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Abstract:

This paper presents: (1) an inventory of the vegetation of the Spanish Peaks Area, Big Sky recreational
complex, and surrounding areas (Gallatin and Madison Counties, Montana) which may be used at later
dates to evaluate changes wrought by the complex, and (2) observations which -may help predict the
effects of man on the back-country forests.

A 92 square mile area was surveyed and a vegetation map of the area was constructed. A literature
review for each forest type was made. Lodgepole pine forest, Engelmann spruce-subalpine fir forest,
and whitebark pine forest types covered 68% of the study area.

To suggest the general applicability of the studies of human trampling described below, the vegetation
of the study area was compared with and showri to be representative of the Madison Range, a
south-central Montana mountain range.

The prime effects of humans on back country forests are thought to be trampling and fire. The effects
of trampling were studied in three forest types: (1) Pinus contorta Dougl. (lodgepole pine), (2) Picea
engelmanni (Parry) Engelm. - Abies lasiocarpa (Hook) Nutt. (Engelmann spruce-subalpine fir) , and
(3) Pinus albicaulis Engelm. (whitebark pine). Changes in vegetation quality were measured on
transects (total of 64 sites) which crossed level trails from trampled to undisturbed vegetation in each
forest type.

Plant species were found along trails which: (1) increased in frequency and/or cover with trail use at
trail edge, i.e., Erythronium grandiflorum Pursh (dogtooth violet), Hieracium gracile Hook, (slender
hawkweed); (2) decreased in frequency and/or cover under trail use, i.e., vaccinium scoparium Lieberg
(grouse whortleberry) ; (3) increased midway between the trail and the undisturbed forest, i.e., Fragaria
virginiana Duch. (Virginians strawberry); (4) were insensitive to trail use, i.e., Carex geyeri Boott (elk
sedge). Speculations were made on factors responsible for their distribution patterns.

The factors controlling trail wear appeared to be degree of rockiness, soil moisture, and soil texture.
Trails in whitebark pine forests were widest and trails in Engelmann spruce-subalpine fir forests were
deepest.

Field data was collected in June-September 1971.
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ABSTRACT

This paper presents: (1) an inventory of the vegetation of the
Spanish Peaks Area, Big Sky tecreational complex, and surrounding areas
(Gallatin and Madison Counties, Montana) which may be used at later
dates to evaluate changes wrought by the complex, and (2) observations

which may help predict the effects of man on the back-country forests.

A 92 square mile area was surveyed and a vegetation map of the
area was constructed. A literature review for each forest type was
made. Lodgepole pine forest, Engelmann spruce-subalpine fir forest,
and whitebark pine forest types covered 68% of the study area.

To suggest the general applicability of the studies of human
trampling described below, the vegetation of the study area was compared
with dnd shown to be representative of the Madison Range, a south-central
Montana mountain range.

The prime effects of humans on back.country forests are thought to
be trampling and fire. The effects of trampling were studied in three
forest types: (1) Pinus contorfa Dougl. (lodgepole pine), (2) Pdicea
engedmannt (Parry) Engelm. - Ables Lasiocarpa (Hook) Nutt. (Engelmann
spruce~subalpine fir), and (3) Pinus albicaulis Engelm. (whitebark pine).
Changes in vegetation quality were measured on transects (total of 64
sites) which crossed level trails from trampled to undisturbed vegeta-
tion in each forest type. :

Plant species were found along trails which: (1) increased in
frequency and/or cover with trail use at trail edge, i.e., Erythronium
ghandifLorum Pursh (dogtooth violet), Hieracium gracife Hook. (slender
hawkweed); (2) decreased in frequency and/or cover under trail use, i.e.,
Vaecinium scopaiium Lieberg (grouse whortleberry); (3) increased midway
between the trail and the undisturbed forest, i.e., Fragaiia virginiana
Duch. (Virginiana strawberry); (4) were insensitive to trail use, i.e.,
Canex geyerni Boott (elk sedge). Speculations were made on factors res-—
ponsible for their distribution patterns.

The factors controlling trail wear appeared to be degree of rocki-
ness, soil moisture, and soil texture. Trails in whitebark pine forests
were widest and trails in Engelmann spruce-subalpine fir forests. were
deepest. :

Field data was collected in June-September 1971,




INTRODUCTION

This paper presents information frbm~197l studies on the vegetation '
of.the Spanish Peaks Area (Madison Range, Gallatin and Madison Counties,
Montana) and discusses some effects of human trampling‘on these areas.

The Séanish Peaks Area lies in the noétheastern section of fhe
Madison Range. Recent development by Big Sky Inc. (a recreational
complex) covering approximatély 36 square miles [93.6 km?] of private
and public lands) adjacent to this areé has created public interest in '
the présent conditiqn of and councern for ﬁéssibleAfuture-effects on the
environment of this area. With recreational aevelopments increasing in
number, more trampling will occur in other natural roadless ''back country"
regreation areas than heretofore; studies.here should be useful in the
management of other areas.

The.vegeﬁational habitat types of the north central Rockies, with
the exception of Pinus albicaulis Engelmann (whitebark pine), are well
known and have been described in considerable detail (Daubenmire 1968,
Habeck 1967, Larson 1930, and Patten 1963. Though studies of the effects
of trampling have been carried out in other vegetation types, the effects
of trampling on trail-side vegetation in forests of the northern Rocky
Mountains is essentially unknown. Studies on the effects of human
trampling and automobile traffic on the high alpine tundra, and alpine
fellfields 6f Rocky Mouptain National Park, Colorada, have been conducted

(Willard and Marr 1970, 1971). Edwards (1967) observed the effects of
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foot trampling on the high alpine'zones in-western7Canada. Griggs
(i938, 1956) has studied fhg alpine fellfields in the high mountains
of Wyoming, Colorado, Washing;on and dregon. Habitaté and plant speéies
in all these above~timberline regions pfove to be similar to those of
the Madison Range and other alpine fundrés of the nérthefn Rockies.
Results from the effecté 6f‘fqot‘£rampliﬁg and compéétion on the
natural forest campground site are avaiiable from several studies
including Appel (1950), Cole (1964), Dotzenko (1967), Jemison (1967),
_LaPage (1962, 1964 1967), Lutz (1945), Magill, (1970), Settergren and
Cole (1970), and Wagar (1961, 1965, 1971). Some information on tramp-
ling of graésland habitats is also ;rovided by Bates (1935), Chappell
(1971), Davies (1936), and Reid (1941). ‘Because this study is repre-
sentatiye of a larger area, results will aid in future trail and cémp—
ground management in the northern Rockies. They show the effects of
érampling on trails within the forest understory in these areas. The
Spanish Peaks area is particularly well suited to a study of this sort
because: (1) major vegeiation types on the eastern side of the northern
~Rockies are represented; and (2) recreation use of the area includes
day hikers, back-packers, and horsemen, included within these groups
are picnickers, éightseers, photogréphers, fishermén and hunters

(Lucas 1972).
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Permanent marking of the trail sites studied will proYide a
baseline fér observation of the effects of increased trail use on
férest vegetation.
-The project Was.partially supported by National Science Foundation

Grant No. 29908X during the summer of 1971,
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DESCRIPTION OF STUDY AREA

LOCATIéN

| The Madisgn Range lies in southwesterq Montaﬁa just north of -
Yellowstone National Park (latitude 40° 20" N, longitude 111°.201 W).
It is approximately 55 miles (88.50 km) long and 20 miles (32,18 km)
. wide. The Madison River forms its north, séuth, and west boundaries
while the Gallatin River and U.S..Highwa§ 191 border the eastern edge.
Those areas studied in summer. 1971 include the northern half of the
Madison Range which bégiﬁé:at the middle and west fbrks of the Gallatin
River (Figs. 1 and 2).

Elevations vary from 5,500-feet (1676 m)‘in the broad Madison

and Gallatin Valley floors to 11,293 feet (3442 m) at the highest peak.

GEOLOGY .

éeologiéally, thg study area is a complex combination éf‘Pre—
Cambrian metamorphics, Cretaceous sediments and Recent volcanics. Pre-
Cambrian metamorphics make'a core of crystalline interlaminated gneiss,
schist, mérble, and qua;tzite, overlaid by Cretaceous sedimentary beds
(Ross et.al. 1955). The Spanish Peaks block was uplifted by a high
angle reverse fault during the La%amide orogeny 50 to 65 million yéars
ago (Hall 1960, Montagne 1971), 1l.szss resistant sedimentary beds of
sandstone, limestone, and shale have been eroded away by alpine glaciers

leaving a series of narrow ridges, steep slopes, and high open rocky
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Vegetation of the Spanish Peaks-Lone Mtn. Area
Gallatin County, Montana
by

Donn R. Dale
in cooperation with the U. S,
Forest Service and T Weaver,
Montana State University Botany Department

88

FIGURE 1

Vegetation map of the study area. White dots indicate location of
permanent trail sites sampled. Data and photographs referring to
each of these sample sites are deposited in the Montana State Univer-
sity Library at Bozeman, Montana.




Vegetation of the Spanish Peaks — Lone Mountain Area

Gallatin County, Montana

by Donn R. Dale in cooperation with the U.S. Forest Service and T. Weaver, Montana State University Botany Department
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Vegetation map of the study area.
permanent trail sites sampled.
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exposures with valleys of various widths and levels., Less resistant
materials accumulated in the basins and iﬁ the south pért of the study
area forming vast areas of glacial till and outwash (Olsen et.al.,
1971)" Occasional small areas of igneous extrusives are evident as

~

resistant outcrbps of granite, andesite, diorite, and gabbro.

SOILS

Terrain above 9,000 feet (2743 m) is composed of undeveloped rocky
soils with low moisture retention with whitebark pine as the predominant
forest type., The majority of soils below 9,000 feet within the study
area are Lobefg stony loams which develop over unconsolidated'glacial
till, or Rambler cobbly loams which develop on steep talus colluvigm
(Leeson, 1972). Typically forested, Loberg soils are well draiﬂed,
50 to 60 inches (127-152 cm) deep and.contain a thin duff layer with
a light gray to grayish brown loan over a thick brown clayey subsoil;
_coarse fragmenté increase from 35% in the upper profile to over 60% in
‘the substratum (Olsen et.al. 1971). -Ramb;er soils are less well
developed, excessively drained, 10 to 40 inches deep (25-102 cm), and
have a profile under_a thin mat of litter with a brown to very pale
brown cébbly surface layer over é structureless sandy loam substrate;

coarse fragments vary from 35% on tdp to 70% in the lower profile

(Leeson, 1972). The Ulery Lakes area is a landslide with a mantle of
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1oose.clay over Kootenai shale bedrock, Soils in this vicinity are
unstable, poorly drained, heavy wet clays with little horizon develop-

ment (Montagne, 1971).

.CLIﬁATE

The climate is cool. In 1971, Juné—September temperatures aver-
aged about 76°F k24°C) with a maximum of 89°F (32°C) and a minimum of
29°F (-2°C), while 1972 December-March temperatureé averaged 26°F (-3°C)
with a minimum of -24°F (-~31°C) and a maximum of 43°F (6°C). (M.S.U.
Weather Research Station, Big Sky Meadow Village (6,000 ft or 1829 m
‘elevation), 1971-~1972). Two-thirds of the 30 to 80 inches (76-203 cm)
of precipita;ion falls as snow (Weather .Bureau, 1971). Frost occurs
every month of the year and snow remains until July in the high areas,
normally returning by late September. During the summer of 1971,

several large snow drifts remained all year in the high mountain passes.




METHODS AND MATERTALS

MAPPING |

In 1971 a vegetation map of the'study area (Figs. 1 and 2) was
constructed from 92 square miles- (23,826 h) of land in proximity to the
West Fork of the Gallatin River, in;luding areas of the Big Sky Inc.
development, and the southerﬁ half of the Spanish Peaks Primitive Area.
Vegetational type delineation was made By field observations, U.S.
Forest Service Series EIO aerial photographs (1961-1962, scale 4 inches
per mile); Montana State Unive;sity Soils Department iﬁfra~red aerial
photographs (photographed 1970; scale 4 inches per mile); current U.S.
Forest Service Squaw Creek District‘range surveys and timber records

(1969-1971); and U.S. Forest Service timber type maps (1957-1959).

COMPARISON OF THE VEGETATION OF THE STUDY AREA TO THE VEGETATION OF
THE MADISON’RANGE |

‘To compare the vegetation of the mapped area with vegetation of -the
Madison Range, whitebark pine, subalpine fir, willow, meadows, and
barren areas, were grouped into the noncommercial forest category (NCF)
as were used by the U.S. Forest Sgrvice, and similar data were gathered
from U.S. Forest Service timber type maps (1957-1959)..

Both maps were sampled with a systematic dot grid to.obtain:
(15 a comparison of the field mapped area tp éhe Madison Range, (2)
a comparison of the field mapped area to the same area on thé Forest

Service timber type map, (3) relative percents of timber and nonforested
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lands, (4) occurrence of species on particular slopes, (5) differences
in timber populations on the east and west sides of the Madison Divide.

No attempt was made to correlate timber type to elevation.

EFFEé&S OF TRAMPLING ON FéREST UNDERSTORIES
Selection of Sites

Study plots were chosen in lodgepole pine (Pinus confornta Dougl.),
spruée—subalpine fir (Plecea enge@ﬂannL‘(Parry) Engelm., Abies Lasiocarpa
(Hook) Nutt), and whitebark pine (Pinus albicaulis Engelm.) forests
which account for 68% of the total area. Level areas (0-3% slope) were
chosen to eliminate the possible effects associated with changes in
slope. Elevations of sample sités began at 7100 feet (2164.m) in
lodgepole pine and progressed éhrough spruce~fir forests and thtebark
pine forests to 9100 feet (2774 m). Elevations were determined witgp
a pocket altimeter and the U.S. Geological Survey l15-minute Spanish
Peaks Quadrangle 40-feet contour interval map (1950).

Locations of the sample stations are indicated on the vegetation
map (Figs. 1 and 2) and are‘doeumented with photographs and distances
from permanent reference points as described in the following para-
graph, This information is kept at the Mor:iana State University
Library and titled "Photographs and Trail Data of the Madison Range,
Montana', D. Dale, 1971.

So sampling sites can be relocated for future study, each refer-

ence tree was permanently marked by placing a diamond (&) or trail
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biaze (E) on it (Fig. 3). Reference trees with diaﬁond blazes were
located outside of the proposed Spaniéh Peaks Wilderness boundary;
reference trees with standafd U.S, Forest Service trail blaze were
locafed within the proposed wilderness. A 2-inch squafe (5 cm?)
impfinted galvanized metai tag was attached to each reference tree.
The iﬁprinted tags‘of series 330 were n#mbered 1 through 69. -Each
trail sample site was photographed in‘two.directions: (1) along the
axis of travel with reference tree included, and (2) along the axes

of transect where samples were taken (Fig. 3). Measurements for loca~
tion of the plot sites from their referénce trees consist of: (1) an
azimuth and distance from reference tree to center of first frame, -and

(2) an azimuth of transect.

