 
naturally contiguous and reduce or eliminate corridors 
or environmental linkages between associated ecosystems 
(Franklin and Forman 1987; Knight 1987). In contrast, 
the consequence of fire suppression in relatively natural 
landscapes has been homogenization. Typical patterns 
of human developments are straight lines, squares, and 
rectangles compared to the more natural shapes of 
nature. 

In Europe, long-term human developments have re
sulted in a lowering of the upper timberline, thus increas
ing the alpine zone (Douguedroit 1978; Plesnik 1978). 
This has been primarily caused by tree cutting for use 
in charcoal burning and by grazing. Some attempts have 
been made to reforest these areas with subalpine tree 
species. These attempts have been somewhat successful 
in establishing trees in this zone, but the resulting forests 
greatly lack the natural diversity of patterns and associ
ated stability of linked communities. 

In the Northern Rockies, historic logging, mining, and 
livestock overgrazing have locally removed forest sub
alpine communities and changed community patterns. 
However, these effects have not been broad scale. Revege
tation of sites degraded by mining, roading, and over
grazing has been somewhat successful given the right 
conditions. It has become apparent that once the shallow 



topsoil is lost, revegetation of alpine and timberline eco
systems is very difficult. The change in snow accumula
tion/melt patterns and energy flow from tree removal 
and soil loss in these ecosystems often create a complete 
change in the potential vegetation that can grow on the 
sites. 

Disturbances to subalpine forest vegetation from log
ging and overgrazing set succession back to an early 
stage. As long as the disturbance has replicated natural 
events, such as fire or big-game grazing, and no exotic 
plants have been introduced, succession will usually pro
ceed in a relatively natural fashion. However, succes
sional response in this zone is very slow, even when there 
has been no effect on soil and microclimate. This slow 
response usually does not meet management standards 
for regeneration or for livestock vegetation management 
trend. There is little that can be done to speed up this 
response on areas that have been impacted in the past. 
Future harvest treatments and grazing systems should 
be designed to better mimic natural disturbances and 
maintain soil productivity and microclimate conditions. 

The results from fire suppression in the subalpine zone 
are broad scale. Natural fire frequency cycles are rela
tively long in this zone and successful ignitions are infre
quent (Arno 1986; Fischer and Bradley 1987). Conse
quently, fire suppression has been relatively successful. 
Since fire frequencies are typically 100 to 300 years, the 
effects of fire suppression on individual communities have 
not caused a change from what is present naturally. The 
primary effect is that the amount of communities in an 
early seral stage compared to mid and late sera] is much 
less. Consequently, the pattern of communities in this 
zone is becoming more homogenous; old communities are 
maintained, while acljacent communities that were once 
young are now becoming old. 

Intensive development and management by humans 
usually result in a reduction of genetic and species diver
sity. In the subalpine and alpine zones of Europe this has 
been a significant result from long-term degradation of 
these environments (Douguedroit 1978; Plesnik 1978). 
Many species have become extinct, and the diversity of 
species in existing communities is much lower than in 
similar natural communities. 

In the Northern Rocky Mountains there• have been 
relatively few plant species extinctions in the alpine or 
subalpine zones that have been caused by human develop
ments or management. In localized communities that 
have had severe impacts from mining, road building, 
or overgrazing there has been significant loss in species 
diversity. Where exotic species have been introduced, 
there is little chance for the native species to compete 
and reestablish dominance through succession. 

There is little doubt that pollution is affecting our natu
ral communities (Mintzer 1988; Perry and Maghembe 
1989). There is ample evidence that acid rain and other 
pollutants are reaching all environments on earth. Some 
ecosystems have the ability to buffer these pollutants and 
will not· be strongly affected. Ecosystems at extremes, 
such as the subalpine and alpine zones, that have little 
buffering ability, are typically the first to demonstrate 
effects of these pollutants. There is little agreement on 
how global climates may change. However, it is generally 
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agreed that climates will become more extreme even if 
there is little change in the averages. The subalpine and 
alpine climates will be more sensitive to this change and 
communities may show the effects. These ecosystems 
should make excellent monitoring sites that would be 
sensitive to changes in air pollutant levels and climates. 

EVALUATION AREAS 
Three areas were selected on a west-to-east gradient at 

approximately 46 °N.latitude across the Northern Rocky 
Mountains. All areas have had varying degrees of moun
tain glaciation and have subalpine and alpine vegetation, 
with some communities dominated by whitebark pine 
(Pinus albicaulis ). Areas were mapped and map photo 
interpretation types were correlated with available 
ground data. The furthest west area is an area on the 
south end of the Seven Devils Mountains of north-central 
Idaho, which lies between the Snake River to the west 
and the Little Salmon River to the east. The second area, 
which is in west-central Montana, near the Continental 
Divide, is in the Bitterroot Range, and is called the 
Piquette Mountain area. This area lies between the East 
Fork and West Fork of the Bitterroot River. The third 
area is in south-central Montana, west of the Boulder 
River, and is called the Meatrack-Carbonate area. 

The three areas all have had historic sheep grazing 
impacts, but adequate areas were left ungrazed to com
pare disturbed to natural vegetation. All three areas also 
have had some disturbance from past exploratory mining, 
but this is relatively minor when compared to the size of 
the total area. 

Table 1 shows a comparison of various environmental 
and landscape factors based on a preliminary assessment. 
A final assessment will be published at a later date based 
on additional ground data and correlation. 

Climates of the three areas make a transition from 
strong maritime influence on the west to the continental 
climate of the Mea track-Carbonate area on the east. The 
Seven Devils site has strong evidence of glacial cutting or 
deposition on most of the area. The Piquette Mountain 
area shows evidence of glaciation primarily on the north
erly aspects and on south aspects at the highest eleva
tions. Both of these areas have alpine communities that 
are on steep slopes or in cirque basins. The Meatrack
Carbonate area has strong evidence of glaciation on the 
north aspects and some south aspects, but large areas 
of high-elevation alpine plateaus remain above the glacial 
cirques. 

The area with the highest relief is the Seven Devils 
area with a low of 1,600 ft at the Snake River to a high 
of about 8,500 ft. The other areas have differences of 
relief of about 5,000 ft; the Meatrack-Carbonate rises 
almost 2,000 ft higher than the Piquette Mountain area. 

Potential vegetation indicated a strong dominance by 
forest communities in the Piquette Mountain area com
pared to approximately an even split between forest po
tential and nonforest potential on the Seven Devils area. 
The Meatrack-Carbonate area showed strong dominance 
by herbaceous communities. This is probably correlated 
with the low precipitation and continental climatic re
gime. The presence of subalpine shrub types, primarily 



Area 
Factor Mea track-Carbonate S. Seven Devils Piquette Mt. 

Climate type 
Valley elevation (ft) 
High elevation (ft) 
Percent mt glaciation 

Inland-maritime 
1,600 
8,500 

Percent subalpine forest potential 
Percent subalpine herb potential 
Percent subalpine shrub potential 
Percent timberline krummholz 
Percent alpine herb-shrub potential 
Percent rock, scree, and cliff 
Sl(50) SAF ABLAIVASC HT 
BA (ft2} ABLANASC HT 
Herb-shrub foliage produdion (lb) 

85 
45 
15 
15 
5 
5 

15 
44 

115 
955 

mountain sagebrush (Artemisia triclentata vaseyana), 
appeared to be strong to the west and decreased to the 
east. All areas had approximately the same amount 
of rock, scree, and cliffs. 

Site index and basal area of subalpine fir (Abies lasio
carpa) were evaluated on a subalpine fir/grouse whortle
berry habitat type (Pfister and others 1977; Steele and 
others 1981) on all three areas for similar aspects. There 
is considerable difference in soils between the three areas. 
Site index (81) generally decreased from west to east for 
subalpine fir, as would be expected, making the transition 
to a drier and more continental climate. Basal area gen
erally increased from west to east, and no correlation can 
be drawn since this attribute is probably more highly 
correlated to past stand history than to the environment. 
Production of annual herb and shrub foliage Oblacre) was 
evaluated on an elk sedge/Idaho fescue grassland type for 
all three areas. This value should generally increase in 
correlation with continental climate, but there was con
siderable difference in soils and precipitation. 

A preliminary assessment of polygon shape and size 
was also conducted for the three areas. These prelimi
nary values are presented in table 2. 

Table 2-Polygon size and shape factors for three subalpine/alpine 
areas in the Northern Rocky Mountains 

Factor 

Polygon shape 
Subalpine forest types 

Mean size (acres) 
Percent linear 
Percent odagonal 
Percent elliptical or oblong 
Percent rotund 
Percent irregular 
Percent rectangular 

Whitebark pine types 
Mean size (acres) 
Percent linear 
Percent octagonal 
Percent elliptical or oblong 

Area 
Meatrack· S. Seven Piquette 
Carbonate Devils Mt. 

45 80 20 
30 45 15 
35 20 40 
25 25 30 
5 0 10 
5 10 5 
0 0 0 

35 10 15 
40 85 25 
40 5 15 
0 0 20 

338. 

Inland-maritime 
3,500 
8,600 

50 
60 
15 
5 
2 
3 

15 
33 

145 
785 

Continental 
5,500 

10,500 
35 
30 
30. 
0 

10 
15 
15 
22 

175 
1,060 

Size and shape of polygons for different vegetation 
types were highly variable between the areas and showed 
no strong correlation with the west to east climatic 
trends. Size, shape, and juxtaposition appear to be highly 
correlated to local factors of landform, topography, soils, 
and historic disturbance. Table 3 shows a relative corre
lation of these factors for the three areas that were evalu
ated. Fire appears to be a much stronger component in 
the Seven Devils and Piquette Mountain areas compared 
to the Meatrack-Carbonate area. However, that may be 
an incorrect conclusion, since although fires may be less 
frequent in the Meatrack-Carbonate area, they may just 
as strongly control size and shape over the long term. 

Methods for assessing these correlations are relatively 
rough and need to be refined to better identify controlling 
factors and explain variability. Statistical parameters to 
describe variability are difficult to assess, since none of 
the factors can be considered to have normal distribu
tions. Frequency statistics appear to be the primary 
attributes that are descriptive and have meaning for 
making management assessments and recommendations. 

Table 3-Percent correlation of factors controlnng polygon size and 
shape for three subalpine/alpine areas in the Northern 
Rocky Mountains 

Factor 

Geoclimatic 
Landfonn 
Topography 
Soils 
Disturbance 

Mea track· 
carbonate 

Area 
S.Seven 

Devils 
Piquette 

Mt. 

--------------Percent-------------
5 5 5 

15 30 30 
15 25 30 
~ 5 15 
45 35 20 



MANAGEMENT AND RESEARCH 
CHALLENGES 

There are many challenges for management andre
search in the subalpine and alpine ecosystems. We need 
to evaluate our ability to manage ecosystems from a land
scape and vegetation perspective. Do we have the tech
nology and the philosophy to take this approach? Another 
way to ask this question is "do we see the ecosystem for 
the trees?" If we had all the data we needed to describe 
ecosystems from a landscape perspective, would we have 
the techniques to analyze those data? We need to develop 
the ability to assess natural mosaics relative to "human 
activity" mosaics and determine the positives and nega
tives of various combinations of vegetation types, their 
size and shape, their juxtaposition, and associated corri
dors or linkages. 

Now more than ever, managers must develop an ecosys
tem philosophy for management. The number one objec· 
tive for managers of public lands should be to provide 
land management and stewardship that protect and 
enhance basic values (soil, water, air, biotic diversity, 
natural processes), while producing resources for public 
use. 

On the forefront of management and research chal
lenges is the need to take an ecosystem and landscape 
approach to assessing management alternatives. Manag
ers must develop their abilities to analyze ecosystems and 
develop integrated alternatives, rather than being advo
cates for their own specialty. Specific resource advocacy 
is a detriment to an ecosystem approach and results in 
interdisciplinary team members "whipsawing" each other 
from defensive to offensive, and alternatives to mitigation. 

To develop effective management alternatives and un
derstand their potential effects, management needs to be 
able to extrapolate to large-scale areas. Present research 
is often done at a micro scale, and management lacks the 
tools to interpret the results at a large scale. Research 
needs to develop the relationship between predicting 
results for a site to extrapolation for an ecosystem. 

Research should begin developing technology to assess 
spatial and temporal changes and assess how these 
changes might affect resource outputs, community link
ages, and ecosystem stability. Without this technology it 
will be difficult to develop viable ecosystem management 
alternatives that will provide for conservation of natural 
processes, landscapes, ecosystems, species, and genetic 
resources. With this technology managers can develop 
prescriptions for landscapes versus stands or communities. 

To summarize, the challenge to managers is to expand 
their perspective to the ecosystem and be their own con
science for protection of basic ecosystem values. The chal
lenge to researchers is to improve our ability to extrapo
late results, and assess alternatives and affects, in the 
realms of both spatial and temporal landscapes. 
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Where Do We Go From Here? 

Tad Weaver and Wyman C. Schmidt 
Session Coordinators 

This session served as a wrap-up for the symposium and described 
how the Forest Service and National Park Service, who manage the 
preponderance of whitebark ecosystem lands in the United States, 
view the management and goals for these lands. It also includes an 
examination of the knowledge gaps and research needs that became 
apparent as a result of the symposium as well as some highlights of 
what was learned. 
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INTEGRATING WHITEBARK 
PINE INTO NATIONAL PARK 
MANAGEMENT GOALS 

ABSTRACT 

C. J. Martinka 
K. A. Keating 
C. H. Key 

Various relationships between ecosystems, National 
Parks, and whitebark pine (Pinus albicaulis) are dis
cussed. Ecosystem management in and around parks 
involves four elements: (1) expression of desired condition; 
(2) definition of boundaries; (3) management strategies; 
and (4) determination of effectiveness. Numerous factors 
have contributed to the complexity of environmental issues 
and the requirements for management accountability in 
National Parks during recent decades. Whitebark pine 
and western parks possess the potential for a mutually 
beneficial relationship with the species serving as an envi
ronmental barometer and the parks providing a founda
tion for conservation. 

INTRODUCTION 
Mankind has always sought knowledge about the envi

ronment and applied it in a fruitful fashion to the ulti
mate of ecological imperatives-maintaining a livelihood. 
Historical motivation for the acquisition of new informa
tion was likely quite simple and directed almost entirely 
toward the exploitation of natural resources. More re
cently, conservation of those same supporting resources 
has emerged as a critical issue on a worldwide scale. And 
for the same reasons that drove exploitative behavior over 
the eons of history-sustaining a future for the human 
species. 

Nearly the entire breadth of the conservation move
ment has occurred during the current century. Momen
tum has accelerated during recent decades when numer
ous Federal and State laws have been enacted to assure 
appropriate protection and management of natural re
sources. These laws reflect the conscience of a public 
concerned about the quality of life and its supporting 
environment. Extinctions have helped heighten an 
awareness of biological diversity and the role that indi
vidual species play in ecosystem integrity. Mammals 
have received a predominant share of scientific attention, 
but there is growing interest in other contributors to 
the trophic fabric of ecosystems. Whitebark pine (Pinus 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 
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MT 59936. 

341 

albicaulis) is taking its place on a growing list of plant 
species for which there are now legitimate reasons for 
gathering and evaluating new knowledge. 

This paper discusses various relationships between 
ecosystems, National Parks, and whitebark pine. The 
unique attributes of the species suggest that it plays an 
important ecosystem role in the mountainous parks of the 
Western United States. At the same time, the parks will 
likely play an increasingly important role in management 
of the species as the global environment changes in future 
decades. 

ECOSYSTEMS AND PARKS 

In 1987, a group of managers, scientists, and planners 
gathered at Pack Forest, W A, to discuss and develop eco
system management concepts for parks and wilderness. 
The published results of the workshop provide a rationale 
for ecosystem management and suggest means by which 
the concept might be implemented (Johnson and Agee 
1988). Managing in an atmosphere of uncertainty was of 
special concern to the participants and a four-step process 
was recommended for addressing ecosystem goals for 
nature reserves. 

Step one proposed that the desired condition for the 
ecosystem be expressed in terms of specific goals and 
measurable targets. Since past management has focused 
on protection as the principal means of conserving natural 
integrity, this element adds a new dimension to future 
strategies for most natural sanctuaries. Most certainly, 
the scientific process enters the management picture, but 
beyond that, the question of congruity between science 
and philosophy will likely emerge as a dilemma for many 
areas. In this sense, humans become an integral part 
of natural systems in terms ofboth their intellectual di
rection and their ecological impacts. Significant organiza
tional changes will be required to add management to 
the essential foundation of protection for parks and 
wilderness. 

Step two is a recommendation that ecosystem bounda
ries be defined using primary components for guidance. 
This goal is not only reachable but has been implemented 
in several settings using information from field studies 
oflarge mammals. For example, movements of grizzly 
bears (Ursus arctos) have helped define an ecosystem that 
includes a large area surrounding Yellowstone National 
Park (Craighead 1980). At the same time, reality points 



to the difficulties associated with using components such 
as migratory birds, continental airsheds, or river systems 
to define boundaries. Systems of sanctuaries are likely to 
be an important approach to solving the ecosystem bound
ary issue on continental or global scales. 

