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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: (I) 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: (I) PZnuA contoJita. Dougl. (lodgepole pine), (2) PZcea
mgelmaniu, (Parry) Engelm. - AbZeA laMi-OdCVipa. (Hook) Nutt. (Engelmann 
spruce-subalp ine fir) , and (3) PsinuA aZhsiccLuJUA 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: (I) increased in
frequency and/or cover with trail use at trail edge, i.e., Efryth/ionJjjyn 
gAanctifi-ZoSum Pursh (dogtooth violet), KZgAueZum gAoeZZe Hook, (slender 
hawkweed); (2) decreased in frequency and/or cover under trail use, i.e., 
IZaeeZnZum AeopoAZum Lieberg (grouse whortleberry); (3) increased midway 
between the trail and the undisturbed forest, i.e., FAogoAZo vZAgZnZono 
Duch. (Virginians strawberry); (4) were insensitive to trail use, i.e., 
CoAex geyeAZ 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 from 1971 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 Spanish Peaks Area lies in the northeastern section of the 
Madison Range. Recent development by Big Sky Tnc. (a recreational 

complex) covering approximately 36 square miles [93.6 km^] of private 

and public lands) adjacent to this area has created public interest in 

the present condition of and concern for possible future effects on the 

environment of this area. With recreational developments increasing in 
number, more trampling will occur in other natural roadless "back country 

recreation areas than heretofore; studies here should be useful in the 

management of other areas.
The vegetational habitat types of the north central Rockies, with 

the exception of PZnLU aZbZaccuZZi 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 of Rocky Mountain National Park, Colorado, have been conducted 

(Willard and Marr 1970, 1971). Edwards (1967) observed the effects of .



-2-
foot trampling on the high alpine zones in western Canada. Griggs 
(1938, 1956) has studied the alpine fellfields in the high mountains 

of Wyoming, Colorado, Washington and Oregon. Habitats and plant species 

in all these above-timberline regions prove to be similar to those of 

the Madison Range and other alpine tundras of the northern Rockies. 

Results from the effects of foot trampling and compaction on the 
natural forest campground site are available 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 grassland habitats is also provided by Bates (1935), Chappell 

(1971), Davies (1936), and Reid (1941). Because this study is repre­
sentative of a larger area, results will aid in future trail and camp­
ground management in the northern Rockies. They show the effects of 

trampling on trails within the forest understory in these areas. The 
Spanish Peaks area is particularly well suited to a study of this sort 

because: (I) major vegetation 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, sightseers, photographers, fishermen and hunters 

(Lucas 1972).
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Permanent marking of the trail sites studied will provide a 
baseline for observation of the effects of increased trail use on 
forest vegetation.

-.The project was partially supported by National Science Foundation 
Grant No. 29908X during the summer of 1971.



DESCRIPTION OF STUDY AREA
LOCATION

The Madison Range lies in southwestern Montana just north of 

Yellowstone National Park (latitude 40° 20’ N, longitude 111° 20’ W).

It is approximately 55 miles (88.50 km) long and 20 miles (32.18 km) 

wide. The Madison River forms its north, south, and west .boundaries 

while the Gallatin River and U .S. Highway 191 border the eastern edge. 
Those areas studies! in summer.1971 include the northern half of the 
Madison Range which begins at the middle and west forks of the Gallatin 
River (Figs. I 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 /

Geologically, the study area is a complex combination of Pre- 

Cambrian metamorphics, Cretaceous sediments and Recent volcanics. Pre- 
Cambrian metamorphics make a core of crystalline interlaminated gneiss, 

schist, marble, and quartzite, overlaid by Cretaceous sedimentary beds 

(Ross et.al. 1955). The Spanish Peaks block was uplifted by a high 
angle reverse fault during the Laramide orogeny 50 to 65 million years 

ago (Hall 1960, Montagne 1971). less 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

Donn R. Dale
in cooperation with the U S.

Forest Service and T Weaver. 
Montana State University Botany Department

Legend

■ I  Logged lodgepole pine, doog Hr 
Lodgepole pine

Q  Seedhng « sapling 0 -s ‘

■  Whltebark pine

□  Subalplne Ilr
■  Douglas Ilr  I

□  Sagebrush

FIGURE I

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.
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Vegetation of the Spanish Peaks — Lone Mountain Area
Gallatin County, Montana

FIGURE 2

Vegetation map of the study area. Black dots indicate location of 
permanent trail sites sampled.
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exposures with valleys of various widths and levels., Less resistant 
materials accumulated in the basins and in the south part 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 outcrops 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 Loberg stony loams which develop over unconsolidated glacial 
till, or Rambler cobbly loams which develop on steep talus colluvium 

(Leeson, 1972). Typically forested, Loberg soils are well drained,

50 to 60 inches (127-152 cm) deep and .,-contain a thin duff layer with 

a light gray to grayish brown loam over a thick brown clayey subsoil; 

coarse fragments increase from 35% in the upper profile to over 60% in 

the substratum (Olsen et.al. 1971). Rambler 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 cobbly surface layer over a structureless sandy loam substrate; 

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

(Leeson, 1972). The Ulery Lakes area is a landslide with a mantle of
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loose clay over Kootenai shale bedrock. Soils in this vicinity are 
unstable, poorly drained, heavy wet clays with little horizon develop­
ment (Montagne, 1971).

.CLIMATE

The climate is cool. In 1971, June-September temperatures aver­

aged about 76°F (24°C) with a maximum of 89°F (32°C) and a minimum of 

29°F (-2°C), while 1972 December-March temperatures 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 precipitation 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 MATERIALS
MAPPING

In 1971 a vegetation map of the study area (Figs. I and 2) was 
constructed from 92 square miles (23,826 h) of land in proximity to the 

West Fork of the Gallatin River, including areas of the Big Sky Inc. 
development, and the southern 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 University Soils Department infra-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 Service, 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:

(I) a comparison of the field mapped area to the Madison Range, (2) 

a comparison of the field mapped area to the same area on the 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.

EFFECTS OF TRAMPLING ON FOREST UNDERSTORIES 
Selection of Sites

Study plots were chosen in lodgepole pine (P^ntU COntOAta Dougl.), 
spruce-subalpine fir (P-icza. mgelmanyu, (Parry) Engelm., kbJLoJs la^OdOApa. 

(Hook) Nutt), and whitebark pine (P̂ LnLU aZb-iaCLLitU) 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 sites began at 7100 feet (2164 m) in
lodgepole pine and progressed through spruce-fir forests and whitebark

V'pine forests to 9100 feet (2774 m) . Elevations were determined with./ 

a pocket altimeter and the U.S. Geological Survey 15-minute Spanish 

Peaks Quadrangle 40-feet contour interval map (1950).

Locations of the sample stations are indicated on the vegetation 

map (Figs. I and 2) and are documented with photographs and distances 

from permanent reference points as described in the following para­

graph. This information is kept at the Mov:ana 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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blaze .( I ) on it (Fig. 3). Reference trees with diamond blazes were 

located outside of the proposed Spanish Peaks Wilderness boundary; 

reference trees with standard U.S. Forest Service trail blaze were 
located within the proposed wilderness, A 2-inch square (5 cm^) 
imprinted galvanized metal tag was attached to each reference tree.
The imprinted tags of series 330 were numbered I through 69. Each 

trail sample site was photographed in two directions: (I) 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 reference trees consist of: (I) 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 sites 

were studied: twenty-nine represent lodgepole pine forests, sixteen

in spruce-subalpine fir forests, and nineteen in whitebark pine 

forests.

Herbaceous understory was measured by a modification of the 

canopy coverage method (Daubenmire 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, at distances of 0 cm (trail center), trail
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•i ' 23 - - : —t[ 75-0'X / /»n > 
\330-37

B
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FIGURE 3

Method of documentation and establishment of permanent reference trees. 
Diamond blaze (illustration A) was ust-d outside of proposed wilderness 
boundary and standard U.S. Forest Service trail blaze (illustration B) 
was used within. Sites were photographed: (I) 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, SC 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: (I) 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. 