Sampling of Understory Vegetation

At each site, the trampled vegetation of the trail center was
compared with moderately trampled vegetation near the trail side and
untrodden vegetation farther from the trail. Sixty—four trail sifes
were studied: twénty—nine represent lodéepole pine forests, sixteen
in spruce~subalpine fir forests, and nineteen in whitebark piné
forests.

Herbaceous ﬁnderstory was measured by a modificatioﬁ of the
canopy coverage method (Déubenmire 1958). At each site a 2 x 5 dm
frame was set with long axis parallel to the trail, along a line at

right angle to the path, dt distances of 0 cm (trail center), trail
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FIGURE 3

Method of documentation and establishment of permanent reference trees.
Diamond blaze (illustration A) was us«d outside of proposed wilderness
boundary and standard U.S. Forest Service trail blaze (illustration B)
was used within. Sites were photographed: (1) along path of travel
and (2) perpendicular to pathway along axes of transect. Series 330

galvanized metal tags were placed on the backside (indicated by arrow
in illustration A) of each reference tree.
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edge, 50 cm, 120 cm, 240 cm, and 460 cm from the trail center (Fig. 4).

Within each 2 x 5 dm frame, all plant species were identified and
their canopy coverage classes were estimated and recorded. A representa-
tive sample of all plant species mentioned in this thesis was deposited
in the Montana State University herbarium. Identifications were veri-
fied by Dr. W. E. Booth of the Montana State University Botany and
Microbiology Department. Cover classes were determined by estimating
the percentage of the 2 x 5 dm frame area that would be included within
a delineation of the edge of the natural foliage. The cover classes
used were: (1) 0-5%, (2) 5-25%, (3) 25-50%, (4) 50-75%, and (5) 75-100%.
Cover classes of bare soil, forest litter, and rock were also recorded.
Sp.cies of herbaceous cover outside of plot frames were recorded and
are presented in Tables XI, XII, XIII and XIV in the appendix to provide
a more complete description of the habitat.

Percent cover and frequency for each species were computed for
each of the six frames along the gradient in each forest type. Dis-
tributions along the trail gradient were determined and plant species
with similar distribution patterns were arranged in groups which: (1)
show an increase in cover and/or frequency with trampling ("increasers",
Fig. 5); (2) show a decrease in frequency and/or cover percent with
trampling, ('decreasers'", Fig. 5); (3) approximate a "bell" curve

pattern with highest cover percent andor frequency percent in the
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/ Method of arrangement of 2 X 5 dm frames for trail samples on 64 level sites under

B lodgepole pine, spruce-fir and whitebark pine forests. OSpecies and percent coverage
Distances for sampling along transect were measured to

1

¥ / §f were recorded for each frame.
g the leading edge of each frame.
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center frames, ("increaser-decreaser-bell" curve, Fig. 6); and (4)

show no particular pattern with trampling in frames' 2-6 ('unchanging').

Sampling of Overstory Vegetation

“Nequy pure stands .of each forest type were selected for sampling
areas. Square feet of basél area per acre (m?/h) of the timber over-
story was determined b& taking a prism count (5 diopter 27.25 factor
prism) using the Bitterlich principle (Bruce et.al., 1962). Timber
stand basal area measurements were taken from the center of the fifth
frame (2.5 meters from trail center). Line of sight was measured at
4.5 feet (1.37 m) above ground level at the bole of each tree from
plot center.

Species of dominant timber reproduction under the foresf canopy
were ?ecorded. The ages of lodgepole pine, spruce fir and whitebark

pine stands were determined by counting annual rings within eight, six

and five sample sites respectively (Table X in the appendix).

Trail Wear

Width of trail wear and depth of trail wear were measured at each
site. Trail width was measured as the linear distance of bare soil
between the vegetation on both sides of the trail. Trail depth was
determined by placing a straight edge across the trail -and méasuring
the distaﬁce to the ground at the center point. Trail use was desig-

nated as: (1) "heavy'", in scenic areas with main access trails;
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"Increaser-Decreaser-Bell" Curve Species

5T lodgepole pine Geranium vAsCOB8458LMN o
overstory L. f /,\\\ o Frageria vinginiana =—-——-——-——-—
o "t gy Antennaria hacemosq +=—=t=——+—
4t / Y Spinaea betullfoliaseeseeeess
! / /3\ \ -~ Hieracium albiflorum —v—v—v
H Py / \ '\ %
e 3 // o LY
Y ; \ R
S , ;. 4 \ X
e ok = e From 29 sample sites
/ \ \
frame from trail center outward"
3T spruce-subalpine fir Pedicularnis bracteosd——
overstory Bromus marnginatus —-—-——-——
4l Senecto Duiangularis—+=——+=—:~=
e 3_,
-
¥ From 19 sample sites
!
14+ _o— _\K -
/ .\
- 1| T Al 4 ™ "+
1 2 3 4 ) 5

frame from trail center outward
FIGURE 6

Relative pattern of "bell" curve species in lodgepole pine overstory
and spruce-subalpine fir overstory. The whitebark pine forest type
did not have species with the patterns of occurrence shown above.
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(2) "medium", in areas with less scenic appeal or limited access; and
(3) "1light", in areas with established trails which are unmapped and

relatively unknown.




RESULTS
VEGETATION MAPPING
Vegetative types mapped and their aerial extents were: lodgepole

pine 29.2%, Engelmann spruce 2.1%, subalpine 1.1%, whitebark pine 29.2%,

Douglas fir 5.97, quaking aspen 0.3%, sagebrush 5.3%, willow 0.5%,

mountain meadows 4.2%, and barren rocky exposures 22.8%.

DESCRIPTION OF MAJOR VEGETATION TYPES MAPPED
Lodgepole Pine Fop?sts
Lodgepole pine trail sites were studied at elevations from 7100 ft
(2164 m) to upper limits of 7750 ft (2362 m). Mean elevation was 7557
£t (2303 m).
 Stands of lodgepole pine on sample sites wére nearly pure in com-
position; Small amounts of Engelmann spruce, subalpine fir, and.

Dourlas fir were occasionally seen.

Understory: Predominate plants in the lodgepole pine understory are
Vacci;ﬁwﬂ scopaium, Thalictrum venubosum, Awnica condifolia, and
Enythrionium ghandiflorum. Smaller numbers of Lupinus sericeus,
Hieracium ghacile, Achillea millefolium, and Viola onbiculatus were

alsc observed.

Reproduction: Young subalpine fir trees were established: 21 sites
had subalpine fir, 6 sites had mixed Engelmann spruce and subalpine

fir, and 2 sites had Engelmann spruce.
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Basal Area: Basal area averaged 201 ftz/acre (46 m2/h) with a maximum

of 354 ftz/acre (81 mz/h) and a minimum of 82 ft2/acre (19 m2/h).

Age: Annual ring counts from eight different sites indicated the stands

to average 180 years (range 35-200).

Engelmann Spruce-Subalpine Fir Forests
Engelmann spruce-subalpine fir trail sites were studied at eleva-

tions from 7500 £t (2286 m) to 9100 ft (2774 m) with a mean elevation

- of 7500 £t (2286 m).

The overstory in this type is an Engelmann spruce-subalpine fir
mixture. In most instances, the Engelmann spruce trees were of larger

size than the subalpine fir.

Understory: Erythronium grandiflorum, Vaceinium scoparium, and Awunica
Latifolia were the predominant understory plants. Smaller numbers of
Epilobium alpinum, Hieracium gracife, Pedicularnis bracteosa, Aquilegia
§lavescens, Ernigeron peregrninus, and Annica corndifolia were also

observed.
Reproduction: Only subalpine fir was observed in the 16 sites studied.

Basal Area: Basal area averaged 191 ft2/acre (44 m2/h) with a maximum

of 300 ftZ/gcre (69 mzlh) and a minimum of 55 ft2/acre (13 m2/h).
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Age: Annual ring counts from six different:stanas indicated that
Engelmann spruce averaged 200 yeérs (range 95-25.; and subalpine fir
averaged 150 years (range .35-180). )
Whitebar k Pine Forest Type

Level whitebark pine sites were studied at elevations from 8100 ft
(2468 m) to 9100 ft (2774 ms. Mean elevation was 8650 fp (2636 m).

Whitebark pine forest overstories were nearly pure with infrequent

occurrences of subalpine fir and Engelmann spruce.

Understory: Dominant understory plants were Vaccinium scopaiium with
small numbers of Awnieca Latifolia, Hienac.ium ghacile, and Erythronium

grandiLgLorum.

Reproduction: Dominant reproduction was whitebark pine. Nine sites
had whitebark pine, seven had subalpine fir, and three had Engelmann

spruce.

Basal Area: Basal area measurements averaged 179 ftz/acre (41 mz/h)
with a maximum of 300 ft2/acre (69 mz/h) and a minimum of 55 ftz/acre ,

(13 m%/h).

Age: Increment readings from five different stands averaged 180 yéars

(range 50-375),
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Remaining forest types mapped were not intensively studied and

are briefly discussed in the Discussion and Conclusion section.

COMPARISON OF THE VEGETATION OF THE SiUDY AREA TO THAT OF THE
MADIébN RANGE

In the‘Madison Range, Douglas fir and lodgepole pine appear to
have slightly lower amounts of areal coverage and noncommercial forest
types (NCF) have slightly higher  amounts of areal coverage than the

field mapped area (Table I).

‘EFFECT OF ASPECT ON FOREST VEGETATION OF THE MADISON RANGE

The effects of slope direction (aspect) on timber spé;;es were
recorded and are showﬁ in Table II and Figure 7. Douglas fir. forests
had highest occurrence on south and west facing slopes; lodgepole pine
favored north slopes; Engelmann spruce favored north&est slopes;

wvhitebark pine favored east, south and southwest slopes and nonforest

areas were equally distributed.

TRAIL EFFECT

Previous studies in campground areas indicate that trampling does
affect growth of overstory timber (Cole 1964; Jemison 1967; LaPage
1962, 1967; Meinecke 1929; and Wagar 1969, 1971). I attempted no

measurements of this effect.




TABLE I

Comparative Percentages of Forest Types and
Non-Forest Types on the Madison Range

Douglas Lodgepole Subalpine Spruce Rock NCFl Willow Sagebfush Aspen Meadows Lake
Fir Pine Fir L . (WBP)

1. Field Survey Map of Study

Area (1971) 5.9 39.2 2.1 '22.8 29.2 .3

2. USFS Mapping of Study Area 4.9 25.4 1.0 ° 25.7 42.4 .3

3. Madison East of Divide 9.6 42.5 A 2.1 25.3 20.1

4. Madison West of Divide 21.7 16.6 .5 7.1 24.2 25.8

5. Total Madison Range 12.3 - 36.7 N .3.3 25.0 22.3

...EZ.-

lFor adequate comparison with past Forest Service mapping methods, the noncommercial forest (NCF) was divided into subalpine
fir, willow, sagebrush, and meadows. Percent of those areas field mapped in 1971 in the study area (Fig. 1) are subalpine
fir 1.1%, willow .5%, sagebrush 5.3%, and meadows 4.2%. The remainder, after the above figures are subtracted from the
NCF columns, is the percentage for whitebark pine. ’

T
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TABLE IT .

Timber coverage (%) of various slopes:in the Madison Range. (Data
obtained from U.S. Forest Service timber type maps -~ 1957-1959)

"NW "N " NE " E " SE- S - SW W
Douglas fir ' . .
Z gl 8.4 6.0
% W2 22.8 28..
Z.Total 11.9 10.0 .

12.6 10.8 13.0 15.
25.0 23.3 21.3 22.
14.6 14.4 15.7 17.

O Ut

9
4.
8

~d
N
WO O~
N O
[NCR S

Lodgepole pine
Z E 51.2 47.
2 W : 20.3 23.
Z Total 43.6 43,

47.3 36.
25.6 10.
43.3  31.

47.1 22.2 33.5 41.

= oo w |
N O
=
o
o~
~
o
-
o
%]
Cco
(SN SN

41.4 17.8 28.6 32.

Subalpine fir .
% E .3 .5 0 1.7 0 .5
z W 0 0 1.3 O 2.1 1.2
% Total 2 . .5 .2 1.4 .3 .7

coo
oo o

Engelmann spruce
7% E 4
2 W 15.
% Total 7

N~ W
=

Nonforest
ZE ’ 18.6 27.
AW ‘ 21.1 26.
Z Total 19.2 .27,

NCF (WBP)3
Z E ' 17.1 15.
- AW 20.3 12.
% Total 17.9 15.

23.2
31.0
25.

25.7 22.5 27.6 30.7 29.
. 39.6 29.1 14.
25.7 21.3 29.4 30.2 24.

o N
N
(934
(o))
-
=)}
o

~ 0 O

o~

18.6 30.3 10.0 35.0 22.
14.1 68.0 20.8 34.9 43,
17.8 37.0 11.6 34.9 29.

19.
36.
24,

N U1 oo
N oUW
ISEICRCE

lE=East side of Madisoh Divide.
W=West side of Madison Divide.

3Noncommerc’ial forest (NCF) is a Forest Service timber type classifica-
tion which includes a majority of whitebark pine.
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FIGURE 7

The distribution of four major vegetation types on various slopes and
exposure directions on the Madison Range, Montana.
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Lodgepole Pine Foréét Trails

Generally the effects of trails on understory vegetétion were
obvious (Table III). Most plants were eliminated from the trail center.
Among, those persisting in the trail center (Frame 1) in low amounts
were: Erythronium g/LMcQMO/LLW, Thalictrum venulosun, and Spi/mea
betulifolia.

Plants exhibiting increased cover and/or frequency percent
("increasers') épproaching the trail center along the gradient were:
Enythrnonium grandifLorum, Lub&nuA seniceus, Hieraclum ghacile, Poa
p&aienéié, and Anica Latifolia (Table III).

Plants becoming less frequent ('‘decreasers") when épproaching
trail center along thé gradient were: Vaceinium scoparium, Thalictrum
venulosum, Py/wf,a secunda, and Ables Lasiocartpa seedlings.

Plants approximating the "inc;easer—decreaser—bell" curve pattern
along the gradient were: Geranium v.iscossissimum, Fragaria virginiana,
Antennaia hacemosa, Spiraea betwlifolia, and Hieracium albiglorum.

Plants apprarently little affected by -trails ("unchanging") were:
Vioka onbicubatis, Carex gegeri, Awnica condifobia, Astragalus alpind,
Osmonhiza chilensis, Asten engefmanni, Claytonia Lanceolata, Calamaghos-
is canadensis, and Achiflea Meﬁom.

