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THE ROLE OF WESTERN WHITE PINE IN FOREST
SUCCESSION IN NORTHERN IDAHO

M. A. HUBERMAN

Yale University 1

INTRODUCTION

The importance of vegetational studies in virgin forests has become more
and more obvious during the past few vears as a result of the increasing
scarcity of primeval areas. The work of Cooper (’13) on Isle Royale, Michi-
gan; of Nichols ("13) at Colebrook, Connecticut; of Lutz (’30) at Heart’s
Content, Pennsylvania; of Gates and Nichols (’30) studying an area near
Pellston, Michigan; and of Hough (’32) in Pennsylvania, may be said to
compose the greatest portion of the meagre literature on this subject.

With a view, therefore, to obtaining knowledge of the character of the
vegetation of the sub-climax and near-climax forest of the “ western white
pine type,” these studies were undertaken, in three virgin communities. Al-
though there have been several general surveys and observational studies made
on this subject in the Northern Rocky Mountain region, there is no published
work available on the vegetation of specific areas. It is the purpose of this
paper, therefore, to present such data.

In his more or less extensive observations in the Bitterroot Mountains of
northern Idaho, Larsen (°29) notes that after fires, the succession is some-
what as follows: The intolerant and drought-resistant western larch and
lodgepole pine represent the first stage. These trees, with an initial stage of
subordinate vegetation, prepare the site for the advent of Douglas fir and
western white pine, and a second layer of lesser vegetation. This stage in
turn paves the way for the climax forest association of western red cedar,
western hemlock, and lowland white fir with a typical sparse shrubby and
herbaceous vegetation (fig. 1).

Accepting these general relationships, the areas investigated in this study
may be placed in the second stage in the case of areas 1 and 2, while area 3
probably belongs to the climax or near-climax stage.

In a general way the three areas belong to the white pine type, so termed
because of the volume and economic value of Pinus monticola, rather than be-
cause of the number of trees per acre or its importance in the climax forest.
Briefly, this type consists most commonly of western white pine, Pinus
monticola, as the dominant species with other trees subordinate. With age,

1 This work was done during the summer of 1932, while with the Northern Rocky
Mountain Forest and Range Experiment Station, U. S. Forest Service.
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however, the stand changes and consists chiefly of western red cedar, Thuja
plicata; western hemlock, Tsuga heterophylla,; and lowland white fir, Abies
grandis; with occasional veterans of Douglas fir, Pseudotsuga taxifolia, and
western larch, Larix occidentalis. The subordinate vegetation is very sparse,
but quite uniform on the three areas.

To study the composition of this association, therefore, strips were laid
out through each of the areas for a tally of the overwood, and quadrats laid
along these strips to study the shrubby and herbaceous vegetation, and repro-
duction of the tree species. Site conditions were also studied.

THE ARra

The Priest River Branch of the Northern Rocky Mountain Forest and
Range Experiment Station occupies about seven square miles of the Kaniksu
National Forest in T. 58 N, R. 3 and 4 W, in Bonner County, Idaho, fifteen
miles northeast of the town of Priest River.

This area is made up of three topographic types: “ the first, rugged moun-
tainous provinces, composed of tilted, faulted, metamorphosed sediment,
massive basic igneous sills, and a batholithic acid igneous intrusion with its
attending stocks and cupolas ; second, plateau-like areas, lower than the moun-
tain masses, planed off by continental-glacier erosion; and third, stream-valley
plains.” 2

The Experimental Forest is drained by the East River, Benton Creek, and
Fox Creek, all of which flow west into the Priest River, a glaciated, fault-
formed valley.

Areas 1 and 3 are on stream-valley plains. Area 2 is in the rugged-moun-
tain province.

Elevations range from below 2240 feet on the river flats to 5700 feet at
the Experimental TLookout Station, giving a relief of almost 3500 feet.

GEOLOGY AND SoILS

Igneous and metamorphic rocks of the Pre-cambrian, sedimentary mate-
rials of the Pleistocene, and Cretaceous intrusions are all represented here.