Spcies 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: (I)

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 and/or frequency percent in the



Trail Center

50 cm 120 cm 240 cm 460- J. ■ \

k ' \ 1r . Ir

i 2 3 4 5 6
IT I111 I IiU t I U II nil n i 11 iT.1 LlX I_

cm

N4/
/•

PvTrail Edge All frames 2 X 5 dm IH•>I
' FIGURE 4

/ I/ / Method of arrangement of 2 X 5 dm frames for trail samples on 64 level sites under 
 ̂I.'I lodgepole pine, spruce-fir and whitebark pine forests. Species and percent coverage 

were recorded for each frame. Distances for sampling along transect were measured to 
the leading edge of each frame.

y /
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1zA.ythAoyu.wn gAandifiloAum- ("increaser") 
frames from trail center outward

.. From 29 sites

lodgepole pine 
overstory

From 19 sites

sprvce-subalpine fir 
overstory

From

sites

whitebark pine 
overstory

— I------ f---------1--------1--------I - - I
1 2 3 4 5 6

[/acctntm AcopaAium ("decreaser")
frames from trail center outward

lodgepole spruce-subalpine fir 
overstoryoverstory

whitebark pine 
overstory

FIGURE 5
Relative pattern of occurrence of EAythAontum gAandtfitoAum ("increaser") 
and Vacctntwn ACOpaAtum ("decreaser") along trails under three different 
forest types. Data taken from 64 sample sites within study area.
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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
Nearly pure stands of each forest type were selected for sampling 

areas. Square feet of basal area per acre (m^/h) of the timber over­

story was determined by 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 forest canopy 

were recorded. 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 measuring 

the distance to the ground at the center point. Trail use was desig­

nated as: (I) "heavy", in scenic areas with main access trails;
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"Increaser-Decreaser-BelI" Curve Species
lodgepole pine 
overstory

GeAaiUm VsticoA-iUdA-im__
FaageAla v lA g h U a n a----
AiUennaAla Aacemo a a — •—
SplAaea b e t iU lt fo t la....
HleAaclum albl&loAum — v —

From 29 sample sites

frame from trail center outward

spruce-subalpine fir 
overstory Ve.dleulaAlA bAacteoAa___

BaomuA m aAglnatuA-----
Seneelo tAiangulaAlA---

From 19 sample sites

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) "light", 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 5.9%, 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 ForestsxN

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 
ft (2303 m).

Stands of lodgepole pine on sample sites were nearly pure in com­

position. Small amounts of Engelmann spruce, subalpine fir, and 
Douglas fir were occasionally seen.

Understory: Predominate plants in the lodgepole pine understory are

(/acck/u-um AcopcvUum, TlvxZlcXAum v&nuZoum, AAnlca coAdlfiolla, and 

EAythAonlum gAandltfloAum. Smaller numbers of LuplniU AeAlcevUf 

HleAaeZum QKaelZef AehlZZea mlZletfollum, and VloZa oAbleuZatau were 

also 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 ft^/acre (46 m^/h) with a maximum

of 354 ft^/acre (81 m^/h) and a minimum of 82 ft^/acre (19 m^/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 ft (2286 m) to 9100 ft (2774 m) with a mean elevation 

of 7500 ft (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: EfiythnoivLm gnandifiZonm, Vacatntm Acopantm, and Anntca

Ia t t f lOlta were the predominant understory plants. Smaller numbers of 

EptZobtm aZptnum, HteAaetm gnactle, ?edteuZantj> bnaeteo&a, Aquttegta 

flave^eeM, EntgeAon penegntniu, and knntea eondtfolta were also 

observed.

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

Basal Area: Basal area averaged 191 ft^/acre (44 m^/h) with a maximum

of 300 ft^/acre (69 m^/h) and a minimum of 55 ft^/acre (13 m^/h).
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Age: Annual ring counts from six different ■■ stands indicated that

Engelmann spruce averaged 200 years (range 95-251} and subalpine fir 

averaged 150 years (range .35-180). .

Whitebark Pine Forest Type _ ■
Level xtfhitebark pine sites were studied at elevations from 8100 ft 

(2468 m) to 9100 ft (2774 m) . Mean elevation was 8650 ft (2636 m).

Whitebark pine forest overstories were nearly pure with infrequent 

occurrences of subalpine fir and Engelmann spruce.

Understory: Dominant understory plants were VcLCCstyuiWl Acopctfîiuffl with
small numbers of ,Atuu/ia Ĥ ieAaalum QAaalta, and EAi/lhAonlum
gAandl^laAwn. . .

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

spruce.

2 2Basal Area: Basal area measurements averaged 179 ft /acre (41 m /h)
2 9 2with a maximum of 300 ft /acre (69 m /h) and a minimum of 55 ft /acre .

(13 m2/h).
r

Age: Increment readings from five different stands averaged 180 years

(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 STUDY AREA TO THAT OF THE 
MADISON 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 species were 

recorded and are shown 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 northwest slopes; 

whitebark 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.

'-V



TABLE I

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

IDouglas Lodgepole Subalpine Spruce Rock NCF Willow Sagebrush Aspen Meadows Lake
Fir Pine Fir (WBP)

I. Field Survey Map of Study 
Area (1971) 5.9 39.2 2.1 '22.8 29.2 .3 •5 M

2. USFS Mapping of Study Area 4.9 25.4 I 1.0 ' 25.7 42.4 .3
W

.3 1
3. Madison East of Divide 9.6 42.5 .4 2.1 25.3 20.1

4. Madison West of Divide 21.7 16.6 .5 7.1 24.2 29.8

,5. Total Madison Range 12.3 - 36.7 .4 .3.3 25.0 22.3

^For adequate comparison with past Forest Service 
fir, willow, sagebrush, and meadows. Percent of

mapping methods, the noncommercial forest (NCF) was 
those areas field mapped in 1971 in the study area

divided 
(Fig. I)

into subalpine 
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.
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TABLE n  ■

Timber coverage (%) of various slopes-in the Hadison Range. (Data 
obtained from U.S. Eorest Service timber type maps«1957-1959)

' ■ NW ' N / '' NE'' E ' SE' S SW W
Douglas fir 
% E1 8.4 6.0 7.4 9.1 12.6 10.8 13.0 15.2
% W2 22.8 28..7 20.5 4.0 25.0 23.3 21.3 22.4
% Total 11.9 10.0 . 9.9 8.2 14.6 14.4 15.7 17.2

Lodgepole pine 
% E 51.2 47.3 47.3 36.4 47.1 22.2 33.5 41.7
% W 20.3 23.8 25.6 10.0 10.4 7.0 18.5 8.6
% Total 43.6 43.1 43.3 31.7 41.4 17.8 28.6 32.5

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

Engelmann spruce 
% E 4.5 3.3 .9 0 2.7 .9 2.2 0
% W 15.4 8.7 12.8 2.0 2.1 4.7 1.9 1.7
% Total 7.1 4.2 3.1 .4 2.6 2.0 2.1 .5

Nonforest
% E 18.6 27.2 25.7 22.5 27.6 30.7 29.0 23.2
% W 21.1 26.2 25.6 16.0 39.6 29.1 14.8 31.0
% Total 19.2 27.0 25.7 21.3 29.4 30.2 24.4 25.4

NCF (WBP)3 
% E 17.1 15.8 18.6 30.3 10.0 35.0 22.3 19.9

• % W 20.3 12.5 14.1 68.0 20.8 34.9 43.5 36.2
% Total 17.9 15.2. 17.8 37.0 11.6 34.9 29.2 24.4

1E=East side of Madison Divide.
2W=West side of Madison Divide.
Noncommercial forest (NCF) is a Forest Service timber type classifica­
tion which includes a majority of whitebark pine.

3
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Douglas fir Lodgepole pine

Engelmann spruce Whitebark pine

Nonforest

FIGURE 7

The distribution of four major vegetation types on various slopes and 
exposure directions on the Madison Range, Montana.
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Generally the effects of trails on understory vegetation were 
obvious (Table III). Most plants were eliminated from the trail center. 
Among, those persisting in the trail center (Frame I) in low amounts 
were: Etiythh-OYWJm ghandifiZotium, ThaJUcthwi vmtitoAum, and Spihjaza.

bztu lifio lia .