Species presence, frequenéy, and cover within each frame for all
plénts diécussed above are listed-in Table III, These species which

provided insufficient data for interpretation of the effects of trails
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| TABLE III

Understory vegetation at various distances from trail center in lodgepole pine (FP{nus ccntonta)
forests. Percent frequency and percent ccver are derived from studies at 28 sites measured in
June, July and August 1971.

h . Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

Species List Trail Ctr. |Trail Edge | 5C cm 120 cn 240 cm 460 cm
: Freq. |[Cov. |Freq. Cov. Freq.| Cov. |Freq.|Cov. |Freq, |Cov, |Freq. Cov,

INCREASERS
Bare Ground 93.0 |48.0 43 6.3 25 7.4 18 231 33 2.8 7 +6
Hieracdwn gracile 4.0 ok 18 4 21 1.4 18 P (8 O 1 oy 14 A
Pea pratensis 7 <6 4 ol 4 sl
Anrdica Latifolda 7 3.2 7 342 7 oL T i
Erythronduwn grand< glorwn [11.0 wam 157 7.6 | 46 4.7 | 64 6.4] 61 5.1| 46 25
Lupinus serndceusd 25 4.9 | 14 D e U 3 ¢ 3.9l 11 Al 16
DECREASERS
Litter 93.0 [16.0 54 12.9 64 21.6 75 22.6| 54 21.91 54 20.9
Vacedindium sceparnium 36 8.6 | 43 22t 157 23.2°) 61 31.5| 46 22.2
Thatictrum venulosum 4.0 5 7 1.4 10 2,07} 18 3.8| 18 2.1| 18 4.7
Vaceindiun menbranacewn 4 i1 7 .6 7 6] 14 &6 |+-7 3.6
Pytcla secunda 7 o2 7 -2 4 1] 14 1.6} 11 152
Epilobiwn augustifoliwn 7 £2 7 S2301 1 3 [ S Lot .8
Ables Lasdiccanpa 14 o ] 25 2.8 | 14 .81 14 1.7]1'2% 1.8
INCREASER-DECREASER-BELL
Gerandum viscossissiomum | 4.0 1 'F11 1%2 14 1.3] 7 7 7 6
Frag@nia virginiana 18 3.3 Fi32 Ya? 32 3.8] 18 1.3]'2% 1.6
Antennarnia nhacemosa 11 % 18 2.1 . 1121 4,71 18 3.91 11 1.2
Spiraea betuldifolia 1o ) o 18 4.3 29 4.6 25 3.7 | 32 4.6) 21 2377
Hieraciun albiglonwr 4.0 ol 14 A 18 5 7 v2 1"25] 6513 3
UNCHANGING
Viole nuttalLid 4 -2 | 7 2910 4 ST 41
Vicla orbiculatus 4.0 o | 25 I 25 1.5 36 3 114 1125 2.0
Canex geyerd 36 6.0 39 11.2 43 9.2 | 46 12.11] 46 110
Atnica cordifolia 46 L 32 53 36 4.4 | 46 6.7]| 36 )
Astrnagalus alpina 7 .6 7 2 7 2T 41| A <l
Osmonhiza chilensis 11 CE 0 #3 7 2 L1 ol .6
Astern engelmannd 11 o7 14 1537 S 2.0
CLlaytonia Lanceclata 4.0 ¥ 4 il 4 1 4 5 |
Calamagrostis caradensdis 4 ol 4 S 4 % e Xl /1 &5
Achillea millefolium 4 A 4 1 4 2% G Sl 4 1

OTHER SPECIES PRESENT (Insufficient frequency for interpretation)

Agosenis glauca (1), Anaphalis mangaritaceae (1), Antennaria xcsea (2), Aquilegia §favcscens (1),
Anndca fulgens (1), Asten integnifclius (2), Berberis nepens (+), Bromus ancriiafus (2), Brevus
manginatus (1), Castilleja miuata (+), Carex podocarpa (3), Clematis cclumbiana (+), Crigercn
pereghinua (2), Erdicgonum wmbellatum (+), Galiwm beteale (+), Gewn mactephyllum (2), Hackelde
§lenibunda (1), Mertensdia oblengifclia (+), Picea engelmannd (1), Pedicufarnis tacemosa (3),
Pinus albicaulis (+), Potentilla gracifis (2), Sedum stenopetaluwr (2), Taraxdicum offdicirale (2),
Snilicina kacemcsa (+)

{2 Parenthesis indicate number of occurrences.
+ Plants observed near sample frames, but not within plot.
[ ] Brackets indicate a zone of high frequency and/or cover along gradient sample.
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are listed at the bottom of Table III. Spécies recorded adjacent to

plots studied are 1isfed in Table VII in the appéndix.

Enge%pann Spruce~Subalpine Fif Fprest.Trails

Understory vegetation wiéhin trail pathways under spruce-fir
forests approached 100% removal (Table IV). Plants persisting in the
trail center (Frame 1) in low amounts were: Arnica corndifolia.and -
Arnica Latifolia.

Plants apparently favored by‘trgil—side sites ("increasers',
'_ Frame 2) were: Enythronium grandiflonrum, Epilobium alpinum, Hieracium
g/wcejuee,' Poa pratensis, and Trifolium parryd.

Plants becoming progressively less frequent as trail center is
approached ("decreasers') were: Vaccedinium scopawrium, Annica cordifolia,
Thatictrum venulosum, Pyrola secunda, and Ables Lasiocarpa seedlings.

Plants most significant in the center of the gradient ("inéreaser-
‘decrea‘ser—bell") were: Pedicularnis bracteosa, Bromws marginatus, and
Senecio triangularis. J

Plants apparently not affected by trails along the gradient in
Frames 2~6 ("unchangingﬁ) were: Anpica Latifolia, Erigeron peregiinus,
Senecio serra, Carex geyerd, and; Osmorhiza chilensis.

Supporting data for the statements above as well as records of
infrequent plants of the spruce-fir type appear-in Table IV. Species
reéﬁrded adjacent to plots studied are listed‘in Table XIT in the

appendix.
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TABLE IV

Understory vegetation at various distances from trail center in spruce-subalpine fir (P{cea

engedmannd - Ables Lasdiccarpa) forests.

from studies at 16 sites measured in June, July and August 1971.

Percent frequency and percent cover data are derived

$pacies List’ Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Frame 6

X 3t Trail Ctr.|Trail Edge |50 cm 120 cm 240 cm 460 cm
Freq.| Cov.|Freq.| Cov.|Freq.| Cov. |Freq.| Cov. |Freq.| Cov. | Freq.| Cov.

INCREASERS

Bare Ground 94 77: 31 50 23:91 31 15.21 19 (o 6.3 6 3.9

trythrondun grandiflenwn 56 Qi X1y 75 7521 69 6.2| 63 3.9.1°50 1.9

Epilobium alpinun 19 &2l 13 3.3(,19 1.34 19 P ! .3

Hieracium gracile 31 3. 81425 2.8 44 25 1]+ 23 .6 19 1.3

Poa pratensds 25 +61-13 <3113 s

Thifelium parryi 6 2.3 .6 o2 }i 28 216 e

DECREASERS .

Litter 56 8.1 50 22:0] ‘15 33.3] 94 31.9| 94 35:9 88 34.5

Vacednium sccpariwn 25 4,41 2 .6 25 5.8t 31 10,5 4" 31 9.8

Atnica conddfelia 6 2 19 22125 .6 19 4.41 19 4.2 19 3.4

Aquilegia 4Lavescens 13 ey e A 5.5 6 3.9

Pyrela secunda 13 1.1 [+%3 <3ulind3 3

Ables Lasdiccanpa 6 2.3] 44 750 |09 6.6

INCREASER-DECREASER-BELL

Pediculanis bractecsa 13 +3J1 25 2.8 50 5.0| 44 1.9 19 3.4

Thalictrum venul osum 13 341103 2. 5232 5.9| 19 2:0 25 1.4

Senecdo triangularis 13 12 [31 4.50 6 2.3

Bromus marginatus 13 +3] 43 1.1]°13 S| 6 .9 6 <9

UNCHANG ING

Rock 13 o3 6 1.1 6 9 6 «91.19 4.2 6 2.3

Aunica Latifolia 6 .4 56 114§ 50 155 63 20.5| 50 8.0 63 15.0

Erndigencn peregrinus 13 1.9] 19 Y3113 i B R 1.1 [+13 1591

Senecio senra 6 2914 .6 9| 6 9] 6 9

Carnex geyers 25 3.0} 31 1.6 19 ) 25 1.4 6 0]

Osmornhiza chilensis 6 9| 6 9] 6 2 6 o2

OTHER SPECIES PRESENT (Insufficient frequency for interpretation)
Agesenis glauca (1), Antennardia alpina (2), Aster cceddentalis (3), Aster cngedmannd (+), Bremus
anomalus (3), Campanwla retundifobia (+), Castilleja miniata (3), Claytonia Lanceolata (3),
Epilobium augustifolium (2), Festuca idahoensis (+), Fragarnia virgindana (1), Geun mactophullwn (2),
Pediculanis cysteptenidifclia (1), Polygenuwn bistontodides (2), Petentilla diversifelia (1),
Ranuncuius achiformis (2), Ranunculud eschscheltzid (2), Sedum stenopetalum (1), Sibbaldia

procumbens (+)

)

Parenthesis indicate number of occurrences.

+ Plants observed near sample frames, but not within plot.

5,

Brackets indicate a zone of high frequency and/or cover along gradient sample.
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Whitebark Pine Forest Trails
| Undérstory vegefation at the center of the trail (Frame 1) was
elimin;£ed except for minute amounts of Erythronium grandiflosrum,
Hieracium gracile, Carex podocarpa, Lupinus Aejz/ééeu/.s, and Vaccin,éum. '
scopasium (Table V). '

Plants exhibiting increased covér and/or frequency percent near
the trail's edge were: Erythronium grandiglonum, Hieracdium gracile,
Sibbakdia p/wcw'nbenzs, Carex podocaﬂpd, Lupinus sernficeus, Arnica Lati-
golia, and Enigeron peregiinusd. ' |

Plants of the undiséurbed forest floor (Frame 6) which were absent
at the trail's edge ("decreasers")'were: Vaceinium scoparium,
Phytlodoce @*npwaéoltmu;, and Abies ZM;(:OCCUL}OGL seedlings.

Plant species approximating the "increaser-decreaser-bell" curve
pattern were not found in this f;rest type.

‘Plant species apparently not affected by trails‘("unchanging")‘
were: Carex geyerl, Agosernis glauca, Carex xerantica, Poa alpina,
Juncus parryd, C@u&@eja rhexifolia, and Potentilla diversifolia.

bata on whitebark pine understory composition appears in Table V.

Other plant speéies recorded adjacent to plots studied are listed in

Table XIII in the appendix.
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TABLE

v

Understory vegetation at various distances from trail center in whitebark pine (P{nus albicaulis)

Forests. Percent frequency and percent cover data are derived from studies at 19 sites measured
in June, July and August 1971.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 Trame 6
Species List Trail Ctr. | Trail Edge| 50 cm 120 cm 240 cm 460 cm

Freq. Cov. | FreqJ Cov. | Freq.| Cov. | Freq.| Cov. | Freq. Cov. | Freq.] Cov.
INCREASERS
Bare Ground 100 | 68.7 79 19.1 631 23.21] 21 Y.2 16 2.9 5 o2
Erythnonium grandd§Lorum 5 sdal 053 g8} 74 |10.11 58 3.4 53 3.3 753 4.5
Hieracium gracile 5 1|26 2.0 37 1,60 1122 1.2 21 S P 4] It B +3
Sibbaldia procunbens 16 b 5 .1 5 .8
Carex podocarpa 5 sit. 21 2.4( 16 s kL 5 8 5 .8
Lupinus sendiceus 9 o ¢ 16 el 11 2,1 16 WA
Arnica Latifolia 37 457153 831 74 6.7 63 6. 7§53 1.4
Enigenon peregrinusd 11 2.1 11 2.8 5 2.0 5 el
DECREASERS
Litter 84 14.2 84 26,71 89 23.2| 95 28.2 79 | 25.5) 68 1820,.3
Vacedlniwn scepariwn 53 11156 74 18,071 89 [ . 42,611 195 1:56.2] B% ]256.7
Phyllodoce empetrd formis 5 al 5 i 1.6 5 i o8
Abies Lasdocanpa 5 ol 5 81011 4.7
UNCHANGING
Rock . 5 «3] 2% 8. 11 3.4 16 2.9 11 «3 5 o1
Carex geyerd 5 .8 L3 .1 5 o1
Agosenis glauca 5 .8 5 o 5 S | 5 w1
Canex xerantica 5 ! 5 o1 5 o1 5 % | o o1
Poa alpina 5 o1 5 ol 5 .8

OTHER SPECIES PRESENT (Insufficient frequency for interpretation)
Achillea millefolium (+), Antennaria alpina (+), Antennaria Lanata (+), Antennaria rosea (1),
Anica condifolia (+), Castilleja nhexifolia (2), CLaytonia Lanceolata (+), Epilobium alpinum (1),
Fragania virginiana (+), Geum nossid (+), Juncus balticus (1), Juncus parryi (2), Pedicularis
bracteosa (1), Pedicularis cystopteridifolia (1), Pinus albicaulis (1), Poa secunda (+),

Potentilla diversifelia (2), Sedum stenopetalum (+), Trifclium haydenid (+), TrifolLium paryd (+)

6.9

Parenthesis indicate number of occurrences.
+ Plants observed near sample frames, but not within plot.




-32-
TRAiL WEAR
Lodgepole Pine Forest Trails

In heavily used sites, depths averaged 3.1 cm. Corresponding mean
average depth for moderately used areas was higher at 4.8 cm while
lightly‘used sites had a mean'average depth 6f 1.6 cm,

Trail widths in heavily used sites averaged 96 cm and moderately
used sites had a mean average width of 64.2 ecm, Lightly used sites

showed a higher mean average trail width of 66.7 cm.

Engelmann Spruce—Sugalpine Fir Forest Trails

On heavily usedtsites the mean average'ﬁepfh of wear was 5.5 cm,
Moderate mean averagé‘depth of wear was 4.2 cm, Corresponding mean
average depth for lightly used trgils in this type were not éufficiently
sampled. |

Mean average trail width for heavily used sites was 92 cm and
moderately used sites averaged 86 cm. Lightly used trails in thié
type were not sufficiently sampled for average trail width detérmina-

tion.