Step three moves into the arena of management and 
recommends the development of strategies to achieve 
goals that transcend political boundaries. There is little 
doubt that the focus of this task on the human element 
will cause it to be the most difficult of the four that were 
presented. Many, if not most, natural resources tend to 
be shared by a number of acljacent managing agencies, 
but goals for species or communities are frequently in 
conflict. At least a part of the problem has been a rather 
pervasive attitude that ecosystem elements cannot be 
managed to satisfy more than one goal. Thus a sanctuary 
manager may not accept harvest of migratory ungulates 
as consistent with an objective of maintaining natural 
relationships with dependent carnivores. Rigorous appli
cation of scientific process and knowledge may help move 
this recommendation toward success. 

Finally, the fourth step urges that programs to assess 
the effectiveness of management in meeting stated goals 
be implemented. Comprehensive inventories of natural 
resources to establish baseline ecosystem conditions as 
well as monitoring systems to assess trends of significant 
components are critical requirements of this program 
element. Unfortunately, park and wilderness manage
ment have tended to focus on the solution of specific prob
lems; the systematic collection of facts about systems ~nd 
relationships has typically been relegated to a subordi
nate role. Current interest in biological diversity, insular 
population ecology, and landscape management is begin
ning to alter that tradition in many National Parks. In 
fact, a knowledge of baseline conditions was thought to 
be critical to the protection of National Parks within the 
existing framework of public law (Keiter and Hubert 
1987). 

This discussion points to the rather obvious fact that 
ecosystem management in parks is an appropriate strat
egy for the future but that its implementation requires 
commitment to a new and complex form of public land 
administration. With this in mind, it seems essential 
that a foundation for ecosystem management be con
structed in a way that fosters the building of a program 
in incremental steps. There is every reason to believe 
that evolution rather than revolution is the most likely 
pathway to successful land management using ecosystem 
concepts. 

NATIONAL PARK ISSUES 

From the National Park perspective, numerous reason
able and legitimate questions might be asked about eco
system management as envisioned by those gathered at 
Pack Forest. Perhaps most important are those relating 
to the feasibility of an intricate new program that carries 
parks into what is essentially an organizational frontier. 
Of even greater concern is the almost total absence of 
factual information from which success for ecosystem 
management might be predicted. Yet it might also be 
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noted that alternative solutions to the increasing com
plexity of park conservation have not been proposed, 
nor are any anticipated in the immediate future. 

The recent history of Glacier National Park illustrates 
a number of changes that have become important ele
ments in the development of a conservation strategy for 
the park and surrounding lands. 

1. The park has become part of an increasingly frag
mented natural system in northwestern Montana, a trend 
that is related primarily to the discovery, development, 
and use of natural resources. The change is clearly visible 
from the perspective of high-altitude photography and 
satellite imagery, but documentation of impacts in terms 
of ecosystem function remains a rather elusive g~. 

2. The protection of rare and endangered species has 
evolved toward a general public interest in the conserva
tion of biological diversity. In turn, requirements for the 
inventory of natural resources and monitoring of their 
status have intensified, especially in view of their demon
strated value in addressing major threats to regional 
ecosystem integrity. 

3. The public has expressed its concern about environ
mental quality through numerous new laws that address 
a variety of conservation concerns. The enactment of 
these statutes has created legal alliances with other agen
cies that effectively carry park management into there
gional setting for issues such as the protection of airsheds, 
water quality, and endangered species. Eve? the p~ocess 
of making decisions has been opened to public scrutiny 
through the National Environmental Policy Act. 

4. Rapid advances in collection systems and computer 
technology have allowed the storage, processing, and 
retrieval of massive amounts of information about our 
parks. Using that information has become a challenge 
that is leading to even more complex programs such 
as geographic information and database management 
systems. In turn, continuing education is now a neces
sity among park staff that must cope with these new 
demands. 

5. The very real prospect of global warming is causing 
park managers to acijust their thinking about future envi
ronments and how anticipated changes in extinction and 
colonization rates for sensitive species will be addressed. 
In fact, fundamental philosophies are being questioned by 
some who now feel that human intervention to assure the 
attainment of desired conditions will be predominant in 
the management process. 

6. The role of parks is expanding to include scientific 
values as part of their management strategies (Martinka 
1985). These values were recognized in the enabling 
legislation for many parks, but only recently has the sci
entific process emerged as an important part of park man
agement programs. 

At this point, park science deserves further discussion, 
since its functional role is both new and dynamic. For 
example, emphasis is shifting from describing the biology 
of species to understanding the nature of systems. In 
turn, park scientists now tend to focus their efforts on 
regional or even continental study areas rather than con
fining their activities within ecologically arbitrary park 



boundaries. And stored infonnation holds unique poten
tial for research with geographic infonnation systems 
providing the processing tool for design, evaluation, and 
synthesis of study problems. Each of these changes is 
significant in tenns of the ecology and management of 
whitebark pine. 

WHITEBARK PINE 
Whitebark pine is one of thousands of plant species that 

inhabit numerous National Parks throughout the West
em United States. It has not been a species of special 
concern until recent surveys pointed to locally significant 
population declines. The combined effects of insect infes
tations and fungal disease likely promoted the severity 
of the losses, which are especially visible in subalpine for
ests. At the same time, survival of this hardy tree as a 
species has not been seriously questioned. 

One benefit of the population decline has been the rec
ognition that whitebark pine possesses attributes that 
make the species unique in tenns of National Park man
agement strategy. It is adapted to the extreme climate 
and poor s_oil of high mountains. The species grows 
slowly, has a long life, and tends to have a patchy distri
bution, locally and throughout its range. At the same 
time, seed crops are sufficiently abundant to provide an 
important food source for birds and animals. These char
acteristics point to whitebark pine as a possible candidate 
species for monitoring park ecosystems. A rationale for 
use of this particular species as a monitor includes the 
following elements: 

1. Its high-altitude ecological niche is likely to be sensi
tive to habitat changes, especially those induced by at
mospheric disturbances such as acid deposition or climatic 
change. 

2. Its patchy distribution provides inherent potential 
for experimental design and statistical treatment when 
developing monitoring programs. 

3. Trophic relationships to species such as grizzly bears 
and red squirrels (Tamaisciurus hudsonicus) are simple 
and direct, an attribute that enhances the value of white
bark pine as monitor of ecosystem health. 

No one species provides all the elements necessary for 
a complete environmental monitoring program, but it is 
likely that whitebark pine would rate high in ranking 
systems that might be developed in the future. 

UMPORTANCEOFPARKS 
Discussions to this point have focused on the value of 

whitebark pine to National Parks. It now seems appropri
ate to view the reverse relationship-the value of parks to 
whitebark pine. 

First, one can and should value the National Parks for 
their ability to provide baseline infonnation against which 
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the experiments of exploitative or manipulative manage
ment can be compared. This is an inherent value that is 
currently in its infancy in terms of practical application. 
However, regional programs to manage natural resources 
will require comparative baseline infonnation if they are 
to have a rational basis for assessing the attainment of 
stated goals. 

Second, the parks serve as refuges for whitebark pine 
and other species as disturbance and change occur on 
surrounding lands. This is not to suggest the possibility 
of extinction for whitebark but rather to address the issue 
of reduced genetic diversity under the various forms of 
management and environmental stress to which the spe
cies is currently subjected. Parks may help conserve that 
diversity and thereby provide a source of genetic material 
for restoration of the species over regional landscapes at 
some point in the future. 

Finally, parks may serve as retreats for the distribu
tional changes that are predictable as a result of global 
climatic change. In this case, suitable habitats are pro
tected along climatic gradients within and adjacent to the 
current range of the species. Natural or anthropic seed 
dispersal would carry the species to new habitats as cli
matic changes occur. This issue is of special interest, 
since it elevates treatment of a single species to the level 
of landscape management. 

CONCLUSIONS 
Whitebark pine is an important subalpine tree in many 

of the National Parks of the Western United States. The 
species possesses attributes that contribute to its poten
tial as a monitor of ecological conditions in the parks. At 
the same time, it appears that parks may play an impor
tant role in future conservation of this unique tree. The 
mutually beneficial relationship between a species, pro
tective sanctuaries, and landscape management is likely 
to become a common model for the future. 
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A SURVEY OF WHITEBARK PINE 
MANAGEMENT ON NATIONAL 
FOREST LANDS 

Kent E. Houston 
Earle F. Layser 

ABSTRACT 
Whitebark pine (Pinus albicaulis) occurs in 25 National 

Forests in the Western United States. Although this spe
cies is of limited commercial value throughout its range, 
the ecosystems in which it is a major component are highly 
valued for wildlife, watershed, and esthetics. This paper 
reviews the results of a questionnaire on past and current 
management direction regarding P. albicaulis on National 
Forest lands as perceived by 20 Forest Service ecologists, 
soil scientists, and silviculturists, and discUBSes how this 
direction may change to meet future concerns. 

INTRODUCTION 
Whitebark pine (Pinus albicaulis Engelm.) is a compo

nent of high-elevation ecosystems across approximately 
25 National Forests in the Northern Rocky Mountains. 
Although of limited commercial value throughout its 
range, the ecosystems where it occurs are highly valued 
for wildlife habitat, watershed, ecological diversity, and 
esthetics (Arno and Hoff 1989). 

Management direction toward whitebark pine on 
National Forest lands is a function of the harsh climate 
where these ecosystems are found. High elevations and 
wilderness designations preclude most intensive manage
ment options. These conditions, however, do not negate 
concerns of land managers as documented in this sympo
sium and in papers by Arno and Hoff (1989), Eggers 
(1985), and in unpublished Forest Service, U.S. Depart
ment of Agriculture, letters (Hamilton 1989; Hann 1989). 

While this symposium focuses on whitebark pine, it is 
important to recognize, as Schmidt (1987) has pointed 
out, that whitebark pine has ecological counterparts, 
which occupy similar habitats in North America and 
Eurasia. European stone pine (Pinus cembra), is one such 
species (see Holtmeier this proceedings). Two North 
American counterparts are limber pine (Pinus flexilis 
James) and bristlecone pine (P. aristata Engelm.); these 
both occur in National Forests. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 
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The results of a questionnaire on past, present, and 
future whitebark pine management in National Forests, 
as perceived by 20 Forest Service ecologists, soil scien
tists, and silviculturists, are presented and discussed. 

QUESTIONNAIRE 
To identify Forest Service perceptions, a questionnaire 

was developed. This questionnaire was mailed, using the 
Forest Service computer network, to specialists that have 
worked or are working in whitebark pine ecosystems. 
Twenty completed surveys were returned representing 
25 National Forests. The discrepancy in numbers can 
be accounted for by zone or regional office responses. 
Another 10 people responded with short messages or by 
providing internal memos on the topic. This survey was 
not intended to be represented as statistically sound. At 
best, it is subjective, but does give an indication of field 
personnel concerns. The questions asked and a summary 
of the responses follow. 

QUESTION! 
How would you rate (no or low, moderate or high) the 

following concerns (past, present, future) about whitebark 
pine ecosystems? Also rate each for the need for more 
research. 

Table 1 summarizes the results of responses to this 
question. 

Grizzly Habitat 
Of foremost interest in the Northern Rocky Mountains 

is grizzly bear habitat relationships. This concern has 
given impetus to the study ofwhitebark pine in National 
Forests in recent years. 

The responses indicated that grizzly bear habitat con
cerns within whitebark pine ecosystems could be divided 
between those Forests that express no or low concern 
and those expressing moderate to high. Naturally, 
Forests within or close to grizzly habitat show greater 
interest because of the high food value ofwhitebark pine 
seed crops. Conversely, those Forests not within occupied 
habitat are not as concerned. However, this would change 
with the possibility of reintroduction and expansion of 
grizzlies to their historic ranges. Only Forests within 
occupied grizzly habitat were addressed below. 



Table 1-0uestion 1, summary of responses by percentage 

Category Past Present Future Research 

Grizzly habitat 150(50) 30(70) 20(80) 20(80) 
Regeneration 88(12) 61(39) 34(66) 45(55) 
Fire effects 83(17) 55(45) 44(56) 56(44) 
Cone production 100(0) 72(28) 50( 50) 66(34) 
SilviculbJre concerns 94(6) 72(28) 61(39) 50( 50) 
Recreation concerns 61(39) 44(56) 17(83) 39(61) 
Visual concerns n(23) 39(61) 34(66) 61(39) 
Plant succession 89(11) 61(39) 50( 50) 39(61) 
Insect and disease 83(17) 83(17) 61(39) 56(44) 
Classification 76(24) 65(35) 47(53) 59(41) 
Watershed 72(28) 55(45) 34(66) 56(44) 
Uvestock grazing 78(22) 78(22) 83(11) 89(11) 
Nongame 89(11) 78(22) 62(38) 67(33) 
Big game 76(24) 64(36) 53(47) 65(35) 

1Percent of respondents, first number indicates no to low concerna 
( ) indicates moderate to high concerns. ' 

Fifty percent responded that there was moderate to 
high concern for grizzly habitat in the past and 50 percent 
said there was at least a low concern. This increased to 
where 70 percent now have high concerns. In the future, 
80 percent envisioned having high to moderate concerns. 
Research needs were categorized as 20 percent low, 
40 percent moderate, and 40 percent high. 

Regeneration 
Understanding the basic growth requirements for 

whitebark pine seedlings and how these plant communi
ties are established is an important basis for many man
agement decisions. 

Only 12 percent indicated moderate to high concerns 
about regeneration in the past. This increased to 39 
percent for present and 66 percent for future concerns. 
Fifty-five percent felt research in this area should have 
a moderate to high priority. 

Fire Effects 
The Greater Yellowstone fires of 1988 focused the atten

tion ofland managers on the consequence of fire in these 
ecosystems. Fire may have beneficial effects in whitebark 
pine ecosystems, but what will be the effect of fires of that 
magnitude on these ecosystems? 

The responses show that only 17 percent had moderate 
to high concerns about fire effects in these ecosystems in 
the past. This has increased to 45 percent for present and 
56 percent for future concerns. Forty-four percent felt 
there was a moderate to high priority for research in this 
area. 

Cone Production 
Cones from whitebark pine are an extremely important 

wildlife food (Reinhart and Mattson, this proceedings; 
Tomback and others, this proceedings). Poor seed crop 
years may affect the whole ecosystem from grizzly to bird 
and small mammal populations. 
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The survey indicated interest in cone production in 
the past was very low; 100 percent of the responses ex
pressed no or low concerns. This changed with research 
documenting the value of whitebark pine seed crops to 
wildlife. Twenty-eight percent now feel that cone produc
tion is a moderate to high concern. This interest in
creased to 50 percent when the question about the future 
was posed. Thirty-four percent felt that there was a mod
erate to high need for more research in this area. 

Silvicultural Concerns 
Where whitebark pine communities are adjoining com

mercial timberland, as in the Shoshone, Bridger-Teton, 
and Lolo National Forests, there may be opportunities for 
silvicultural prescriptions to obtain desired habitat condi
tions and possibly increase the range and cone productiv
ity in specific areas. These practices have been suggested 
by Eggers (1985, this proceedings) and Hamilton (1989), 
but would be costly and their practicality may be ques
tionable in inaccessible areas. 

Only 6 percent indicated that silvicultural concerns 
in these ecosystems were of a moderate concern. This 
increased to 28 percent at present and 39 percent in the 
future having moderate to high concerns. Fifty percent 
felt that there was a need for more research in this area. 

Recreation and Visuals 
High-elevation forests have high recreation and visual 

values. Commonly, these fragile whitebark pine habitat 
types are popular areas that receive heavy pressures from 
hikers, anglers, hunters, campers, and horse traffic. Fre
quently, these sites are depleted of firewood and soil ero
sion and compaction problems exist. Rehabilitating these 
sites is a critical factor in some intensely utilized and 
visually sensitive areas. Maintaining vegetative diversity 
and visual integrity is a consideration for any project 
involving these types. 

Thirty-nine percent felt that there were moderate to 
high concerns regarding recreation in these ecosystems 
in the past. This increased to 56 percent for the present 
and 83 percent for the future. Sixty-one percent felt that 
there were moderate to high needs for further research 
in these areas. 

Twenty-three percent felt that in the past visual quality 
was a moderate to high concern. This increased to 61 
percent for the present and 66 percent for the future. 
Thirty-nine percent felt research was a moderate to high 
priority. 

Plant Succession 
Whitebark pine habitat types moving into late succes

sional stages are being replaced by more shade-tolerant 
species such as Abies lasiocarpa and Picea engelmannii. 
Suppression of fire has allowed the conversion of many 
of these types (Amo and Hoff 1989; Morgan and Bunting, 
this proceedings). On the other hand insects, disease, and 
large fires have affected many acres (Kendall and Amo, 
this proceedings; Wellner 1989). Natural regeneration 



on these harsh sites can be a long-term process and it may 
be several decades before significant cone crops are pro
duced. Research in successional pathways is needed to 
fully understand what management options are available. 

Eighty-nine percent felt that plant succession was not 
a concern in the past. Thirty-nine percent felt that this 
was now a moderate to high concern. Fifty percent felt 
that their future concerns will be moderate to high. Sixty
one percent said that research in this area was a moder
ate to high priority. 

