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Whitebark Pine Community Processes, 
Environment and Human Influences: Revisiting 
Montana State University Work of 1971-2000 

T. Weaver, <tWeaver@montana.edu>, Ecology Department, Montana State University, Bozeman, MT.

ABSTRACT

I revisit 30 years of whitebark pine (WBP, Pinus albicaulis) reflecting work reported in >30 WBP papers. Using a sample 
of 47 stands from the northern Rocky Mountains, I document the remarkable openness of WBP stands. We show strong 
self-thinning and seedling failure, related to soils, not light, and ongoing production/decomposition though 600 years. WBP’s 
remarkable multiple-stemmed trees arise from seed caches/polyembryony combined with lack of light competition. WBP’s 
usual timberline range seems limited upward by growing season length, wind, growing season length, and soil condition and 
downward by competition, none much directly temperature related. Human impacts discussed include foraging, trampling/
compaction, exotic species invasion, and white pine blister rust, which may be significantly ameliorated by introduction of 
genes from resistant European stone pine species.

INTRODUCTION

I revisit whitebark pine (WBP, Pinus albicaulis) stud-
ies made by my plant ecology lab during the 1971- 2000 
period in the northern Rocky Mountains. Objectives are 
keying the availability of useful information, freshly inte-
grating many observations, and speculating on/pondering 
unresolved problems. A fourth objective is to document, 
as requested by the Hi5 historical section, early work in 
the field. This is done in greater depth by Weaver (2022). 
This review emphasizes the plant ecology lab’s ~34 papers 
and focuses on the work of my fine associates (D Dale, F 
Forcella, J Jacobs, J Keck, W McCaughey, J Lichthardt, 
D Gustafson) and of Wyman Schmidt (USDA Forest Ser-
vice, Forestry Sciences Laboratory, Bozeman) who was so 
important to the organization and reporting of early WBP 
research. 

I divide my review into three segments: 1) the WBP 
forest and its dynamics, 2) the response of WBP to its en-
vironment, and 3) human impacts on the WBP forest. 

THE WBP FOREST AND ITS DYNAMICS

Forest Structure and Dynamics

A typical WBP forest is an open stand of multi-stemmed 
five-needled trees. Its structure is broadly described by com-
paring forty-seven stands ranging from 0-600 years (Weaver 
et al. 1990). Canopy cover increases rapidly from zero at 
initiation to saturation (~60%) at 100-200 years and then 
plateaus (table 1). Leaf area, indexed by the sum of circum-
ferences of all component trees, rises more rapidly and levels 
off similarly. Simultaneously, canopy height increases steep-
ly to 12 m at 200 years and levels off (Weaver and Dale 
1974).

Stand density is initially ~1700 seedlings ha-1, peaks 
soon at ~4600 seedlings ha-1 and declines exponentially to 
50 ha-1 at 400 years (table 1). The initial rise indicates con-
tinued seeding from external sources into forests too young 
to produce their own seed. The number of resultant small 
trees (0-10 cm diameter at breast height; dbh) declines from 
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establishment to near 50 ha-1 at 400 years. The disappear-
ance of these trees must be due either to death and decom-
position in place or to graduation into the larger size class 
(10-90 cm dbh). The large trees also begin to thin after 200 
years.

Basal area (∑π (dbh/2)2, an index of standing crop) ris-
es rapidly over the first 100-200 years, then growth appar-
ently tapers (table 1 and Forcella and Weaver 1977) due to 
the sum of two processes: loss of dying trees and ongoing 
diameter growth of living trees. Despite the death or grad-
uation of most small trees, the total basal area of small trees 
is maintained by ongoing diameter growth, which would 
be impossible without the plentiful light of the open forest. 
Similarly, the basal area of large trees increases constantly, 
despite the death of one-third of them, between 400-600 
years. The pattern and magnitudes are very similar to those 
modeled by Keane et al. (1990). The change in basal area 
and standing crop over time (production) was measured 
much more elegantly (Forcella and Weaver 1977). This 
paper partitioned  biomass/growth into leaf, branch, bole, 
root, and bark components—the latter two rarely mea-
sured—and shows that due to their long lives, WBP forests 
can be more massive than those of temperate forests at lower 
altitudes or in other areas.

The large number of disappearing trees—1450 ha-1 

small ones between years 100-400 and 450 ha-1 large ones 
between years 200-400—calls our attention to the fate of 
the missing trees, a rare subject in forestry. The understory 
of WBP forests is trash-free and thus, must harbor a potent 
decomposing agent. Because regular ground fires are not 
reported, we speculate that fungal decomposition is rapid 
under long-lying moist-warm (0oC) snow packs. The depth 
of snow packs in lower altitude WBP forests may be near 

CANOPY DENSITY (trees/ha) BASAL AREA (m2/ha)
Stand age (years) Cover% Σ.Circaa Seedling 0-10 cm dbh >10 cm dbh 0-10 cm dbh >10 cm dbh Total
0 0 0 0 0 0 0 0 0
100 40 70 1000 1500 1000 24 14 38
200 57 75 1000 200 1300 25 32 57
–
400 60 75 50 50 850 18 40 58
aLeaves and branches are connected directly to roots by elements in the sapwood, thus sapwood on the circumference correlates well with leaf area. Sap-
wood is expressed as the sum of circumferences, m/ha.