The underlying rocks in the Experimental Forest consist chiefly of gran-
ites overlaid by schist and quartzite, very near the surface in some places and
outcropping in others.

Horizontal (profile) development resulting from weathering is notably
absent in the majority of the soils, except in a few instances. The subsoils
are generally friable and free from marked compaction.

The organic debris on area 1 consists of an F horizon (Hesselman, ’26)
of 1-2 inches made up of 2 or 3 years’ fall of needles, light brown in color,
merging into a half-inch partially decomposed H horizon, dark brown in color,
which is only very slightly if at all mixed with the mineral soil. Below this,

2 Kirkham, V. R. D., and E. W. Ellis. 1926. Ore Deposits of Boundary County,
Idaho. Bur. Mines and Geol. Univ. Idaho Bull. 10, p. 10.
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to 40 inches, is a gray-to-brown sand with coarse gravel. All layers are dis-
tinctly micaceous. This is called the Springdale sandy loam by T.apham and
Young (’25), who are not certain as to whether the material is glacial out-
wash or alluvial in origin. The substratum (which was not reached in the
present examination) to a considerable depth consists of old lake clays, and
occurs on old stream terraces lying above the level of the present water
courses. The surface drainage is good and the subdrainage is generally ex-
cessive. The water holding capacity is low, thus minimizing the upward
movement of the capillary moisture.

Area 2 lies on the Huckleberry fine sandy loam. Below the organic
debris made up of a Z-inch F layer of light brown needles, chiefly pine and
hemlock, and a dark brown half-inch H layer, is a 12-inch stratum of yellow
brown fine sandy loam, with small amounts of angular stones. For 6 inches
below this there is a gray-brown sand with more angular rock material. Be-
low this is found broken, decomposed schist and quartzite which merges into
the bedrock. As is to be expected, soils of steeper slopes, as here, are shal-
lower than the average of the same soil type. The steepness of the slopes re-
sults in excessive surface drainage. The water holding capacity of the soil is
good except in shallow spots. The south slopes tend to dry out quickly.

On area 3 the Mission fine silt loam is the prevailing soil type. The or-
ganic debris consists of a dense F¥ layer of 1.5 inches of light brown to darker
material, without any well defined A layer. Below this, to a depth of 18
inches, is a vellow-brown very fine silt loam, containing much mica. Below
18 inches is a compact, rusty-spotted gray clay, which appears to be an old-
lake deposit resulting from the extension of the arms of the lake up the
various creeks which now drain the forest. The deposit is many feet in thick-
ness. The soil has a smooth to slightly rolling surface, good drainage gener-
ally, and good moisture-holding capacity. A mechanical analysis showed
50-55 per cent silt, 30-35 per cent sand, and 10-15 per cent clay.

For the most part, the soils of these three plots are acid in reaction with
a pH ranging from 6.2 to 6.5.

CLIMATE

Weather records have been kept for 22 years at the Priest River Experi-
ment Station on the Experimental Forest. A 20-year summary (Jemison,
’32) makes available the following data.

The mean annual precipitation is 28.29 inches, and its distribution by
months is shown in table I. The average annual snowfall is 81.8 inches.
The greatest snow depth on the ground was 46.2 inches in the winter of
1931-32; the least was 7 inches in 1920-21. The prevailing wind direction is
SW, all the year around. The wind velocity at the 150-foot level has a high-
est average of 20 miles per hour, with a highest recorded maximum of 38
miles per hour (based on sudden gusts of a few minutes’ duration). The
average wind velocity at the 8-foot level is 1.6 miles per hour. Monthly
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maximum, mean, and minimum temperatures are shown in table I. The
length of the frost-free season is about 62 days. The average date of the
last freezing temperature in the spring is about June 20; the earliest in the
fall is about August 20. The tree-growing season is 203 days, based on the
number of days when mean air temperature is ahove 40° (Livingston and
Shreve, '21).