Whitebark Pine Forest Trails
Average depth of trail wear is higher on the moderately used sites
(4.2 cm) than on the heavily used ones (3.3 em). Lightly used trails

had a mean average depth of wear of 2.5 cm.
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Mean width of trail wear was highest (111.7 em) of all forest
types studied for heavily used trails; The moderate averages of wear
for trail width were lower than sprucé—fir types (75 cm) énd higher

than "lodgepole pine types (68 cm) .

TRAIL WEAR SUMMARY
Mean and standard deviations for depth and width of trail wear
in each forest type studied are itemized in Table VI and graphically

shown in Figure 8.
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TABLE VI

Variations in width and depth of trails with vegetation type using
three subjective measures of use. (June, July and August 1971)

Trail Width Trail Depth
Mean Standard Dev. Mean Standard Dev.
' (em) (cm) (cm) (cm)
Lodgepole Pine ,
Heavy use 96.0 39.3 3.1 1.9
Medium use 64,2 22.5 . 4.8 2.0
Light use 66.7 20.3 1.6 1.0
Spruce~Subalpine Fir
" Heavy use 92.0 36.5 5.5 2.4
Medium use - 86.0 " 52.4 4.2 2.4
Light use. 150,0 ' Iy
Whitebark Pine
Heavy use i 111.7 32.5 3.3 .5
Medium use 71.0 27.9 4.2 2.3
Light use 56.9 13.4 2.5 1.3

Linsufficient data for adequate interpretation.
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FIGURE 8
Mean and standard deviation for width and depth on trail under
three forest types in the Spanish Peaks for three subjective

levels of use. Use levels are light, medium and heavy.

1Insufficient data for adequate interpretation.
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DISCUSSION AND CONCLUSIONS
MAPPED AREA
In 1971 the Madison Range was found to have a complex mixture of
barfen rocky exposures, coniferous forests, quaking aspeﬁ, alpine and
subélpine meadows, sagebrush, and willow. These cover types are'dis—
cussed in the following paragraphs. The entire range is dotted with
lakes and channeled by sﬁreamsAwhich flow into the Gallatin and Madison

Rivers.

Description of Mapped Area
Lodgepole Pine Forest: Nearly pure stands of Pinus confornta Dougl.
dominate the study area. They occupied'approximately 39.27% of the
total land area.mappedvand were found at elevations between 5000 ft
(1520 m) up to 7750 ft (2362 m). Patten (1963) aﬁd Montagné (1971)
observed that lodgepole pine favored landslides and earthflows on
the more level areas and there appears to be a similar occurrence on
the study area.

Lodgepole pine is a fire dependent subclimax forest type (Clements
1910, Mason 1915, and Tackle 1959) which servés as an intermediate to
some succeeding species. In all sites studied,.subalpine fir repro-
duction dominated the understory (Fig. 9); lodgepole pine occupies the

Ables Lasiocarpa - Vaceinium scoparium habitat type. (Daubenmire 1968)
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FIGURE 9

Typical lodgepole pine stand with subalpine fir under-
story reproduction. Note the diamond blazed reference
tree on right edge of trail.
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Annual ring counts from eight aiffe;ent sites and old fire scars,
show that a fire swept through much of the studf.afea to create 142
year old even-aged stands. The 1830 fire is also mentioned by Patten
(1963).

Mason (1915) observed that lodgepole pine in the Rockies was the
fastest growing conifer in ‘its range and was ciosely associated with
Douglas fir,at‘the lower elevations,.and with spruce and subalpine fir
in the higher elevations. Mason (1915) also determined that mature-

2 of basal area/acre

lodgepole pine forests at 140 years averaged 195 ft
(45 mz/ﬁ). Similar figures (200 ft2/acre, 46 mz/h) were recorded in
the study area (Table X in the‘appeﬁdix). At maturity, lodgepole pine

susceptibility to insect infestation increases due to its larger

diameter and increased phloem size (Roe and Amman 1970).

Spruce—Subaipine Fir Fores£

Alexander (1958), Habeck (1967)? LeBarron and Jemison (1953),
and Stahelin (1943) recognized spruce-subalpine fir forests of the
northern ﬁocky Moﬁntains‘as a high elevation climax association,
Daubenmire (1968) labels these forests Abies Lasiocanpa - Vaceinium
scoparium habitat types.

Picea engelmanni (Parry) Engelm, and Abies Lasiocarpa (Hook) Nutt.
were usually found in close association except in areas near timberline.

In most cases, subalpine fir trees greatly outnumbered the interspersed
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Engelmann spruce aithough the latter were geﬁerally larger. 'Approxi—
mately 1.1% of the study area was mapped as subalpine fir forest. |

Subalpine fir Qas observed from SOQO ft (1520 m) to 10,500 ft
(3206 m), and was most sampled at a mean elevation of 8100 ft (2468 m).
It often occurred in pufe stands above the raﬁge of whitebark pine and
assumed a dwarfed shrub-like "Krummholz'" at elevations above 9500 ft
(2896 m).

_On eight sites examined, annual ring counts of subalpine fir
indicated a mixture of age classes whiéh averaged 150.years.

Though it is climax, Clements (1910), Mason (1915), Tackle (1959),
and others,. including the author, ﬁave observed tha; after fires climax
spruce-subalpine fir éorésts are often replaced by subclimax-lodgepole
pine forests. In all spruce-fir sites examined, only subalpine fir
trees were observed to reproduce in the understory which suggests an
eventual elimination of Engelmann spruce.

Spruce stands'ﬁith relatively few subalpine firé covered approxi-
mately 2.1% of the study area. There were very few trails found in
tﬁese areas and reasonably so: Engelmann spruce occupies moist soils
in cold valley bottoms adjacent to streams and bogs which are poor
areas for trail 1oca£ion.

In the mapped.area Engelmann spruce was commonly associated with’
subalpine'fir up to elevations neaf 9100 ft (2774 m). It was not

seen in the upper "krummholz" regions. As in Patten's (1963) studies
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in nearby areas, Engelmann spruce pbpulations were observed to sharply
decline above the 7500 ft (2286 m) level. Possibly its inability to -
gndure severe ﬁoisture and temperature extremes, as discussed by.
LeBarron and Jemison (1953), would account for its limitation at
higher elevations in these areas.

Most Engelmann spruce trees on the areas studied were larger and
older than adjacent subalpine fir. -Incfement readings'from six dif-
ferent sites within the study area iﬁdicate existing stands to vary
in average age from,95—200'years with the oldest'tree being 320 years

old.

Whitebark Pine Férest

In the study area, groves of Pinus albicaulis Engelm. were found
nearly everywhere at elevations of 8100 ft (2468 m) to 9500 ft (2896 m)
at timberline. It occupied the second largest forest‘mapping unit

(29.2%) and was found on rocky exposures and with gravelly.soils.

This study, in agreement with those of Sudworth (1908), Kirkwood (1922),

Habeck (1967), and Harlow and Harrar (1955) shows that whitebark pine
commonly occurs in pure stands.

Limber pine (Pinus flexilus James) is neafly indistinguishable
from whitebark pine except in cone characters, but at these elevations
there was.little chance of confusing the two tree species. Cones were
used . for positive identification of pines; very few limber pine trees

were detected above elevations of 6500 ft'(l981 m). Those that were
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observed never occurred in émounts sufficient to warrant mapping.
Patten (1963) likewise observed thaf whitebark pine occurred at
elevations above the range of limber pine. .

Little study has been made in whitebark pine forests. -‘Daubenmire
(1968) considers whitebark pine to share a climax status with subalpine
fir., The whitebark pine sites studied had an essentially pure overstory,
but nearly equal amounts of whitebark pine and subalpine fir reproduc-
tion were found in the understory, Wﬁich suggesté a.trend toward
Daubenmire's (1968) findings.

A mean basal area of 179 ft2/acre (41 m2/h) was lower than those
found in other forest types stﬁdied. Finzer (1971) reported that
whitebark pine stands on Wheeler Ridge iﬁ the adjacent Gallatin Range
had an average basal area of 193 ft2/acre (44 ﬁzlh). |

Annual ring counts from these trees show them to be slow-growing,
mostl& even-aged forests, Typical stand ages sampled were found to

be 180-200 years and growth averaged 50 rings per inch.

Douglas Fir

Interior Douglas fir (Pseudotsuga menziesii var, gﬂauad (Beissn)
"France), forests occupy the third largest amount of timbered area
within the Madison Range. Approximatel& 5.9%4 of the study érea was

Douglas fir forest,




—42—.

They we?e observed to grow.in pure sténdé on sunny; dry rocky
exposures from the valley floor up to the 7500 ft (2286 m) level,
Patten (1963) found fhat‘Douglas fir favored west facing steep roéky
slopes of limestone bedrock. .

Some lower elevation areas of iodgepole pine forest are believed
to be climax Douglaé fir sites wﬁich weré occupied following fire
(Mason 1915). |

Buell (1958) describes Douglas fir as'a low elevation shade
intolerant open grown.climax:type,of the Rocky Mountains. Douglas
fir is commonly seen with Juniperous scopulorum Sarg., Pinus fLexilus
James, and Antemisia tridentata Nut;., at lower elevations than those
studied here, and with P{nus confo/tfa Dougl. at its upper extremes.

Patten (1963) observed that in the Madison Range the most common
understory plants found in this forest t&pe were lVaccindium membranaceun
Dougl., Paqhﬂ;ﬂ'ma myrsinites (Pursh) ﬁaf «s Ribes cesreum Dougl.,

Prunus vinginiana L., Amelanchier wen,éﬂow Nutt., Physocarpus
malvaceows (Greene) Kuntze, Acen gﬂ@bﬁum Torr., Berberis nepens Lindl.,
and a considerable mixture of grasses. Stands of this type were not

sampled in this study.

Aspen
Populivs trhemulodides var. awrea (Michx.) occupies 0.3%Z of the
study area. It occurs in small groves near rocky volcanic outcrops

and on glacial till hillsides. Contrary to Patten's (1963) findings,
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it appears to be limited to lower elevations and was not observed
beyond the 8000 ft (2430 m) level., Reed (1971) describes aspen com-
munities aé fire subcliméx cqmmunities of low elevations. As a result
of p3st fires, aspen has established itself in small wet areas while
lodgepole pine has invaded most areas. |

Reed (1971) and Strothman énd_Zasada (1957) observed that aspen.
stands, once established, occur in cionés which reproduce by root
suckering. Rockiness most likely prevents greater underground repro-
duction and limits enlargement of the aspen groves.

Aspen groves are soil enrichers, (Strothman and Zasada 1957).
They Were.observed to support a riéh.understory of grasses and herbs
such as Poa pratensis L., Festuea idahoensis Elmer, Melica bulbosa
Geyer., Koelenia cristata (L.) Pers., Canex spp., Rosa woodsii Lindl.,
Geranium ux')sco»ux'/sulmdm Fisch & Mey., Potentilla gracilis Dougl.,
Lupinus seiceus Pursh, Berberis repens Lindl., Amelanchier alnifolia

Nutt., and SmiLacina hracemosa (L.) Desf. (Patten 1963, Reed 1971).

Sagebrush

Antemisia tridentata Nutt. is the predominant species in all
areas mapped as sagebrush, compfising 5.3% of the study area and
occupying a variety of level flats and slopes at lower elevations.
fhere seems to be a great occurrence of sagebrush communities on the
m&fe level glacial till soils, Contrary.té Patten (1963), sagebrush

was not seen above elevations of 7500 ft (2286 m).
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Patten (1969) felt tﬁat some of these .communities, which are
presently invaded by lodgepole ﬁine, were in a subclimax state.

In many cases, Festuca idahoenéi@ Elmer., occurs in high amounts
in these areas. Patten (1963) also found Antemisdia cana Nutt. to occur
in subordinate amounts up to 8%. Patten (1969) described the commonly
found grasses and forbs in these areas to be Agropyron spicatum (Pursh)
Scribn. and Smith, Koelferla ‘criistata (L.) Pers., Stipa spp., Taraxacum
officinale Weber, Agoseris glauca (Pursh) D. Dietr., Enlogonum
unbeflatum Torr., Geum talflorum Pursh, Anfennarin hosea (Eat.) Greene,
~Genanium viscossi8simum Fisch. & Mey., Potentilla gracilis Dougl. and
Cerastium arvense L. Pofentilla 6n&iic0Aa L. was observed in low level
areas of high moisture content.

Willow

Willowé occupy approximately 0.52 of the recéntly mapped areas
and were found at all elevationms in swamps, bogs, wet meadows, lake-
shores, and streamsides.

Dorn (1970) identified 15 different species of willow which exist
in the various moist habitats of Fhe Madison Range. Three of the most
commonly found (Stevens 1967) arehsaﬂix dummondiana Barratt, Salix
mynitillifolia Anderss., and Salix geyeri Anderss. Patten (1968) found

Salix Lutea Nutt. most frequently at the lower elevations of Gallatin

Canyon.
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At higher elevations, 7500-9500 ft (2286-2896 m) pure willow
thickets with little herbaceous undercover were observed., In willow
bottoms at lower elevations, Patten (1968) found herbs such as
Achillea millefolium L. , Thalictrum sparsifLorum Turcz., Smilicina
racemosa (L.) Desf.l, F)Ldga/uéa virginiana Duch., and Potentillia

fruticosa L.

Alpine and Subalpine Meadows

Open meadows cover approximately 4.2% of the study area; They
‘are found at 211 elevations with maﬁy grasses and forbs occurring
in each opening; Patten (1963) found over fo_species of grasses and
forbs in a-single meadow south of the study é?ea at the 8000 ft level.

Some species identified in meadows adjacent to the three forest
types studied are found ip Table XIV in the appendix.

The flora varies with elevation. Larson (1930) feported that
mountain meadow planf species have a wider range of tolerance to

temperature and moisture extremes than do forest understory plants.

Barren and Rocky Exposures

Barren qnd rocky areas comprise 22.8% of the land within the
study area., They begin at elevations of 5000 £t (1520 m) and range
up to 11,500 fr (3505 m). Included‘are steep cliffs, slides, scree
slopes, and open rocky exposures. The majority of the rocky areas

are above timberline; in these are such alpine species as Sedum
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stenopetalum Pursh, Silene acaulis L., Sibbaldia piocumbens L., Carex
spp.s Salix arctica Pall., Enitiichim nanum (Vill.) Schrad., Me&tenééd
alpina (Torr.) G. Don., Geum n0s44iL (R.Br.) Ser., and high alpine
grasses (Griggs 1956, Habeck 1967, Marr 1970, and Willard i971). Trees
at the upper elevations include whitebark piné and subalpine fir on
the majority of slopes, and aspen, juniper, and limber pine at the
lower elevations. Soils in-thesé areas are dry, rocky, undeveloped

‘pioneer soils such as the Highland Association (Southard 1969).