Table 1. Whitebark pine forest dimensions. Values from Weaver, Forcella and Dale (1990).

2 m, i.e. as indicated by the height to which lichens are 
excluded from tree trunks (Eversman et al. 1990), possibly 
by the relatively warm, moist conditions in the snow packs.

Current reproductive effort was estimated by counting 
cones in the canopy. To compare production across a series 
of preceding years, we analyzed branch samples by recording 
cone production of sample branches at progressively earlier 
times. This was done by recording, for each branch, numbers 
of juvenile cones, current cones, and scars left by previous 
cones at annual nodes from the preceding 5-11 years. Average 
cone crops were near 1.5 m-2 for stands older than 100 years 
(Weaver and Forcella 1986). High cone yields tended to fol-
low low yields, i.e. the trees exhibited masting behavior. Eco-
logically, masting partially controls seed-consuming mammal 
populations, such as sedentary red squirrels (Tamiasciurus 
hudsonicus) and chipmunks (Tamias spp.), but has less effect 
on mobile seed predators, such as Clark’s nutcrackers (Nuci-
fraga columbiana). We could not identify weather conditions 
that correlated well with yields, perhaps because too few 
weather stations were located within WBP stands for mean-
ingful results. Yields were inconsistent region-wide, thus usu-
ally providing cross-stand dispersal opportunities.

The understory of the WBP/whortleberry association, 
is dominated by a low shrub (whortleberry, Vaccinium sco-
parium) and may contain 5-10 species of low-density herbs, 
including glacier lily (Erythronium grandiflorum), elk sedge 
(Carex geyeri) and arnica (Arnica spp.) (Weaver and Dale 
1974, Forcella 1978). The crustose lichen Parmeliopsis occu-
pies the bases of many trees and, above 2 m, are fruticose 
lichens (Letharia, Usnea, and Bryoria), leafy lichens (Melene-
lia), and crustose lichens (Parmeliopsis and Lecanora) (Evers-
man et al. 1990).  The macrofungal (mushroom) richness 
may be near 60 species (Keck 2001).
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Multiple Stems and the Stand Life Cycle

WBP forest is characterized by its apparently multi-
stemmed trees, as well as by the openness of the  canopy 
discussed above. Two forces are involved. First, multi-stems 
are actually separate individuals arising from seeds planted in 
groups (1-3 most commonly but as many as 14) by seed-cach-
ing Clark’s nutcracker (Hutchins 1990). Regardless of the 
number of seeds in a cache, clump sizes may be increased by 
the occurrence of multiple seedlings/stems arising from sin-
gle seeds. Single seeds commonly produce multiple seedlings 
(one to >5) but most commonly three (Weaver and Jacobs 
1990). Second, and equally important, the openness of the 
forest eliminates the competition that prevents self-thinning 
following close establishment of trees arising from caches or 
multiple embryos. As a confirming aside, I note that oth-
er tree species, e.g. Douglas fir (Pseudotsuga menziesii) and 
lodgepole pine (Pinus contorta), also may exhibit multiple 
stems in open stands that lack within-canopy competition.

As a result of both the rarity of seedling establishment 
and the planting of trees by nutcrackers, I propose, in four 
statements, that WBP forests are ‘climax/self-sustaining’ in 
a somewhat unusual sense, i.e. perhaps only when associated 
with Clark’s nutcracker. First, observation of an altitudinal 
transect (Weaver 1990b) shows a clean high forest with no 
invasion by subalpine fir; i.e. it seems to be a climax species. 
This is in contrast to seral lodgepole pine forests below it, 
which are regularly replaced by subalpine fir (cf. Pfister et 
al. 1977). Second, the forest dynamics section above shows 

that the forest evolves in an orderly way through 600 years 
without replacement by other tree species. Third, while WBP 
produces abundant seeds (Weaver and Forcella 1986), its ca-
pacity to maintain/reproduce itself, to sustain itself, seems 
slight. That is, while seedlings appear in young stands (<300 
years), they apparently do not survive for long. Both seedlings 
and small trees are essentially absent in older stands. The ab-
sence is likely due, in both cases, to subterranean competition 
with established trees. Fourth, while the stand may survive 
for >600 years, the sites must eventually be reset in two steps. 
Step 1 is by catastrophe, most likely fire—as indicated by 
plentiful charcoal in the soils of most or all WBP/whortleber-
ry forests. Step 2 is by delivery of short-lived seeds from afar, 
i.e. they are not from ‘in-house’ seed banks. That delivery is 
surely from nearby productive stands by Clark’s nutcracker.

