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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. 

I 
I 

JUNE JULY AUGUST 
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Figure 4-Percent moisture 
in top 2 inches of soil by 
replicate. 
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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 

147 

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 

149 

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. 
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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 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. 



STAND DEVELOPMENT 
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WOODLANDS 

ABSTRACT 
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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, 

Paper presented at the Symposium on Whitebark Pine Ecosystems: 
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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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Figure 3-Standing crop, indexed by basal area 
(a) total and (b) trees larger than 20 em d.b.h., 
increases to about 250 years and equilibrates. 
Tree heights equilibrate at about200 years (12 
M, Weaver and Dale 1974). The line is hand-fit 
through medians calculated across centuries. 

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/ 