COMPARISON OF VEGETATION OF THE STUDY AREA WITH THAT OF THE WHOLE
MADISON RANGE _
Mapped Area vs. Madison Range

Comparison of percentages from Table I for each type in line 1
with'each type in line 5 indicates that the vegetation within the -

study area is typical of the entire Madison Range.

East/West Comparison of Madison Rangé

Figdres from Table I in lines 3 and 4 suggest that slightly
greater areas are covered by.lodgepolé pine east of the Madison divide
than west of it, and by more Dougias fir, Engelmann spruce, and white-
bark pine west of the Madison'divide than east of it, Areas covered

by rock and subalpine fir are nearly equally distributed.
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Effects of Aspect

Figure 7 presents the effects of.éspectlon‘ﬁajor forest types.

Douglas fir was most prevalent on south, southeast, southwest,
and west slopes (Table II),\ This is contrary to Patten's (1963)
repbrt of Douglas fir on eaest facing slqﬁes\

Lodgepole pine was most preValenf on north, northwest, northeast
and southeast facing slopes with nearly:equal coverage for each of
these areas. South facing slopes had ;he smallest amount of lodgepole
bine cover. It is speculated that climax Douglas fir forests remain
in sparse open'grown stands almost.exclﬁsively on the south slopes.
This-is thought to be so because fi?es are common iﬁ north slopes
but not in séuth slopés where firés cannot travel. The nortﬁ slopes
burn often because they support greater densities of both understory
and overstory vegetation which provide an adequate continuous fuel
supply which often bﬁrns off completely and provides a means by which
fire dependent lodgepole pine is able to readily reoccupy these sites.

Subalpine fir was not mapped accurately in Forest Service Type
Mappiﬁg and therefore data ig insufficient for adequate interpretation.

Engelmann spruce favored the northern slopes where moisture con-
tents were higher. The author found greatest occurrence oﬁ the
nortﬁwest facing slopes while Patten (1969) found Engelmann spruce

to favor the northeastern slopes.
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Whitebark pine appeared in highest amounts on east and soﬁth
facing slopes and appears to avoid the southeast, north, northeast,
and northwest slopes; |

Nonforested rocky exposures ingludé cliffs, scrée slides, and
barren alpine areas. Percent coﬁerége on all aépects was ﬁearly equal.
The mapped study has a high pfopértion (0.5%) of lakes as compared to.

the entire Madison Range.

TRAIL EFFECT

Review of Literature

Understory Vegetation: Effects on vegetatidn from trampling along
trails in forests in the Rocky Mountains has been previously unstudied,
Meinecke (1929) studied trail use in the coastal redwood forests of
California. Edwards (1967) worked With trails in coastal British
Columbia, Canada. Westhoff (1967) discussed trampling effect on
trails in Holland. Burden and Randerson (1972), Ryle (1967),IDavies

(1936), and Bates (1935) studied the nature of changes to trails from

trampling in England.

Forest Overstory: The effects of foot traffic and soil compaction on
the adjacent forest overstory as wéll as the understory vegetation
in camp and picnic sites have been studied in several areas. Wagar

(1971, 1965) noted the effects on spruce, Douglas fir, subalpine fir,
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and aspen stands iﬁ northern Utah., Jemison (1967) observed trampling
effects on Engelmann spruce and subalpiné fir in the northern Rockies
of Canada. Cole (1964) conducted studies in black ocak stands in the
Missquri Ozarks. LaPage K1962 and 1967) studied éffects of trampling
over a three year perioé on eastern white pine, red pine, spruce, and
hemlock in three state parks of New Hampshire, Appel (1950) observed
the trampling effect.in camp and picnic sités in New Jersey. Magill
(1970) investigated the trgmpliné effect on recreation sites Within
pondercosa pine, jeffrey pine, and.white fir stands in California.

And, Meinecke (1929) studied the trampling effgct on coastal redwoods

in California. With'thé exception of Magill (1970), in all cases it *%K-
was found that heaﬁy.soil compaction from recreational use reduced '
inérement growth and in some cases (Cole 1964) creaFed crown diﬁpack

of éverstory trees. Compaction often reduced or killed roots of over-
story trees (Appel 1950, Cole 1964, Meinecke 1929). Some inhibitory

effects on trees adjacent to trails is possible but was not studied.

Ecology of the Trailside Gradient

In the following paragraphs, I introduce the idea that forest
understory vegetation changes as.one approaches a trail and review
information available on factors which may be responsible for these
changes. .Vegetation changes will be discugsed in detail in a later

section.
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?;ant Zonation: A complex gradient of éhvironmental conditions extepds
from the trail into the adjacent foresg. Along it, different plant
species repeatedly assumed specific positions. Bates (1935), Burden
and Randersoﬁ (1972), and Davies (1936) recognized that footpaths
coﬁtained a distinctive ﬁlant sequence due to the various changes in
habitat brought about in the establishment and continued use of
footpaths. They observed a gradient‘of “"zones" where variations in.
'soil compaction, soil ﬁgisture, an& light'inténsity correlated‘with
distinctively different vegetaion types_pgqgressiqg frbﬁ the center
of the pathway into:adjacent qnaisturﬂed afeééw Waring (19é45"observed.
thatt- "Although few if any species respond identically to a given
intensity of an environmental factor, ﬁlants may still be gréuped in
"relation to the locationof their ecological optima along various
effective environmental gradients'". 1In'all three forest types studied,
a siﬁilar trail plant "zonation" was observed: the trail center was |
denuded and in the adjoining vegetation specific plants repeatedly

assumed certain positions along the gradient.

. < fh
Soil Compaction:: Westhoff (1967) observed in Holland that 'when ,(4?
situated in more or less natural or seminatu?al areas‘such‘as woodland
h heaths, moorlands, and dry pastures, sudhgtracks present a type of

diversified gradient--a gradient from being ébnstantly trodden to

being rarely or mever trodden. This corresponds with a gradieﬁt of
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depreasing soil compaction. Many plants are ecologically specialized
or present their optimuﬁ.in thls special gradient type'. Bates (1935) .
determined that soil compaction within the pathway created greater Zﬁf//
soll bulk densities in the top 5 cm layer, and below this depth soil
conditions were comparablé to areas at similar depths in the adjacent
" untrodden areas. In pampsite and picnic areas, Cole's (1964) studies
indicated similar effécté down to 8 cm and LaPage (1967, 1962) observed
subsufface compaction ddwn to 15 cm, ‘Apparently, in all trails éhe _ ////
variation in compaction depth is correléfed at least with differences &
in trampling intensity, soil moistu?e, content, and soil texture

(Bates 1935, Burden and Randerson 1972, Davies 1936, and Willard and

Marr 1971).

Soil Moisture; Moisture can bé regarded as one of several factors
responsible for the existence of a particular trail g;adient structure.
Generally, a soil moisture gradiént exists with high moistﬁré contents
near the trail center and gradually declining moisture contents at
greater distances from the frail. Vegetation varies along the gradiént
into the'foreét according to the individual reauirements of each plant.
It is well known that plant communities change along a moisture

gradient, Bates (1935) and Davies (1936), for example, obéerved that
footpaths inhgelatively dry sites exhibited a different flora than

nearby moister trail habitats. Bates (1935) and Waring (1964) found .
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that the greatest number of plants diq not necessarily occur where
higheét moisture was present.

-Some reasons why. the traill is a moister habitat than £he sur-
r0undé are presented below. The surface eof the trail is pressed down
to a lower level than the surrounds and gravitation supplies greater
quantities of water to ‘these areas. Burden and Randerson (1972)
determined that compéction within pathways created proportionately
"wetter" solls due to reduced air fiiled pore space. Lutz (1945)
determined‘that s0il coméaction in picnié areas redﬁced pore volume,
air space, and increased soil field caﬁacity. The shading of adjacent
overstory timber reduces solar exposure, soil temperature, and conse-
quent surfaée evaporation. The understory vegetation and thick needle
duff layers on the forest floor often retain greater quantities of
Wateﬁ at the surface which are subject to evaporation for longer periods
of time. Cole (1964)‘determiﬁed that recharge of soil moistgre was
greater in undisturbed areas, but overall moisture losses were greater
due to evapotranspiration by plants’and litter. 1In a pathway habitat,
there is no aerial intércep;ion of precipitat%fn or plants to transpire
moisture. The "mat layer" is rem&ved agd fregggcéess of water is
possible. |

The factors which might make a trail site relatively dry are:
presented below. Daubenmire (1968), Lane and McComb (1948), Rowe (1955),

and Waring (1964), determined that grassland types and low herb communi-
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ties depleted soil moisture content at g faster rate than forested
areas
Bates (1935) and Waring .(1964) ﬁoted that when high clay content
is present, 'puddling" often occurs and prohibits the infiltration of
water., The result is an impenetraﬁle surface with high amounts of -
runoff and evaporati&n rendering.the soii drier than its surrdunds.

Trails studied were not on clay-rich soils.

Light Intensity: From various studies, it appears that though light
&oes not singly control the oécurrenbe of plants along the trail
gradient, there is a strong correlation betﬁeen light intensity and
levels of plant response.

Where a_trail'pathway passes through a forest, a thoroughfare
is usually established and the shading effect is partially removed.
Right-of-way clearing along these trails is often done in initial
trail comstruction and illumination near the path becomes greater
than in its surrounds. Gatherum (1961) determined that 100 percent
removal of the overstory with uniform removal of two-thirds of the
understory in a black oak stand increased available light to the
ground by approximately 33 percent. . Jemison (1967), ﬁagill(l970),
and Wagar (1971), discovered that partial removal of the overstory
crown within campgrounds stimulated growth‘and recovery of understory

vegetation.
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In many cases, the maiﬁ pathway will receive partial shading
from the overshadow of adjacent timber on one side and maximum
illumination Wi}l occur on the opposite side at some distance frpm
the trail center. In this study it w;s obvious that light intensities
were greatest within 1.2'm to 2.4 m from the trail center.

Comparison of Tables I, II, and III indicates the gradient effect
expressed by plant f?equencies and cover values is greatest in spruce-
fir forests; this may be due to the iight factor. Clements (1910)
determined that spruce-fir forests restrict sunlight more than any
other forest habitat in the Rocky Mountains. Waring (1964) determined
that several plants were spécifically adapted to certain levels of
light intensity. For example, he found.that Bromws molLis had
. optimum occurrence at 100% illumination while EfLymus glaucus had its
optimum in partially shaded openings of 55% of total sunlight. Bates
(1935) observed that Taifolium repens occurred only in areas where
considerable sunlight was present. Jemison (1967), Magill (1970),
and Wagar (1971, 1970) found that opening of the forest canopy to a

certain level stimulated undergrowth and increased species diversity.

Soil Nutrition: The soil substratum is nearly identical at all points
along the cross-trail gradient and it would appear that plant nutri-
tion does.not account for vegetation changes (Burden and Randerson

1972). Local fertilization can occur where droppings and urine are
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left by animals; but this appears to be .at a low level in the study
area and its'éffect was probably not detectable, Wagar (1971) found
that fertilization of understory plants under coniferous forests
prod&ced almost no differences in overali herbage yields. There was,
in some cases, a greatér accgmulation of soil ofganic matter from
decayed litter on thé surrounds than'in the pathway, but this was not
always tﬁe case, In many instances high amounts of litter were found
in the trail as weil as in the adjacént areas; Bates (1935) found
slightly lower pH values in areas of heavy accumulation along trails,

but these were not significant.

GENERAL DESCRIPTION OF THE VEGETATION GRADIENT
Trail Center o

A few plants persisted in low amounts within the extreme trampling
of trail center (Frame 1), Figure 4. They are apparently adapted to
trampling. Although no attempts were made to determine how various
plants are or are not adapted to trampling, speculations are presented
in the following paragrgphs.

Plants found in heavily compacted areas (Frame 1) were often
observed to be dwarfed. Bates (1935) also observed dwarfing of Pba

pratensis and Trifolium repens along footpaths in England.
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Increasers

Bates (1935), Burden and Rénderson (1972), and Davies (1936)
recognized that trailsides deyelop thgir own unique flora which is
distinctly different from thé surrounds. Burden and Randerson (1972)
attributed the change with the plant species' ability to survive
under trampling pressures and termed them as trail "indicator" speéie;.
The author observed the same patterns qf persistence: along forested
trails within the étudy area, certain plants were observed to con-
sistently favor sections adjacent to the pathway. Such plants
.(increasers) had highest frequency and/or cover values in distﬁrbed
areas of the trail (Frames 2 and 3):and successively lower values in
the undisturbed forest (Frames 5 and 6). This concept is graphically
illustrated in Figure 6 and photographed in Figure 10.

Enythronium ghandiflorum and Hieracium ghacile ty'picaliy were
common in with high frequency and/or cover percent in all three forest
tfpes and assumed the "increaser" distribution pattern.

Apparently the success of Erythronium grandiflosum is due to its
ability to avoid the harsh conditioﬁs of the trail habitat: it
produces flowers and fruits soon after snow melts and before trampling
begins. It survives the trampling season as hard, black, durable seeds

and large storage bulbs 20 cm to 30 cm deep.
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FIGURE 10

Both photographs show Erythronium grandiglorum as the dominant plant
species in areas where heavy camping use recently occurred. Vaccinium
scoparium (under the timbered areas) was removed in both of the tramp-
led sites. The top photograph is a "tent pad site' under lodgepole
pine forest, and the lower photograph is a commercial outfitter's camp
in a whitebark pine forest near Lower Spanish Lake.
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Hieracium ghacile was consistently observed to have highest
numbers in open bare épots wheré neighﬁoring competitién was lqw.
The tfailside zone'provides such a habitat. Field examination
revealed a large tap root which may store moisture and enable it to
witﬁstand periods of droﬁght. It is also a prolific fruit producer.
Unlike Erythionium gnandiﬁéonum, this plant completes its 1ife‘cycle
in late summer. . An explanation of its har&iness is not possible;

it should be investigated further.

Decreasers

Field data indicated thaf some plant species, adapted to undis-
turbed f§rest understory conditions, were eliminated by the. effect
of trails or adjacent openings.  Their frequency and/or cover values
decreased as one moved .from the undisturbed forest (Framé 6, Figure 4)
into the area of use near trail centerwt Plant species‘which consis-
tently assumed this pattern along the gradient were termed "decreasers".
Vaceinium scoparium and Abies Lasiocarpa seedlings were decreasers
commonly found in all three forest types studied.

Vaceinium scoparium was the_dominant understory shrub species
in all of the sites studied; it assumed’that position after fires and
maintains itself under climax conditions (Daubenmire 1968 and Habeck
1967). Vdcciniumvécopanlum was intolerant.tOftrampling in all forest
types studied (Figure 5),‘perhaps because of%its brittle stems and

foliage which rapidly breaks down under foot and horse traffic (Fig. 10).
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Abies ZaALocaﬁpa seedlings favored the untrampled shaded habitat
of the forest with highest number occurring in Frame 6 (460 cm from
trail.center). .