ENVIRONMENT AND WBP 

WBP often forms a timberline community. Its environ-
ment has been characterized with in-stand measurements in 
Montana (Weaver and Dale 1974) and across its north- south 
range (Weaver 1990a) to guide studies of its function, com-
pared with vegetation zones above and below to explain its 
altitudinal  distribution (Weaver 1977, 1979, 1980, 1994a), 
and compared with the environments of the five closely re-
lated stone pine species to demonstrate the similarity of the 
environmental requirements of all the stone pines (Weaver 
1994a).  Given easy access to this information via DOI and 
Scholar works references provided in the literature cited sec-

Climateb Water holding capacityc Nutrientsd

HTa T AP WHC depth Clay Sand Org C N Ca K Mg
oC cm cm dm % % T/ha T/ha T/ha T/ha T/ha

Alpine 8 106 3.8 5 90 10 124 10 3 0.3 0.5
Abla/Pial 10 82 4.4 22 96 4 35 3 2 0.8 1
Psme 12 58 10.3 13 82 18 45 4 15 2 5
Feid 13 38 10.1 5 73 27 130 11 27 1.9 6
Bogr 16 35 11.7 6 70 30 82 9 33 2.7 7
aHTs: Alpine, conifer forests (moist Abies lasiocarpa, ABLA and drier Pseudotsuga menziesii, PSME), grasslands (moist Festuca ida-
hoensis, FEID and dry Bouteloua gracilis, BOGR)
bClimate: growing season temperature, T (Weaver 1980), annual precipitation, AP (Weaver 1980).
cWater holding capacity (WHC): A&B horizons, and the determinants, soil depth, clay, sand, and organic carbon.
dNutrients: metric tons per hectare.

Table 2. Comparison of environments of major Rocky Mountain environmental zone habitat types (HT). Relatively high values are shaded. 
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tion, I focus instead on in situ community function, altitudi-
nal distribution, and the within-stand competition leading to 
the low canopy cover normal to WBP stands. In comparing 
environment and exotic plant changes along the altitudinal 
gradient, I often substitute for WBP, qualities of a slightly 
lower altitude forest type, subalpine fir (Abies lasiocarpa). In 
the ‘human influences’ section, I  consider whether the near-
ly identical climates of the five stone pines (Weaver 1994a) 
might allow the establishment of these species in the Rockies. 

In Situ Function 

WBP performs ‘normally’ in its normal habitat type 
(HT). We expect diameter growth of WBP to occur between 
May and September (bark slip), probably with a maximum 
(spring wood) in early summer when water, nutrients and 
temperatures are most favorable and tapering (summer wood), 
perhaps after cessation of branch growth, as water availabil-
ity dwindles. Buds break in June, shoots grow in June-July 
and cones mature in September (Schmidt and Lotan 1980). 
I consider specific effects of environmental factors below, one 
at a time: temperature, water, nutrients, and competition.

WBP seedlings germinate and grow in the 10-40oC 
range, photosynthesis may be significant between 5-35oC 
(Jacobs and Weaver 1990) and these temperature ranges may 
suggest the physiological abilities of mature material. For ex-
ample, photosynthesis probably occurs outside the diameter 
growth season, i.e. at least in April and in October whenev-
er average maximum temperatures rise to 5-10oC and even 
intermittently during the winter. In general, temperatures 
measured in-stand correlate directly with temperatures expe-
rienced (e.g. air, soil and plant temperatures), thus tempera-
ture measurements correlate well with processes affected and 
so provide a solid basis for modeling.

In the northern Rocky Mountain summer, the subal-
pine fir/WBP HTs experience drought, at least in the 0-25 
cm root zone. For instance, Weaver (1977) reported sum-
mer time water stress of >1 MPa in 1971 and >0.2 MPa in 
1972. Drought was significantly greater in the Douglas fir 
zone below. In winter, soils under deep snow do not freeze. 
Thus, soil water is constantly replenished by snow melting 
from the snowpack above and strongly so as the pack begins 
to deteriorate in spring, perhaps as early as March (Weaver 
1994a).  Modelers should consider that in contrast to tem-
perature data, in high mountain environments precipitation 
data are less dependable and may even be misleading. This 
is because much of apparently large water deposits (table 2) 
may be blown/sublimed off-site, intercepted and evaporated 

from trees or soils, run off, or percolate downward below the 
reach of roots—due to the low water holding capacity of the 
soils (table 2). Rare in-stand seasonal measures of soil water 
(e.g. Weaver 1977, Sirucek 1996) are needed, at least for con-
firmation of models.

Nutrient availability also varies with season (Weaver and 
Forcella 1979)—nutrients likely being released by decompo-
sition from organic matter under the winter snowpack and 
being recaptured by spring-summer growth. Such nitrogen 
and phosphorus dynamics are demonstrated under exper-
imental snowpacks in mountain meadows environmental-
ly like those often adjacent to WBP stands (Weaver 1974, 
Weaver and Collins 1977, Yano et al. 2015). 

If WBP were gardened, i.e. if competition were removed, 
it would likely be more successful in warmer and richer sites 
downslope.  The escape of lodgepole pine in Argentina-Chile 
and Monterey pine (Pinus radiata) in Hawaii demonstrate 
such release. We discuss examples of such WBP release below.

Altitudinal Distribution

On an altitudinal transect, WBP is usually absent from 
dry grasslands of the plains (Bouteloua gracilis) and foothills 
(Fesuca idahoensis) and low forests (Douglas fir) above. It may 
appear in the subalpine fir zone, gains dominance upward 
toward timberline, and disappears in the alpine (Arno and 
Weaver 1990). The subalpine fir/alpine segment of this tran-
sect is beautifully demonstrated at the Big Sky Ski Resort near 
Bozeman, Montana (Weaver 1990b). Thus, WBP is a timber-
line species declining both upward and downward. 