Plants exhibiting increased cover and/or frequency percent 
('lncreasers") approaching the trail center along the gradient were: 
EtiythAOYiim ghandifi-tohm, LupiYun &zhic.ziu, Hizhacim ghacilz, Poa 

phatZ-YiAiA, and AhYiiaa Zatifio lia (Table III).
Plants becoming less frequent ("decreasers") when approaching 

trail center along the gradient were: VaaaiYiim Aaopahim, ThaZaathm

vz-Yiulo&m, PyhoZa Aaaunda, and AbieA ZaAioaahpa seedlings.
Plants approximating the "increaser-decreaser-bell" curve pattern 

along the gradient were: Gehaiiim vi&aoMtAAtmm, Ehagahta othgiYitaiia,

AntanYiahta haaemoAa, Spthaaa batuZifioZta, and Hiehacim aZbifiZohm.
Plants apprarently little affected by trails ("unchanging") were: 

VioZa OhbiauZattA, Cahax gayatvi, AhYitaa aohdifioZta, AAthagaZuA aZpina, 
OAmohhiza ahiZanhiA, AAtah angaZmanni, CZaytonta ZanaaoZata, CalmaghoA- 
tiA aanadanAtA, and AahtZZea mtZZafioZium.

Species presence, frequency, and cover within each frame for all 

plants discussed above are listed in Table III. These species which 

provided insufficient data for interpretation of the effects of trails

Lodgepole Pine Forest Trails
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table h i
Vnderstory vegetation at various distances from trail center in lodgepole pine (Ptmil c e n tP t f a) 
forests. Percent frequency and percent cover are derived from studies at 28 sites measured in 
June, July and August 1971.

Species List Frame
Trail

I
Ctr.

Frame
Trail

2
Edee

F rame 
SC cm

3 Frame 
120 cr

4 Frame 
240 cr

5 F rame 
460 c

6
m

Freq. Cov. Freq. Cov. Freq . Cov. Free. Cov. Free. Cov. Frea . Cov.
INCREASERS
Bare Ground 93.0 48.0 43 6.3 25 7.4 18 2.1 Ii 2.8 7 .6
Hieaaeiuni gnac iie 4.0 .1 18 .4 21 1.4 18 .5 ii .7 14 .4
Pca p a a te m ii 7 .6 4 .1 4 .1
Aanica LaLtictLa 7 3.2 7 3.2 7 .2 4 1.3 4 .1
Caythacnim gaandiileawn 11.0 .3 57 7.6 46 4.7 64 6.4 61 5.1 46 2.5
Lupinui iea ieeu i 25 4.9 14 1.3 21 3.9 11 .7 14 1.6
DECREASERS
Litter 93.0 16.0 54 12.9 64 21.6 75 22.6 54 21.9 54 20.9
Paccinium icopaaium 36 8.6 43 7.9 57 23.2 61 31.5 46 22.2
Thatictawn venuLoiun 4.0 .5 7 1.4 11 2.0 18 3.8 18 2.1 18 4.7
Paccinium membaanaccwv. 4 .1 7 .6 7 .6 14 4.6 7 3.6
PyacLa ieeunda 7 .2 7 .2 4 .1 14 1.6 11 1.2
CpiLcbium augu iti(e tium 7 .2 7 .2 11 .3 7 .2 14 .8
Abie i Laiiceaapa 14 .4 25 2.8 14 .8 14 1.7 21 1.8
INCREASER-DECREASER-BELL
Geranium vLhco iiL iiiim m 4.0 .1 [11 1.2 14 1.3] 7 .2 7 .6
Caagaaia v irg in ia n a 18 1.3 [32 1.7 32 3.8] 18 1.3 14 1.6
Antennaaia aacemoia 11 .7 18 2.1 [21 4.7 18 3.9: 11 1.2
Spiaaea CetuLiflC tia 7.0 .2 18 4.3 29 4.6 25 3.7 32 4.6] 21 2.7
Hieaacium atbifloaum 4.0 .1 14 .4 18 .5 7 .2 25] .6 11 .3

UNCHANGING
Piota n u t t a t t i i 4 .1 7 .2 4 .1 4 .1
PicLa o rb ie u ta tu i 4.0 .1 25 1.1 25 1.5 36 1.3 14 .1 25 2.0
Caaex gcyeai 36 6.0 39 11.2 43 9.2 46 12.1 46 11.0
Arnica eoad ife tta 46 5.2 32 5.5 36 4.4 46 6.7 36 5.5
AitragaLui atp ina 7 .6 7 .2 7 .2 7 .2 4 .1
Oimeahiza e h iie n iU 11 .3 11 .3 7 .2 11 .3 7 .6
Aitea engeimanni 11 .7 14 1.3 7 .6 11 2.0
CLaytenia LanceeLata 4.0 .1 4 .1 4 .1 4 .1
CaLamagreitU eanadeniU 4 .1 4 .5 4 .1 4 .1 4 .5
AehiLLea n u tLefeLium 4 .1 4 .1 4 .1 4 .5 4 .1

OTHER SPECIES PRESENT (Insufficient frequency for interpretation)
AgoiCA.cl g la u ca (I), AnaphaLU maAgtmtflceac (I), A n te im aata  a a e a (2), A qu iLeg ta  ^ ta v e ie e n i (I), 
Aanica iJufge.itA (I), A ite a  in te g a L ^ c l iu i (2), B eaberU Acpe.ui (+), BTomu-I a n c n a tu i ( 2) ,  Bacnnui 
m aag tna tu i (I), C a it iL L e ja  m in iaX a (+), Caaex pcdocaapa (3), CLematU ecLumbiana (+), Caigeaen 
peaega ir.u i (2), Caicgcnuni um bettatu in (+), GaLiuni bcaea ic (+), Geuni macacphijCtuin (2), HackeLea 
( tc a ib u n d a (I), MeA-Tcnira a b tc n g i^ c t ia  (+), Picea engcim anni (I), P e d ic u ia a U  Aaccmoia (3),
Ptmii a tb ic a u tU  (+), P e te iit iL ta  g a a e iL U  (2), Sedtun ITeiiopc-TaTivi- (2), Taiaxretoii oH ic in a t c  (2), 
S m iL ic in a Aaccmeia (+)

{ ) 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.

J
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are listed at the bottom of Table III. Sphcies recorded adjacent to 

plots studied are listed in Table VII in the appendix,

Engelmann Spruce-Subalpine Fir Forest Trails
Understory vegetation within trail pathways under spruce-fir 

forests approached 100% removal (Table IV). Plants persisting in the 

trail center (Frame I) in low amounts were: kHYUXLCi aoh-dî oZAjOi. and
AK-YiAJia ZatifioJUa.

Plants apparently favored by trail-side sites ("increasers",
Frame 2) were: En.yth/iohAim gKancUtfZoK-tm, EptZobAim aZptmm, HteAactum

gAaetZe, Poa pKat&YUtA, and TKtioZMm paAAyt.
Plants becoming progressively less frequent as trail center is 

approached ("decreasers") were: Vaeetyitim AeopaKMm, AAyitea eoAdtioZta,

ThaZtetAum vemiZo&um, PyAoZa &eeunda, and AbteJi Zaj,toeaApa seedlings.
Plants most significant in the center of the gradient ("increaser- 

decreaser-bell") were: Pe.dteuZaKtj> bAaet&o&a, BAomut maAgtnatiit, and 
Seneeto ZxtanguZaAtt.

Plants apparently not affected by trails along the gradient in 

Frames 2-6 ("unchanging") were: AAntea ZattioZta, EKtgeAon peAegKtnut,

Seneeto teAAa, CaAex geyeAt, and OmoAhtza ehtZenttt.
Supporting data for the statements above as well as records of 

infrequent plants of the spruce-fir type appear-in Table IV. Species 

recorded adjacent to plots studied are listed in Table XII in the 
appendix.



-29-

table IV
Understory vegetation at various distances from trail center in spruce-subalpine fir (P-CCCil 
Cnv)ci’mancc - AbceA £AAcccaApel) forests. Percent frequency and percent cover data are derived 
from studies at 16 sites measured in June, July and August 1971.
Species List Frame I Frame 2 Frame 3 Frame 4 Frame 5 F rame 6

Trail Ctr. Trail Edge 50 cm 120 cm 240 cm 460 cr
Free. Cov. Freq . Cov. Freq . Cov. Freq. Cov. Freq . Cov. Freq . Cov.