TasLe 1. Mean Monthly Temperatures and Precipitation at Priest River, Idaho °

Jan. TFeb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Degrees Fahrenheit
Maximum 300 369 459 573 661 740 834 8.1 697 560 39.6 313
Mean 23.0 275 347 431 507 576 638 624 531 433 327 251
Minimum 16.1 182 235 290 353 413 443 427 366 306 259 189
Inches
Precipitation 360 287 241 193 201 178 08 121 184 241 359 378

° Based on 20 year records of the U. S. Forest Service.

History

First settled in 1842, Idaho was admitted into the Union in 1890. In
1897 the land drained by the waters of the Priest River, Priest Lake, and
Upper Priest River—an area approximating some 645000 acres—was set
aside from the public domain by proclamation of President Cleveland, to be
known as the Priest River Forest Preserve. Ten years later President
Roosevelt withdrew an additional area to the west, and in 1908 the whole
became the Kaniksu National Forest. About 4,500 acres on the Kaniksu
were set aside in 1909 to form the Priest River Experiment Station.

Area 1, known as the Knoll Plot, was left for seeding purposes on one of
the earliest forest service timber sales; area 2 was set aside as a Natural
Area; and area 3 was left for lack of a suitable market due to declining prices,
absence of fires, and finally for experimental purposes.

VEGETATION

Methods

Due to the small size of areas 1 (3 acres) and 3 (2 acres), it was impos-
sible to gridiron the stands completely, but a strip 1 chain wide was run
through the stand, and plots were established at half-chain intervals. Al-
though area 2 (150 acres) was sufficiently large to permit gridironing, a
Management Plot established by the Experiment Station in 1927, as typical
of this stand, was divided into smaller plots for the purpose of this study.

In laying out the plots, a standard forest service compass and steel tape
were used. The lines were run from edge-of-timber to edge-of-timber, be-
ginning and ending far enough in from the edge to avoid the influence of the
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surrounding or adjacent cut stands. Tree diameters on the plots were meas-
ured with a steel diameter tape.

All trees above 1 inch at breast height (4.5 feet above the ground) were
measured. All below 1 inch D.B.H. were counted on the entire plot. Ten
milacre quadrats were established on each area, marked by cedar stakes (as
was the center line through the plots, at half-chain intervals). The identifica-
tion of the plants was checked against the herbarium specimens of the 1ix-
periment Station.

The tree nomenclature is that of Sudworth (°27) ; nomenclature of shrubs
and herbs is that of Piper and Beattie ('14).

Phytographs (Lutz, ’30), as shown in figure 4 are used to show the
ecological position of the various species of the association. The criteria
used to determine the relative importance of the species are: Abundance per-
centage, frequency percentage, number of size-classes present, and basal area
in square feet per acre. In a standard chart, constructed to aid in the com-
parison, the following values are assumed: Abundance 100 per cent, fre-
quency 100 per cent, four size-classes present,* and a basal area value of 300
square feet per acre.®

Conumnunities

Apparently because of the high market value and wide occurrence of white
pine in the region, foresters have applied the name white pine type to this as-
sociation which ought, more appropriately, to be called the cedar-hemlock-
white fir association. Larsen (’30) classified this type as the “ Mesophytic
transition forest,” and as the cedar-hemlock-white fir type. Occasionally
there occur in this region small areas of a white pine consociation, but for the
most part this species plays a minor part in the climax forest. Tt is, how-
ever, important, because in the presence of a seed source, openings due to
windfall or other agencies are readily taken over by white pine.

AReA 1. GENERAL CHARACTER

Despite the heavy density of this high coniferous forest with an almost
complete canopy, some light does penetrate to the forest floor. On the aver-
age, however, this light does not amount to more than 3-5 per cent of full
sunlight. The diameters of the larger white pines are noteworthy ; occasional
trees attain diameters of 37 or 38 inches. Rarely a cedar reaches 40 inches.
The presence of 364 stems per acre is less than on the other two areas. There
is little difference, impossible to measure by methods now available, in the
density of the three areas. Windfalls are very common on this as well as on
the other two areas, but no data on age or species of down trees were ob-

4 The size classes used are: 1. Small reproduction; up to 0.9 in D.B.H. 2. Large re-
production; 1.0-3.5 in. D.B.H. 3. Small trees; 3.6-11.5 in. D.B.H. 4, Large trees; 11.6
in. D.B.H. and up.