Temperature seems to have little direct effect on WBP’s 
distribution, because average growing season temperature is 
near 10oC, which is within the seedling growth/photosyn-
thesis range, minimum temperatures occur in the hardened 
period in winter, average July maxima are near seedling opti-
ma, and even absolute maximum temperatures allow photo-
synthesis and root growth (Jacobs and Weaver 1990, Weaver 
1994a). 

I suspect WBP is relatively drought intolerant, and so 
imagine that it may be inhibited upward by westerly winds 
in summer delivering dry air from lower altitudes or sand/
ice scouring particles that reduce its tolerance by removing 
its needles’ water-tight cuticles (Weaver 2001). In contrast to 
its exclusion from moist subalpine ridges by drought, at dry 
lower timberline (e.g. west slope of Montana’s Crazy Moun-
tains) one can see substantial WBP forest heavy with Letharia 
vulpina (fruticose lichen). I speculate that it occupies here a 
humid microenvironment formed by drainage of moist air 
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from above and pooling behind glacial moraines. Count-
er-intuitively, its atmospheric demands seem to be bracketed 
by dry air in the moist climate above and moist air in the dry 
climate below.

Growing season length may also limit its distribution 
upward. The WBP community’s productivity was related 
to the productivities of other communities on the Rocky 
Mountain altitudinal gradient by regressing their yields 
against various presumptive predictors. The best predictor by 
far (r2 =0.85) was growing season length, defined as months 
with average air temperatures >0oC and no drought (Weaver 
1994a). Thus, along the altitudinal gradient, production is 
low in high altitude sites (e.g. alpine and WBP) due to the 
short, low-temperature regulated season. Production is also 
low in grasslands due to the short, dry-soil regulated season, 
and greatest near the forest boundary where neither tempera-
ture nor water conditions are so extreme.

I attribute the diminishment of WBP downslope to com-
petition with other conifers usually assumed to be favored by 
higher temperatures but which may be favored as much or 
more by soils that store/supply more water and nutrients (ta-
ble 2). This hypothesis is supported by the fact that WBP can 
establish at these sites when its competitors are removed. That 
is, WBP appears on lower sites where fire or logging have 
removed competing conifers , especially so when understories 
established before the disturbance resist the success of small 
randomly distributed windblown conifer seed more than well 
provisioned WBP seeds planted in relatively plush open spots 
by Clark’s nutcracker.

Still lower, grasslands and shrublands, perhaps especial-
ly fescue (Festuca idahoensis) grasslands, may be colonized by 
other conifers as well as WBP. Colonization may occur, espe-
cially if destructive fire is excluded or soil disturbance, e.g., 
rodent burrowing, cattle grazing, reduce competition. While 
small- seeded conifers may randomly broadcast their seeds 
more widely, the large well provisioned seeds of WBP work 
well with Clark’s nutcracker in delivering them to secure sites 
and planting them at depth where their reserves support root 
penetration to relatively moist, rich, and less competitive soil 
layers. Despite the successful entry of such seedlings, they 
rarely find resources to become more than scraggly clutter in 
grazing lands.

Soils, Competition and Canopy Cover

As emphasized above, WBP forest structure is exception-
ally open, orchardlike. The stand’s openness must be due to 
competition among the trees for a resource other than light, 

which is surely not limiting in such open stands. This resource 
limitation cannot be absolute because basal area continues to 
increase through time but must, nevertheless, act constant-
ly across years. Water supply is a candidate critical variable, 
being renewed each winter but being exhausted in late sum-
mer of each year. Nutrient supply (e.g., N, Ca, etc.; table 
2) behaves similarly, being drawn down/exhausted by spring 
growth (twig extension and spring wood) and rejuvenated by 
decomposition under snow. The nutrient dynamic was exam-
ined across major HTs by Weaver and Forcella (1979).

Either or both limitations are related to soil properties. 
First, the low water holding capacity of the soil (table 2) pro-
vides little absolute buffer against summer drought—charac-
teristic of the northern Rocky Mountains—and less buffer-
ing than in the downslope forests with greater canopy cover. 
Second, the large excess of precipitation over water holding 
capacity may lead to confusion regarding the position of 
WBP on the water gradient, as much of the precipitation goes 
unused. Third, the large excess of water results in leaching, 
which explains the relatively low concentrations of calcium, 
potassium, magnesium, and probably nitrogen in WBP soils, 
deficiencies that differentiate WBP from lower forests. 

HUMAN IMPACTS

Pine nuts were a major foodstuff for Paleo-Indians 
and still are important to competing chipmunks, squirrels, 
Clark’s nutcracker, and bears (Ursus spp.). Seed produc-
tion values often are 20-250 m-2 or 2-25 gm-2 (Weaver and 
Forcella 1986). Production is variable and, though mast-
ing is significant, it is not regional. Masting favors highly 
mobile seed-consuming animals like nutcrackers over more 
sedentary mammals (Weaver and Forcella 1986). While 
nutcrackers harvest seeds from the treetops, squirrels often 
drop whole cones and cache them for winter use by them-
selves and bears, which again leads to less stand regenera-
tion than dispersal by birds. The influence of animals on 
WBP establishment from seed was elegantly observed by 
Hutchins (1990) and tested experimentally (McCaughey 
and Weaver 1990a&b). 