INCREASERS 
Bare Ground 94 77.3 50 23.9 31 15.2 19 4.2 13 6.3 6 3.9
CrijthnoiU ion grandC & I  on air 56 9.1 75 7.2 69 6.2 63 3.9 50 1.9
Fpefobeuiii atpenum 19 4.2 13 3.3 19 1.3 19 .5 13 .3
H C cra c im  gAaccte 31 3.8 25 2.8 44 2.7 25 .6 19 1.3
Poa p ra te m C i 25 .6 13 .3 13 .3
TrCflC lC m  paxryC 6 2.3 6 .2 6 .2 6 .2

DECREASERS
Litter 56 8.1 50 22.0 75 33.3 94 31.9 94 35.9 88 34.5
l/aeceneum AccpaAeuni 25 4.4 25 .6 25 5.8 31 10.5 31 9.8
AnUca eordCfcCCa 6 .2 19 .5 25 .6 19 4.4 19 4.2 19 3.4
Agutteg (a ^faveAccnA 13 .3 6 .9 6 5.5 6 3.9
PgAofa Accuitda 13 1.1 13 .3 13 .3
AbeeA CaiCccarpa 6 2.3 44 7.0 19 6 . 6

INCREASER-DECREASER-BELL 
PedCeuta>Ui b ra c te a a 13 .3 25 2.8 50 5.0 44 1.9 19 3.4
ThaC C cirm  vena l a m 13 1.1 13 2.5 31 5.9 19 2.0 25 1.4
SeneeCo fAeangufaAeA 13 1.2 (31 4.5! 6 2.3
Baoiiiua IiiaAgenatuA 13 .3 13 1.1 13 .5 6 .9 6 .9
UNCHANGING
Rock 13 .2 6 1.1 6 .9 6 .9 19 4.2 6 2.3
AAiteea CatCfolCa 6 .5 56 11.1 50 15.5 63 20.5 50 8.0 63 15.0
CrCgeron peAegAenuA 13 1.9 19 1.3 13 1.1 6 1.1 13 1.1
SenecCo AeAAa 6 .9 6 .9 6 .9 6 .9
CaAex geijerC 25 3.0 31 1.6 19 .3 25 1.4 6 .2
OiivorhC za elU lem Ci 6 .9 6 .9 6 .2 6 .2

OTHER SPECIES PRESENT (Insufficient frequency for interpretation)
AgrAMeA giauca (I), AitteimoAea atpe'iia (2), AAteA eccerfeiita£.tA (3), AAteA enge-fmaime (+), Baotua 
aiioinatuA (3), Campanuta notur.d-i^oLia (+), CaAtetteja meueata (3), ClaijtotUa IanceoCata (3),
Epttcbeom auguAte^ottum (2), FcAtuea erfa/ioeiiAeA (+), FAagaAea veAgeiieaua (I), Geum m acrop lu jlltun (2), 
PectecutaAeA ci/AtcpteAede^ctta (I), Potggoman bt-AtoAtoerfeA (2), PotentC C la cteveA-iejotea (I), 
RaiiuitcutuA acAe^oAmeA (2), RaiiuncutuA eAe/iAe/icttzee (2), Sedum Ateuopetatum (I), SCbbaCcUa 
pAOCumbenA (+)

( ) 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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Understory vegetation at the center of the trail (Frame I) was 

eliminated except for minute amounts of Efiyth/ionium gAM.ndU.fiZoAim, 
HZ2A.acA.1m  gAacZto,, Coaqx podocaApa, LapZmu aqaZcqjoa, and UaccZnZum 
AcdpaAZum (Table V).

Plants exhibiting increased cover and/or frequency percent near 

the trail’s edge were: EAythAonZum gAandZfiZoAum, HZeAaeZum. gAaeZle.,

SZbbaldZa pAoeumb&nA, Coaqx podocaApa, LupZnaA aqaacqua, AAnZea IatZ- 
fiolZd, and EAigeAon peAegAZmiA.

Plants of the undisturbed forest floor (Frame 6).which were absent 

at the trail's edge ("decreasers") were: UaccZnZiMi AcopaAAim,

VkylZodoee empctAZfioAmlA, and AbZeA ImaZoeoApa seedlings. _
Plant species approximating the "increaser-decreaser-bell" curve 

pattern were not found in this forest type.

Plant species apparently not affected by trails'("unchanging") 

were: CaAex geyoAZ, AgoAQAZu glauca, CaAex xeAantZca, Poa aZpZna,

JuncuA paAAyZ, CaAtZZZeja AhexZfiplZa, and VotentZlZa dZvQAAZfiolZa.
Data on whitebark pine understory composition appears in Table V. 

Other plant species recorded adjacent to plots studied are listed in 

Table XIII in the appendix.

Whitebark Pine Forest Trails
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table v

Understory vegetation at various distances from trail center in whitebark pine (P inuA a ib -Lcau& L i) 
Forests. Percent frequency and percent cover data are derived from studies at 19 sites measured 
in June, July and August 1971.

Species List
Frame I 
Trail Ctr.

Frame 2 
Trail Edge

Frame 3 
50 cm

Frame 4 
120 cm

Frame 5 
240 cm

Frame 6 
460 cm

INCREASERS 
Bare Ground
Eaythaoniim gaandiiloautn 
Hieaaeium gaae ile  
Sibba ld ia  paocumbeni 
Caaex podocaapa 
Lupinui ie a ice u i 
Aanica l a t i i o l i a  
Eaigeaon peaegainui

DECREASERS
Litter
VaeeZnZum iccpaaium  
Pliyllodoee empetaiioamii 
Abiea la iioeaapa

UNCHANGING
Rock
Coacx geyeai 
A go iea ii gZauea 
CaAex xeaantica 
Poa a lp ina

Freq. Cov. Freq. Cov. Freq. Cov. Freq. Cov. Freq. Cov. Freq. Cov.

100
5
5
5
5

BA

5

68.7
.1
.1
.1
.1

14.2

.3

79
53
26
16
21
16
37
11

BA
53
5

21
5
5
5
5

19.18.8
2.0
.A

2.4
1.1
4.7
2.1

26.7
11.6

.1

.5

.8

.8

.1

.1

6374
37
5
16
11
53
11

89
74
5

11
5
5

23.2 
10.1
1.6
.1

1.1
2.1
8.3 
2.8

23.2 
18.0

.1

3.4
.1
.1

21
58
21
5
5
16
74
5

95
89
11
5

16
5
5
5

1.2
3.4
1.2
.8
.8
.4

6.7
2.0

28.2
42.6
1.6
.1

2.9
.1
.1
.1

16
53
21
5

63

79
95
5
5

11
5
5
5

2.9
3.3
1.2
.8

6.7

25.5
56.2

.4

.8

.3

.1

.1

.8

5
53
11

53
5

68
89
11
11

5
5
5
5

.2
4.5
.3

1.4
.1

20.3
56.7

.8
4.7

.1

.1

.1

.1

OTHER SPECIES PRESENT (Insufficient frequency for interpretation)
AcfuZZea nuZZe^oZZum (+), AnZeiimtAZa aZpZna (+ ), AnZemiaAZa ZanaZa (+ ), AnZennaAZa Aaaea ( I ) ,  
AAnZca eoAdZ^oZZa (+), CaaZtZZeja AfiexZ^oZZa (2), CUytotua U nceoU ta  (+), EpZZobZum aZpZmati ( I ) ,  
FAagoAZa vZAgZnZana (+ ), Geum AoaaZZ (+), Juneua boZZtcua ( I ) ,  Juneua poAAgZ (2), PedZeuZoAZa 
bAncZeoaa ( I ) ,  PecUeulaati e ijito p te A ld l& c tia  ( I ) ,  PZnua a lb ie a u t i i  ( I ) ,  Poa ieeunda (+),
PoZenZZZZa dZveAAZ^cZZa (2), Sedum aZenopeZaZum (+), TAZ^cZZum Iiaydenit (+ ), Taiioliuyn paaayi (+)

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

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 of 1.6 cm.

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

showed a higher mean average trail width of 66.7 cm.

Engelmann Spruce-Subalpine Fir Forest Trails
On heavily used sites the mean average depth of wear was 5.5 cm. 