Obviously, physical pounding and wear from trampling are the Zﬁgzj%/
strongest and most direct method of eliminating vegetation. Burden
and Randerson (1972) support this concept in their statement that:
"It was found that certain species occurred more frequently in the
trampled zones, indicatingAa Folerance to high levels of pressure.
In the untrampled areas, however, these species appear to be at a
competitive disadvantage and are overgrown by the trampling sensitive

species of the untrodden community."

Increaser-Decreaser—-Bell ) ' ,
' 1
Initial establishment and/or\construction of the trail creatgsffzz?/
an opening where sunlight and moisture conditions are altered. As
previously mentioned, maximum light intensities were found not in the
undisturbed forest.but along the main pathway. Certain plant species
favored trail edge conditions in a pattern which approximated a near
"bell" curve (Figure 6). Apparently trampling effects control their
occurrence adjacent to the trail.(Frames 1 and 2)'while low soil
moisture content and heavy shéding reduce theilr success on the
undisturbed forest'floor. Their optimum is expressed most often

in the midrange of the sample in Frames 3 and 4 (50 to 120 cm from

trail center). Plants assuming this pattern along the gradient were

W
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termed "increaser-decreaser-bell' species. Burden and Randerson (1972).
found that certain plants were stimulated by low amounts of trampling

pressure; this may enter into the habitat conditions which create the

"bell® pattern.

Unchanging

Some plant species had a wide range of tolerance to the gradient
of conditions at the trail side. These piants were esseﬁtially constant
in occurrence at allllevels; they were termed "unchanging".

Carex geyed as;umed the "unchanging" pattern along the trail
gradients in all foregt types studied; it apparently regisfs both
trampling and shading; ‘Larsen (1929) considered Canex‘gegeniito'be a

subclimax understory species following fires. Bates (1935) suggested

that plants with underground perennating buds, subsurface rhizomes; and

folded or flat leaves were most resiétant to trampling. Magill (1970)
also found certain Cafex species resistant to trampling. In his study
of campground site deterioration in California, Carex species increased
twofold iﬁ one site and threefold in another, while other species
rapidly declined. Ca&ex geyeri hés the ability to resist trémpling as
mentioned above and also has a "shade tolerance" which permits it to
grow in the forest interior; if these were not the case, Carex geyeri
would be an increaser like Poa pratensis (gates 1935, Burden and Rand-

erson 1972, and Davies 1936).
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Other Species Present

Several plants of the areé were not observed in the sample
frames or were present in 10W‘amount$ within the sampled gradient.
Many.of these appeared to be "accidental" species which were more
frequent in their optimum habitats at higher or lower elevations or
within adjacent meadows, For example, some species bresent in low
amounts in the lédgepole pine fqrest appeared with higher frequency
in the spruce-subalpine fir forest and provided enough data for
Interpretation. Certaln plant species found in low amounts within
" the spruce~subalpine fir forest re-occurred in sufficient amounts
within the whitebark pine forest to provide enough data for inter~
pretation. In addition, some plants found in the sample gradient
were observed to have greatest populations in nearby neadows while
others were, found exclusively in very 16w amounts in one specific

forest type.

Forest Litter

Forest litter assumed the decreaser pattern alonggthé trail
gradient with fairly constant values in Frames 3, 4, 5, and 6 and
rapidly declined in Frames 1 and 2 at all sites within the three
forest types studied. Cover values showed this best: 1little was
present on trailé, more was present in forests., Among forests,
litter was least in lodgepole pine, greater in whitebark pine, and

greatest in spruce-subalpine fir,
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Bare Ground

Barren afeas closely followed the increaser pattern with lots
of bare ground on trails and relatively little in untrampled forests
(48% in lodgepole pine, 68% in whitebark pine, and 77% in spruce-

subalpine fir).

Rock
Exposed rock remained relatively constant along the entire grad-
ient sample. Bare rock was most extensive in whitebark pine forests

and less plentiful in subalpine fir forests .and lodgepole pine forests.

DETAILED DESCRIPTIONS "OF THE VEGETATION GRADIENT IN FACH FOREST TYPE
Data for the following discussion appears in Tables III,. IV, and

V, pages 27, 29, and 3l.

Lodgepole Pine Trails

Trail Center: The main pathways were essentially dénuded except for
minor amounts of Erythronium grandifforum, Thalictrum venulosum, Viola
ornbiewlatus, Claytonia Lanceolata, Geranium viscossissimum, Spiraed
betubifobia, Hieracium akbiffonum, and fiieracium gracile. These species
appear to persist for several reasons: (1) delicate-leaved forbs such
as Enythronium grandifLorum, Thalictum venulosum, Viola oribeulatus,
and ClayZonia Lanceolata were seen to complete their life cycles quickly
after snow melt, thus-avoiding the trampling effect, further they

perennate by subsurface stems; (2) Spiraea betulifofia is a shrubby
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plant with thick woody rhizoﬁes which are capable of withstanding con-
siderable trampling pressure and undefgoes lateral bud proliferation -
when the terminal bud is damaged; (3) Geranium viscossissimum,
Hienatcium albiflorum, and Hi@nacium'gnaaiﬁe had greater frequencies

in forest openings with gfeater sunlight., Westhoff (1967) mentioned

a preference for high sunlight intensit§ in certain species of

Geranium in Holland.

Increasers: Plants having increased frequency and/or cover next to
the trail edge were Erythrionium ghandifLorums Hieracium ghandifLorums
Arnica Kaii{oﬂia, Poa pratensiss and Lupinus sericeus.

The ecologic requirements of Enythnon{um ghondiglorum were dis-
cussed above. In this forest type, it exhibits the increaser pattern
quite effectively. For example, along the edge of the trail (Frame 2),
Enythronium grandifforum had a cover percent of 7.6 and a frequency of
57 percent which declined to 2.9 cover percent and 46 freqﬁency percent
in the undisturbed section at 460 cm from the trail center at Frame 6
(Table III).

Hiernacium ghandiflorum and Arnica [aiiﬂozka were observed to occur
specifically within the forest environment where patches of sunlight
and open ground were found. They were found in highest numbers in

trail openings with considerable sunlight (Frame 2).
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Poa pratensis (Bates 1936, Burden and Randerson 1972, and Davies
1935) is particularly well adapted to trampling because: (1) it has
natural seeding ability as well as aﬁ extensive undergrouﬁd root system
withnumerous rhizomes capable of vegetative reproduction; (2) it has
short, flat leaves with low suscepﬁibility to ﬁechanical damage; and
(3) the peremnating buds (growing points) ;re underground, thus pro
tected from trampling damage. Bétes (1935) and Davies (1936) found
that disturbed and compacted trailsides were often dominated (30 to
60% cover) by stands of Poa pratensis. Wagar (1970) also recognized
the trampling resistant properties of Poa pratfensis and used it for
reseeding heavily trampled campsiteé in northern Utah.

Lupinus sericeus is often called lodgepole 1upine due to.its
common occurrence in light areas such as trailsides in lodgepole pine
stands. It-played this. role in a variety of habitats. For example,
Lupinué Aeﬂiagué plants were observed in great numbers in meadows at
low elevations while at higher elevations their greatest frequency
occurred within the partially shéded forest floor of lodgepole pine
and whitebark pine forests. Occurrence in whitebark pine stands was

much less than in lodgepole pine.

Decreasers: Those plants which favored the undisturbed, untrodden
section of the gradient were Vaceinium scoparium, Vaccinium membranq-

cedm, Epilobium angustifolium, Pyrofa secunda, and Ables Lasiocarpa.
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Vacaindium scopaiiuni, the principal climax understory shrub, gave
the best example of the decreaser pattern, Along the trail edge
(Frame 2), frequency was 36 percent and.average cover was 8.6 perceﬁt.
These values increased gradually to a frequency of 46 percenf and an
average éovér value‘of 22.2% as the undisturbed and more shadeq section
of the gradient was approached (Ffame 6). Vaccinium membranaceum
appeared to have habitat requirements similar to Vaecinium seopaiiium
but appeared in smaller amounts. |

EplLobium anguéiiﬁaﬂium is frequently seen along roadsides and is
called "fireweed" due to its ability to invade disturbed soils result-
ing from fires (Craiéhead, C;aighead and Davies 1963). It is a weak
decreaser on trailsides; it does noﬁ, tﬂen, increase with all types.of
disturbance.

Abies Lasiocarpa seedlings exemplified intolerance to trampliﬁg
and/or sunlight by showing a high increase from 14 percent frequenc&,
0.36 percent average cover along the trailside (Frame 2) to 21 percent
frequency, l:8 average cover at thé ahaded undisturbed part of the.
gradient. |

Pyrola secunda was seen to éoﬁsistently'favor the moist shaded
areas of lodgepole pine and spruce-fir forests. Larsen (1929) main-
tained that Pyrofa spp. occurs in the dense forests where climax

understory conditions exist.
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Increaser—Decrease?—Bell: Those plants having highest values in the
midrange along the gradient were Geranium viscossissimum, Fragaria
vinginiana, Antennaria hacemosa, Spiraea betulifofia, and Hieracium
albifLorum.

Geranlum viscossissimum and F&agaﬂia vinginiana were frequently
observed in nearby meadows. They apparently require high levels of
. sunlight and can withstand low levels of trampling.

Antennaria racemosa, Spiraea betubifofia and Hieracium albiflorum
were similarly distributed along the gradient. They were seen priﬁarily
in small sunny openings within the forest habitat, suggesting that they

too require considerable light but cannot tolerate trampling.

Uncﬁanging: Plant species having a Wide tolerance to many coﬁditions
with no significant differences in occurrence along the sample gradient
were: Vioka nuttalliis Viofa onbiculatis, Claytonia Zanceoﬁaia, Carex
geyerdl, Anica cordifolias Osmorhiza chilensis, Astrhagalus alpinds
Astern engelmanni, Calamaghostis canadensis, and Achillea millefolium.
Such plants are seemingly hardy or have specific adaptations which
enable them to survive in a variety of conditions.

Vioka nuttallils VioLa onbiculatis, and Claytonia ﬂanéeozaia,
like Enythronium grandigfLorum, complete their life cycle early in the

spring season before adverse trampling or moisture stress begin,
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Carex geyeids as previously mentioned:, is resistant to trampling
and appears to be resistant to other stress conditions under the

forest overstory.

Other Species Present: Some plénts that were sampled in low amounts
had higher occurrence.in other forest types.

Aquilegia Mavu{cem énd BromiLs marginatus occurred in signifi-
~cant amounts in the Englemann spruce-subalpine fir trail samples ana
Agosernis glavca and Enigeron penegﬁinué were in sufficient amount for
- trail gradient analysis within the whitebark pine type.

Sedum stenopetalum remained in low amounts in all areas studied
and was observed in the dry valley bo;toms (5000 ft, 1524 m) and in
thealpine meadows (10,500 ft, 3200 m). Daubenmire (1941) found that
Sedum stenopetalun had a deep fibrous root éysfem and thick fleshy
water storaée leave; whicﬁ enabled it to survive in open rocky dry

sites.

Engelmann Spruce-Subalpine Fir Traills.

Climax spruce-fir forest appeared to have the highest amount of
shading of any forest type within the study area (Clements 1910).
This high degree of shading created a set of envirommental conditions
that were somewhat different from adjacent lodgepole pine and
whitebark.pine forests. For example, Clements (1910) determined that

mature spruce~-fir forests admitted an average of two to four percent
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of full sunlight while lodgepole pine stands admitted seven to eight
percent. Forthis reason, the hébitat change was more extreme along'

the trail gradient than in other forest types studied.

Traii.Center: The méin pathways.were esséntially bare with minor
persisting amounts of A&nicd condifolia and Anica ﬂaiQKOZLa. Both
plants were seen to be extfemely-prolific and by nature 6f their
occurrence suggest a high degree of tolerance to differences in light,

temperature, and moizture stress.

Increasers: Those plants with highest occqrrénce at the trail edge
were Enythronium g/Land/é.MO/Lwn,' EpiLobium alpinums Hieracium graciles
. Poa pratensis, and Tifolium parngis | |

Enythrnonium ghandiflorum exhibited a strong increaser pattern in
all three forest types, with an average cover percent of 1.9 at Frame
6 graduated up to 9.1 average cover in Frame 2 in this forest type.

Epilobium alpinum was found to have a sharp decline at Frames 5
and 6. it was rarely observed in the lodgepole pine or whitebark
fine sites. Epilobium alpinum is a low succulent plant whiéh appearé
to favor moist shaded areas that are denuded or disturbed by trampling
or erosion. It was also seen to invade heavily used high alpine
campsites.

Hiendcéum gnacLZQ also exhibits a vefy,strong increaser effect

with low amounts within Frames 5 and 6.
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Poa pratensis acts in the same manner in both spruce-fir and
lodgepole pine sites. It increases near the trail's edge at Frames

2, 3, and 4, and completely disappears at Frames 5 and 6. Bates

(1935), Burden and Randerson (1972), and Davies (1936) observed that

Poa pratensdis appeared in an identical pattern in England.

Thiﬁaﬂium paiyl is a native mountain glover (Béoth 1958) which
appeared to favor trailsides in the spruce-fir forest (Table II).
Bates (1935) thought certain Tia{folium species favored trails for
two reasons: (1) -they are ciosely linked to a light stimulus, and
(2) they have deep tough prostrate rhizomes which exhibit a resistance
to trampling. Daubenmire (1941) examined Tniﬁofium paknyi and found
similar root characte?istics. Bates (1935) and ﬁavies (1936) found
Thiﬁoﬁium &epeﬁé to strongly favor the edge of trodden paths. In
the étudy area, Talfolium patriyi beéame'less important in the uppef
whitebark forests and was not seen within those lodgepole pine forests

studied.

Decreasers: Those plants which favored the undisturbed climax forest
conditions under spruce-fir fores;s were Vacelnium scopaiiums Anica
cordifolias Thalictrum venulosum, Aquj,@egid flavescens, Pyrola secundas
and Abies Lasiocarpd.

Vaccinium Acopanium, the principal climax uﬁderstory shrub,
(Daubenmire 1968, Habeck 1967) indicated the strongest decreaser

pattern in this type. Along the trail's edge (Frame 2), average
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frequency was 25 percent and average cover was 4.4 percent. These
vélues increased gradually to an average frequency of 31 percent and
an average cover value of 9.8 percent as the undisturbed section.of
the gradient was approached (Frame 6).

Anica corndifolia and Thalictrum venulosum were also observed to
strongly favor the undisturbed forest habitat. Their exact require-—
ments for their positioning along the gfadient are unknown.