Other foodstuffs include whortleberries, which can be 
numerous, ranging 7-372 berries m-2, the numbers not re-
lated to canopy cover (Weaver et al. 1990). Of the herbs 
present, glacier lily likely is the most nutritious while oth-
ers (e.g. Carex geyeri) provide forage for cattle and wildlife 
(Weaver and Dale 1974, Forcella 1978, Forcella and Weaver 
1979).  Macro-fungal diversity may be similar to that in 
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subalpine fir (~60 species and 0-163 kg ha-1) and Douglas fir 
forests (~61 species and 0- 216 kg ha-1, Keck 2001).

Hiking trails in WBP forests cover a small area, damages 
mostly brittle shrubs and forbs, and introduce exotic species 
that remain at the trailside (Dale and Weaver 1974). Trampling 
damages or eliminates whortleberry, soils are strongly com-
pacted, and both recover very slowly (Weaver and Dale 1978, 
Weaver et al. 1979). Trampling impacts at these sites increased 
from hikers to horses; motorcycles were most damaging of all 
going uphill and least damaging going downhill (Weaver and 
Dale 1978). The study sites from which these conclusions were 
drawn could be resampled, with little effort, for a unique 50-
year reanalysis. 

If burned, WBP forests are likely to return if seeds are 
locally available and nutcrackers deliver and plant them. The 
same might occur if sites were lightly logged. If logged, exotic 
species surely will increase, relatively scarce nutrient elements 
(table 2) will be exported, and compaction will occur. Nutri-
ents are most concentrated in needles, twigs and bark. Thus, 
the amount of exported nutrients declines from harvest of 
whole trees, through boles, to least with peeled boles, as is done 
in some Italian forests (Weaver and Forcella 1977).

Invasion of exotic species in WBP and fifteen other en-
vironmental zones was compared by recording their presence 
in four disturbance zones of each (table 3, Weaver et al. 1990, 
1995, 2001) In the WBP zone, 14 species with measurable 

cover (table 3, shaded) were found on constantly disturbed 
road-shoulders, six were found on road-cuts (once disturbed 
and undergoing primary succession), four were found on 
cleared right-of-way, where they competed with residual under-
story vegetation, i.e. secondary succession, and none appeared 
in undisturbed forest, where invaders compete with both over 
and understory vegetation of the ‘near climax’ vegetation orig-
inally present. Similar trends occurred where the responding 
variable was total exotic species present (15, 12, 12, 0 species) 
or exotic species with >30% constancy (13, 11, 6, 0 species, 
table 3). The principal exotic species were domestic grasses 
(Bromus inermis, Poa pratensis, and Phleum pratense), dandelion 
(Taraxacum officinale), and legumes (Trifolium hybridum, T. re-
pens, Melilotus officinale, and Medicago lupulina).

With respect to exotic species, the generality and applica-
tion of the WBP conclusions can be compared with observa-
tions in four other vegetation zones (table 3). The total number 
of exotic species increases from alpine (6) and WBP (15) to 
forests and grasslands below (18-21). We suggest that the cold-
er environments above are probably too rigorous for exotics 
normally arriving from warmer sites or that WBP sites may 
be too remote for propagule delivery. In all zones, the num-
ber of exotic species declines with decreased disturbance and 
increased native competition, although the decline weakens 
downslope. Note that data from cleared rights-of-way are lack-
ing in alpine and grassland sites in table 3 because no trees were 

All exotic speciese Number of exotic speciesc Species with measurable coverf

Constancy >30%e

HTa reps Shb Cut Clear UnD Shb Cut Clear UnD Shb Cut Clear UnD
Alpine 11 6 4 4 2 1 0 1 0 0

WBP 10 15 12 12 0 13 11 6 0 14 6 4 0
Psme 10 20 17 12 9 11 9 5 5 10 7 4 3

Agsp 8 18 18 15 9 11 8 8 4 4
Bogr 7 21 21 19 12 12 9 7 5 1
aEnvironmental zones (HTS) are Alpine, forest (WBP/Abies lasiocarpa and Psme/Pseudotsuga menziesii) grassland (moist, Agropyron spicatum Agsp and dry, 
Bouteloua gracilis Bogr) 
bDisturbance regimes are road shoulder (Sh), road cut (Cut, 1o), cleared (Clear, 2o) and undisturbed (UnD)
cExotic species number is reported with three measures.
dnumber of exotic species even if only in one replication 
enumber of exotic species in >30% of the stands 
fnumber of exotic species with measurable cover

Table 3. Exotic species presence/numbers by habitat type (HT) and disturbance regime. 
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cleared from these zones. These observations can be applied 
to broader two-dimensional landscapes of forest and range-
land. If the establishment of exotic species is proportional to 
the amount of competition/disturbance, then establishment of 
exotic species on disturbed sites near and far from roads should 
be equal, i.e. exotic species establishment in logged areas (far 
distance) might be similar to that of cleared rights-of-way (near 
distance). This assumption may over-estimate the invasion of 
remote sites because delivery of propagules is less there than 
along trails or roads.