Moderate mean average depth of wear was 4.2 cm. Corresponding mean 

average depth for lightly used trails in this type were not sufficiently 

sampled.
Mean average trail width for heavily used sites was 92 cm and 

moderately used sites averaged 86 cm. Lightly used trails in this 

type were not sufficiently sampled for average trail width determina­

tion.
i

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 cm). Lightly used trails 

had a mean average depth of wear of 2.5 cm.

LodgepoIe Pine Forest Trails
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Mean. width of trail wear was highest (111.7 cm) of all forest 
types studied for heavily used trails. The moderate averages of wear 
for trail width were lower than spruce-fir types (75 cm) and 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

Lodgepole Pine

(cm) (cm) (cm) (cm]

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 3lSO1O I2

Whitebark Pine
Heavy use 111.7 32.5 3i 3 .5 •
Medium use 71.0 27.9 4.2 2.3
Light use 56.9 13.4 2.5 1.3

^Insufficient data for adequate interpretation.
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Heavy UseMedium UseLight Use

180.-
160- -
140- -
120- ■

100- -

Ligit Use Medium Use g Heavy Use

FIGURE 8

5
Q)

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.

^Insufficient data for adequate interpretation.

I



DISCUSSION AND CONCLUSIONS

MAPPED AREA

In 1971 the Madison Range was found to have a complex mixture of 

barren rocky exposures, coniferous forests, quaking aspen, alpine and 
subalpine meadows, sagebrush, and willow. These cover types are dis­

cussed in the following paragraphs. The entire range is dotted with 

lakes and channeled by streams which flow into the Gallatin and Madison 
Rivers.

Description of Mapped Area

Lodgepole Pine Forest: Nearly pure stands of PXniH contosuta. Dougl.
dominate the study area. They occupied approximately 39.2% of the 

total land area mapped and were found at elevations between 5 OOO ft 

(1520 m) up to 7750 ft (2362 m). Patten (1963) and Montagne (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 serves as an intermediate to 

some succeeding species. In all sites studied, subalpine fir repro­

duction dominated the understory (Fig. 9); lodgepole pine occupies the 

AbZeA ZjOHXotaApCL - VaccXnXum Acopa/Uum 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 different sites and old fire.scars, 

show that a fire swept through much of the study area 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 closely associated with
Douglas fir.at the lower elevations, and with spruce and subalpine fir

in the higher elevations. Mason (1915) also determined that mature
2lodgepole pine forests at 140 years averaged 195 ft of basal area/acre 

(45 m^/h). Similar figures (200 ft^/acre, 46 m^/h) were recorded in 
the study area (Table X in the appendix). At maturity, lodgepole pine 

susceptibility to insect infestation increases due to its larger 
diameter and increased phloem size (Roe and Amman 1970).

Spruce-Subalpine Fir Forest

Alexander (1958), Habeck (1967), LeBarron and Jemison (1953), 

and Stahelin (1943) recognized spruce-subalpine fir forests of the 

northern Rocky Mountains as a high elevation climax association. 

Daubenmire (1968) labels these forests kbi-QA lOAtodCUipa. -  \Jacclnlum 

ACOpcVuum habitat types.
Vajhkl engeXmaniu. (Parry) Engelm, and AbZeA I oaZoaa/ipa (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 although the latter were generally larger. Approxi­
mately 1.1% of the study area was mapped as subalpine fir forest.

Subalpine fir was observed from 5000 ft (1520 m) to 10,500 ft 

(3200 m), and was most sampled at a mean elevation of 8100 ft (2468 m) . 

It often occurred in pure stands above the range 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 which averaged 150 years.

Though it is climax, Clements (1910), Mason (1915), Tackle (1959), 
and others,, including the author, have observed that after fires climax 

spruce-subalpine fir forests 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 with relatively few subalpine firs covered approxi­

mately 2.1% of the study area. There were very few trails found in 
these areas and reasonably so: Engelmann spruce occupies moist soils

in cold valley bottoms adjacent to streams and bogs which are poor 

areas for trail location.

In the mapped area Engelmahn spruce was commonly associated with 

subalpine fir up to elevations near 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 populations were observed to sharply 
decline above the 7500 ft (2286 m) level. Possibly its inability to ■ 

endure severe moisture 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. Increment readings from six dif­

ferent sites within the study area indicate existing stands to vary 

in average age from .95-200 years with the oldest tree being 320 years 

old.

Whitebark Pine Forest
In the study area, groves of PZnoA o£bZcao£Z6 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 (1958) shows that whltebark pine 

commonly occurs in pure stands.
Limber pine (PZnoA ^lexZluA James) is nearly 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 (1981 m). Those that were
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observed never occurred in amounts sufficient to warrant mapping.
Patten (1963) likewise observed that 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, which suggests a trend toward 

Daubenmire1s (1968) findings.
2 2A mean basal area of 179 ft /acre (41 m /h) was lower than those 

found in other forest types studied. Finzer (1971) reported that 

whitebark pine stands on Wheeler Ridge in the adjacent Gallatin Range 

had an average basal area of 193 ft^/acre (44 m^/h).
Annual ring counts from these trees show them to be slow-growing, 

mostly 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 (PsoudotAligcL me.nzx.eA/Ct var. gZcuidd (Beissn) 

France), forests occupy the third largest amount of timbered area 

within the Madison Range, Approximately 5.9% of the study area was 

Douglas fir forest.
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They were observed to grow in pure stands on sunny, dry rocky 

exposures from the valley floor up to the 7500 ft (2286 m) level,

Patten (1963) found that,Douglas fir favored west facing steep rocky 

slopes of limestone bedrock.
Some lower elevation areas of lodgepole pine forest are believed 

to be climax Douglas fir sites which were 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 Junlpe/lOU6 ACOpuZofum Sarg,, RiniLi I&qxI I juA 

James, and Afitm-Ui-Ul tAtdtYitato. Nutt., at lower elevations than those 

studied here, and with PtniU COntOftta Dougl. at its upper extremes.
Patten (1963) observed that in the Madison Range the most common 

under story plants found in this forest type were l/acctntum mmbfianacctm 
Dougl., Pachintutta rnyflAtntton (Pursh) Raf., RiJbei ccficm Dougl.,
Pfiunun viAgtntana L., ArncZanchtm atnt^oZta Nutt., PhynoeafipvH 

matvaeeoiH (Greene) Kuntze, Aeefi g-Cabfium Torr., Befibmti fiepeni Lindl., 
and a considerable mixture of grasses. Stands of this type were not 

sampled in this study.

Aspen

PopuZiH tfimaZotden var. aufiea (Michx.) occupies 0.3% 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 as fire subclimax communities of low elevations. As a result 

of past fires, aspen has established itself in small wet areas while 

lodgepole pine has invaded most areas.

Reed (1971) and Strothman and Zasada (1957) observed that aspen, 

stands, once established, occur in clones 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 rich.understory of grasses and herbs 

such as Poa p/iat&n6-t6 L., TzAtata Zdahotmti* Elmer, UeJtLta bulboAa 
Geyer., KotteAZatAAAtxta (L.) Pers., CaAtX spp., R o M  IVoodiZZ Lindl., 
GeAanZum vZAto^taZmom Fisch & Mey., PottntZJLLa QAatZZiA Dougl., 
LapZnuA AtAZttaA Pursh, BeAbeAZA AtptnA Lindl., AmtZanthZeA atnẐ oZZa 
Nutt., and SmZJLatZnaAatmOAa (L.) Desf. (Patten 1963, Reed 1971).

Sagebrush
AAttmZAZa tAZdtntata Nutt, is the predominant species in all 

areas mapped as sagebrush, comprising 5.3% of the study area and 

occupying a variety of level flats and slopes at lower elevations. 

There seems to be a great occurrence of sagebrush communities on the 

more level glacial till soils. Contrary to Patten (1963), sagebrush 
was not seen above elevations of 7500 ft (2286 m).
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Patten (1969) felt that some of these .communities, which are 
presently invaded by lodgepole pine, were in a subclimax state.