5 This value of 300 square feet is used because it represents approximately the aver-
age maximum per acre in this vicinity.
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tained. The forest floor has a very sparse covering of shrubby and her-
baceous vegetation. This, in conjunction with the general lack of reproduc-
tion, gives a single-storied aspect to the forest (fig. 2).

Fi6. 2. Typical view through area 1, showing predominance of white pine. Note lack of
herbaceous and shrubby vegetation and abundance of down timber.

Abundance and frequency are given in table II for all tree species, as well
as for subordinate vegetation. The fact that there are only 6 species of trees,
and only 12 of herbs and shrubs, may be interpreted to indicate the advanced
ecological character of the community. None of the arboreal, herbaceous, or
shrubby species show any exclusiveness in this community, but differ only in
frequency and abundance between areas.

In abundance the ranking is hemlock, white fir, cedar, and white pine. In
frequency, hemlock and pine rank first, with cedar and white fir second. The
most common shrubby and herbaceous vegetation consists of Coptis occiden-
talis, Berberis repens, Vaccinium macrophyllum, and Linnaea borealis longi-
flora, from the standpoint of both frequency and abundance.
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Human Influence and Fire

There has been no cutting on the actual area studied, but on all sides of the
area it has been quite extensive. The difference in conditions between the
cut-over and the virgin stands is very marked.

Although there is no evidence of recent fires on this area (a very fortu-
nate and unusual fact in a region of such high fire hazard), there is ample
evidence of early fires on the area as a whole. The even-aged character of
the white pine points strongly toward early fires on the Kaniksu and else-
where in northern Idaho. Marshall ("29) found, by examinations of annual
rings, evidences of fires on nearby white pine stands in 1610, 1641, 1687,
1742, and 1843.

F16. 3. Forest stand on area 2, with an occasional white pine among the cedar
and hemlock. Herbaceous vegetation is sparse.

Lieutenant R. Saxton, U. S. A. (’53), noted in his diary on August 13,
at which time he was at the outlet of ‘Lake Pend Oreille: “ We were . .
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discouraged by accounts of the route from this place to St. Mary’s village
given by a Scotchman who has recently passed over it. He says that for five
days’ journey there is no grass, it having been burned over by the Indians.”
(There is a possibility that * St. Mary’s village’ referred to Hamilton, Mon-
tana.)

“ August 16. The woods are on fire in many places—evidently for the
purpose of retarding our progress.”

“ August 18. The route has been through dense forest, either burning
or just burned, the ground being very hot for the animals’ feet.”

There is ample evidence that fires have occurred and reoccurred in many
parts of this region. These are important from the standpoint of white pine
mvasion. Lutz (’30) found similar results with Pinus strobus in Pennsyl-
vania.

AReA 2. GENERAL CHARACTER

In general this area is similar to area 1, differing somewhat in being
steeper in slope, at 1000 feet higher elevation. White pine is less prevalent
than on area 1 (fig. 3).

As in the case of area 1, the stand is of a one-storied character, although
a more or less definite understory of cedar and hemlock is evident. The
vegetation consists of 6 arboreal and 17 herbaceous and shrubby species. Of
this vegetation no species shows any exclusiveness; they differ only in fre-
quency and abundance, the trees ranking as follows: hemlock, cedar, white fir,
white pine, alpine fir, and western larch. The herbaceous and shrubby plants
in order of importance are: Clintonia uniflora, Vacciniwm wmacrophvilum,
Linnaea boreadlis longiflora, Viola sp., Pachistima wmyrsinites, and Arnica
cordifolia.

Human Influence and Fire

There has been no cutting on this area, and no evidence of recent fire
could be found on the area itself.