Insect and Disease 
Mountain pine beetle (Dendroctonus ponderosae 

Hopkins) and white pine blister rust (Cronartium ribicola 
Fisch.) have severely affected many whitebark pine eco
systems. Epidemics have diminished some local popula
tions of whitebark pine in northern Idaho and Montana 
(Arno and Hoff 1989; Kendall and Arno, this proceedings). 
Certainly, this is affecting cone crops and influencing 
successional trends over much of the range ofwhitebark 
pine. With the potential of white pine blister rust spread
ing into the Greater Yellowstone ecosystem, interest in 
this area will increase. 

Seventeen percent responded that insect and disease 
problems were a moderate concern in the past. This re
mained the same for the present and then increased to 
39 percent for future concerns. Forty-four percent felt 
there was a moderate need for research. 

Vegetation Classification 
To be able to communicate and compare solutions to 

resource problems, professionals need to be able to clas
sify the landscape and its associated plant communities 
and soils. Certainly, this has been illustrated throughout 
this symposium by people discussing vegetation and eco
logical classifications. These classifications must be 
translated into maps of the landscape that allow land 
managers to assess the extent, productivity, and succes
sional status of vegetation types. 

Twenty-four percent felt that classification was a mod
erate to high concern in the past. This increased to 35 
percent as a present concern and 53 percent as a future 
concern. Forty-one percent said that research was a mod
erate to high priority in this area. 

Watershed 

Whitebark pine ecosystems have very high watershed 
values. These high mountain areas are important for 
water storage and maintaining flow for downstream uses. 
Skiers, snowmobilers, and snowshoers also enjoy the 
heavy snowpack characteristic of these environments. 

Only 28 percent had moderate or high concerns for 
watershed in the past. This increased to 45 percent for 
present and 66 percent for the future. Forty-four percent 
felt research had a moderate to high priority. 
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Livestock Grazing 
At the tum of the century, high elevations often were 

heavily used by sheep. This resulted in deterioration in 
range by soil compaction and erosion in many instances. 
Although such sheep grazing is much less prevalent now 
and hopefully better managed, it still occurs along with 
some cattle grazing (Hall1989; Johnson, this proceedings; 
Wellner 1989; Willard, this proceedings). 

Only 22 percent felt that this was a concern in the past. 
This could be a function of time since this was strongly 
commented on by two retired Forest Service employees, 
Chuck Wellner (1989) and Fred Hall (1989). Concerns in 
this area remained low for present (22 percent), future 
(17 percent), and research (11 percent). 

Nongame and Big Game 
Whitebark pine ecosystems are used for summer range 

by deer, elk, and other wildlife. The role of Clark's nut
cracker in seed distribution and significant use of squirrel 
middens by grizzly bear exemplify how land managers 
must consider the entire ecosystem when making man
agement decisions. 

The survey showed that only 11 percent had moderate 
or high concerns for nongame in the past. This increased 
to 22 percent for the present and 38 percent for the 
future. Thirty-three percent felt that research was 
a moderate priority. 

Twenty-four percent had a moderate concern for big
game habitat in these ecosystems in the past. This in
creased to 36 percent and 47 percent with moderate and 
high concerns for the present and future. Thirty-five 
percent felt that research was a moderate to high priority. 

Other Concerns 
Other concerns not mentioned in the questionnaire, but 

brought up in comments, included problems in fuel man
agement, global warming and subsequent species shifts, 
maintaining biodiversity, and the effects of changing air 
quality on high-elevation forests. 

To summarize responses to the first question, the areas 
indicated as most important were visual quality, grizzly 
bear habitat, recreation, watershed, and fire effects. A 
conclusion drawn from these responses is that what is 
perceived as important by field people is not necessarily 
what this symposium has shown to be of critical interest. 
This is particularly true with respect to insect and disease 
problems and the importance of nongame species in the 
dissemination of seed. 

QUESTION2 
What, if any, critical information is needed to enable 

your Forest to improve planning for whitebark pine 
ecosystems? 



Responses indicated that information was needed on 
successional status and pathways; fire effects; impacts, 
mitigation, and rehabilitation of disturbed sites; soil
whitebark pine relationships; inventory of status and 
location ofwhitebark pine stands; classification in 
California; knowledge of regeneration techniques; devel
opment ofwhitebark pine resistant to white pine blister 
rust; and a need to address management of the entire 
ecosystem. 

QUESTIONS 
What management direction has your Forest taken in 

regard to whitebark pine? 

A. Active timber management 
B. Nonintervention 
C. Monitoring 
D. Prescribed fire 
E. Other 

As was expected, none of the respondents was presently 
doing active timber management within these ecosystems, 
primarily because these lands are mostly classified as 
unsuitable for timber production or are within wilderness 
and are not included in Forest Plan timber bases. How
ever, some activity has occurred--one timber sale in the 
last 20 years was reported for the Beaverhead National 
Forest in a whitebark pine habitat type. Other Forests 
reported sales in adjoining habitat types, in particular, 
those within the subalpine fir/grouse whortleberry habitat 
type (whitebark pine phase). 

Eighty-two percent reported nonintervention or passive 
management as the type of direction taken by their 
Forests. 

Thirteen percent responded that their Forest's manage
ment direction included monitoring. The Gallatin 
National Forest was doing "premonitoring" or a basic 
characterization of these ecosystems. This brings up the 
important point that one must know what there is and 
where it is before actual monitoring can take place. Other 
Forests indicated that whitebark pine types are moni
tored during insect and disease surveys. 

Five percent responded that prescribed fire was part 
of their management direction. Although not specifically 
addressed by a question, prescribed natural fire is one of 
the management prescriptions for many wilderness areas. 

QUESTION4 
Do you envision a need to change your Forest's current 

direction to meet future needs? 

Ten Forests responded no change and seven indicated 
change was needed. Regrettably, how this direction needs 
to change was not asked. However, change will be dic
tated by the results of researchers working with resource 
managers and the accumulation of better knowledge on 
these ecosystems. 
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CONCLUSIONS 
In the greater scheme of things, little is known about 

the complex relationships and interactions involved in 
whitebark pine ecosystems, or of those considered to be 
ecological counterparts. Only recently have we begun 
to acquire ecological knowledge on whitebark pine itsel£ 
It should be obvious from this symposium that whitebark 
pine does not exist independently-it is a potentially long
lived part of a complex interdependent system that has 
evolved amid severe environments. 

It is presumptuous to assume that any success with 
management activities is little more than chance without 
the knowledge and understanding of relationships within 
these communities. Worldwide examples of the sensitiv
ity of these high-elevation forests to human activities, 
given by Holtmeier (this proceedings) in this symposium 
serve as lessons for our land managers. Therefore, there 
is a caution-any "active" management undertaken is 
done with risk ofless than success until better informa
tion and understanding exist. This symposium has been 
a step in the right direction of developing some of the nec
essary understanding and knowledge to better manage 
these complex environments on National Forest lands. 

Until then, "passive" or "nonintervention" management 
ofwhitebark pine and its counterpart systems, as indi
cated by 82 percent of the respondents, makes sense. 
The exception to this regards recreation management. 
Here an aggressive "active" approach needs to be under
taken in moderate and high use areas if we are to pre
serve quality visitor experiences in these visually and 
ecologically sensitive areas. 

One thought that this survey brought out was that all 
of these management concerns, like the ecosystems they 
arise from, are interrelated. Management of these high
mountain ecosystems must involve an integrated ap
proach. Resource disciplines will need to work together 
to achieve positive results. The results of the question
naire showed a notable difference of opinion within the 
same or similar disciplines. What would the results have 
been if an interdisciplinary group had been surveyed? 
This illustrates the need for better information manage
ment and increased communication between the research 
community and field personnel. 
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Speakers answered questions from the audience follow
ing their presentations. Following are the questions and 
answers on this topic: 

Q. (from Anonymous)-The final "pie" showing 45 
percent no change (referring to Question 4), does not 
agree with the aggregate of your "bar" displays (referring 
to Question 1). Explain. How does this support your 
questionnaire? 

A-We believe that this contradiction is a result of 
pragmatism among the respondents. There are many 
things we do as land managers or specialists that w_e 
would like to explore, but they are not always practical 
with the tight budgets the Forest Service works under. 
This survey represents valid concerns, but what can be 
done about these concerns is expressed with some frustra
tion in Question 4. 



INFORMATION GAPS AND RESEARCH 
NEEDS FOR WHITEBARK PINE 

Don G. Despain 
Richard G. Krebill 

ABSTRACT 
Whitebark pine (Pinus albicaulis), an attractive conifer 

in the upper elevation forests of western mountains, has 
received little scientific study compared with other conifers 
prized for their commercial timber properties. Its impor
tance as a food source for grizzly bears (Ursus arctos) and 
other nongame animals and birds is now stimulating 
considerable interest among specialists in the Rocky 
Mountains. If managers also take notice, this species 
will become a prime candidate for increased ecological re
search. Considerable new information is needed and must 
be applied if the species is to withstand forest succession 
and elevated levels of bark beetles hastened by fire preven
tion, introduction of the devastating white pine blister 
rust, and potential climatic warming. 

INTRODUCTION 
It is easy for researchers to assume that information 

gaps and research needs are synonymous terms. How
ever, when we look outside our ivory towers we can see 
that they are not. Most people are not aware of the im
portance of whitebark pine (Pinus albicaulis) in the total 
ecosystem and many would doubt that this species is 
worthy of any special consideration. After all, it may 
be pretty, but it has little direct economic value. Before 
much consideration will be given to this species, a lot of 
people must be made aware of its special importance and 
its possible contributions. 

Early in this conference John Mumma said we have 
barely scratched the surface of the knowledge we need to 
manage this species. The rest of the syrn:posium bore that 
out. Just what do we know in relation to what we need to 
know when we get into a management mode? Steve Arno 
pointed out that more is known about the whitebark pine 
in the Intermountain West than in the whole rest of its 
range. There is a large geographic area where there is an 
almost total knowledge gap, and there are research oppor
tunities everywhere. 
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CLIMATIC CHANGE CHALLENGES 
Cliff Martinka brought out how rising carbon dioxide 

levels are going to bring about a climatic change. It may 
already be with us. Climate has changed in the past on 
a continuing basis, and we have absolutely no reason to 
believe that the climate is going to remain static. The 
rate of this change is subject to some controversy, but 
there are indications that humans are hastening the proc
ess so that changes in the next several decades will occur 
at a pace previously unknown to whitebark pine. 

Regeneration processes may be the first to show the 
effects of climatic change. Established trees may persist 
for some time, but when it comes time to replace those 
trees the site may no longer provide the needs for seedling 
establishment. Disturbance will eventually come along 
and eliminate stands. If climatic change means that 
whitebark pine can no longer get established on that site, 
are there other sites within range of the seed-dispersing 
Clark's nutcracker that are suitable for seedling estab
lishment? We may not know enough about the physiologi
cal requirements of whitebark pine to successfully replace 
natural seed dispersal with artificial planting and proba
bly do not have the will to do so. If the climate is warm
ing, as many suspect, there will be very little space for 
new forests on the tops of mountains above our current 
subalpine forests where whitebark pine prevails. Kate 
Kendall indicated that there already are many places 
where no regeneration takes place. The trees are being 
killed by bark beetles, fire, or white pine blister rust, but 
small trees are not becoming established to take their 
place. Are we seeing the first indication of climatic change 
or the results of disease or disturbance? Research is needed 
to determine which is the case. 

If the climate that is now in Yellowstone moves north
ward to Glacier National Park, perhaps the Yellowstone 
whitebark pine blister rust problem may be solved, but 
Yellowstone managers will then be faced with another 
difficult decision if they decide to preserve ecosystems 
that prevailed when the Park was established, especially 
if its climate becomes more steppelike. It is extremely 
expensive, if not impossible, to get trees to grow where the 
site does not provide all the needs of the species. To begin 
to assess the problem, we have to learn much more about 
whitebark pine's environment, where it is and where it is 
going. We need to know not only the physiological needs 
of whitebark pine, but also its genetic peculiarities and 
silvicultural problems. 



ADDITIONAL NEEDS 
Although we personally consider whitebark pine's 

adaptability to climatic change as the most challenging 
research need that now exists, we came up with a list of 
additional information gaps and research needs that were 
mentioned during the symposium and things we thought 
of on our own. The remainder of this paper is a discussion 
of that list. 

We need a series of permanent plots set up across the 
elevational and latitudinal range where these plots can 
act as monitors. They need to be set up for long time 
periods because we are dealing with a species that has a 
long life and where changes normally happen slowly. Not 
only do we need these plots but we need an information 
storage and retrieval mechanism that will keep these data 
safe and retrievable for future generations of researchers. 
We must be able to go back every 5 or 10 years, get access 
to the previous information for interpretation, and add 
additional new data. Any individual researcher may only 
need to access the information once or twice in a whole 
career; so a desk drawer will not work. We need perma
nent plots and we need to have long-term, multiuser ac
cess to the data. 

We need to know the tolerance limits and optima for 
such factors as soil moisture, soil nutrients, and tempera
ture, and how they relate to climatic factors and to the 
different growth stages of whitebark pine. It is not 
enough to know how a tree responds to its environment. 
We must know how a seedling, a sapling, a young tree, 
and an old tree respond to the environment. The response 
to environmental factors is not the same throughout the 
life of the tree. 

What is the role of summer rain as well as spring and 
fall frosts? It is interesting that Tad Weaver reported 
that the minimum temperature of both the lower limit 
and the upper limit are about the same. What does this 
mean to the plant? Does it mean anything at all? Is this 
important to whitebark pine or to its competitors? 

What are the site requirements of whitebark pine and 
its associates? We need to extend the kind of work done 
by Dave Mattson on Mount Washburn to see what the site · 
characteristics are in other parts of the whitebark range. 
How much sunlight do they need? How much food can 
they make per packet of sunlight available to them? 
What is their real shade tolerance? How warm can they 
get before respiration is greater than photosynthesis? Are 
there any photoperiodic responses that need considera
tion, especially iflatitudinal movements are to be carried 
out for management purposes? 

We need to know more about tolerance to pollution and 
tolerance to diseases. What is the genetic variability of 
the species and local populations in relation to these fac
tors? Are the different stages of growth equally suscep
tible to fungi and insects? 

Is there enough natural resistance to white pine blister 
rust for natural selection to maintain the species through
out its range? Can resistance be stimulated through tree 
improvement and more intensive management programs? 
Can mountain pine beetle mortality be avoided through 
use of semiochemical repellents such as verbenone? 
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Our friend from Germany, Dr. Holtmeier, talked about 
snow-holding capacity of whitebark pine stands. Just 
what is this capacity and how does it affect the hydrology 
of the streams of our ecosystems and the safety of the 
visiting public? This brings up another major information 
gap. We need to find out what our European counterparts 
have already discovered about similar species in their 
countries. Is it time for a review paper or book on the 
ecology and management of stone pines? 

How to determine the factors that control the periodic
ity of seed production is a frequently mentioned problem 
needing work. What is the interaction between periodic
ity of seed production and the seed predator load? How 
dependent on whitebark pine are the Clark's nutcrackers? 
How do their populations change in relation to the pro
duction of whitebark pine seeds? Do the prevailing theo
ries about minimum viable populations have any applica
tion to whitebark pines? We need to amplify and extend 
the studies on other seed predators reported at this 
symposium. 

We need to know a lot more about the relationship of 
this species to fire. How do fires bum through these 
stands, and how fast do they return to the burned area? 
Are the seeds already in the stand in caches safely below 
the depth of the lethal temperatures? 

BROADER QUESTIONS 

These are all very practical questions, but sometimes 
important research questions seem to be quite impracti
cal, although they are not. 

Just where did this species originate? Where did the 
stone pines in general originate? What are their migra
tion routes? Maybe there is no immediate practical appli
cation for answers to these questions, but we may find 
some piece of information that is vitally important that 
we had not thought of before. Or perhaps other questions 
will arise from the knowledge gained that will be crucial 
for future management of whitebark pine. 

What are the DNA relationships among members of the 
stone pine group? This gets into microbiology and micro
chemistry. The answers will be helpful in knowing how 
these taxa are related and how much information can be 
transferred from studies of other stone pines. 

How can we differentiate between young limber pine 
(Pinus flexilis) and whitebark pine? Can some difference 
be found in the pollens of the two ·species that will allow 
us to separate them in the pollen records? This informa
tion will be needed before we can successfully look into 
the migration of the species in past times and be able to 
better predict speed of future migration. This involves 
interaction with the nutcrackers and is important relative 
to climatic change. 

What is the mechanism guarding against hybridiza
tion? Apparently none of the stone pines hybridize with 
any others. Similar as they are morphologically, they do 
not mix genetically. What are the barriers to gene flow 
and can we use these barriers to our advantage? Or can 
we break down or bypass these barriers to our advantage? 
Can barriers be transferred to other species that we may 
want to keep genetically pure? 



Are there ecotypes, and do these ecotypes have the 
genetic barriers against each other as indicated by the 
studies of the three different populations in California? 
What would be the advantages and disadvantages of such 
barriers? The answers to these questions may be the 
difference between success and failure in any manage
ment scheme that involves transplanting from one region 
to another. 

Do we have any estimate of the number of seeds cached 
in unsuitable places? A single clump of whitebark pine 
grows in a meadow. Is that the only cache, or were seeds 
cached all over the meadow and that is the only place that 
could successfully produce full-grown whitebark pine? 