In many cases, VQAtlldCi tdahoÔnA-iA Elmer., occurs in high amounts 

in these areas. Patten (1963) also found AfitoyniAta. CCiivx Nutt, to occur 
in subordinate amounts up to 8%. Patten (1969) described the commonly 

found grasses and forbs in these' areas to be Agfiopyfion Aptcatum (Pursh) 
Scribn. and Smith, KooZo/lta 'CAiAtata (L.) Pers., Sttpa spp. , Tafiaxacum 

O^tatnaZc. Weber, AgOAQAtA glailda (Pursh) D . Dietr., Efitogonum 

umboJULatim Torr., Goim tfit^ZoAim Pursh, AntomafiijX flOAQJX (Eat.) Greene, 
GoAanimn vtAaoAAiAAijnum Fisch. & Mey., PotQ.ntiIZa gAaatZtA Dougl. and 
CoAOAtium aAvo.nAQ. L. PotQ,ntttta ^fiuttdOAa L. was observed in low level 

areas of high moisture content.

Willow

Willows occupy approximately 0.5% of the recently mapped areas 

and were found at all elevations in swamps, bogs, wet meadows, lake- 

shores, and strearnsides.

Dorn (1970) identified 15 different species of willow which exist 
in the various moist habitats of the Madison Range. Three of the most 

commonly found (Stevens 1967) are Sot-AX, dfiummondtana Barratt, Satix 

m yfittttt^otta Anderss., and Sattx go.yQAt Anderss. Patten (1968) found 

Sattx tutQ.a 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 

AcfuZle.a. otium L ., ThatLct/um .6pa/u>illo?um Turcz., SmiLLaZm.

m cm oia (L.) Desf., VmgaAia viAginiana Duch., and VoizntLtLi 

JiHutLco A a. L .

Alpine and Subalpine Meadows

Open meadows cover approximately 4.2% of the study area. They 
are found at all elevations with many grasses and forbs occurring 

in each opening; Patten (1963) found over 70 species of grasses and 

forbs in a single meadow south of the study area at the 8000.ft level.
Some species identified in meadows adjacent to the three forest 

types studied are found in Table XIV in the appendix.

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

temperature and moisture extremes than do forest understory plants.

Barren and Rocky Exposures

Barren and rocky areas comprise 22.8% of the land within the 

study area. They begin at elevations of 5000 ft (1520 m) and range 
up to 11,500 ft (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 Szdum
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AtwopztCLtm Pursh, Sttznz acawtU L., Slbbaldtn plocumbzm L., Coazx 

spp., Saltx a/Lcttza Pall., EnJJyitzhtm. nanim (Vill.) Schrad„, MzAtznAla 
alplna (Torr.) G. Don. , Gzm AO&All (R.Br.) Ser., and high alpine 
grasses (Griggs 1956, Habeck 1967, Marr 1970, and Willard 1971). Trees 
at the upper elevations include whitebark pine and subalpine fir on 

the majority of slopes, and aspen, juniper, and limber pine at the 

lower elevations. Soils in these 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 I 

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 Range

Figures from Table I in lines 3 and 4 suggest that slightly 
greater areas are covered by lodgepole pine east of the Madison divide 

than west of it, and by more Douglas 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 aspect on major forest types.

Douglas fir was most prevalent on south, southeast, southwest, 

and West slopes (Table II),. This is contrary to Patten’s (1963) 
report of Douglas fir on east facing slopes.

Lodgepole pine was most prevalent on north, northwest, northeast 
and southeast facing slopes with nearly equal coverage for each of 

these areas. South facing slopes had the smallest amount of lodgepole 
pine cover. It is speculated that climax Douglas fir forests remain 

in sparse open grown stands almost exclusively on the south slopes.

Thrs-is thought to be so because fires are common in north slopes 

but not in south slopes where fires cannot travel. The north slopes 
burn often because they support greater densities of both understory 

and overstory vegetation which provide an adequate continuous fuel 

supply which often burns 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 

Mapping and therefore data is insufficient for adequate interpretation.

Engelmann spruce favored the northern slopes where moisture con­

tents were higher. The author found greatest occurrence on the 

northwest 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 south 
facing slopes and appears to avoid the southeast, north, northeast, 

and northwest slopes.

^fonforested rocky exposures include cliffs, scree slides, and 

barren alpine areas. Percent coverage on all aspects was nearly equal. 

The mapped study has a high proportion (0.5%) of lakes as compared to. 
the entire Madison Range.

TRAIL EFFECT 

Review of Literature

Understory Vegetation: Effects on vegetation 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), Davies 

(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 well as the understory vegetation 

in camp and picnic sites have been studied in several areas. Wagar 

(19.71, 1965) noted the effects on spruce, Douglas fir, subalpine fir.
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and aspen stands in northern Utah. Jemison (1967) observed trampling 
effects on Engelmann spruce and subalpine fir in the northern Rockies 

of Canada. Cole (1964) conducted studies in black oak stands in the 

Missouri Ozarks. LaPage (1962 and 1967) studied effects of trampling- 

over a three year period 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 sites in New Jersey. Magill 

(1970) investigated the trampling effect on recreation sites within 
ponderosa pine, Jeffrey pine, and white fir stands in California.

And, Meinecke (1929) studied the trampling effect on coastal redwoods 
in California. With the exception of Magill (1970), in all cases it vt'7 

was found that heavy soil compaction from recreational use reduced 

increment growth and in some cases (Cole 1964) created crown dieback 

of overstory 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 discussed in detail in a later

section.
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Plant Zonatlon: A complex gradient of environmental conditions extends
from the trail into the adjacent forest. Along it, different plant 

species repeatedly assumed specific positions. Bates (1935), Burden 
and Kanderson (1972), and Davies (1936) recognized that footpaths 

contained a distinctive plant 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 moisture, and light' intensity correlated with 

distinctively different vegetaion types progressing from the.center 
of the pathway into adjacent undisturbed areas-. Waring (1964) observed 

that-; ■ "Although few if any species respond identically to a given 

intensity of an environmental factor, plants may still be grouped in 

relation to the location of their ecological optima along various 

effective environmental gradients". In all three forest types studied, 

a similar trail plant "zonation" was observed; the trail center was 

denuded and in the adjoining vegetation specific plants repeatedly 

assumed certain positions along the gradient.

' ^Soil Compaction: - Westhoff (1967) . observed in Holland that "when . (
situated in more dr less natural or seminatural areas such as woodland

. ' • • ••

heaths, moorlands, and dry pastures, such tracks present a type of 

diversified gradient— a gradient from being constantly trodden to 

being rarely or never trodden. This corresponds with a gradient of
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decreasing soil compaction. Many plants are ecologically specialized 
or present their optimum in this special gradient type". Bates (1935) 
determined that soil compaction within the pathway created greater t?- 

soil bulk densities in the top 5 cm layer, and below this depth soil 

conditions were comparable to areas at similar depths in the adjacent 

untrodden areas. In campsite and picnic areas, Cole's (1964) studies 

indicated similar effects down to 8 cm and LaPage (1967,.1962) observed 
subsurface compaction down to 15 cm. Apparently, in all t"*J^

in trampling intensity, soil moisture, content, and soil texture 

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

Marr 1971).

Soil Moisture: Moisture can be regarded as one of several factors

responsible for the existence of a particular trail gradient structure. 

Generally, a soil moisture gradient exists with high moisture contents 

near the trail center and gradually declining moisture contents at
greater distances from the trail. Vegetation varies along the gradient

:
into the forest according to the individual requirements of each plant.

It is well known that plant communities change along a moisture 

gradient. Bates (1935) and Davies (1936), for example, observed that 

footpaths in relatively dry sites exhibited a different flora than 

nearby moister trail habitats. Bates (1935) and Waring (1964) found .

variation in compaction depth is correlated at least with



-52-

that the greatest number of plants did not necessarily occur where 
highest moisture was present.

Some reasons why. the trail is a moister habitat than the sur­

rounds are presented below. The surface of 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 compaction within pathways created proportionately 

"wetter" soils due to reduced air filled pore space. Lutz (1945) 
determined that soil compaction in picnic areas reduced pore volume, 

air space, and increased soil field capacity. The shading of adjacent 
overstory timber reduces solar exposure, soil temperature, and conse­

quent surface evaporation. The understory vegetation and thick needle 

duff layers on the forest floor often retain greater quantities of 

water at the surface which are subject to evaporation for longer periods 

of time. Cole (1964) determined that recharge of soil moisture was 

greater in undisturbed areas, but overall moisture losses were greater 
due to evapotranspiration by plants and litter. In a pathway habitat,

there is no aerial interception of precipitation or plants to transpirew,'
Amoisture. The "mat layer" is removed and free^dccess 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 a. faster rate than forested 
areas

Bates (1935) and Waring (1964) noted that when high clay content 
is present, "puddling" often occurs and prohibits the infiltration of 
water. The result is an impenetrable surface with high amounts of 

runoff and evaporation rendering the soil drier than its surrounds. . 