The point to be noted here is that the hemlock and cedar both increase in
importance, but the white pine is less important than on area 1 (fig. 4).

AReA 3. GENERAL CHARACTER

The only general difference between this area and the others is the ex-
treme sparseness of the lesser vegetation, and the almost complete absence of
white pine, except on one edge of the stand where a small brush-disposal fire
from an adjacent cutting temporarily escaped control and made a slight
opening.

The windfall on this area is somewhat heavier, and just two years ago the
last white pine snag fell, after having stood in a dead condition for many
years. The absolute lack of white pine except at the borders of the stand
and where the small fire occurred is noteworthy (fig. 1).
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AREA | AREA 2 AREA 3
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F16. 4. Phytographs for the principal tree species on the three areas. ILegend for
standard: A0 = Abundance percentage, each division of the scale indicating 20 per cent;
BO = Frequency percentage, each division of the scale indicating 20 per cent;
CO = Number of size-classes present, each division of the scale indicating one size-class;
DO = Basal area in square feet, each division of the scale indicating 60 sq. ft.
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The one-storied character is practically absent here due to the many-aged
character of the stand. The number of herbaceous and shrubby species is 7,
while there are only 5 trees. On the basis of frequency and abundance the
ranking is: hemlock, cedar, white fir, western larch, and finally white pine.
In the case of the subordinate vegetation the ranking is: Coptis occidentalis,
Linnaea borealis longiflora, Vagnera sessilifolia, Rosa sp., and Viola sp.

Human Influcnce and Fire

There has been no cutting on the area itself, but some of the timber im-
mediately surrounding the area has been felled. This, and the presence of a
county road along one side of the stand, alters the light, moisture, and tem-
perature relationships along the border. Where the small brush fire escaped
temporarily on one side of the stand, a few white pines have been able to
gain a foothold.

The phytographs show how the hemlock, cedar, and white fir increase in
importance, while the white pine is reduced almost to naught (fig. 4).

SUCCESSIONAL RELATIONS

Cooper (’13) in his studies on Isle Royale used as proof of the climax
condition of the forest: mesophytism, uniformity of development, formation
of such a forest from all successions, and maintenance of equilibrium within
the forest.

In attempting to apply these criteria to area 3, the cedar-hemlock-lowland
white fir association, we find that although the present studies supply no actual
data on this point, general observations elsewhere in the region show that this
association tends to be more mesophytic, or less xerophytic, than earlier suc-
cessional stages. Larsen (’30) classified this association as a mesophytic
transition forest; and he (’29) also pointed out that the cedar and hemlock
required moister conditions than associated sub-climax species. As to uni-
formity of development, the few places where this association can yet be ob-
served show the presence of the same tree species and lesser vegetation, bear-
ing the same relationship to each other. Although the scope of this study is
too limited to permit of the conclusion that all successions lead to this associa-
tion, we can say that examples of the ““ western white pine type ” observed al-
most always lead to such an association. This is confirmed by Larsen (°29)
and by Miller, et al. ('27) in their studies in other parts of this region. That
the stand is in equilibrium is shown by the prevalence of reproduction of the
climax species on area 3, and by the lack of reproduction of sub-climax spe-
cies. Studies of the individual species making up the association, by Miller,
et al. (’27), confirm this. The present study shows that only as a result of
certain disturbing influences are sub-climax species able to gain a foothold.

Whereas this case is not absolutely proved, there is definite evidence that
the western red cedar-western hemlock-lowland white fir association is the
climax forest.
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To examine the steps leading to this climax is the next objective. The
phytographs, as mentioned above, give a more or less complete picture of the
successional relationships of the three areas (fig. 4). Age counts and rank-
ing in abundance by size classes are significant in this respect.

This latter point is, perhaps, of greater significance. It is axiomatic, of
course, that to appear in the climax forest a species must be able to reproduce
and become established under itself and associated species. Unless a species
can do this, it can appear only in the earlier stages of the succession. From
this point of view, hemlock, cedar, and white fir may be expected to form the
climax stand; and for this reason, white pine must appear only in the earlier
stages, except where openings occur in the climax stand. For the same rea-
son western larch and Douglas fir are unable to play an active part in the
climax.