So far we have mainly discussed the information needs 
of a single species, whitebark pine, and yet its fate is 
intimately intertwined with the ecology and behavior 
of its associates. Especially, we need to know a lot more 
about the Clark's nutcracker, which is so important to 
regeneration of whitebark pine. 

Little is known about how far nutcrackers carry their 
seeds, what kind of sites they select, and whether they 
can be counted on to carry the seeds to those sites that 
will become whitebark pine sites under new climatic con
ditions. What are the competitive relationships between 
whitebark pine and other tree species with which it 
grows? How does it interact with the herbaceous mem
bers of its community? 

We need improved landscape level successional models 
to better understand the complex parameters affecting 
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whitebark pine ecosystems. Future planning and opera
tional decisions will soon be made in a Geographic Infor
mation System (GIS) context, so it is timely to move 
whitebark pine into the computer age. This will require 
additional research, development of models and systems, 
and careful testing and improvement. 

Finally, a field of research that was not represented at 
this symposium needs mention. We heard from no arche
ologists or anthropologists. The pine seeds are an impor
tant food source for bear and the bear was brother to the 
Native Americans. We know pinyons and limber pine 
were used extensively by earlier cultures. 

Did aboriginal populations in this area use whitebark 
pine seeds? They certainly have more food value than 
many of the grasses they used for food. 

ON WITH THE QUEST 
To sum up, this has been a good symposium. Much 

research has been reported, and exciting discussions were 
generated. One mark of good research is that it asks 
more questions than it answers. Such has been the case 
here. As we go on in our quest for more answers about 
whitebark pine many, many more questions will surface. 
Along the way let us keep in mind the knowledge gaps 
that exist in the minds of the managers, the public, and 
the decision makers and make sure there is easy access 
to all the information generated by research. 



WHITEBARK PINE SYMPOSIUM 
HIGHLIGHTS 

R. G. Krebill 

ABSTRACT 
A highly significant step was taken in the assembly of 

a broad cross section of land managers, scientists, and 
other experts in this first formal symposium devoted to the 
whitebark pine ecosystem. Information sharing among the 
many experts, on and off the agenda, increased our under
standing and appreciation of whitebark pine ecology, and 
should lead to improved research and management of this 
unique and important high-mountain resource. 

THE ECOSYSTEM 
The whitebark pine ecosystem has long occupied the 

northern mountains of the Western United States and 
Canada. OcculTing in the harsh environment near the 
upper timberline, the ecosystem has amazing natural 
resilience. The pollen record in south Yellowstone indi
cates a waxing and waning in inverse synchrony with 
glacial advances and retreats of the past 100,000 or more 
years. Besides changes in climate and churning of sub
strate by frosts and glaciers, whitebark pine forests have 
evolved under such influences as heavy winter snow 
cover, violent wind, avalanches, bark beetles, and wild
fire. With natural disturbance, whitebark pine has a 
slight advantage over competing tree species to maintain 
dominance in the upper elevations of many of the high 
western mountains. 

Whitebark pine is estimated to be present in about 
8 percent of the total forests of the National Forest 
System, and is more prevalent at higher elevations 
in the northern Rocky Mountains, where for instance, 
it is a significant component of about 18 percent of 
Yellowstone National Park. The whitebark pine ecosys
tem is especially prized for its natural beauty and recrea
tion potential, its importance as wildlife habitat, its value 
in protecting high-mountain watersheds, and for its bio
diversity and intriguing natural processes. 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
Ecology and Management of a High-Mountain Resource, Bozeman, MT, 
March 29-31, 1989. 

R. G. Krebill is Assistant Station Director for Research, Intermountain 
Research Station, Forest Service, U.S. Department of Agriculture Ogden 
UT84401. ' ' 
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MANY CONCERNS 
But is this precious whitebark pine resource imperiled 

by increasing human influence in high-mountain ecosys
tems? A little more than 100 years ago, prospecting 
brought an influx of people into many of our mountain 
areas. Direct losses of whitebark ecosystems to soil move
ment were minimal, but as indicated for the Butte vicin
ity, harvesting of its trees for fuel wood, charcoal, and 
mine timbers was heavy over fairly broad areas. The high 
mountains were soon seen as a valuable source of forage, 
and uncontrolled grazing for a few decades led to serious 
impacts on meadow and understory vegetation, from 
which many sites have still not fully recovered in spite 
of several decades ofimproved range management. 

Even more serious is the threat by white pine blister 
rust, which was inadvertently introduced early in this 
century. Unfortunately, whitebark pine is perhaps its 
most susceptible host and many stands in northwestern 
Montana, northern Idaho, and British Columbia have 
already been nearly eliminated. Unlike the situation 
with mountain pine beetle, whitebark pine had not co
evolved with the blister rust pathogen. If that is not 
enough cause for concern, we also have learned that effec
tive fire control in the current century is allowing forest 
succession to favor subalpine fir and Engelmann spruce 
on many sites formerly dominated by whitebark pine. 

It is also somewhat disturbing to compare our past 
century of impact on high-mountain whitebark pine with 
the more subtle but enduring impacts of wood gathering 
and conversion of stone pine forests for grazing in 
Eurasia. In comparison, our North American whitebark 
pine forests hardly appear impacted, but as we learned 
in this symposium, they are. And we have only been at 
it for about a century; the Eurasian mountain forests 
have accumulated the impacts of many millenia of use. 
Let us not forget the potential for subtle effects to accu
mulate into major changes over long periods of time, and 
give adequate weight to time in our cumulative effects 
analyses. 

Recent concern was also expressed over the increased 
recreation use in our high-mountain forests over the last 
few decades, and particularly the exploitation of scarce 
wood for campfires. Is this different than what was done 
by many of our ancestors in Eurasia? Other concerns 
were voiced during the symposium over the ever increas
ing numbers of roads, transmission lines, electronic sites, 
and resorts placed in high-mountain areas. Concern also 
was expressed about the potential for human activity to 
produce harmful air pollution, and to hasten global cli
mate change to the detriment of high-mountain forests. 



UNDERSTANDING IS KEY 
On the positive side, interest in whitebark pine eco

systems has risen dramatically in the 1980's, in part 
inspired by the surprising finding that whitebark pine 
seeds are important to the vitality of grizzly bear popula
tions in the Yellowstone area. With this interest have 
come several studies into the ecology of whitebark pine 
that have greatly raised our level of understanding of the 
functioning ofwhitebark pine ecosystems and the strong 
reliance of many of its species upon one another. Under
standing these relations is a key ingredient to prescribing 
management that will perpetuate these vulnerable high
mountain forest ecosystems. 

Some of this symposium's information highlights to me 
were: 

• The strong evidence that whitebark pine almost to
tally relies on the Clark's nutcracker for natural regenera
tion through the bird's seed caching behavior. With an 
ability t<? carry up to 150 seeds in its throat pouch, and to 
disseminate seed up to 15 to 20 km, it is little wonder that 
this tree has persisted through the millenia in spite of 
disruptions as severe as glacial activity and major fires. 

• The classic interdependence of numerous species in 
whitebark pine ecosystems. Especially interesting are the 
relations of bird to tree to red squirrel to bear, and the 
importance ofwhitebark pine ecosystems as seasonal 
range for elk and other wildlife, the importance of these 
areas as a source for water for fish and other downstream 
users, and the interactions of mountain pine beetle in 
both lodgepole and whitebark pine forests. 

• The report that whitebark pine seeds have been 
documented as bear food for at least 15 years. 

• The recent research findings clarifying the require
ments for whitebark pine seed germination and seedling 
establishment. 

• The wide range of soils and geological formations 
upon which whitebark ecosystems prevail. 

• The capabiUty ofwhitebark pine to extend itself 
through layering. 

• The use of shape of trees near timberline to quantify 
mean wind speeds and snow depths. 

• The finding that whitebark pine often dominates in 
upper slope areas that are a little warmer than lower 
slopes where fir and spruce prevail. 

• The importance of fire in maintaining seral whitebark 
pine forests. 

• The evidence of widespread loss ofwhitebark pine to 
white pine blister rust in the Northern Rocky Mountains. 

• The recent development of a predictive process model 
for whitebark pine forests. 

Thanks to a dedicated group of scientists, specialists, 
and generalists, a mild revolution obviously has been 
under way to improve our understanding of whitebark 
pine ecosystems. 

Those who remained for the postsymposium field trip 
to see whitebark pine firsthand were in luck (fig. 1). As 
they arrived at Big Sky, the clouds dissipated and the 
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Figure 1-Professor Tad Weaver (right) in 
his natural habitat, surrounded by interested 
•students" in a whitebark pine forest during 
the symposium field trip. 

party was treated to the bright splendor of the high 
mountains at their best. Many of the ecological marvels 
discussed during the symposium were close at hand for 
group and individual interpretation. All in all, the field 
trip was a most fitting climax to an outstanding 
symposium . 

SYMPOSIUM CRITIQUE 
My critique of the symposium is that the arrangements, 

hospitality, and orchestration of the program were su
perb; the agenda provided exceptionally good coverage of 
an impressive range of topics; the quality of presentations 
was variable but always interesting; illustrations were 
excellent but often used to excess (in part representing 



the photographic appeal of the whitebark pine resource); 
and the depth of scientific inquiry was generally shallow, 
indicating a need for much additional research. 

Although it is clear that we do not know all there is to 
know, surely we are now much better equipped to success
fully manage this outstanding high-mountain resource. 
The best part of the symposium was its many participants 
who represented a broad range of expertise and interests, 
yet were always so free to enter into discussion and share 
ideas. 

Comments on the highlights of the symposium were 
solicited from all participants. Following are excerpts 
from their comments, slightly edited to follow the phrase, 
"The highlights of the symposium were ••• " 

(from Richard Baker)" ..• the diversity of papers pre
sented, and learning more about the whitebark pine eco
system and about the ecology ofwhitebark pine." 

(from Ray Brown) " ... learning the MSU plans to or
ganize a High-Elevation Studies Program, a super, vitally 
important idea; learning so much about the basic biology 
and its application to management of the whitebark pine 
life-zone; and meeting so many vital, intelligent young 
people (and some old ones) who are so interested in im
proving our understanding of high-elevation ecosystems." 

(from David Charlet) " ... meeting and speaking with 
researchers from diverse fields connected with the com
mon theme of high-altitude ecology; the presentations, 
allowing me to feel very informed on the current state 
ofknowledge; the dissipation of the feeling of isolation 
in my concerns, perceptions, and research ... coupled 
with a renewed hope that we can coordinate our efforts 
and make a genuine impact reversing the destructive 
path of the past; and the feeling of being taken care of 
in fine style by the coordinators of this symposium." 

(from Jim Chew) " ... any presentation that actually 
had some quantification to it, as many were no more than 
nice slides and generalizations." 

(from Richard Clark) " ... description of whitebark 
ecosystem baselines; overview of some theories of man
agement; a look at this ecosystem as a unit of the wilder
ness system; and the emphasis on the whitebark ecosys
tem as a unique system with value." 

(from Doug Eggers) " ... the opportunity to hear about 
what others have observed and documented concerning 
whitebark pine; the items that helped in my understand
ing and perspective; for example, the observations on 
grazing, especially heavy grazing in past years and its 
effects on today's whitebark pine forests." 

(from Phil Farnes) " ... meeting people having knowl
edge or doing research in whitebark ecosystems, and the 
good descriptions of the various components of whitebark 
pine ecosystems." 
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(from Sam Gilbert) " .•• the significant increase in 
interest in whitebark pine ecosystems in the past few 
years; the encouraging knowledge that we have acquired 
on the subject; and the excellent visual aids." 

(from Ken Gibson) " ... bringing together of the amount 
of knowledge on whitebark pine ecosystems; the focus on 
knowledge gaps; seeing that research is going on, and has 
been for some time; and the awareness of the uniqueness 
of whitebark pine ecosystems and the need for special 
management for these ecosystems." 

(from Harvey Good) " ... the Clark's nutcracker rela
tionship with whitebark pine, the red squirrel ties to 
grizzly bear and whitebark pine, the genetic aspects of 
whitebark pine, and the allozyme relationships within 
strains of Pinus albicaulis and other pines." 

(from Ron Hamilton) " ... the assemblage of partici
pants in general; the diversity of the people participating 
and the good contacts made for future reference; the holis
tic perspective of presentations; and the somewhat over
looked need to better understand ties between adjacent 
ecosystems (for example, mountain pine beetle/lodgepole 
pine/whitebark pine interactions), so that we can improve 
future management." 

(from Harry Hutchins) " •.. animal interactions and 
the world perspective of the stone pines, especially the 
unique and interesting perspectives of Jack lves and Herr 
Holtmeier." 

(from Fredrich-Karl Holtmeier)" ... the symposium 
in total-the many different aspects under which the 
whitebark pine ecosystems have been considered; the 
papers dealing with the mutual relationships between 
whitebark pine and animals, and the useful information 
from all papers presented. It has been an interesting and 
successful meeting; congratulations and thanks to all who 
were involved in its preparation and organization." 

(from Peter Kolb)" ... the diversity of subjects covered 
and the qualifications of most of the speakers." 

(from Jack lves) " ... the realization of the intricate 
network-birds, animals, insects, man, fire-involved in 
whitebark pine ecosystems." 

(from James Jacobs) " ... information gained from 
climate data and lack of available weather stations; 
stand dynamics including relations between densities, 
circumference, basal area, and age; and animal/plant 
interrelationships." 

(from Kate Kendall) " ... the focus of attention on this 
resource, which it is to be hoped, will translate into more 
management concern; the updating of ongoing work in a 
range of disciplines, and the opportunity to air my con
cern about declines in whitebark pine to an appropriate 
audience." 



SEEING WHITEBARK PINE IN A 
NORTHERN ROCKY MOUNTAIN 
LANDSCAPE: NOTES FORA 
FIELD TRIP 

T. Weaver 

ABSTRACT 
The changing role of whitebark pine (Pinus albicaulis) 

along an altitudinal gradient typical of the Northern 
Rocky Mountains (USA) can be seen from the gondolas at 
the "Big Sky• resort near Bozeman, MT. Whitebark pine 
appears mostly as seedlings in the lowest zone (7,500 to 
8,500 ft), becomes increasingly important in the canopy 
b,!tween 8,400 and 8,900 ft, assumes climax dominance in 
the woodland zone (8,900 to 9,300 ft), and maintains that 
dominance to treeline. On this gradient the mature tree's 
growth form changes from tall-lyrate, to shorter-spherical, 
to krummholz. The tree is seral in the lowest zones; fre
quent fires exclude it from canopies in the lowest zone, 
while low fire frequency gives it subclimax status higher 
(8,400 to 8,900 ft) in the zone dominated by subalpine fir 
(Abies lasiocarpa) at climax. Above 8,900 ft, whitebark 
dominates woodlands (formed, probably, when subalpine 
fir is excluded by cold) and krummholz (due, probably, to 
winter desiccation). Mountain pine beetles (Dendroctonus 
ponderosae) have killed much of the lodgepole (P. con
torta) and whitebark pine in the area, and whitebark 
groves tend to be ringed with dead trees because the espe
cially vigorous trees at grove edges are most susceptible. 
Cirque bowls on Lone Mountain demonstrate an inverted 
timberline at which conifers disappear downward, proba
bly due to spring frosts. 

INTRODUCTION 
The "Big Sky" a popular resort 50 mi south of Bozeman, 

MT, is an excellent site for an introduction to whitebark 
pine (Pinus albicaulis) in its Northern Rocky Mountain 
setting. One sees, there, altitudinal zones demonstrating 
all its major roles: in a relatively low-altitude band the 
tree is seral to subalpine fir (Abies lasiocarpa), in a mid
dle band whitebark dominates woodlands, and in a higher 
band it forms krummholz. And the whitebark zone is 
accessible on a year-round basis-thanks to paved roads 
leading to the resort and gondolas that traverse the forest 
zone during both \\inter and summer seasons (phone 
406-995-4211 for information). 

Presented at the Symposium on Whitebarlt Pine Ecosystems: Ecology 
and Management of a High-Mountain Resource, Bozeman, MT, Man:h 
29-31, 1989. 

T. Weaver is Plant Ecologist, Department of Biology, Montana State 
University, Bozeman, MT 59717-
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This note summarizes observations made by participants 
in a whitebark pine symposium (March 31, 1989) and can 
guide professionals visiting the area at later dates. Its 
three sections describe the study area, vegetation phenom
ena best seen from the gondola, and landscape phenomena 
best seen from a road connecting the tops of the north (#1) 
and south (#2) gondolas. Readers guiding themselves 
through the area with these notes can use the gondola 
pylon altitudes (table 1) for orientation. They can find 
more detailed discussion of most phenomena discussed 
here in chapters of this proceedings on whitebark pine 
forests, cited here by author. 

PREVIEW OF THE STUDY AREA 

The "Big Sky" gondolas rise from 7,500 to 9,200 ft, and 
chairlifts proceed to 9,800 ft. As they rise, both gondolas 
cross a gradient in which the soils become rockier, the 
climate becomes cooler, stand-replacing fires become more 
infrequent, and a lodgepole pine-subalpine fir (Pinus 
contorta-Abies lasiocarpa) forest mosaic is replaced in turn 
by open woodlands of whitebark pine and a mosaic 
ofkrummholz and alpine grassland. 