Introduction of the white pine blister rust from Europe 
has been, by far, man’s most damaging act for WBP. I suggest-
ed in 1998 that WBP’s extreme susceptibility might be greatly 
reduced by introducing genes from closely related and highly 
resistant European stone pines. Their resistance may well be 
transferred by simple hybridization, i.e. collect European pol-
len (Pinus cembra or P. sibirica) and transfer it to mature WBP 
in wild or arboretum settings. Success is probable because 
closely related pines usually hybridize easily. Thus, I expect the 
F1 to be polygenically resistant and, as the F1s backcross in 
the wild, some F2 will be even more resistant (naturally se-
lected) and some less resistant (naturally eliminated). Potential 
difficulties include: 1) Species may be genetically incompatible 
despite the common tendency of closely related pines to hy-
bridize, 2) Despite similar latitudes, phenological (day-length) 
differences may inhibit natural crossing and backcrossing. If 
so, the first crosses must be artificial but the failure will fade as 
backcrossing dilutes any Eurasian daylength control, 3) F1 and 
F2 progeny might not tolerate the WBP environment. This is 
unlikely since half their genes are native and half come from 
trees drawn from similar environments (Weaver 1994b), 4) 
Genes introduced with the resistant European material explode 
to create a weedy invader. This also is unlikely since the F1 are 
immediately half WBP and in each succeeding generation, the 
European genes will become further diluted. The probability 
of concentration of European genes is diminishingly small, 
first, because pollen from surrounding native WBP is much 
more available than pollen from the F1 and F2 hybrid trees 
and, second, selection for European genes will be low because 
European phenotypes are doubtless less well adapted to Rocky 
Mountain than Swiss environments, 5) Immediate introduc-
tion might have allowed natural crossing and free spread of 
the resistance genes in the wild (as suggested by parenthetic ‘in 
the wild’ above). While cautious controlled breeding, might be 
favored by some, this approach would be more expensive in 
dollars and time. Currently, lab/garden crossing may be neces-
sary anyway, because natural populations of WBP are already 
so sparse. 

ACKNOWLEGEMENTS

I review, integrate, and extend understanding of WBP, 
its environment and human impacts in the forests hopefully 
to good advantage. My work depends on the direct contri-
butions of those listed in the introduction, many associates, 
and partial funding by USFS, NSF, NPS. I also thank my 
reviewers, F Forcella, L Rew, and J Habeck.

LITERATURE CITED

Arno, S, and T Weaver. 1990. Whitebark pine community 
types and their patterns on the landscape. In: W Schmidt 
and K McDonald, eds. Symposium on whitebark pine 
ecosystems: ecology and management of a high mountain 
resource. USDA Forest Service General Technical Report 
INT-270:97-105. Ogden UT. doi.org/10.2737/INT-
GTR-270.

Dale, D, and T Weaver. 1974. Trampling effects on vege-
tation of the trail corridors of northern Rocky Mountain 
forests. Journal of Applied Ecology 11:767-772. doi.
org/10.2307/2402226. https://scholarworks.montana.edu/
xmlui/handle/1/16434.

Eversman, S, C Johnson, and D Gustafson. 1990. Vertical 
distribution of epiphytic lichens on three tree species in Yel-
lowstone National Park. In: W Schmidt and K McDonald, 
eds. Symposium on whitebark pine ecosystems: ecology and 
management of a high mountain resource. USDA Forest 
Service General Technical Report INT-270:367-368. Ogden 
UT. doi.org/10.2737/INT-GTR-270.

Forcella, F. 1978. Flora and chorology of the Pinus albicau-
lis-Vaccinium scoparium association. Madroño 25:139-150.

Forcella, F, and T Weaver. 1977. Biomass and productivity 
of the subalpine Pinus albicaulis-Vaccinium scoparium associ-
ation in Montana, USA. Vegetation 35:95-105. 

Forcella, F, and T Weaver. 1979.  Food production in the 
Pinus albicaulis/ Vaccinium scoparium association. Montana 
Academy of Sciences Proceedings 39:73-80.

Hutchins, H. 1990. Whitebark pine seed dispersal and 
establishment: who’s responsible? In: W Schmidt and K 
McDonald, eds. Symposium on whitebark pine ecosystems: 
ecology and management of a high mountain resource. 

http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2307/2402226
http://doi.org/10.2307/2402226
https://scholarworks.montana.edu/xmlui/handle/1/16434
https://scholarworks.montana.edu/xmlui/handle/1/16434
http://doi.org/10.2737/INT-GTR-270


102 Weaver

USDA Forest Service General Technical Report INT-
270:245-255. Ogden UT.  doi.org/10.2737/INT-GTR-270.

Jacobs, J, and T Weaver. 1990. Effects of temperature and 
temperature preconditioning on seedling performance of 
whitebark pine. In: W Schmidt and K McDonald, eds. 
Symposium on whitebark pine ecosystems: ecology and man-
agement of a high mountain resource. USDA Forest Service 
General Technical Report INT-270:134-139. Ogden UT. doi.
org/10.2737/INT-GTR-270.