The evidence presented in the tables appears to point to the following suc-
cession: After some major disturbance, usually fire, and depending on the
severity of the catastrophe, the comparatively drought resistant western larch
and Douglas fir are the first tree invaders. White pine germination is usu-
ally abundant on burned seedbed conditions, so that this species is often a
first invader. Western red cedar and western hemlock may appear at this
point if the site has not been affected too severely or the burned area is not
too large in extent. Generally, however, the first association is white pine,
Douglas fir, and western larch.

As a result of abundant seed crop and the effect of these trees and sub-
ordinate vegetation on the soil, the pine and Douglas fir tend to become
dominant. As these species approach maturity and form a complete canopy,
the tolerant hemlock, cedar, and white fir are able to become well established.
As the site factors are changed, therefore, by the temporarily dominant larch,
and intolerant Douglas fir and white pine, these latter species are unable to
become established under their own canopy. The overmature veterans be-
come decadent and weak, too weak to withstand windthrow, insects, and
decay, and soon begin to drop out. On the other hand, the hemlock, cedar,
and white fir thrive, reach maturity, reproduce, and become established and
stabilized as the climax association. As stated earlier, the white pine un-
doubtedly will remain a factor, though an unimportant one, in the climax,
coming into openings resulting from windfall or other causes, if seed is
available.

To attempt to set down the exact number of vears required for each step
of the succession is practically impossible. The length of the successional
periods will vary with the site conditions involved. A rough approximation
of the length of time required before climax conditions are reached, under
Priest River conditions, would be about 300-350 years; white pine would
reach its peak at 120-180 years, dropping out over an interval of 40-80
years or more; and stahilization of the climax species in 40-60 years after
this. Tt must be borne in mind that this is only a rough approximation, based
on what is too meagre data.
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It would be of interest to confirm this by examinations of as many un-
touched “ white pine ” stands as possible (and there are not many left in this
region) before they are all cut or burned.

Of interest is the increase in hasal area, and consequently in volume, as
the succession progresses to the climax. Area 3 has the highest basal area.
Lutz (28, ’30) found similar results in New England and Pennsylvania.
This greater basal area may be attributed to a more complete utilization of
the soil and the air in the climax forest than is true in the earlier successional
stages.

SumMMARY AND CONCLUSIONS

On three virgin areas of so-called “ white pine type” in northern Idaho
at the Priest River Experiment Station, plots and quadrats were established
to study the arboreal, herbaceous, and shrubby vegetation. Soil wells were
dug, and increment borings taken on all three areas. The first two areas were
found to be in sub-climax stages, the third very near to climax.

From the data of size-class distribution, basal area, abundance and {fre-
quency percentage, were constructed phytographs for purposes of compari-
son. The evidence presented clearly shows that white pine plays a very
minor part in the climax forest. For the most part it appears in the early
stages of succession, giving way to the climax association of western red
cedar, western hemlock, and lowland white fir, shortly after passing maturity.

The climax stand is characterized by a marked sparseness of shrubby and
herbaceous vegetation. The most common species present are Arnica cordi-
folia, Berberis repens, Clintonia uniflora, Coptis occidentalis, Linnaea borealis
longiflora, Pachistima myrsinites, Rosa sp., Vaccinium macrophyllum, Vag-
nera sessilifolia, and Viola sp.

At the present time the high susceptibility of white pine to the white pine
blister rust, Cronartium ribicola Fischer, and to the mountain pine beetle,
Dendroctonous monticolae Hopk., might also be considered as a temporary
factor in accelerating the successional development towards the climax.

As a result of these successional relationships of western white pine, it
can readily be seen that there is a problem in developing a method of manag-
ing this type in such a way as to prevent the replacement of the highly valu-
able white pine by the less valuable climax species. The solution undoubtedly
lies in an early cutting age, as now recommended and practiced by the Forest
Service.
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