Geology 

Lone Mountain is a conical peak (11,166 ft) built from 
clay-rich sedimentary beds of the quaternary. The peak 
dominates its landscape because, while the unconsolidated 
sediments around it have eroded away, its mass was baked 
to slate and supported by andesitic intrusions. The quater
nary deposits are underlain by mesozoic and paleozoic 
sediments and precambrian metamorphic& exposed at the 
edges of the Jack Creek/West Fork/Porcupine syncline to 
the north and south (Tysdal and others 1986). 

Substrate 
The trees at highest altitude grow on bedrock outcrops, 

while grassy areas between the spurs occupy substrates 
deposited by gravity (colluvium), glaciers (till), and water 
(alluvium). Lower on the slopes (under the gondolas), 
substrates are less often bedrock and more often glacial 
or alluvial (Hansen-Bristow and others, this proceedings). 

Climate 
Showers of more than 0.01 inch fall on about half of the 

winter days and a third of the summer days. Amounts 



Table 1-Distribution of current forest types, climax forest types, and environmental types under the •Big Sky• gondolas 

Current Climax South North 
Altitude vegetatlon1 vegetatlon2 gondola gondola 

Ft Pylon# Pylon# 
9,200 WB!whortleberry WB!whortleberry lift top 
9,000 WB!whortfeberry WB/whortleberry lift top 
8,900 WB!whortleberry WB/whortleberry 25 21 

8.40~.900 SAF, we. LPP. wb3 SAF/whortleberry 
8,400 LPP/whortleberry SAF/whortleberry 17 15 
7,500 LPP!whortleberry SAF/whortleberry base of lift base of lift 

1Piants mentioned here are whitebark pine (WB, Pinus alblcau/fs), lodgepole pine (LPP, Pinus contorts), subalpine fir (SAF, Abies 
/aslocarpa), and grouse whortleberry (wb, Vaccinfum scoparlum). 

2forest environmental types are classified and described by Daubenmlre and Daubenmlre (1968) and Pfister and others (1977). 
They are named for the climax vegetation that occupies them. The name consists of the name of the dominant overstory tree, a slash, 
and the dominant understory plant. The current vegetation of a site of one environmental type can be climax or sera!. 

:while low-altitude subalpine fir sites are dominated by lodgepole, absence of fire In the highest subalpine fir sites allows species 
representing later seral stages to grow into the overstory. 

deposited are likely similar all along the gondola transect, 
with an average of 3 inches per month in the winter and 
less than an inch per month in the summer. Average max
imum temperatures in the woodland zone just below tim
berline are probably 20 to 25 °F in January and 65 to 70 °F 
in July. Average minimum temperatures in the woodland 
zone are likely 5 to 10 °F in January and 40 °F in July 
(Weaver, this proceedings). 

Fire 
Despite similar start frequencies, fire is relatively fre

quent at the altitude of the gondola base (because it spreads 
easily in an undissected landscape) and relatively rare in 
the ridged province at the altitude of the gondola top. 

Climax Vegetation and Environmental 
Types 

If it were climax-undisturbed for hundreds of years
the vegetation beneath the gondolas would range from 
subalpine fir forests (from the gondola base through the 
current canopy transition zone, 7,500 to 8,500 ft), to a 
whitebark pine woodland (8,900 to 9,200 ft) at the top 
(table 1). Near the gondola top (8,900 to 9,300 ft) climax 
vegetation alternates between whitebark pine woodland 
and meadow with the forest occupying bedrock ridge sites 
and the meadow occupying colluvial-alluvial valley sites 
as well as the south-facing slopes of Lone Mountain. From 
chairlifts above the gondolas one sees that a mosaic of 
krummholz and "alpine grassland" occupies stable areas 
on ridges, while cliffs and excessively drained talus inter
vene. Ecologists use climax vegetation as an indicator of 
environmental type (Daubenmire and Daubenmire 1968; 
Pfister and others 1977). 

Seral Vegetation 

Because fire is relatively frequent at the altitude of 
the gondola base, trees that invade after fire Oodgepole 
pine) often replace climax trees (subalpine fir) there. 
In contrast, fire is relatively rare in the ridged province 
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at altitudes near the gondola top so the forests there 
are subclimax and open woodlands are near climax. 

OBSERVING THE FOREST ZONE 
FROM THE GONDOLAS 

The gondolas traverse two environmental zones occu
pied by three vegetation types. Most of the vegetation 
of the subalpine fir zone (7,500 to 8,900 ft) is seral. The 
whitebark woodlands (8,900 to 9,300 ft) are near climax. 
Within a few hundred feet above the gondola tops krumm
holz dominates the arboreal vegetation. The following 
paragraphs point out details best seen from the south 
gondola (#2). 

The ski runs are very early seral with bare ground 
being invaded, below 8,950 ft, by lodgepole pine and, espe
cially on north slopes and cold draw bottoms, Engelmann 
spruce (Picea engelmannii). While whitebark seedlings 
are common in forests all along the transect, there are 
essentially none in the ski runs. 

In the lowest zone (7 ,500 to 8,400 ft) most current over
stories are dominated by lodgepole pine, which colonized 
after fires of different dates. 

1. Patches containing young (thinner) lodgepoles indi
cate recent fire, while those containing older (thicker) 
trees indicate more ancient fires. Lodgepole is recogniz
able by 2-inch needles in bundles of two and numerous 
compact, closed cones. While both subalpine fir and 
whitebark pine seedlings appear in the understory, fires 
of the past have removed the stands before they could 
occupy the overstory. 

2. The oldest-longest unburned-patches occupy 
narrower valleys and steep north-facing slopes; their 
overstories contain subalpine fir, spruce, and old lodge
pole pines. The subalpine firs have very pointed tops, 
the spruce have broader tops often with open cones, and 
bOth have flat needles less than 1 inch long. 

3. If you look at distant slopes, especially from the 
bottom and top of the gondola, you will see patches with 
different textures: the finest textures are young stands, 
coarser textures indicate older stands, and the coarsest 
and most ragged-looking stands approach the climax 
condition. 



4. If fire were excluded from this zone, forests in the 
area would be dominated by subalpine fir in the overstoey 
and grouse whortleberry (Vaccinium scoparium) in the 
understory. 

The middle zone (8,400 to 8,900 ft) is covered by rela
tively old subclimax forests because fires have been much 
less frequent in it. 

1. Pines and pointed-topped subalpine fir are common 
in the overstory. Broader-topped spruce are relatively 
uncommon, except in draws. 

2. At the lower edge of the middle zone the overstory 
pine is lodgepole. At the top edge, the overstory pine is 
whitebark. The two pines can be distinguished by their 
cones: lodgepoles bear many small, closed cones, while 
whitebarks bear a few 2- to 4-inch cones in the summer
or, in winter, no cones. While one usually associates the 
"Jyrate" fonn with whi tebark, the branches of some lodge
poles growing in this part of the gradient also fan upward, 
both here and in other areas. 

3. The seral nature of the middle-altitude pines is seen 
from the fact that, while subalpine fir and spruce continue 
to thrive in the older stands of this zone, the pines are 
dying, and were doing so even prior to the recent bark
beetle epidemic. 

Higher forests (8,900 ft to timberline) are dominated 
by whitebark pine. 

1. Whitebark pine is climax here, apparently because 
the physical environment excludes trees that out
compete it in the two lower zones (Amo and Weaver, 
this proceedings). 

2. While the whitebark pines were usually single 
stemmed in lower forests, many are either multistemmed 
or clumped here. This clumping derives, in part, from 
the fact that most were planted by Clark's nutcracker 
(}{ucifroga columbiana), a bird which caches the seeds 
in groups of 1 to 30 for later use (Lanner, this proceed
ings; Tomback, this proceedings) and is secondarily in
creased by the tree's tendency to branch at its base 
(Weaver and Jacobs, this proceedings). I speculate that 
the increase in clumping is also due to the decrease in 
competition from closed forests to open woodlands. 

3. The shallow structural roots of whi tebark pine can 
be seen on overturned stumps and in cuts along the road 
between the tops of gondolas #1 and #2. 

4. The white bark of the pine has a reddish tinge in 
winter. Does anthocyanin protect the bark chlorophyll, 
as it does the chlorophyll in many spring leaves? 

5. Nonforest vegetation above 8,900 ft consists of 
alpine grassland and tundra interfingering characteristi
cally with the subalpine forest (Arno and Weaver, this 
proceedings). 

OBSERVING "BIG SKY" LANDSCAPE 
ECOLOGY 

From the road between the tops of gondolas #1 and #2, 
one can review the position of whitebark pine forests in 
a landscape typical of the Northern Rocky Mountains. 

Erosion bares steep rock at high altitude and deposition 
rounds lower slopes and levels valley bottoms. The top 
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of the north gondola (#1) lies at the base of one of the most 
spectacular glacial cirques in the area. In the bottom of 
the cirque, just above the top of the north gondola, is a 
rock glacier, an actively moving mass of rock and ice 
which models the glacier that originally filled the bowl. 
The buildings at the base of the gondolas are built on 
till deposited by the large glacier, which flowed from the 
cirque during the pleistocene. 

The vegetation zones in the high-mountain landscape 
can be conceived of as more-or-less horizontal zones, in
cluding, from the top down: 

1. An upper forest-free zone dominated by rock out
crops, talus slopes, and grassy tundra. 

2. A zone in which forests are interspersed with non
forests. Whitebark pine forests occupy the rocky ridges. 
The ridges provide a stable, relatively fire-free site suit
able for pine growth. The valleys between may be cleared 
by avalanches or cold air draining into them from above. 

3. The whitebark woodland zone begins in the ridge 
and valley zone and may extend slightly below it (approxi
mately 8,800 ft and above). 

4. The zone in which whitebark pine is codominant 
with subalpine fir late in succession is detectable from 
its uneven "ragged" look. The existence of this zone also 
depends on a low fire frequency attributable to the valley
ridge structure in the landscape (approximately 8,400 to 
8,900 ft). 

5. Below 8,400 ft the valley broadens so that the spread 
of fire is less inhibited by the valley-ridge structure. As a 
result, one sees coarse-grained patches of relatively old 
trees that burned long ago interspersed with fine-grained 
patches of young trees on sites that were more recently 
burned. 

6. At successively lower altitudes below the gondola 
base (7 ,500 ft), one sees zones of Douglas-fir (Pseudotsuga 
menziesii) and grass-shrubland never occupied by white
bark pine. 

Changes in substrate may also affect whitebark distri
bution. While the whitebark trees near timberline on 
Lone Mountain are growing on slates, many sandstones, 
and most of the precambrian metamorphics, whitebark 
pine avoids limestone in our area (Weaver and Dale 1974) 
and is generally replaced on limestone outcrops by limber 
pine (Pinus flexilis), subalpine fir, or Douglas-fir. 

Many of the pines seen from the gondola are dead. 
Most of the dead trees were killed by the pine bark beetle 
(Dendroctonus ponderosae) (Bartos and Gibson, this 
proceedings). 

1. A survey of the valley below demonstrates the 
breadth of this attack. 

2. While many of the trees with a phloem layer thick 
enough to support the beetle Oarger diameter trees) are 
dead, thinner trees often escape beetle attack. I point 
to two resultant phenomena: 

a. Elimination oflodgepole (thick trees) from the 
overstory probably favors whitebark pine (thin trees) in 
the understory and may allow whitebark pine to dominate 
sites that would otherwise have succeeded more rapidly 
to subalpine fir. 



b. Due to lesser competition, trees at the edge of 
groves are larger than those in the center. As a result 
they have thicker phloem, are more readily attacked by 
the bark beetle, and die. I attribute the fringe of dead 
trees around the grove north of the north gondola (#1) 
to this phenomenon. 

Near timberline, trees are absent from interridge areas 
because of avalanches or frost damage due to cold-air 
drainage. I offer the meadow in the lower cirque bowl 
Gust above the top of the north gondola) as an example 
of exclusion of trees by cold-air drainage. Three points 
favor this hypothesis: 

1. Cold air is known to pond in such depressions. 
2. Conifers are known to "frost deharden" in spring, 

so heavy frost might eliminate them; such damage was 
observed on 3- to 5-year-old seedlings in the spring of 
1988. Frost resistance apparently declines from white
bark pine > spruce > fir~ lodgepole pine. 

3. The cold-air pond is ringed by bands of progressively 
older trees. Due to every-year frosts, no trees exist on the 
pond bottom (meadow center). A band of small trees (1 m 
high and buried by snow in winter) occupy a "shoreline" 
that hasn't experienced killing frost in 10 years or so, but 
these are likely to be killed eventually. A higher "shore
line" represents the "highest water"(= deepest ponding) 
that has occurred in 20 to 40 years; the tops of these trees 
may have emerged from the cold-air pond and, if so, they 
may grow crowns with normal tops and frost-pruned bot
toms. The largest (mostly beetle-killed) trees occupy an 
area that is always above the cold-air pond's surface. 

Most alternate hypotheses put forward to explain the 
distribution of trees in this bowl can be dismissed: 
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1. Avalanche damage seems unlikely, because existing 
trees show no evidence of snow movement and because 
alluvial-aeolian soil in the basin bottom lacks avalanche
borne rocks. 

2. While colder air ponds in the basin in winter than 
in the spring, trees are adequately hardened against frost 
in winter (Tranquillini 1979). 

3. Though it is in a depression, most if not all of the 
meadow site is too well-drained to allow water drowning. 

4. Absence of flagging on existing trees discounts the 
possibility of wind-induced desiccation damage. 
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POSTFIRE VEGETATIVE RESPONSE IN A 
WHITEBARK PINE COMMUNITY, 

BOB MARSHALL WILDERNESS, MONTANA 

Maria Ash and Richard J. Lasko 

On June 28, 1985, lightning ignited three small fires 
on the ridge just west of Charlotte Peak in the Bob 
Marshall Wilderness, MT. These three fires were man
aged collectively as the Charlotte Peak Prescribed Fire 
and were part of a program to restore fire to the Bob 
Marshall Ecosystem. The Charlotte Peak fire burned 
nearly 5,400 acres before it was extinguished by heavy 
rains in late July and early August. 

A field study was initiated in the summer of 1986 for 
the purpose of measuring vegetative response to fire in 
several different community types. A plot in a whitebark 
pine (Pinus albicaulis) community type was located near 
the point of ignition, just below the main ridgeline west of 
Charlotte. Peak (Plot 114). 

The criteria for placing this plot were that the preburn 
community was a mature stand dominated by Pinus albi
caulis and was completely consumed by fire. The plot was 
permanently marked and has been remeasured annually 
since the fire (1986-1988). The study site is located at an 
elevation of 7,320 fl; with an easterly aspect on a 40 per
cent slope. The Montana Forest Habitat Type most 
closely resembles Abies lasiocarpa I Luzula hitchcockii I 
Vaccinium scoparium, though postfire determination is 
difficult. The preburn stand was approximately 195 years 
old with a mixed Pinus albicaulis and Abies lasiocarpa 
overstory. 

METHODS 
Plot 114 was sampled using Ecodata Classification 

Sampling Methods. Species' frequencies and canopy cov
erages were measured within 25 microplots on a lOth-acre 
macroplot. Ground cover and production by life form was 
also measured. Tree and shrub densities were measured 
by age class. Other data were also taken for each species, 
including canopy coverage by age/size class, distribution, 
phenology, height, and hedging class. 

RESULTS 
It was observed that, even though a stand-replacing 

fire occurred, fire severity was low due to (1) low mineral 
soil (1 to 5 percent) and high litter and duff (85 to 95 per
cent) ground coverages, and (2) the high number of spe
cies that resprouted, including XerophyUum tenax, which 
has a rhizome highly susceptible to severe fires. This low 
fire severity influenced the types of species that returned. 
In plot 114, 53 percent of the species found after the fire 

Maria Ash is Biological Technician and Richard J. Lasko is Resoun:e 
Assistant, Spotted Bear Ranger District, Flathead National Forest, Forest 
Service, U.S. Department of Agriculture, Hungry Horse, MT 59919. 
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resprouted from surviving roots (table 1). Six percent 
were onsite (residual) colonizers, plants which germinated 
from seeds that were in existence either in the ground or 
in tree crowns before the fire. Thirty-five percent were 
offsite colonizers, species which germinated from seeds 
that were brought to the plot by either animals or wind. 
Six percent were of unknown origin. 

One of the more notable offsite colonizers was Pinus 
albicoulis. Since Pinus albicaulis has an indehiscent 
cone, it is probable that seedlings were established from 
Clark's nutcracker seed caching. This most likely oc
curred in 1987, since it was not until the third year (1988) 
that any conifer seedlings were noted (densities in 1986, 
1987, and 1988 were 0, 0, and 264 seedlings per acre, 
respectively). It appears that cone crop production was 
poor in 1985 and 1986 but good enough in 1987 to provide 
enough seeds to explain the 1988 surge in Pinus albicau
lis seedlings. This was also true for Abies lasiocarpa, but 
since its seed dispersal mechanism is by wind from 
the nearest unburned area it appeared in much lower 
densities. 