Trails studied were not on clay-rich soils.

Light Intensity: From various studies, it appears that though light
does not singly control the occurrence of plants' along the trail 

gradient, there is a strong correlation between 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 construction 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), Magill(1970), 

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 main pathway will receive partial shading 

from the overshadow of adjacent timber on one side and maximum 
illumination will occur on the opposite side at some distance from 
the trail center. In this study it was 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 frequencies and cover values is greatest in spruce- 

fir forests; this may be due to the light 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 specifically adapted to certain levels of 

light intensity. For example, he found that BfiomuA mO-LLU) had 

optimum occurrence at 100% illumination while EZymuA gZcuiCUA had its 

optimum in partially shaded openings of 55% of total sunlight. Bates 

(1935) observed that TsiifiolZum Sczpeni 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 effect was probably not detectable, Wagar (1971) found 

that fertilization of understory plants under coniferous forests 
produced almost no differences in overall herbage yields. There was, 
in some cases, a greater accumulation of soil organic matter from 

decayed litter on the surrounds than in the pathway, but this was not 

always the case. In many instances high amounts of litter were found 

in the trail as well as in the adjacent 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

A few plants persisted in low amounts within the extreme trampling 
of trail center (Frame I), 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 paragraphs.
Plants found in heavily compacted areas (Frame I) were often 

observed to be dwarfed. Bates (1935) also observed dwarfing of Pod 

PfIatznAyU and Tht^oLLum fizpznA along footpaths in England.
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Increasers

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

recognized that trailsides develop their own unique flora which is 

distinctly different from the surrounds. Burden and Randerson (1972) 
attributed the change with the plant species’ ability to survive 
under trampling pressures and termed them as trail "indicator" species. 

The author observed the same patterns of persistence: along forested 
trails within the study 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 disturbed 

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.
E/iythAovujm gfumdi^lonxm and HXeAacuiwi gnmute typically were 

common in with high frequency and/or cover percent in all three forest 

types and assumed the "increaser" distribution pattern.

Apparently the success of EiiythA-OYlhm QAaYidt t̂oAum is due to its 

ability to avoid the harsh conditions 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.



-57-

FIGURE 10

Both photographs show EtiytlViOyiium gKandi l̂oKLum as the dominant plant 
species in areas where heavy camping use recently occurred. Vcicc^yUim 
teoparuum (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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HZeAacuum gtiaaiZe was consistently observed to have highest 
numbers in open bare spots where neighboring competition was low.

The trailside zone provides such a habitat. Field examination 
revealed a large tap root which may store moisture and enable it to 
withstand periods of drought. It is also a prolific fruit producer. 

Unlike E/LythAonum QHXLndLifsZ-OH.um, this plant completes its life cycle 
in late summer. . An explanation of its hardiness is not possible: 
it should be investigated further.

Decreasers

Field data indicated that some plant specie^ adapted to undis­

turbed forest 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 (Frame 6» Figure 4) 
into the area of use near trail center. Plant species which consis­

tently assumed this pattern along the gradient were termed "decreasers". 

Vaccyindum AC-OpaAZum and AbZeA ZaAZoaaApa seedlings were decreasers 
commonly found in all three forest types studied..

VaacZnZm ZaopaAZum 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). VdaaZnZm AaopaAZrn was intolerant to .trampling 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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AbZeJt ZcuZo C-CVipa. seedlings favored the un.tr amp led 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

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, indicating a tolerance 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

Initial establishment and/or construction of the trail creates 

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 I and 2) while low soil 

moisture content and heavy shading reduce their 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
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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 plants were essentially constant 
in occurrence at all levels; they were termed "unchanging".

CcUizx gzy&vL assumed the "unchanging" pattern along the trail 
* gradients in all forest types studied; it apparently resists both 

trampling and shading. Larsen (1929) considered CoUizx QzyeJii. to 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 resistant to trampling. Magill (1970) 

also found certain C cU l q x species resistant to trampling. In his study 

of campground site deterioration in California, CCUizx species increased 

twofold in one site and threefold in another, while other species 

rapidly declined. CcUiZX gzyz/U. has the ability to resist trampling as 
mentioned above and also has a "shade tolerance" which permits it to 

grow in the forest interior; if these were not the case, CaAZX QZLjZfU, 

would be an increaser like Poa pAatZnAXA (bates 1935, Burden and Randr- 

erson 1972, and Davies 1936). .
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Several plants of the area were not observed in the sample • 
frames or were present in low amounts 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 present in low 
amounts in the lodgepole pine forest appeared with higher frequency 
in the spruce-subalpine fir forest and provided enough data for 

interpretation. Certain 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 meadows while 

others were, found exclusively in very low amounts in one specific 
forest type.

Forest Litter

Forest litter assumed the decreaser pattern along ,the trail 

gradient with fairly constant values in Frames 3, 4, 5, and 6 and 

rapidly declined in Frames I and 2 at all sites within the three 

forest types studied. Cover values showed this best: little was

present on trails, 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 areas 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 EACH FOREST TYPE 

Data for the following discussion appears in Tables III, IV, and 
V, pages 27, 29, and 31.

Lodgepole Pine Trails

Trail Center: The main pathways were essentially denuded except for

minor amounts of EfiythA-OYiium gfiandifiZofum,. Tkaltctfium vmulof>um, [/tola 

ofibleulatixA, Claytovita laneeolata, Gefiantum \fti,eo&&ti,itmum, Sptfiaoa 

betultfio lta, Htefiaetum albttflofium, and Htefiaetum gfiaetle- These species 
appear to persist for several reasons: (I) delicate-leaved forbs such

as EfiythaoYitim gfiandtfilofium, Thalietfium venulof>um, Utola ofitbeulatuA, 

and Claytovita laneeolata were seen to complete their life cycles quickly 
after snow melt, thus avoiding the trampling effect, further they 

perennate by subsurface stems; (2) Sptfiaea betult&olta is a shrubby
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plant with thick woody rhizomes which are capable of withstanding con­

siderable trampling pressure and undergoes lateral bud proliferation 

when the terminal bud is damaged; (3) GeACLnZum VAJtCOAAZAAAjnum,

HZeACLCUim aZbZfiloAm, and HZeAaaZum gHacZZe. had greater frequencies 
in forest openings with greater sunlight. Westhoff (1967) mentioned 

a preference for high sunlight intensity in certain species of 

GeAanZtWl in Holland.

Increasers: Plants having increased frequency and/or cover next to

the trail edge were HiLijthAonZum QiiandZ^ZoAumi HZeAacZum giiandZ^ZoAurri > 

AiinZca ZatZfiolZaf Poa pAate,nj>Zj $ and LupZniti AeAleeiti.

The ecologic requirements of EAythAonZum gAandlfiloAum 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), 

BiythAonZum gitandZfiZoium had a cover percent of 7.6 and a frequency of 
57 percent which declined to 2'. 9 cover percent and 46 frequency percent 

in the undisturbed section at 460 cm from the trail center at Frame 6 

(Table III).
HZeJtaeZum gAandZfiZonim and AiinZea IjatLfioZJjx 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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Voa PfiatzyttxU) (Bates 1936, Burden and- Randerson 1972, and Davies 
1935) is particularly well adapted to trampling because: (I) it has
natural seeding ability as well as an extensive underground root system 
with "‘numerous rhizomes capable of vegetative reproduction; (2) it has 

short, flat leaves with low susceptibility to mechanical damage; and 

(3) the perennating buds (growing points) are underground, thus pro 

tected from trampling damage. Bates (1935) and Davies (1936) found 
that disturbed and compacted trailsides were often dominated (30 to 

60% cover) by stands of Voa pfiatzyttti. Wagar (1970) also recognized 

the trampling resistant properties of Voa pfWLtOMbitt) and used it for 
reseeding heavily trampled campsites in northern Utah.