Keane, R, S Arno, J Brown, and D Tombach. 1990. Simu-
lating disturbances and conifer succession in whitebark pine 
forests. In: W Schmidt and K McDonald, eds. Symposium 
on whitebark pine ecosystems: ecology and management of a 
high mountain resource. USDA Forest Service General Tech-
nical Report INT-270:274-298. Ogden UT. doi.org/10.2737/
INT-GTR-270.

Keck, J. 2001. Macrofungi of the altitudinal gradient, North-
ern Rocky Mountains. MS thesis, Montana State University, 
Bozeman MT. 73 pp. doi.org/10.15788/8101.

McCaughey, W, and T Weaver. 1990a. Biotic and microsite 
factors affecting whitebark pine establishment. In: W Schmidt 
and K McDonald, eds. Symposium on whitebark pine eco-
systems: ecology and management of a high mountain re-
source. USDA Forest Service General Technical Report INT-
270:140-150. Ogden UT. doi.org/10.2737/INT-GTR-270.

McCaughey, W, and T Weaver. 1990b. Reference guide to 
whitebark pine, Pinus albicaulis Engelmann. In: W Schmidt 
and K McDonald, eds. Symposium on whitebark pine eco-
systems: ecology and management of a high mountain re-
source. USDA Forest Service General Technical Report INT-
270:376-386. Ogden UT. doi.org/10.2737/INT-GTR-270.

Pfister, R,  B Kovalchik, S Arno, and R Presby. 1977. Forest 
habitat types of Montana.  USDA Forest Service General 
Technical Report INT-34:174 pp. Ogden UT.

Schmidt, WC, and J Lotan. 1980. Phenology of common for-
est flora of the northern Rockies: 1928-1937. USDA Forest 
Service Research Paper INT-259. Ogden UT. 
Sirucek, D. 1996. Soil temperature and soil moisture char-
acteristics for several habitat types of Montana and Idaho. 
MS thesis, Montana State University, Bozeman MT. doi.
org/10.15788/7452-1996.

Weaver, T. 1974. Ecological effects of weather modifica-
tion: effect of late snow melt on Festuca idahoensis mead-
ows. American Midland Naturalist 92:346-356. doi.
org/10.2307/2424300. https://scholarworks.montana.edu/
xmlui/handle/1/16422.

Weaver, T. 1977. Root distribution and soil water regimes in 
nine habitat types of the northern Rocky Mountains. In: J 
Marshall. The belowground ecosystem. Range Science Series 
26:239-244. Colorado State University, Fort Collins CO. 
https://scholarworks.montana.edu/xmlui/handle/1/16566.

Weaver, T. 1979. Changes in soils along a vegetational (al-
titudinal) gradient of the northern Rocky Mountains. In: 
C Youngberg, ed. Proceedings of the Fifth North American 
Forest Soils Conference, pp 14-29. Soil Science Society of 
America, Madison WI. https://scholarworks.montana.edu/
xmlui/handle/1/16567.

Weaver, T. 1980. Climates of vegetation types of the northern 
Rocky Mountains and adjacent plains. American Midland 
Naturalist 103:392-398. 

Weaver, T. 1990a. Climates of subalpine pine woodlands. In: 
W Schmidt and K McDonald, eds. Symposium on white-
bark pine ecosystems: ecology and management of a high 
mountain resource. USDA Forest Service General Technical 
Report INT-270:72-79. Ogden UT. doi.org/10.2737/INT-
GTR-270.

Weaver, T. 1990b. Seeing whitebark pine in a northern 
Rocky Mountain (USA) landscape: notes for a field trip. In: 
W Schmidt and K McDonald, eds. Symposium on white-
bark pine ecosystems: ecology and management of a high 
mountain resource. USDA Forest Service General Technical 
Report INT-270:355-358. Ogden UT. doi.org/10.2737/INT-
GTR-270.

Weaver, T. 1994a. Climates where stone pines grow, a 
comparison. In: W Schmidt and K Holtmeier, eds. Stone 
pines and their environments: the status of our knowledge. 
USDA Forest Service General Technical Report INT-
GTR-309:85-89.

Weaver, T. 1994b. Vegetation distribution and production 
in Rocky Mountain climates — with emphasis on white-
bark pine. In: W Schmidt and K Holtmeier, eds. Stone 
pines and their environments: the status of our knowledge. 

http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.15788/8101
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.15788/7452-1996
http://doi.org/10.15788/7452-1996
http://doi.org/10.2307/2424300
http://doi.org/10.2307/2424300
https://scholarworks.montana.edu/xmlui/handle/1/16422
https://scholarworks.montana.edu/xmlui/handle/1/16422
https://scholarworks.montana.edu/xmlui/handle/1/16566
https://scholarworks.montana.edu/xmlui/handle/1/16567
https://scholarworks.montana.edu/xmlui/handle/1/16567
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270


103Whitebark Pine Community Processes, Environment and Human Influences

USDA Forest Service General Technical Report INT-
GTR-309:142-152.

Weaver, T. 2001. Whitebark pine in its environment. In: D 
Tomback, S Arno, and R Keane, eds. Whitebark pine com-
munities: ecology and restoration. Island Press, Washington 
DC. 41-73.