Two other species of particular significance are 
Epilobium angustifolium and Carex rossii. Epilobium 
angustifolium's seeds are windblown onto the site after 
the fire, subsequently providing vegetative and litter 
cover. Carex rossii usually does not occur in the prefire 
stand vegetatively, but does in the form of a residual seed 
in the ground awaiting fire to create the proper germina
tion conditions. 

Canopy cover and vegetative production showed sig
nificant increases each year (figs. 1 and 2, respectively); 
however, nested rooted frequency (fig. 3) did not change 
significantly. This is primarily due to the fact that the 
plants with the highest coverages and densities were 
resprouts, therefore not increasing in numbers of plants, 
only in size in later years. Most of the plants present in 
postbum years 1 through 3 became established in year 1 
with very little colonization occurring in subsequent 
years. Only four new species with very little cover were 
recorded after year 1: Tragopogon dubius, Epilobium 
watsonii, Abies lasiocarpa, and Pinus albicaulis. Three 
species displayed a sporadic occurrence pattern, occurring 
in one year and not the next. This is probably due to the 
inability to locate every single plant on the lOth-acre plot 
each year. These species were Senecio triangularis, 
Pyrola secunda, and Viola orbiculata. 
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Figure 1-Canopy cover for Luzula hitchcockii, 
Vaccinium scoparium, and Xerophyllum tenax on 
plot 114 from 1986 to 1988. 
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Figure 2-Total production for Luzula hitchcockii, 
Vaccinium scoparium, and Xerophyl/um tenax on 
plot 114 from 1986 to 1988. 
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Figure 3-Nested rooted frequency for Luzu/a 
hitchcock.ii, Vaccinium scoparium, and Xero
phyllum tenax on plot 114 from 1986 to 1988. 
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RELATIONSHIPS BETWEEN WHITEBARK PINE CONE 
PRODUCTION AND FALL GRIZZLY BEAR MOVEMENTS 

Bonnie M. Blanchard 

Whitebark pine (Pinus albicaulis) nuts are an impor
tant and preferred food for Yellowstone grizzly bears 
(Ursus arctos horribilis). Bears will consume these nuts 
to the near exclusion of other food items when they are 
available in sufficient quanticy. High fat content of the 
nuts can supply the calories needed to accumulate critical 
fat reserves during fall in preparation for hibernation. In 
years of exceptional production, nuts will also be con
sumed in the spring and summer of the following year. 

To monitor annual cone production and subsequent 
availability of nuts to grizzly bears, 90-m transects of 10 
trees each were established in whitebark pine stands 
throughout the study area: nine in 1980, eight in 1987, 
and two in 1988. Cones were counted in July and early 
August before appreciable harvesting by red squirrels 
(Tamiasciurus hudsonicus) and Clark's nutcrackers 
CNucifraga columbiana) had begun. 

PRODUCTION-CONSUMPTION 

Generally a significant relationship existed between 
cone production on transects and frequency of nuts in 
scats deposited during fall (September to November) 
when the scat sample was more than 15 (fig. 1). An 
exception was 1987 when the transects failed to reflect 
actual cone availability for two primary reasons. Cones 
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Figure 1-Relationship between mean number of 
cones per transect and frequency of whitebark 
pine nuts in fall grizzly scats. 
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matured approximately 2 weeks earlier than normal, 
probably due to favorable spring "weather conditions; and 
transects were on the average read later than was ideal. 
Also, production was spotty that year and apparently 
poorest in xeric, pure to nearly pure whitebark pine 
stands. The majority of transects were in those types 
of stands, and cones were often noted on trees outside 
transects. This prompted the establishment of additional 
transects in mesic, mixed species stands previously 
unmonitored. 

Low amounts of nuts were consumed by grizzly bears 
until the mean number of cones per transect approached 
200. Red squirrels and Clark's nutcrackers were probably 
able to consume nuts produced up to that level prior to 
caching of excess cones and nuts. Since grizzly bears 
obtained nuts primarily by raiding squirrel caches, this 
food source was largely unavailable until production ap
proached 200 cones per transect. Above that level, the 
amount of pine nuts consumed would theoretically in
crease with production until bears had maximized con
sumption and extra cones would not be used that fall. 

Maximized consumption was apparently reached in 
1985 when frequency of nuts was 0.81 in all fall scats and 
1.00 in October scats alone (n = 9). Maximum cone pro
duction on one transect was 625. A main diet item the fol
lowing spring and summer was whitebark pine nuts
those remaining in caches from the fall of 1985. Fre
quency of nuts in scats increased from 0.06 in May 
(n = 32) to 0.29 in July (n = 154), compared to the 1979 to 
1987 average frequency of 0.17 in May and 0.19 in July. 

ALTERNATE SOURCES 

When whitebark pine nuts were unavailable to grizzly 
bears, they sought alternate food sources, often associated 
with human activities. A significant correlation existed 
between mean number of cones produced per transect and 
numbers of grizzly bears trapped in management actions 
after August 1 for 1980 to 1986 (,-2 = -0.815, p < 0.05) 
(fig. 2). This correlation was less significant when data 
for 1987 and 1988 were added. However, data collected 
those 2 years were not comparable to the 1980-1986 data 
set. During 1987, cone production on transects did not 
reflect the actual production level throughout the study 
area for reasons discussed above, and bears were able to 
consume appreciable amounts of nuts. Poor cone produc
tion during 1988 was offset by alternate food items made 
available to bears as a direct result of the 1988 Yellow
stone wildfires. Grizzly bears seeking alternate food 
items associated with human activities during August 
were drawn into bums seeking ungulate carcasses, and 
only one management action was recorded after 
October 1, 1988. 
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Figure 2-Relationship between mean number of 
cones per transect and number of management 
captures of grizzlies after August 1. 

When cone production was low and management ac
tions high, mortalities offemale grizzly bears were also 
high (,.2 = -0.691, p < 0.05). This correlation was not sig
nificant when male mortalities were added. Females 
were possibly displaced by more-dominant males from a 
preferred but scarce food supply. 

Whitebark pine nuts are the most important fall food 
of Yellowstone grizzlies, and availability of nuts influ
ences annual feeding strategies and movement patterns. 
During years of low availability,. numbers of grizzly/ 
human encounters are greater, resulting management 
actions more numerous, and mortalities of female grizzly 
bears higher. 

THE FIRE EFFECTS INFORMATION SYSTEM: 
AN AID TO WILDLAND FmE MANAGEMENT 

Anne F. Bradley 

The Fire Effects Information System (FEIS), a "new 
generation" knowledge management tool, is designed 
to store and provide easy user access to state-of-the
knowledge information on the effects of fire and general 
ecology of plant species and communities. System soft
ware was developed in a cooperative effort between the 
University of Montana Computer Science Department 
and the Fire Effects Research Unit of the Forest Service's 
Intermountain Research Station. 

Information is stored as text in the FEIS knowledge 
base and can be viewed as paragraphs on a screen by the 
user. The system is menu-driven and requires only mini
mal experience with a computer to operate. The informa
tion is organized and accessed by categories. Information 
on plant species, plant communities,· and wildlife species 
is available. As an example of the organizational struc
ture, plant species categories that may be viewed are: 

Taxonomic Information 
Species Name 
Abbreviation 
Synonyms 
Common Name 

Anne F. Bradley is Ecologist, Intermountain Research Station, Forest 
Service, U.S. Department of Agriculture, Intermountain Fire Sciences 
Laboratory, Missoula, MT 59807. 
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Taxonomy 
Life Form 
References 

Species Distribution and Occurrence 
General Distribution 
BLM Physiographic Regions 
Kuchler Plant Associations 
SAF Cover Types 
Habitat Types and Plant Communities 
References 

Botanical and Ecological Characteristics 
General Botanical Characteristics 
Raunkaier Life Form 
Regenerative Process 
Site Characteristics 
Successional Status 
Seasonal Development 
References 

Species Value and Use 
Wood Products Value 
Importance to Livestock and Wildlife 
Palatability 
Food Value 
Cover Value 
Value for Rehabilitation of Disturbed Sites 



Other Uses and Values 
Management Considerations 
References 

Plant Adaptations to Fire 
General Adaptations to Fire 
Lyon-Stickney Fire Survival Strategy 
References 

Fire Effects 
Fire Effects on Plant 
Discussion and Qualification of Fire Effect 
Plant Response to Fire 
Discussion and Qualification of Plant Response 
References 

Fire Case Studies 
Case Name 
References 
Season/Severity Classification 
Study Location 
Preburn Vegetative Community 
Target Species Phenological State 
Site Description 
Fire Description 
Fire Effect on Target Species 
Fire Management Implications 

Using a computerized system simplifies information 
updating. It also permits wider access to and greater 
consistency in information transferred from researchers 
to managers. When implemented, the system will be 
accessible to anyone with computer-to-computer commu
nication capabilities. 

FEIS has the potential to "capture• good information 
that may not be published in the established literature. 

Good local studies and rules of thumb used by experienced 
managers in their use of fire can quickly be made acces
sible to a broad audience once the information is included 
in the system. 

The system's flexibility, logical organization, and ability 
to handle large amounts of complex information are the 
result of applying artificial intelligence programming 
techniques. FEIS contains information on over 240 plant 
species, including whitebark pine, limber pine, and other 
species that occur in high-elevation environments. Cur
rent plans are to increase the number of coniferous forest 
plants and communities represented in the system so that 
information available on high-elevation Rocky Mountain 
species should expand rapidly in the near future. 

During early development of the program, the prototype 
system was demonstrated at several dozen field locations 
in Arizona, Idaho, Nevada, Oregon, South Dakota, and 
Utah. The participants listed the following potential uses 
ofFEIS: 

• prescribed fire plans 
• fire rehabilitation plans 
• escaped fire analysis 
• land use plans 
• exotic species control plans 
• environmental assessments and impact statements 
• vegetation management plans (range, wildlife habi-

tat, and silvicultural prescriptions) 
• training programs 
• research facilitation 

The prototype system is now being tested by managers 
in the Forest Service, Bureau of Land Management, and 
the National Park Service. Full implementation is ex
pected within the next 2 to 3 years. 

WHITEBARK PINE AND CUMULATIVE EFFECTS MODELING 
FOR THE YELLOWSTONE GRIZZLY BEAR 

BevDixon 

The Endangered Species Act mandates that a biological 
assessment be performed for any land uses or manage
ment activities that may have an impact on any listed 
species. Part of the biological assessment involves an 
analysis of the cumulative effects of existing and proposed 
activities upon a species or its habitat. In order to facili
tate this process in grizzly bear habitat, a computerized 
cumulative effects assessment model was developed by an 
interagency modeling team for the Greater Yellowstone 
Ecosystem in 1984. 

Bev Dixon is Cartclgrapbic Technician, Gallatin National Forest, Forest 
Service, U.S. Department of Agriculture, P. 0. Box 130, Bozeman, MT 
59771. 
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The basis for this computer model is a series of digitized 
maps and overlays. The base maps represent the vegeta
tive makeup of an area. Homogenous vegetation types 
are delineated on aerial photos and the resulting polygons 
are transferred to 7 .5-minute orthophoto quads. Field 
crews examine a sample of approximately 25 percent of 
the delineated aerial photos, assigning habitat and cover 
type codes to forested components and generic five-digit 
vegetation codes to nonforested components. Data col
lected by these crews are used as the basis for extrapolat
ing vegetation codes to unsampled areas. Feedsite, scat, 
and radio relocation data gathered by the Interagency 
Grizzly Bear Study Team were analyzed to calculate the 
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Figure 1-The geographic area represented here includes the northernmost portion (that portion that falls within the 
Gallatin National Forest boundary) of the Crandall/Sunlight Bear Management Unit of the Greater Yellowstone 
Ecosystem for grizzly bears. The border of the computer-generated vegetation maps represents the collecti':'9 
boundaries of three 7.5-minute USGS topographic quads: Alpine SW, Alpine SE, and Cooke City SW. The Internal 
boundary represents the Bear Management Unit boundary. Polygons within the Bear Management Unit boundary 
represent homogenous units of vegetation. Polygons mapped as forested with substantia) amounts of whitebark pine 
are shaded with a solid pattern. Polygons shaded with a cross-hatch pattern represent vegetation components 
mapped as mosaics of whitebark pine intermingled with other forest or nonforest types. 

relative value to bears of the various vegetation com
ponents found throughout the Greater Yellowstone 
Ecosystem. 

HABITAT VALUES 

While vegetal structure is a critical element in grizzly 
bear habitat in terms of food and cover, animal food 
sources are also important as a source of protein for the 
bears. Therefore, areas of animal concentrations, such as 
ungulate winter ranges, are also mapped and this infor
mation is overlayed onto the vegetation base maps. The 
animal food sources generally increase the value of those 
vegetation polygons in which they occur. 

Just as animal food sources increase the value of grizzly 
bear habitat, human activities typically tend to decrease 
the value of an area to the bears. Thus, sources of human 
activities, such as roads, trails, campgrounds, and picnic 
areas, are mapped and overlayed onto the habitat maps. 
Human activities vary in the degree to which they disturb 
bears based on the nature of the activity. For example, 
motorized activities are more disruptive to bears than 
nonmotorized activities. Occurrences of human activities 
in high-quality grizzly bear habitat tend not only to 
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displace bears to lower quality areas, but also pose a de
gree of mortality risk to bears that remain in the area. 
All of these factors are considered in the cumulative ef
fects assessment conducted as part of a biological assess
ment. This process is facilitated by the computerized 
cumulative effects model (CEM). 

Whitebark pine (Pinus albic:aulis) has been proven to 
provide an important food source to grizzly bears in the 
Greater Yellowstone Ecosystem. As such, whitebark pine 
is mapped to various successional stages in the vegetation 
component mapping process. In the manual "Forest Habi
tat Types of Montana," Pfister and others describe three 
specific habitat types containing whitebark pine. These 
types are: Abies lasiocarpa-Pinus albicaulis I Vaccinium 
scoparium (subalpine fir-whitebark pine/grouse whortle
berry), Pinus albic:aulis-Abies lasiocarpa (whitebark pine
subalpine fir), and Pinus albicaulis (whitebark pine) habi
tat types. Cover types used in the mapping process range 
in successional stages from recently burned whitebark 
pine stands (cover type 50--WBP) to stands of mature to 
overmature whitebark pine (cover type 54-WB). These 
habitat and cover types are combined to indicate occur
rences of whitebark pine on the vegetation base maps. 



USEOFMOSS 

A Geographic Information System known as "MOSS" 
(Map Overlay and Statistical System) is currently used 
with the Greater Yellowstone Ecosystem cumulative ef
fects model for visual display purposes. MOSS is used to 
display or "plot" the digitized vegetation base maps for 
viewing either on the terminal screen or printed out in 
hardcopy. MOSS commands also allow the user to select 
specific subjects or features on a map and highlight or 
shade these items to indicate their location on the map. 
Furthermore, queries can be made to obtain specific infor
mation pertaining to selected items within an analysis 

area, such as number of acres or linear miles, frequency 
of occurrence, percent of total acres, and other pertinent 
information. 

For purposes of this synopsis, data collected from habi
tat component mapping for cumulative effects modeling 
on the Gallatin National Forest, along with MOSS, were 
used to locate and display potential sources of whitebark 
pine. Figure 1 provides a visual example of how this proc
ess can be used to delineate whitebark pine habitats in a 
specific management unit. This is another tool that helps 
increase the effectiveness of management practices on the 
ground. 

CONTAINERIZED WHITEBARK PINE NURSERY PRODUCTION 
IN THE FOREST SERVICE NORTHERN REGION 

Kent Eggleston and Joseph Meyer 

The National Forests north ofYellowstone National 
Park are increasing their efforts in providing whitebark 
pine seedlings for wildlife habitat and reforestation en
hancements. The Coeur d'Alene Nursery has been work
ing with the Gallatin National Forest since 1985 by proc
essing whitebark cones into clean seed and producing 
containerized seedlings for their outplanting program. 
Unlike other species produced at the nursery for t~e For
est Service Northern Region's reforestation programs, 
whitebark pine has presented several unique cultural and 
biological challenges. 

SEED PROCESSING ACTIVITIES 

The Coeur d'Alene Nursery has only recently begun to 
receive requests for whitebark pine seedlings and we have 
little experience in handling the cones, seeds, and seed
lings (table 1). However, we have started work with 
whitebark pine and this synopsis is intended to show 
what we are doing. 

Extracting seed from whitebark pine cones is more 
difficult than it is for other conifers and generally requires 
hand cleaning to assure seed removal. The seed tends to 
cling to the cone bracts, making machine (mechanical) 
cleaning difficult. 

Stratification methods need to be refined for whitebark 
pine. Our records show that this species requires stratifi
cation procedures similar to western white pine. Germi
nation is relatively poor. Our best results have been 
achieved by soaking one-half lb or smaller quantities in 
mesh bags for 48 hours in cold, running water. Following 

Kent Eggleston is Horticulturist and JOBeph Meyer is Forest Nurseryman, 
Northern Region, Forest Service, U.S. Department of Agriculture, 
Coeur d'Alene NUl"BeJY, Coeur d'Alene, ID 83814. 
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the soak, each mesh bag is placed inside a polyethylene 
bag to prevent drying, and the seed is put in the stratifi
cation room at 84 to 86 °F for 100+ days. 