Aquilegia {lavescens may be linked to a light relationship more
than other factors. It wés also seen in large amounts along the
opening of meadows and less shaded sections within small forest
openings. |

Pyrola secunda and Abies Zaéiocanﬁa appeared in Fraﬁes 4, 5, and
6, and occurred in a similar pattern within the lodgepole pine forest

trails.

Increaser-Decreaser-Bell: Those plants which assumed thev"bell" curve
pattern of occurrence were Pedicularis bracteosa, Bromus marginatus,
and Senecio Irlangularis. \

Pedicularis bracteosd was never seen in lodgepole pine forests,
and was rarely seen in whitebark pine forests. It appearéd'fo-favor
those areas with good moisture availability in small sunlit openings.

Bromus marginatus is commonly‘foﬁnd in- open meadows, It evidently

is more adapted to meadows within high light exposure but is poorly

adapted to trampling.
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Habeck (1967) classified Senec&o.iﬁianguﬂaaié as a wet meadow

plant, suggesting-its light requiremeht. Its decline near trails

points to trampling intolerance. In this study it was more frequently

found in sunny openings along trails within spruce-fir forests,

Unchanging: Even with the dense Shade'in this forest type, some
plants continued to show no particdlar sensitiviéy to the sharp
changes along the gradient. They were Awnica Latifolia, Erigeron
peregiinus, Senecio serra, Carex geyerd, and Osmoshiza chilensds,
Anica Ratifolia and Ernigeron peregiinus appear inall forest
types studied and occur as increasers in whitebark pine forests.
They may be encouraged by great amounts of sunlight and disturbed
soils. |
Senecio senia was also seen in higher amounts in openings with
high. sunlight intensity along creeks and fringé areas of meadows.
Carex geyerd and Osmorhiza chilensdis occur in an identical
pattern along the gradient samplé within the lodgepole pine and
spruce~-fir forests. They are apparently insensitive to extreme

differences in their environment.

Other Species Present: Plants sampled in low amounts are listed in
Table II, Most are more important in .other nearby habitats,
Agosernis glauca and Sibbaldia procumbens had high densities at

high elevations in the whitebark pine forest while Astfer engeﬁmannis
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Eplloblum augustifolium and Fragariia virginiana had high occurrence
in the lower elevatibns within the lodgepole pine types. Species
such as Antennariia aﬂpinq,yFeAiuaa Ldahoensis, Campanula rotundifolia,
Polygonum bistortodides and Potentilla diversifolia were seen in greater
amounts in néarby meadon.

The remaining species listed possibly occur in low amounts within
the spruce-~fir forest exclusively. Their requirements and frequency

is indeterminable from the data available.

Whitebark Pine Traiis
From a comparisqn of basal area measurements (Tables VII, VIII,

~and IX) and field obéervatiopsg-it was obvious that whitebark pine

stands on the most part were the ﬁost open of the forest typés~

studied. The trees rarely exceed 60 ft (18 m) in height and have

branches of heavy girth with a sparse crown. The tree grows in a

very open-branched condition. This accounts fbr the more oben and

less shaded condition of the forest floor. Consequently, the gradient

from shaded to open areas is less than for other types studied.

Trail Center: The ﬁain'pathwayé'were essentially denuded except for
minor pérsisting amounts of Ernythronium grandiflLorum, Hieracelum

gracile, Carex podocarpa, and Lupinus sericeus, The habits and re-
quirementé of the above wére discussed in the previous two sections

and they act similarly in this type. -




~73~
Iﬁcreaéers: Plants with greatest occurrence near the trail were:
Enythronium ghandiglorum, Hieracium gracile, Sibbaldia procumbens,
Cane{,podacanpa, Lupinus Aehiceua, Anndlea Ratifolia, and Erigeron
“peregiinus. |

Erythronium grandiglorum, Hieaaaiuh ghacdlle, Lupinus sericeus,
and Anpica Latifolia within this type aré indigenous forest under-
story species which appear to increase in number with frail openings
and soil disturbance as was observed in the iodgepole pine and
spruce~-fir types, and already discussed.

In some instances, pianté from open tundra and fellfields
encroach into the openings and trailsides of adjacent forest habitats.
The trail openings approach an open high alpine meadow-like environ-
ment and species such as Sibbaldia procumbens and Ernigeron peregiinus
appear. Cox (1933) and Marr and Willard (19705 found certain fell-
field areas in the 11,000 ft (3353 m) level to be dominated by
Sibbaldia procumbens. In Colorado, Marr (1970) determined the
Erdigenon peregiinus was the most prolific plant along trailéides

in the tundra at 11,500 ft (3509_m).

Decreasers: The understory vegetation in whitebark pine stands was
nearly pure Vacceinium scopaium. Daubenmire (1968) briefly discussed
this forest type and classified it as a P{nus albicaulis - Vaccinium

scopaium habitat type.
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In the undisturbed portion of the trail gradient, Vaccinium
scopasium provided fhe greatest amount of cover of all forest types
studied--56% cover,

Abies Lasiocarpa seedlings were consistently absent from the
disturbed open sites (F?ames 1, 2, and 3) and appeared in the undis-
turbed sections of the gradient (Fraﬁes %4, 5, and 6) in both whitebark
pine and spruce-subalpine fir sites. Whitebark pine sites had smaller
numbers of Abfes Lasiocarpa seedlings thgn,did lodgepole pine or
Engelmann spruce~subalpine fir forests; :

Phyllodoce empetriformis is apparently an "accidental species
which favors certain untrampled areas of late snow-melt. It was
_ observed in higher poéulations'above timbérline in open, late snow-melt

areas.

Increaser-Decreaser—-Bell: Within this forest habitat, no plants were

observed to follow the bell curve pattern.

Unéhanging: Those plants which appeared to be insensitive to the
trail effect were Catex geyerni, Agosenis glauca, Carex xe&éniica,
and Poa alpina.

Canex geyeti, as previously discussed, was found in all types and
consistently shows no reaction to the trail effect. Carex xerantica

apparently favors the high elevations and reacts in a similar manner.
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Agosesis gﬂauﬁa and Poa alpina were observed in nearly equal
amounts in meadows and whitebark pine forests. They apparently were
tolerant fo many differept habitats.

Other Species Present: -Plants sampled in insignificant amounts are
recorded in Table V. Most of these are accidental species from
nearby levels above, below, or adjacent to this type.

Castibleja nhexifobia, Potentibla divensifolia, Antennaria
alpina, Antennasia ana,ta, Geum nossii, Juneus balticus, Pedicularis
cystopteridifolia, and Trigolium haydenii were observed in great
numbers in nearby meadows. Epilobium alpinum, Pedicularis brdeteosa,
and Trifolium parryii had significant occurrence in the spruce-fir
habitat, while Antennaiia rosea, Arnica cordifolia, F/LCLQCUL(',CL-\M'}LQ/(:VL’
Lana, and Poa secunda had significant populations with the lodgepole

pine habitat.

TRAIL WEAR

Trail use within the stud& area was limited to foot ;nd equestrian
traffic with nearly equal levels of each (Lucas 1972). The effects of
trail wear from other forms of travel such as four-wheel-drive vehicles,
trail bikes, snowmobiles, and bicycles were not studied.

Data for trail Qear is recorded on Table VI and is graphically

illustratéd in Figure 8.
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Lodgepole Pine

Width: Data indicates that trails grew wider with heavier use and
that average widths in lodgepole pine and spruce-fir trails are nearly

equal in heavily used areas.

Depth: For reasons unknown, average debth of wear for 1odgepole pine
trails is nearly identical with those sites within the whitebark pine
areas stﬁdied but less than those seen in spruce-fir trails. Greater
amounts of eiposed fock were observed in the whitebark pine trails
than in other types, which should have resulted in least depth of

wear.,

Engelmann Spruce-Subalpine Fir

© Width: These areas were gbserved to have the highest amounts of soft
wet soils within the pathway. Data suggests that in areas of loamy '
or séft soils, average widths remain fairly constant (87 cm) with
heavy use. When the amounts of trampling are lower, such widths

become less, provided there is no obstruction or excessive moisture.

Depth: The moist spruce-fir sites show a trend toward grgater‘depths
of wear. Studies (ﬁillérd and Marr 1971,. 1970) in the high altitude
tundra (11,500 £t, 3490 ﬁ) of Rocky Mountain National Park showed
that moist sites were heavily damaged and drier areas suffered the

least damage at equal levels of use. Apparently, onme could expect
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to get deepest trail erosion in forests occupied by spruce and sub-
alpine fir, ‘
Whitebark Pine
Width: All whitebark pine trail sites were in the higher elevations
(8100-9500 ft, 2468 m to 2774 m) where rocky, poorly developed soils
existed (Leeson 1972), High amounts of rock and slow revegetation
rate in whitebark pine areas (Kirkwood 1922) possibly explains why

whitebark pine trails became widest of all types examined.

Depth: Use on whitebark trails is more erosive and lasting (2.5 cm)

than in lodgepole pinme (1.6 cm) and spruce-fir sites (2.0 cm).

Factors Controlling Wear _ /
In most cases, heavy tfaffic increased widths and depths in all
areas examined.
Data and field observation indicated that different forest types
did not control respective widths and depths of wear on level trails.
Instead, respective levels of use, rockiness, soil moisture, and
soil texture appeared to be ﬁhe controlling forces.
Trails in whitebark pine and lodgepole pine sites were deeper

in areas with medium use levels than in corresponding areas of heavy
g

use (Table VI). This may be due to horse behavior. It is believed !k;i’“

that up to a certain level of use, horses and hikers stay within the
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same established trail untii rocks begin to show. Most hikers follow
and remain in established footpaths almost entirely (Bayfield 1971,
Burden and Randerson 1972, Edwards 1967, Meinecke 1929, Willard and
Marr~1970). However, when natural impediments such as rocks apﬁeared,
horses and hikers used the softer "cushioned" trailsides and created
a wider trail. On lével sites, this often caused the "berm" or
outside trail edge to be sloughed back into the main pathway, which

partially refilled the once deeper rut.

Meadow Trails
Although mounfain meadows were not studied, it was observed that

trails within meadows fapidly revegétated and became quite narrow

or undefined. Aé previously mentioned,‘Jemison’(l967), Magill (1970),
and Wagar (1971) found that greater amounts of sunlight provided
greater herbage production with adequaté moisture levels. Possibly
the unlimited supply of light and moisture as compared to the shaded
forest canopy could explain the rapid recovery of meadow trails

(Figure 11).
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FIGURE 11

Indian Ridge Trail 3/4 mile northeast of Thompson.Lake in the Spanish
Peaks Primitive Area. The trail completely revegetated itself in the
meadow areas (opening in background) and became well defined again as

it entered the timbered areas.
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TABLE VII

Stand description for lodgepole pine (Pinus contorta) on 29 sample
(June, Julv and August 1971)

sites.

Plot
.No.

1

4

11
12
13
14

15
16

17
18
19
20
21

22
23

‘Elev.

7500
7550
7600
7600 -

7650

7650

7700
7700

7750
?750
7500
7550

7550
7600

7650
7650
7650
7650
7650

7650
7400

Sq.Ft.
feet  BA/Acre = Reproduction _

245.25
54.50
218.00

1

81.75

245.25

275.25
163.50

i
245.25
245.25
275.25

327.00
354.25

354.25
245.25
81.75
50.54
218.00

292.75
109.75

1Data Not Available

Understory

Ables L{asdLocarpa

Ables Lasiccarpa
Abies Lasiccanpa
Ables Lasiocarpa

Abies
Picea

Lasiccarna
engelmannd -

Abies
Picea
Picea
Abies

Lastocarpa
engelmannd
engelmannd
LasLocarpa

Ables
Picea
Ables

Lasiocanpa
engelmanni
Lasiocarpa

Abies Lasiocarpa

Ables Lasiocarpa
Abies
Abies
Picea
Abies
Abies
Abics
Ables
Abies

Lasiocanpa
LasLocarpa
engelmanni
Lasiocarpa
Lasdiocaripa
LasLocarpa
Lasiocanpa
Lasiocanpa

Abies
AbLes

Lasiocarpa
LasLocarpa

Dominant Herbaceous Ground

e COVEI
Thalictrum venulosum
Ernythronium ghandifLonum
Arnica condifolia
Erythrondium granddfLorwn
Ariica cordifolia
Thalicihum venuwlosun
Anndea condifolia
Ernythrondium ghandi4€orum
Arnnica corndifolia
Enythrondium grandiflorum
Carex geyerd

Arndea corndifolia
Ernythrontum grandifLorum
Thatictwum venulosun
Thalicthum venuwlosum
Arnica cordifolia
Erythronium grandiglorum

Arndica cordifolia
Carnex geyerni
Vaceinium scoparium
Annica cordifolia
Vaccinium scoparium
Annica cordifolia
Vaceindium scopardum
Vaceinium scoparium
Arnica cordifolia
Vaceindum scoparium
Vaccinium scopariium
Vaccinium sconarnium
Vacedndium sconarium
Vaceinium scoparium
Arnica condifolia
Vacedinium scoparium
Vacednium scoparium
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TABLE VII- CONTINUED

Stand description for lodgepole pine (Pinus contorfa) on 29 sample
sites. (June, July and August 1971)

Plot Elev. Sg.Ft. Understory Dominant Herbaceous Ground
No. feet  BA/Acre Reproduction L Cover
24 7300 299.75 Picea engefmanni Vacednium scoparium

Annica cornddfolia
- Canex geyerd
25 7300 180.75  Abdes {fasdocanpa  Vacednium scopariun
Picea engelmanni  Arnica cordifolia
26 7700 81.75 Abies Lasiocarnpa  Vaccdnium scoparium
27 7100  109.75 Ables Lasiocarpa  Vacedindum scoparium
Picea engefmanni
29 7200 1 Ables Lasiocanpa  Vaccdndium scoparium
. Annica condifolia
30 7200 81.75 - Abies lasiocarpa  Vaccinium scopatium
Carex geyeri
Thalictruwn venulosum
Anica condifolia
31 7700  190.75 - Abies Lasiocarpa  Vacedinium scoparium
: Thalictrum venulosum
37 7700  272.50 Abies Lasiocarpa  Vaccinium scoparium
Thalictrum venulosum

. Elev. feet Sq.Ft. BA/Acre
Maximum 7750 (2362 M) 354.25 (81.30 M4/H)
Minimum ‘ 7100 (2164 M) 81.75 (18.76 M2/H)
Mean 7557 (2303 M) 200.76 (46.07 M2/H)
Standard Deviation 95,30 (21.87 M2/H)

lData Not AyailaBle




Stand description for engelmann spruce - subalpine fir (P.lcea
engelimannd - Ables Lasiocarpa) on 16 sample sites (June, July and

.August 1971).