Weaver, T. 2022. WBP community processes, environment 
and human influences: revisiting MSU work of 1971-2000, 
extended version. Unpublished paper. Ecology Department, 
Montana State University, Bozeman MT.

Weaver, T, and D Collins. 1977. Possible effects of weather 
modification (increased snow pack) on Festuca idahoensis 
meadows. Journal of Range Management 30:451-456.

Weaver, T, and D Dale. 1974. Pinus albicaulis in cen-
tral Montana: environment, vegetation and produc-
tion. American Midland Naturalist 92: 222-230. doi.
org/10.15788/16400-1974.

Weaver, T, and D Dale. 1978. Trampling effects of hikers, 
motorcycles and horses in meadows and forests. Journal of 
Applied Ecology 15:451-457. doi.org/10.2307/2402226.

Weaver, T, D Dale, and E Hartley. 1979. The relationship 
of trail condition to use, vegetation, user, slope, season and 
time. In: R Ittner, D Potter, J Agee and S Anscheil, eds. Rec-
reational impact on wildlands. USDA Forest Service Pacific 
Northwest Region #R-6-001-1979:94-100.

Weaver, T, and F Forcella. 1977. Biomass of fifty conifer for-
ests and nutrient exports associated with their harvest. Great 
Basin Naturalist 37:395-401.

Weaver, T, and F Forcella. 1979. Seasonal variation in soil 
nutrients under six Rocky Mountain vegetation types. Soil 
Science Society of America 43:589-593. https://digitalcom-
mons.usu.edu/aspen_bib/4588/.

Weaver, T, and F Forcella. 1986. Cone production in Pinus 
albicaulis forests. In: R Shearer, ed. Proceedings - Conifer 
tree seed in the inland mountain west symposium. USDA 
General Technical Report IOONT-203:68-76. Ogden UT. 
https://scholarworks.montana.edu/xmlui/handle/1/16565.
Weaver, T, F Forcella, and D Dale. 1990. Stand develop-
ment in whitebark pine woodlands. In: W Schmidt and K 

McDonald, eds. Symposium on whitebark pine ecosystems: 
ecology and management of a high mountain resource. 
USDA Forest Service General Technical  Report INT-
270:151-155. Ogden UT. doi.org/10.2737/INT-GTR-270.

Weaver, T, D Gustafson, and J Lichthardt. 1995. Plants 
establishing in Rocky Mountain environments — a man-
ual for choosing native species for revegetation. MSU 
Biology Report # 42:71 pp. Montana State University, 
Bozeman MT. https://scholarworks.montana.edu/xmlui/
handle/1/16568.

Weaver, T, D Gustafson, and J Lichthardt. 2001. Exotic 
plants in early and late seral vegetation of fifteen northern 
Rocky Mountain environments (HTs). Western North 
America Naturalist 61:417-427.

Weaver, T, and J Jacobs. 1990. Occurrence of multiple stems 
in whitebark pine. In: W Schmidt and K McDonald, eds. 
Symposium on whitebark pine ecosystems: ecology and 
management of a high mountain resource. USDA Forest 
Service General Technical Report INT-270:156-159. Ogden 
UT. doi.org/10.2737/INT-GTR-270.

Weaver, T, K Kendall, and F Forcella. 1990. Berry produc-
tion in three whitebark pine forest types. In: W Schmidt 
and K McDonald, eds. Symposium on whitebark pine 
ecosystems: ecology and management of a high mountain 
resource. USDA Forest Service General Technical Report 
INT-270:198-200. Ogden UT. doi.org/10.2737/INT-
GTR-270.

Weaver, T, J Lichthardt, and D Gustafson. 1990. Exotic in-
vasion of timberline vegetation, northern Rocky Mountains 
USA. In: W Schmidt and K McDonald, eds. Symposium 
on whitebark pine ecosystems: ecology and management 
of a high mountain resource. USDA Forest Service Gen-
eral Technical Report INT-270:208-213. Ogden UT. doi.
org/10.2737/INT-GTR-270.

Yano, Y, ENJ Brookshire, JH Holsinger, and T Weaver. 
2015. Long-term snowpack manipulation promotes large 
loss of bioavailable nitrogen and phosphorus in a subalpine 
grassland. Biogeochemistry 124:319-333. doi:10.1007/
s10533-015-0100-9. http://link.springer.com/arti-
cle/10.1007/s10533-015-0100-9.

http://doi.org/10.15788/16400-1974
http://doi.org/10.15788/16400-1974
http://doi.org/10.2307/2402226
https://digitalcommons.usu.edu/aspen_bib/4588/
https://digitalcommons.usu.edu/aspen_bib/4588/
https://scholarworks.montana.edu/xmlui/handle/1/16565
http://doi.org/10.2737/INT-GTR-270
https://scholarworks.montana.edu/xmlui/handle/1/16568
https://scholarworks.montana.edu/xmlui/handle/1/16568
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://doi.org/10.2737/INT-GTR-270
http://link.springer.com/article/10.1007/s10533-015-0100-9
http://link.springer.com/article/10.1007/s10533-015-0100-9

	Whitebark Pine Community Processes, Environment and Human Influences: Revisiting Montana State University Work of 1971-2000
	 Research and Management of High-Elevation Five-Needle Pines in Western North America