The Nursery is investigating several stratification 
methods and seed treatments to improve germination 
percentage and uniformity. The current treatment being 
tried is stratifying seed in containers. This method expo
ses a greater amount of the individual seedcoat surface 
area to the stratification environment. Another stratifi
cation procedure that could be investigated is the combi
nation of wann temperatures prior to the normal cold 
environments. Both of these treatments have improved 
western white pine germination and may do likewise with 
whitebark pine. 

SEEDLING PRODUCTION 

Whitebark pine seedlings grow slowly compared to 
other conifers in the Northern Rocky Mountains. The 
Coeur d'Alene Nursery currently grows 4- to 6-inch seed
lings in 8 to 4 months under nonnal greenhouse culture 
(table 2). Whitebark pine takes 6 to 8 months to reach 
those height standards. In order to reach height require
ments, whitebark seed is currently sown two crop cycles 
prior to field planting. This allows the seedlings to be 
grown for one season inside a greenhouse, then allowed 
to set a terminal bud, then cold stored, and later grown 
for a second full season in the shelterhouse to reach ade
quate height before field planting. 

The Nursery has just completed installing a new high
pressure sodium light photoperiod system in our Propaga
tion House. This system enables photoperiod to be ex
tended. This extended photoperiod increases the growing 



Table 1-Some specifics of whitebark pine seed received to date at the Coeur cfAiene Nursery 

Year Lot Date Number Yield Germination 
collected number collected bushel Pounds (lblbu) Seedsllb percent 

1985 6410 8/17/85 5 13.80 2.76 4,400 2 

19871 6653 8120/87 3 4.50 1.50 3,670 50 

198]2 6654 8120/87 .07 

1Seed for container-planting, fall 1990 In the Gallatin National Forest 
2Not enough seed to get testing information. 

Table 2-Some specifics of current whitebark pine seedling production at the Coeur cfAiene Nursery 

National Lot Container 
Forest District number size 

Gallatin Hebgen Lake 6410 Supercel 

Gallatin Gardiner 6410 Pinecell 

period from normal daylight period to 18 hours. In a 
preliminary test, whitebark pine sown under the longer 
photoperiod increased terminal bud length, but shoot 

. height was little affected by the artificially generated 
· longer day lengths. Apparently, we will still need the 

second growing season to get enough height development. 

Number of 
seedlings Planting 
requested Bevatlon schedule Habitat type 

eet 

12,000 8,600 Fall90 ABLA PIALNASC 

2,000 8,600 Fall88 ABLA PIALNASC 

Another cultural method to be tested is to sow in April 
and grow until September of that same year before hard
ening off the seedlings for the next spring field planting. 
In the past, under intennittent light, this crop schedule 
produced premature budset. However, with the new 
extended photoperiod light system, continued stem 
elongation may be achieved. 

VERTICAL DlSTRffiUTION OF EPIPHYTIC LICHENS ON 
THREE TREE SPECmS IN YELLOWSTONE NATIONAL PARK 

Sharon Eversman, Carol Johnson, and Dan Gustafson 

Observations throughout Yellowstone National Park 
had indicated that lichen growth on trees is sparse, with 
less growth on trunks than on branches. A windstorm in 
July 1984 blew down thousands of trees in the Pinus 
contorta-V accinium scoparium vegetation type betwee~ 
Norris Junction and Canyon Village in Yellowstone 
National Park. We took advantage of the situation to in
vestigate epiphytic growth on three tree species-

Sharon Eversman is Associate Professor, Carol Johnson is Instructor, and 
Dan Gustafson is Graduate Student, Biology Department, Montana State 
University, Bozeman, MT 59717. 

367 

lodgepole pine, whitebark pine, and subalpine fir. The 
location of the windthrow was near the Virginia Cascades 
road at an elevation of about 2,920 m (Wyoming, Park 
County, latitude 44°42' N, longitude lll040'W). 

SAMPLING 

It was very difficult to locate five trees each of white
bark pine and subalpine fir among the extensive numbers 
oflodgepole pine. When the whitebark pine and sub
alpine fir with accessible trunks were found, 1-m incre
ments were marked from the base of the trunk to the tips. 



Five trees of each species were sampled. Each circumfer
ence was divided into four "plots," roughly corresponding 
to north, south, east, and west exposures when the tree 
was standing. However, because some trees appeared to 
have twisted during their fall, the possible direction factor 
was eliminated during data analysis. Each circumference 
thus had four sampling plots except where the tree was 
flat against the ground or another tree at that sampling 
plot. Based on annual rings visible in nearby sawed 
trunks, the ages of the lodgepole and whitebark pines 
were estimated from 95 to 200 years, and the subalpine 
firs were 50 to 150 years old. Heights of the sampled 
lodgepole pine were 13.7 to 22.7 m (16 to 29 em d.b.h.); 
whitebark pines were 8.1 to 14.0 m tall with d.b.h. of 10 to 
20 em; subalpine firs were 8.1 to 18.4 m with d.b.h. of 13 
to42cm. 

Pieces of outer bark from the three trees (six 350- to 
400-mg samples) were soaked in distilled water for 30 
minutes, blotted for 10 seconds, then air dried. Their 
weights were determined every hour for 4 hours to deter
mine drying times of the different kinds ofbark. The pH 
levels were determined by soaking slivers of outer bark 
(five 1-g samples per species) in 30 mL distilled water for 
1 hour, then determining the pH of the water. Bark 
samples were taken 1.5 m above ground level. 

FINDINGS 

Most of the lichen species were tiny tufts offruticose 
species and crustose forms; there were no bryophytes. 
Lichen growth was greatest at the base (mostly due to one 
species, Parmeliopsis ambigua) and above 2 m in height. 

Seven lichen species grew on wbitebark pine. They 
were, in order of frequency: Lecanora piniperdo, Br;yoria 
lanestris, Parmeliopsis ambigua, Letha.ria vulpine, 
Letha.ria columbiana, Melanelia exasperatula, and Usnea 
fulvoreagens. Lichens were contained in 59.8 percent of 
the 224 sampling plots on whitebark pine. 

Lodgepole pine had only five lichen species on the 
trunks: Parmeliopsis ambigua, Lecanora piniperdo, 
Letha.ria vulpina, Letha.ria columbiana, and Bryoria 
lanestris. Lichen growth was contained in 4 percent of 
the 360 sampled plots on lodgepole pine. 

Subalpine fir had twelve lichen species on the trunks. 
All the species growing on whitebark and lodgepole pines 
also grew on subalpine fir. The five additional species on 
this tree were ones more usually associated with Douglas
fir or deciduous trees: Xanthoria fallax, Physcia adscen- · 
dens, Hypogymnia austerodes, Tuckermannopsis pinastri, 
and Parmelia sulcata. Of 268 sampling plots on subalpine 
fir, 74.3 percent had lichen growth. 

There were no differences in drying times of the three 
kinds of bark. The average pH of water medium after 
soaking bark was 4.94 for subalpine fir, 4.03 for white
bark pine, and 3. 78 for lodgepole pine. 

We concluded that subalpine fir had the most lichen 
growth because of the smooth nature of the bark, the 
highest pH, and most protected trunk bark. Whitebark 
pine had more lichen growth than lodgepole pine, perhaps 
because of the slightly less scaly bark and higher pH of 
whitebark pine compared with lodgepole pine. 

INVENTORY, MONITORING, AND ANALYSIS OF WHITEBARK PINE 
ECOSYSTEMS USING THE ECODATAAND ECOPAC SYSTEM 

Wendel J. Hann and Mark Jensen 

ECODATA consists of a set of standardized sampling 
methods and data entry programs used in describing 
vegetation and site variables in the Northern Region of 
the Forest Service. Sampling methods range from rapid 
qualitative assessments of plant canopy cover to quantita
tive, replicated, statistical designs. The basic sampling 
methods of ECODATA describe site characteristics (such 
as soils, topography, and disturbance history), and gen
eral vegetation characteristics (such as species cover, age, 

Wendel J. Hannis Ecosystem Manager·and Mark Jensen is Ecosystem 
Analysis/RNA Coordinator, Ecosystem Management Group, Northern 
Region, Forest Service, U.S. Department of Agriculture, Box 7669, 
Missoula, MT 59807. 

size class, and height). Optional methods include tech
niques for assessing line intercept cover, nested rooted 
frequency, microplot cover, phenology, forage use, fuels, 
fire history, and riparian characteristics. 

ECOPAC is an acronym for a series of menu-driven 
computer programs used in the analysis ofECODATA. 
Such programs allow the user to generate simple reports, 
conduct statistical analysis, display resource value rat-

. ings, and develop resource response predictions from 
ECODATA. Programs contained in ECOPAC include: 
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Utility (used to scan for errors, produce reports, and ana
lyze community types), Value (used to predict diversity, 
succession, forage value, fuels, fire behavior and effects, 
climate, and wildlife habitat suitability), Ecostat (used for 



cluster analysis, ordination, descriminant regression, and 
statistical analysis), and Ecolink (used to summarize plot 
data into polygon interpretations and link soil and water 
data bases with vegetation data bases). 

In this presentation, various applications ofECODATA 
and ECOPAC were shown utilizing data collected from 
the whitebark pine ecosystem. Discussion of the need for 
standardized sampling and analysis of ecosystem vari
ables also was presented. 

ARTIFICIAL REFORESTATION OF WHITEBARK PINE 

Richard L. Kracht and Ward W. McCaughey 

With increased recognition of whitebark pine's impor
tance in the management of wildlife habitat, watersheds, 
and recreation, it has become necessary to consider it in 
reforestation projects to help meet varied resource objec
tives. An administrative study was designed to evaluate 
standard reforestation techniques for effectiveness in 
regenerating whitebark pine. This study identifies cli
matic and site effects that appear to be important in sur
vival and growth of whitebark pine seedlings. 

METHODS 
This study is located on the Gardiner Ranger District 

of the Gallatin National Forest 5.5 air miles east of 
Gardiner, MT. The planting site is on a 15-acre clearcut 
abutting a 50-acre clearcut called the Palmer Coop timber 
sale. 

Whitebark pine cones were handpicked from trees acija
cent to the planting site during late summer of 1985. 
Collections occurred during a short time period after the 
cones were mature and seed ripe, but just prior to har
vesting of seed by Clark's nutcrackers and squirrels. 

Seeds were extracted and cleaned at the Forest Service 
nursery in Coeur d'Alene, ID, according to standard nurs
ery techniques. These techniques extracted approxi
mately 50 percent of the seed, but the remainder of the 
seed required hand cleaning to remove it from the cones. 

Seed germination tests indicated low germination of 
about 5 percent. However, other studies indicate that 
these tests may not have accurately indicated what the 
germinability was for this lot of whitebark pine seed. It 
is also possible that the cones were collected prematurely. 

Seeds were cold stratified in the spring of 1986. One 
pound of seed per nylon mesh bag was soaked in running 
tap water for 48 hours and placed in cold storage between 
34 to 36 °F for 100 days. The seed was then planted in 
the greenhouse in pine cell containers. Due to slow ger
mination and slow initial growth, it was necessary to hold 

Richard L. Kracht is Forest Silviculturist, Gallatin National Forest, Forest 
Service, U.S. Department of Agriculture, Bozeman, MT 69771; Ward W. 
McCaughey is Forester, Intermountain Research Station, Forest Service, 
U.S. Department of Agriculture, Forestty Sciences Laboratory, Bozeman, 
MT697I7. 
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seedlings for a second growing season at the nursery to 
obtain enough seedlings of adequate size for planting. 

The containerized seedlings were planted on the study 
site the fall of 1987 using standard reforestation prac
tices: hand planting bars, selecting appropriate micro
sites, scarifying an 18-inch-square area to mineral soil, 
and providing natural shade. We staked and numbered 
300 trees which were laid out in six parallel rows of 50 
each. The seedlings were planted on a northeast aspect 
with planting sites distributed in a swale, up a side slope 
of 15 percent, across a bench (a ridge configuration), and 
down a gentle side slope of 9 percent. Survival counts 
were made during the spring and fall of 1988 and spring 
of 1989. We measured and recorded tree height to the 
nearest 0.5 em and stem basal diameter to the nearest 
0.01 em during the fall of 1988, 1 year after outplanting. 

RESULTS 

Survival of whitebark pine seedlings has been good, 
with an 89 percent survival rate over the first 2 years. 
Overall survival was 97 percent for the initial overwinter 
period from the fall of 1987 to spring of 1988. Through 
the 1988 growing season, a record dry year, survival 
dropped to 91 percent. Seedling survival was 89 percent 
after the second overwinter period. 

Seedling survival varied slightly in relation to topo
graphic position. Survival was 100 percent on bench 
sites, 95 percent on 9 and 15 percent slopes, and only 80 
percent in swales (fig. 1). 

First-year growth of whitebark pine seedlings varied 
considerably by topographic position for height increment 
and slightly for basal diameter increment. First-year 
height increment averaged 1.8 em for all seedlings--2. 7 
em in swales, 1.9 on 9 percent slopes, 1.4 on benches, and 
1.3 em on 15 percent slopes (fig. 2). Basal diameter incre
ment averaged 0.0497 em in swales, 0.0475 and 0.0473 on 
9 and 15 percent slopes, respectively, and 0.0447 em on 
benches (fig. 3). 
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Figure 1-First-year survival of whitebark pine seedlings 
by topographic position. 
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Figure 2-First-year height increment of whitebark pine 
seedlings by topographic position. 

DISCUSSION 

These preliminary results indicate that artificial refor
estation of whitebark pine using standard operational 
techniques can succeed. These results are comparable 
with those of the National Forest System's reforestation 
program. 
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Figure 3-First-year increment of stem basal diameter 
of whitebark pine seedlings by topographic position. 

Whitebark seedlings may be influenced by topo
graphic location both in survival and in height and diame
ter growth. Although preliminary, it appears that the 
moister and possibly cooler (frost pocket) conditions in the 
swale have resulted in slightly lower survival but have 
enhanced growth of surviving seedlings. Further moni
toring of this administrative study should yield more 
definitive results. · 

This study has helped to pinpoint further work that will 
be needed to ensure a cost-effective operational planting 
program with whitebark pine. This is: 

1. Development of seed collection zones. 
2. Development of field procedures for determining 

when seed is mature. 
3. Development of seed extraction and cleaning 

equipment. 
4. Development of seed-stratification procedures. 
5. Development of optimum growth regimes for 

nurseries. 
6. Recognition of optimum growing sites for highest 

survival and growth. 

To our knowledge, this is the first operational planting 
of whitebark pine seedlings. A second plantation has 
recently been established on the Rocky Mountain Ranger 
District near Choteau, MT. However, survival and 
growth measurements have not been taken yet. Hope
fully these studies will lead to better management of 
these high-mountain forests. 



MORPHOLOGICAL DIFFERENCES BETWEEN WIND-DISPERSED 
AND BIRD-DISPERSED PINES OF SUBGENUS STROBUS 

Ronald M. Lanner 

Two thirds of the world's Haploxylon (= subgenus Stro
bus) pines have nutlike seeds that cannot be dispersed by 
wind because: (a) seed wings are absent (these include 
Pinus koraiensis, cembra, pumilo., sibirica, albicaulis, 
some flexilis, some strobiformis, armandii, cembroides, 
edulis, monophylla, johannis, remota, juarezensis, cul
minicola, maximartinezii, pinceana, nelsonii, discolor); 
(b) their seed wings are ineffective (some flexilis, some 
strobiformis, some aya.cahuite, some parviflora); or (c) 
their seed wings stick to the cone-scale surface (some 
parviflora, gerardiana, bungeana). 

Therefore, only a minority of the Strobus pines have the 
wind-dispersible seeds thought to be typical of the 
Pinaceae: (aristata, balfouriana, longaeva, strobus, manti
cola, lambertiana, most ayacahuite, peuce, griffithii, 
dalatensis, morrisonicolo., wangii, fenzeliana). 

The seeds of several of these non-wind-dispersible spe
cies are known to be dispersed and stored in the soil by 
birds of family Corvidae who use them as a food source. 
In North America, studies of pinyon pines (edulis and 
monophylla) have shown them to be dispersed and cached 
on a large scale by pinyon jays, and on a lesser scale by 
Steller's and scrub jays. These pines as well as albicaulis, 
flexilis, and strobiformis are dispersed and cached also by 
Clark's nutcracker. Several pines in Europe and Asia 
(cembra, pumilo., sibirica) have been shown to have their 
seeds harvested and cached by the widespread Eurasian 
nutcracker. In all of these pine-Corvid systems, seeds 
stored in the soil in mast years exceed the birds' winter 
food requirements and become available for germination. 
In at least one species (albicaulis) there is no other regen
erative method, and the tree depends on the bird for 
survival. 

The "bird pines" differ from the conventional, or 
archetypical Strobus pines ("wind pines") in numerous 
morphological traits. The characteristics of bird pines 
facilitate seed harvest by Corvids, or survivability of seeds 
adapted to Corvid dispersal. I argue that these traits 
have arisen through natural selection exerted by the Cor
vids; and that it is this selection pressure that has led to 
the speciation of the bird pines from the older, more con
servative wind pines. 