Plot Elev. Sq.Ft.

o, feet = BA/Acre

10 7500 163.50
33 7800 299.75
42 8000 81.75
43 7900 163.50
44 "7900 272.50
45 7900 136.25
46 8300 272.50
48 8300 136.25
49 8350 190.75
50 8500 218.00
51 8500 218.00
52 8500 163.50
61l 9100 245.25
67 8000 218.00
68 7800 218.00
69 7600 . 54.50
Maximum

Minimum

Mean

Standard Deviation

_ Reproduction

Abics
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TABLE VIII

Understory
Abdes LasdLocarpa

Ab.les
AbLes
Abies

Lasiocapa
LABALCCarpa
Lasiocarpa

Ables Lasdocanpa

Abies

Ables Lasdocarpa

Abies Lasiocarpa
LasLocarpa
Ables Lasiocanpa
Abies
AbLles
Abiles

LasLocarpa
Lasiocarpa
Lasiocanpa

Ables Lasiocanpa
Ables Lasdocarpa
Ables Lasiocarpa

Elev. feet

Lasdocarpa -

Dominant Herbaceous Ground
_Cover .

Erythrondun grandiplonwn
Thalictrum venufosun
Arndca Latifolia
Vacedniwn scopatius
Vacelntwit scopardiwn
Vaceindwn scopariuii
Aniiea Laitdfolia
Vaceinium scopasium
Arnnica Latlfolia
Vaccinium ascopariun
Ardica cornddifolia
Vacednium scoparium
Ernigenon peregrinus
Vaceinium scoparium
Ernigenon pereghinus
Annica Latifolia
Vacednium scoparium
Annica Latifolia
Vacednium scoparium
Vacednium scoparium
Arnica Latifolia
Vaceinium scopatium
Thalicthum venulosum
Anica Latifolia
Vacednium 4coparium
Thalictrum venulosum
Arnica Latifolia
Vacedlnium sconarium
Thalictrum venulosuwn
Annica Latifolia
Vacc indum scopariwn
Thalictrum venulesun
Sq.Ft. BA/Acre

9100 (2774 M) 299.75
54.50
8109 (2472 M) 190.75

68.22

7500 (2286 M)

(68.79 MZ/H) .
(12.50 M2/H)
(43.77 M2/H)
(15.66 M2/H)




Stand description for whitebark pine (P{nus albicaulis) on 19 sample
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TABLE IX

{Tune, Julv and August 1971)

Understory

sites,

Plot Elev. Saq.Ft.

No. _feet __BA/Acre.
34 8300 136.25
35 8100 218.00
36 8650 136.25
38 8600 54.50
39 8450 81.75
40 8260 272.50
53 9100 190.75
54 9100 163.50
55 9100 163.50
56 9100 81.75
57 9100 190.75
58 9100 136.25
59 9100
60 9100 299.75
62 8290 163.50
63 8270 327.00
04 8260 190.75
65 8250 190.75
66 8100 218.00
Maximum
Minimum
Mean

Standard Deviation

lData Not Awvailable

Dominant Herbaceous Ground
Reproduction el cover
Abies Laslocarpa  Vacedlnium scoparium
Ables Lasiocarpa  Vacednlwn Scoporiun
Pinus albicaulis  Vacedndium scoparium
Picea engelnanni  Vaccindwn scoparium
Picea engelmanni  Vacedndum scoparium
Pinus albicaulis  Vacednium scoparium
Pinus albicauldis — Vacednium scoparium
Pinus albicaullis  Vaceinlum scoparium
Picea engelmanni  Vaccdnium scopaiium
Ables Lasdiocarpa  Vaceinium scoparium
Pinus albicaulis  Vacednium scoparium
Pinus albicaulis  Vacelniun scoparium
Pinus albicaulis  Erythronium grandiflorum

Arndea Latifolia

Agoseris glauca
Pinus albicaulis  Vaceinium scoparium
Ables Lasiocanpa  Vacelniwn Acopariun
Abies Lasiocarpa  Vacelnium Acoparium
Ables Lasiocarpa  Vacelniwn Acopaiium
Abies Lasiocanpa  Vacelnium Acopariun
Pinus albicaulis  Vacedlnium scoparium

Elev. feet 'Sq.Ft. BA/Acre

9100 (2774 M) 299.75 (68.79 M2/H)
8100 (2468 M) 54.50 (12.51 M2/H)
8650 (2636 M) 178.64 (40.99 M2/H)

72,5 (16.64 M2/H)
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TABLE X

Elevation, basal area and age for lodgepole pine, spruce-subalpine fir,
and whitebark pine forests sampled on the Madison Range.

Lodgepole Spruce-Fir Whitebark
Pine Pine
Maximum elevation (ft.) 7750 (2362m) 9100 (2774m) 9600 (2920m)l

Minimum elevation (ft.) 5000 (1520m)

Mean elevation (ft.) 7557 (2303m)

Maximum ft2 BA/acre 354 (81 m2/h)
Minimum £t2 BA/acre 82 (19 m2/h)
Mean ft2 BA/acre 200 (46 m2/h)

Approximate maximum

age2 (years)

200

Approximate average age 142

on study area3 (years)

7500
8109

300
54
191

450
200

200
150

1Observed in areas adjacent to sample sites.

2Average maximum ages as indicated by Harlow

(2286m) 8100 (2468m)
(2472m) 8650 (2636m)

(69 m2/h) 300 (69 m2/h)
(12'm2/h) 54 (12 m2/h)
(44 m2/h) 179 (41 m?/h)

Spruce 375

Subalpine fir

Spruce 180

Subalpine fir

and Harrar, 1958.

3Ages of Engelmann spruce, subalpine fir and whitebark pine are
estimated by counting rings in stands of similar size in adjacent
areas to sample sites and by use of data obtained from the Forest

Service.
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TABLE X1

Species collected or observed under lodacepole pine (PLnus contoria)

forests in Spanish Peaks - Lone Mountain study area. .

Achillea millefoliwn L.
Agrestis scabra- WilLd.
Ane Lanchiexn almifolia Nutt.

Anapnalis margaritaceae (L.) Benth & Hook

Antfennaiia racemosa Hook
Antennania rosea (Eat.) Greene
Anabis dnwmiondd Gray
Arctostaphylos-uwva-unsi (L)
Atndea cordifolia Hook
Arnica fulgens Pursh.
Arinica Latifolia Greene
Asten engelmanndi Gray

Asten Antegrnlpolius Nuit.
Asiten occeddentalis Hutt, T. & G.-
Astrnagalus alpinus L.

Astrnagalus dasygloitis Fisch.

Aquilegia {Lavescens S. Wals.

Berberds repens Linde,

Lromus anomalus Rupr.,

Calamagrostis canadensis (Michx.) Beauv.
Carex geyerd Booit. '
Castillefa miniata Dougl.

CLaytondia Lanceolata Pursh.

Clewatls colwnblana (Nutk.) T. & G.
Epilobium augustifolium L. '
Enigeron peregriinus (Pursh.) Gheene
Eriogonum umbellatun Nutt.
Erythronium ghandifLorum Pursh.
Equisetum arvense L.

Fragarnia virginiana Duch.
Galiwn borneale L.

Gerandwn viscossissiniun Fisch &
Geum macrophyllun WiLLd.
Hieracium alodflorum Hook
Hieraciun gracile took

Lupinus sendiceus Pursh.

Mdniudus Lewes Ll Pursii.
Osmorniza chilensis Hook & A.
Pedicularnis hacemosa Dougl.
Physocanpus malvaceus (Greene) Kuntze
Poa pratensis L.

Pochyistina mipsiniias (Pwush.) Raf.

Spreng

Mey.

(Summer 1971)

Punola secunda L.

Rosa woodsid (Lindf.)

Rubus parviiforus Nutt.
Sedun stenopetalwn Purslh.
Senecio triangulandis took
Smilacina racemosa (L.) Des4.
Spirnaea betulifolia Pall.
Thatictrun venublosumn Trel,
Thlaspd arvense L.

Vacc,uuwﬂ membhanace wn Dougl.
Vaceinium scovariun Licbenrg
Verontea amernicana Schiwedn
Vioka adunca J.E. Sni.

Vicla nuttallii Pursh.

Viola orbiculatus Geyer
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TABLE

Species‘collected or observed on plot
fir (Picea engefmannd - Ables fasdloca
Lone Mountain study area.

Achillea milleqoliuwn L.
Agosernis glauca (D. Dieth)
Antennaria nosea (Cat.) Grcene
Aquilegia glavescens S. Wats.
Arnnica condifolia Hook

Annica Latifolia Greene

Asten engelmanni Gray

Berbesals repens Lindl.

- Bromus anomalus Ruphi.

Carex geyeni vootk.

Carnex podocarpa R. Br.

Carrex xeranidea Ballely
Castillefa miniaia Dougl.
Castillefa rnhexifolia Rydb.
Claytonia Lanceolata Pursh.
Epilobium alplnum L.

Epilobiun augustifoliwn L.
Enigeron peregrinus (Pursh.) Greene
Enythronium grandLflorum Pwish,
Fragaria virginiana Duch.
Hieraciun alblflorun Hook
Hiernacium grhacile took

Juncus baliicus Wwild.

Juncus parryd Engelm.

Lupinus sericeus Puush.
Monuluws Lewesil Puwrsh,
Osmorhiza chilensis Hook & A.
Pedicularnis bracteosa Benth
Pedicularnis cystopterifolia Rybg.
Pedicularis racemosa Dough.
Phyllodoce empeiriformis (Sw.) Don.
Poa pratensis L.

Poa secunda Prest.

Polygonwn bistortoldes Puish.
Potentilla diversdgolia Lehn.
Pyrola secunda L.

Ranunculus eschscholitzidi Schl.
Rubus parviglorus Nuilt.

Salix drwnnondiana Barratt
Sedun stenopetalum Pursh.

X1l

and/or under svruce - subalpine
fpd) forests in Spanish Peaks -

(June, July and August 1971)

Senecio integerrdmus Nutt,
Senecio serna Hook
Senecio trlangularis took
Sibbaldia procumbens L.
Spiraea betulifolia Pall.
Thalicthum venuloswn Thel.
Trifolivwnm haurdenid Ponter

Vaceiinium membranaceun Dougl.

Vaccinium scoparium Lieberg
Viola nuttallid Punsh.
Vioka onbiculatus Geyen
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TABLE XIII

Species collected or observed on plot and/or under whitebark pine
(Finus alblcaufis) forests in Spanish Peaks - Lone Mountain study
area. (June, July and August 1971)

Achdllea millefoliwn L. ' Poa alpina L.

Agoscerds glauca (Pwwsh.) D.DdLetn. Poa secunda Presf.
Antennarnia alpina (L.) Gaerin. Polugonun bistontoides Pursn.
Antennarda Lavata {Hook) Greene Potentilla divernsifolia Lehm.
Autica Latifelia Greene : Rubus parviglorus Nutt.
Carex geyent BooLt. Salix drumondiana Barvatit
Catex podocarpa R.DBA. Sedum stenopetalum Puwrish.
Carex xerantica Bailey - Sibbaldia procumbens L.
Casiillefa rhexifolia Rydb. Trlfoliuwn parrnyl Gray
CLlaytonia Lanceolaita Punsh. Vaceinium scoparium Liebenb.

EpiLobiun alpinuwn L.

Epilobiwn augustifoliun L.
Enigenon pernegiinus (Pursh.) Gr.
Enythrnondium grandd§lorum Pursh.
Fragaria virginiana Duch.

Gewn nossLl (R.Br.) Sex.
Hieracium albdflorum tHook
Hienaclum ghacile Hook

Juncus balticus Wild.

Juncus parryi Engedm.

Lupinus sericeus Pursh.
Mentensia alpina (Torrn.) G.Don.
Pedicularis. bracteosa Benth.
Phyllodoce empetriformis (Sw.) Don.
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TABLE X1V
Species collected or observed in adjacent meadows to spruce - fir

forests, lodgepole pine forests and whitebark pine forests. (June,
July and August 1971)

Achillea milLejoliun L, Melica spectabilis Sceribn.
Agasiache witicifoldia (Benth) Rydb. Mertensia oblongifofia (Nutt.)G.Don.
Agosenis glauca {Pursh.) Greene - Microstenis gracitis (Dougl.) Gx.
Allium brevistylum A, Wats. - Miosotis sylvatica Hofhm.
Antennaria hrosea (Eat.) Greene Oxytropis Logopds Nutt.
Aquilegia flavescens S. Wats. Pedicularnis ghoenlandica Retz.
Arabis drumwondd Gray : Phlewn alpinwn L.

Arabis nuitallil Robin Phlox Longl4olia Nutt.

Annica cordifolia licok Poa pratensds L.

Arica nydbergidl Greene Polygonum bistortoides Puish.
Asten integrifolius Nutt. - Potentilla glandulosa Lindl.
Astrhagalus misen Dougl. Potentilla ghacilis Dougl.
Bromuws anowalus Rupn. Ranunculus acriformis A. Gray
Callomia Linearts Nutkf. Ranunculus eschacholtzidl Sehl.
Campanwla rotundiqolia L. - Ranunculus Lnamoenus Ghreene
Carex geyerni Boott. Rusiex paucifolius Nutt.
Castilleja miniata Dougl. Sambucus melanearpa A. Gray
Castillefa nhexifofia Rydb. Saxifraga arguta V. Don.
Cerastium arvense L. Sedum stenopetalum Pursh.
Claytonia Lanceolata Pursh. Senecdio tiangwlaris ook
Clematis hirnsutissima Pursh. Taraxicum officinale Weba.
Cotlinsia parviglora Lindl. Theaspd glaucum A. Nels.
Delphinium bicolorn Nutt. Trhagopogon dubius Scop.
Dodecatheon conjugens Greene Thollius Laxus Salisb.
Epilobiwn augustifoliwn L. Viola adunca J. E. Sm.

Enigenon peregiinus (Purnsh.) Greene Vicla nuttallii Pursh.
Endogonum umbellatum Nutt.

Engsimum asperun (Nutt.) D.C.

Ernythrondium ghandiglorum Pursh.

Festuca Ldahoensis Elmen

Fragaria virgdiniana Duch.

Galium boreale L.

Geranium viscossissimun Fisch. ﬁ Mey.

Gewit trislonum Pursh.

Hacketia fLonibunda {Lefm) Jtn.

Helianthella uniflonra (Nutt.) T.§ G. . :
Koeleria cnistata (L.} Pers.

Lithophragma parviflora (Hook) Nutkt.

Lithosperwnun ruderale Dougl.

Lomaitiwn ambiguum (Nutt.) T.& R,

Lupinus sericeus Pursh,
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