TRAIT DlF'FERENCES 

For example, consider crown form. "Wind pines," such 
as strobus, monticola, grilfithii, and peuce, are typically 
monopodia], seldom forked, and horizontally branched 
The result is that they have relatively few cone-bearing 
branches, many of their cones are concealed by layers of 

Rona)d M. Lanneris Professor, Department of'Forest ResOUI"CeB Utah 
State University, Logan, UT 84322. • 
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foliage, and most of their cones are not readily visible to 
flying birds (poor display) or even birds perched on the 
crown. For these reasons, "wind pines" are not especially 
attractive to Corvids. 

On the other hand, "bird pines," like flexilis, albicaulis, 
and the pinyons, are sympodial, frequently forked, and 
have numerous vertically oriented branches. This results 
in many cone-bearing branches, and cones that are well 
displayed to flying birds or to birds perched on the crown. 
In this way, "bird pines" attract Corvids. 

These groups of pines also differ in their cone attach
ment. Among the awind pines," branches are usually 
horizontal. Cones have long peduncles, are pendent, and 
are loosely attached to the branch. This causes both 
branches and cones to be unstable in a wind. Corvids 
must hang upside down to harvest seeds from open cones, 
a harvest process that is physically difficult and demand
ing of energy. 

"Bird pines" on the other hand, have vertical or up
swept cone-bearing branches. The cones are sessile and 
rigidly attached to the branch. Therefore, branches and 
cones provide stable perches for birds harvesting the 
seeds, and Corvids can remain upright when harvesting 
seed, making the harvesting process easy and less de
manding of energy. 

One consequence of bearing cones on upswept limbs is 
the need for heat diffi.tsion within the cones. Cones ex
posed to the sun endanger their developing seeds, and 
must diffuse heat to prevent seed proteins from being 
denatured. In the awind pines," the cones are shaded by 
the horizontal branches of the whorls above. Little heat is 
accumulated, so the cone scales can be thin. But the "bird 
pines" have cones that are exposed to the sun. Perhaps 
the thickened cone-scale apophyses that typify the 
pinyons, albicaulis, gerardiana, and some other bird pines 
have evolved as heat-diffusion masses. 

Seed retention in cones is a characteristic of many of 
the "bird pines." Among the awind pines," the cones open 
when they dry in the autumn; then the seeds fall out and 
fly on the wind. The "bird pines" show far more variabil
ity. In the subsection Cembrae, for example, cones remain 
closed or open only a little, and the seeds remain inside 
the cone. In subsection Cembroides (pinyon pines), the 
cones open, but the seeds are retained by spermoderm 
"flanges" on the upper cone-scale surface. In some other 
s~ecies (parviflora, bungeana, gerardiana) the seed wing 
sticks to the cone scale, temporarily immobilizing seed 

Among the Cembrae (sibirica, cembra, pumilo., albicau
lis, koraiensis) all species have cone scales lacking the 
coarse-fiber tracheids found in other pine cones. There
fore, they do not open by the differential shrinkage of 



drying tissues, as do other pine cones; and they are easily 
broken off by nutcrackers seeking the seeds inside. When 
Cembrae cone-scales are broken off, the seeds remain held 
in the core of the cone, thus facilitating the nutcracker's 
harvest. 

Among the Cembrae, cembra, koraiensis, and sibirica 
seeds have a prominently marked hilum that is displayed 
when the scale is broken off. Does this serve as a •target" 
for the nutcrackers? The studies necessary to answer this 
and many other fascinating questions have not yet been 
done. 

MONTANA'S NATIVE PLANT SOCIETY 

Jan Nixon and Anne F. Bradley 

New in the State within the last 2 years, the Montana 
Native Plant Society (MNPS) is an organization devoted 
to learning more about the plants native to this State and 
region. Our membership ranges from professionals work
ing in a plant-related field or academic areas to individu
als who are simply interested in learning more about the 
flora of their area on a nontechnical level. 

The purpose of the Montana Native Plant Society is: 
"The preservation, conservation, and study of the native 
plants and plant communities of Montana and the educa
tion of the public to the values of the native flora and its 
habitat." The society provides a forum for information 
exchange between scientists, educators, horticulturists, 
and interested lay people throughout the State of 
Montana. 

MNPS puts on field trips throughout the year and local 
chapters meet monthly, offering programs on a wide 

Jan Nixon is Newsletter Editor, Montana Native Plant Society, P. 0. Box 
992, Bozeman, MT 69771·0992; Anne F. Bmdley is Botanist, Intennoun· 
tain Research Station, Forest Service, U.S. Department of Agriculture, 
Intermountain Fire Sciences Laboratcny, P. 0. Box 8089, Missoula, MT 
69807. 
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range of plant-related topics. Other projects we are in
volved in include: 

• a knapweed-suppression project at the Kirk Inll Na
ture Trail south of Bozeman, in cooperation with Museum 
of the Rockies; 

• development of a data base detailing plant communi
ties and species identified on field trips and outings; 

• seed collecting in the Logan Pass area of Glacier 
National Park for revegetation efforts of some of the heav
ily impacted areas around the Visitor Center there; 

• active involvement with the Montana Natural Heri
tage Program in searching for previously unknown popu
lations of plant species of special concern to that program. 

Anyone who would like to learn more about the native 
vegetation of Montana for scientific or commercial pur
poses, or for the sake of pure enjoyment, is encouraged to 
join. MNPS welcomes your interest and involvement with 
us as we increase our knowledge of the State's flora, its 
habitats, and importance. For more information contact 
either of the authors or Montana Native Plant Society, 
c/o Department of Biological Sciences, University of 
Montana, Missoula, MT 59812. 



WIND AND SNOW DAMAGE EFFECTS AFTER THINNING 
IMMATURE SUBALPINE FORESTS 

JackA. Schmidt 

Whitebark pine and lodgepole pine are common associ
ates in many subalpine forests of the Mountain West. 
This combination occurs at the lower elevationallimits of 
whitebark pine and upper limits of lodgepole pine. Where 
they merge, densely stocked stands are common and 
whitebark pine assumes a tall, slender growth form simi
lar to lodgepole pine. 

Jack A. Schmidt is Forester, Intermountain Research Station, Forest 
Service, U.S. Department of Agriculture, Forestty Sciences Laboratory, 
P.O. Box 8089, Missoula, MT 59807. 

Overstocking often limits the resource values in this 
zone, and thinning is frequently used to open up the stand 
for increased light and moisture for reserve trees. This 
management action can alter wind and snow patterns, 
subjecting the reserve trees to stresses seldom encoun
tered in densely stocked stands. This study, although 
aimed primarily at evaluating lodgepole pine, provides 
insights on the effects of wind and snow in thinned stands 
where whitebark pine may be a component in these high
elevation forests. 

WHITEBARK PINE-A SUBALPINE SPECIES 
NEEDING SILVICULTURALATrENTION 

Wyman C. Schmidt and Ward W. McCaughey 

Whitebark pine is a conifer that occupies high-elevation 
areas of the Mountain West, providing some of the most 
picturesque "krummholz" forest scenes in America. Snow, 
ice, and wind sculpture trees in these forests-the forests 
reciprocate by protecting the soils and watersheds that 
support them. They also provide food and cover for 
many species of wildlife, particularly America's large 
carnivore-the grizzly bear. 

Whitebark pine occurs in both mixed and nearly pure 
stands but will often be succeeded by the more shade
tolerant subalpine fir if fire does not intervene. This 
gradual change in species composition can have positive 
or negative effects depending upon the objectives of forest 
managers. Managers need more information about seed 
production and dispersal, germination requirements, 
seedling survival and growth, succession, insect and dis
ease relationships, and interactions with other physical 
and biological factors. Many of these items are addressed 
in this "Whitebark Pine Symposium." Some of the things 
we do know about whitebark pine are: 

Wyman C. Schmidt is Project Leader and Research Silviculturist and Ward 
W. McCaughey is Forester, lntennountain Research Station, Forest 
Service, U.S. Department of Agriculture, Forestry Sciences Laboratory 
Montana State University, Bozeman, MT 59717. ' 
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SEED DISPERSAL 

Clark's nutcrackers are considered the main dispersal 
agent of whitebark pine and likely responsible, inadver
tently, for most of the natural regeneration of whitebark 
pine. Nutcrackers extract whitebark pine seeds from 
cones in late summer, store up to 100 seeds in their sub
lingual pouch, and fly considerable distances to store 
them for later consumption. From one to several seeds 
are deposited in each of a number of caches in loose soil 
or duff at a depth of 2 to 4 ern. About half of these seeds 
are never recovered by the nutcracker and can germinate, 
often ending up as a clump of germinants. 

SEEDLINGS 

Whitebark seeds need at least 30 to 60 days of cold
moist conditions before they will germinate. Whitebark 
seedling growth is slow compared to its other conifer 
counterparts and this slow growth, particularly at the 
higher elevations, persists throughout its life. 

SQum.RELS 

Red squirrels cut substantial portions of the whitebark 
cone crop during August and September and cache them 
in middens for winter food supplies. Although usually 
much smaller, middens may contain up to 3,000 white
bark pine cones. Middens are a natural attractant and 



the whitebark pine seeds an important food source for 
both grizzly and black bear. 

Pure stands ofwhitebark pine do not readily support 
red squirrel populations because cone crop failures of 
whitebark pine in some years leave them without a ready 
food supply. As a result, squirrel populations fare much 
better in mixed species stands because cone crop failures 
of the various species seldom totally coincide, leaving at 
least some food supply for the resident squirrels. 

GRIZZLY BEAR 

Grizzly bears frequent high-elevation forests in the 
Northern Rocky Mountains in search of food and cover. 
Whitebark pine forests, particularly in the Yellowstone 
ecosystem, provide both of these important components 
for this endangered species. Bears feed heavily in both 
spring and fall on whitebark pine seeds from cones cached 
by red squirrels. Studies by the Interagency Grizzly Bear 
Team show that whitebark pine seeds provide over half of 
the average dietary fat consumed by a grizzly bear over 
its lifetime in the Yellowstone ecosystem. Survival of 
grizzly cubs is usually higher in years following good cone 
crops of whitebark pine. 

SILVICULTURE 

National Park or Wilderness designation precludes the 
use of most silvicultural practices, but over much of the 
range ofwhitebark pine silviculturists are ultimately 
responsible for designing and implementing those prac
tices needed to meet management objectives. To do this 
effectively silviculturists must have adequate information 
on cone and seed production and how this process can be 
regulated and predicted, must know the seedbed and 
other environmental requirements such as shade, mois
ture, and temperature for seed germination and seedling 
survival of the various combinations of species in these 
high-elevation forests, must know how to use prescribed 

fire effectively, must know how to successfully plant 
whitebark pine and its associates, and must know how 
seedlings develop and how immature stands can be cul
tured to help meet management objectives. All of the 
above must take into consideration insects such as the 
mountain pine beetle, cone and seed insects, and diseases 
such as blister rust. 

The days of "healthy neglect" of these forests are likely 
coming to an end because the results of near-complete fire 
exclusion are becoming increasingly apparent and the 
impacts ofinsects and disease are increasing. All of this 
becomes more complicated when the possibility oflong
term global warming is taken into account. Global warm
ing may reduce the width of that high-elevation zone 
where the rigorous climate enables whitebark pine, and 
its high-elevation associated species, to compete success
fully with the more mesic species immediately below. 
Whitebark pine could essentially be "pushed off the top 
of the mountain" by those tree species better adapted to 
warmer conditions. Thus, there are many challenges 
ahead in these forests that have seen little attention by 
silviculturists. 

SUMMARY 

Whitebark pine forests merit the increased attention 
of managers and researchers throughout the Mountain 
West. The importance of these forests for wildlife, water
shed, esthetic, timber, and associated resource values is 
being increasingly recognized. Information already avail
able on the basic ecology of these forests helps illustrate 
the complex interactions of mammals, birds, and other 
biological and physical phenomena-it also points out the 
need for much more information. The emerging impor
tance of these forests will hopefully prompt accelerated 
research that helps fill knowledge gaps about these sub
alpine forest ecosystems and ultimately show how they 
can best be managed. These subalpine forests truly need 
increased silvicultural attention. 

AUTECOLOGY OF WHITEBARK PINE: CLUSTER AND 
MICROSITE CHARACTERISTICS 

Sharren K. Sund, Diana Tomback, and Lyn Hoffmann 

In 1961, over 11,000 ha of subalpine forest were de
stroyed in the Sleeping Child Bum (Sapphire Range, 
Bitterroot National Forest, western Montana). Our 1987 

Sharren K. Sund is Research Asaociate, Natural Resource Ecology Labora
tory, Colorado State University, Fort Collins, CO ~2~; Diana Tomback 
is Associate Professor, Department of Biology, UmverBlty of Colorado at 
Denver, Denver, CO 80204; Lyn Hoffmann is Graduate Student, Depart
ment of Range Science, Colorado State University, Fort Collins, CO 80523. 

study of whitebark pine (Pinus albicaulis) regeneration 
. in the burn produced data on tree clusters and microsite 

characteristics. Three parallel series of plots (total num
ber of plots = 63) were sampled along a 3.5-km, east-west 
ridge from the whitebark pine seed source in the adjacent 
forest to the northern center of the bum. Each plot series 
represented a different aspect: north, south, or ridge 
(west). 
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Analyses of tree cluster sizes (number of individual 
trees/site) showed whitebark pine clusters on the south 
plot series to be significantly smaller than clusters on 
north or ridge plot series. Cluster sizes ranged from one 
to eight trees; as cluster size increased, percentage of 
clusters in each size category decreased. In virtually all 
clusters no tree stems were fused at the base, indicating 
that each member of a cluster appeared to be a distinct 
individual. Ages ofindividual trees within a cluster were 
the same or similar, usually differing by only 1 or 2 years, 
but in no case more than 4 years. Age ranges were nearly 

identical for the three plot series, but trees on the north 
series had a slightly lower mean. 

Frequencies of plant species growing near whitebark 
pine clusters indicated similarities between aspects, with 
ridge microsites intermediate between north and south. 
Three plant species (Vaccinium scoparium, Carex rossii, 
and Polytrichum) accounted for the majority ofmicrosite 
occurrences. Distinct differences were noted between 
whitebark pine microsite vegetation and characteristic 
plot series vegetation. "Objects" ranging from small wood 
pieces to rocks and standing snags were found on 80 per
cent of whitebark pine microsites. 

EFFECTS OF TRAMPLING ON THE UNDERSTORIES OF 
WHITEBARK PINE FORESTS 

T. Weaver and D. Dale 

Pinus albicaulis understories are often a low carpet of 
Vaccinium scoparium or graminoids. In 1973 the impact 
ofhikers, motorcycles, and horse trampling on such vege
tation was compared experimentally by periodically meas
uring the depth, width, vegetational cover, and soil bulk 
density of trails traversed by each trampler (Weaver and 
Dale 1978). On level ground, damage increased from 
hiker to cycle to horse, apparently in proportion to the 
pressures applied. Going up a 25 percent slope, damage 
increased from hiker to horse to cycle, probably because 
the cycle tended to "spin out." Going down a 25 percent 
slope, damage increased from cycle to hiker to horse, 
probably because hikers and horses tend to "dig their 
heels in" rather than rolling. Adaptations leading to 
trampling resistance include flexibility, prostrate life 
form, and a life cycle completed out of the trampling sea
son (Dale and Weaver 1974; Weaver and others, this 
proceedings). 

Recovery from trampling damage is more rapid in 
meadow than forest vegetation. The experimentally 
trampled areas in meadow vegetation were quickly re
vegetated and almost impossible to distinguish from on
trampled areas after 5 years (Weaver and others 1979). 
Despite lack of subsequent trampling, trampled areas in 

T. "":eaver is Plant Ecologist, Department of Biology, Montana State Uni
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the Pinus albicaulis-Vaccinium scoparium forest were 
easily distinguished after 5 years (Weaver and others 
1979). After 15 years, forest areas traversed 1,000 times 
on both level and sloping sites still have markedly higher 
soil bulk densities than less trampled areas and a lack of 
understory plant growth. One thousand traverse trails 
are clearly visible, 500 traverse trails are generally vis
ible, and 100 traverse trails are very faint. Trampling 
effects may persist under forest conditions both because 
of greater soil stability (for example, less annelid, gopher, 
and frost churning) and because of overstory competition 
for resources Oight, water, and nutrients) needed for un
derstory plant recovery. 
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REFERENCE GUIDE TO 
WHITEBARK PINE 

Ward W. McCaughey 
T. Weaver 

The purpose of this guide is to provide an easy access 
to literature about whitebark pine (Pinus albicaulis) for 
those managers and researchers who are concerned with 
this species. Because of the uniqueness of the species and 
the lack of concentrated research programs in the past, 
documents about whitebark pine are found in a wide vari
ety of places, including some rather obscure sources. We 
assembled this guide to help those needing access to 
whitebark pine information. 

This document references all the literature we could 
find specific to whitebark pine. Biological Abstracts from 
1927 to 1988 was our primary source of references; there
fore, bioabstract index numbers are provided to give the 
user easy access to the author's own annotation. Other 
papers-listed in Forestry Abstracts and Agricola were 
added. The papers included in this symposium proceed
ings are not listed here. 
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