Luptmu AeAlcuu is often called lodgepole lupine 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, 

LuptmU SZfitceiU plants were observed in great numbers in meadows at 
low elevations while at higher elevations their greatest frequency 
occurred within the partially shaded 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 Uazztntum szopofitum, Uazztntum membfiana- 
zzum, Epttobtum angutttt̂ oltum, Vyfiota szzunda, and Abtzs tastozafipa.
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VciC-CU-IlsiUfn -iaopcuumri, 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 percent. 
These values increased gradually to a frequency of 46 percent and an 
average cover value of 22.2% as the undisturbed and more shaded section 

of the gradient was approached (Frame 6). VaaclyUum membAanacaum 
appeared to have habitat requirements similar to Vaaalnium AaopafUum 
but appeared in. smaller amounts.

Ep-Uoblum angittiU-fioJUum is frequently seen along roadsides and is 
called "fireweed" due to its ability to invade disturbed soils result­
ing from fires (Craighead, Craighead and Davies 1963). It is a weak . 

decreaser on trailsides; it does not, then, increase with all types of 

disturbance.
AblaA ZaAloaafIpa seedlings exemplified intolerance to trampling 

and/or sunlight by showing a high increase from 14 percent frequency, 

0.36 percent average cover along the trailside (Frame 2) to 21 percent 

frequency, 1.8 average cover at the shaded undisturbed part of the 

gradient.
VytioZa Aaaunda was seen to consistently favor the moist shaded 

areas of lodgepole pine and spruce-fir forests. Larsen (1929) main­

tained that PytioZa spp. occurs in the dense forests where climax 

understory conditions exist.
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Increaser-Decreaser-Bell: Those plants having highest values in the

midrange along the gradient were GeAayuum vLscoAA-UAjmum, VAaQOAMi 
vlAQlyMina, Ayite.nnanMi AaaemoAa, SpiAaexi b&tuH{olia, and HieAaaium 
atbifcioAum.

GeAayiium viiaoAAiSAimum and VAagaAia ViAginiayia were frequently- 
observed in nearby meadows, They apparently require high levels of 

sunlight and can withstand low levels of trampling.

AyitannaAia AaaemoAa, SpiAaaa beXuiî olia and HieAaaium albinoAum 
were similarly distributed along the gradient. They were seen primarily 

in small sunny openings within the forest habitat, suggesting that they 

too require considerable light but cannot tolerate trampling.

Unchanging: Plant species having a wide tolerance to many conditions

with no significant differences in occurrence along the sample gradient 

were: tJiola nuXtaJLlii, Viola OAbiaulatM, Claytonia lanaaolata> CaAax.

gayeAi, AAniaa aoAdî oIiat OimoAhiza ahilaniii» AAtAagalwi alpina>

AiteA angalmanyii) CalamagAoitM aanadaniii > and Aahillaa millâ olium • 
Such plants are seemingly hardy or have specific adaptations which 

enable them to survive in a variety of conditions.

Viola viuitaJLlii, Viola oAbiaulatii, and Claytonia lanaaolata, 

like EAythAOVlium gAandifiloAum, complete their life cycle early in the 
spring season before adverse trampling or moisture stress begin.
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C0A2.X. QZyoJlli as previously mentioned.-, is resistant to trampling 

and appears to be resistant to other stress conditions under the 

forest overstory.

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

Aqaltzgla ̂ JtavoAzznA and BfiomuA maJiglnatui occurred in signifi­
cant amounts in the Englemann spruce-subalpine fir trail samples and 

kgobznlM glauza and EJtlgo/Um poAZQtilYWA were in sufficient amount for 
trail gradient analysis within the whitebark pine type.

Szdum Atznopztalum remained in low amounts in all areas studied 
and was observed in the dry valley bottoms (5000 ft, 1524 m) and in 
the""alpine meadows (10,500 ft, 3200 m). Daubenmire (1941) found that 
Szdum Atznopztalum had a deep fibrous root system and thick fleshy 

water storage leaves which enabled it to survive in open rocky dry 

sites.

Engelmann Spruce-Subalpine Fir Trails
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 environmental 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. For this reason, the habitat change was more extreme along 

the trail gradient than in other forest types studied.

Trail Center: The main pathways were essentially bare with minor

persisting amounts of binJlQJX d O n d i - l o H M l and btYiidO, latL^olifX- Both 
plants were seen to be extremely prolific and by nature of their 

occurrence suggest a high degree of tolerance to differences in light, 

temperature, and moisture stress.

Increasers: Those plants with highest occurrence at the trail edge

were EJiytlvionlum gnandLi^toKm, EpiZoblm aZpinm, HZznjxoJjm Q kolcJJLq.* 

Poa pKalQ.n6l6> and ThZ^oLum paKKijZ*

EKylhKoyuum gKandLfilOKm 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.

EpLtoblum aZplyim was found to have a sharp decline at Frames 5 
and 6. It was rarely observed in the lodgepole pine or whitebark 

pine sites. EpLtoblm atplnm is a low succulent plant which appears 
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.

HloAaaLm gKaalZo. also exhibits a very strong increaser effect 

with low amounts within Frames 5 and 6.
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PoCL pfuutZlLiXA 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 

POCL appeared in an identical pattern in England.

TSLij$oJU.um pa/ifiyt is a native mountain clover (Booth 1958) which 
appeared to favor trailsides in the spruce-fir forest (Table II).

Bates (1935) thought certain TsoLfiolsLum species favored trails for 
two reasons: (I) they are closely linked to a light stimulus, and

(2) they have deep tough prostrate rhizomes which exhibit a resistance 

to trampling. Daubenmire (1941) examined Tfll^otiim pcWiyl and found 
similar root characteristics. Bates (1935) and Davies (1936) found 

TsUfio-ticm SczpenA to strongly favor the edge of trodden paths. In 
the study area, Tjvl&oLu m  paAAyJL became less important in the upper 
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 forests were \JCLC,QA.Yllum koopcUvum, k>ivu.c.CL 

cofidiliollcL, ThaLLcMm ve.nul.06m> AqvUZegla ̂ Zave6cen6> PyAoZa 6ecunda> 
and Able6 ZculocaApa-

Vacclnlum 6eopaAlum> the principal climax understory 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 

values 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).

KfmJLdtx coficLLfioLLo. and T h o L L c t f u m  v e m i l o A u m were also observed to 

strongly favor the undisturbed forest habitat. Their exact require­

ments for their positioning along the gradient are unknown.

AqvULdgto. ^LoveJiddM may be linked to a light relationship more 

than other factors. It was also seen in large amounts along the 

opening of meadows and less shaded sections within small forest 

openings.
VyftoLo £>doundo and KbLeA LuaLodUfvpo appeared in Frames 4, 5, and 

6, and occurred in a similar pattern within the lodgepole pine forest 

trails.

Increaser-Decreaser-Bell: Those plants which assumed the "bell" curve

pattern of occurrence were Ve,dLeuLofuA bfiactdOJO, BftomuA moAgLnotuA, 
and Se.ne.eLo LfUonguLofuA.

Ve.dLcJoLafuA bfioeteo&o was never seen in lpd^egol^- , foists, 

and was rarely seen in whitebark pine forests. It appeared to favor 

those areas with good moisture availability in small sunlit openings.
BftomuA mofigLnotuA is commonly found 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 Szne.cU.0 &vLangillCLfuJ> as a wet meadow 
plant, suggesting its light requirement. 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 particular sensitivity to the sharp 

changes along the gradient. They were AKnlda latlfioLLa, Bilg&ion 
pe/idgKlnuA, Smnalo AeAKa, CaAax gayeAX, and OAmoAklza akilanAlA.

AAnlaa lcutliolla and EnlgaAon peAagnlnuA appear in all forest 
types studied and occur as increasers in whitebark pine forests.

They may be encouraged by great amounts of sunlight and disturbed 

soils.

Sanaalo AOAAa was also seen in higher amounts in openings with 
high.sunlight intensity along creeks and fringe areas of meadows.

CaAax gayanl and OAmoAhlza aluJLanAlA occur in an identical 
pattern along the gradient sample within the. Iodgepole 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.

AgoAaAlA glxwiaa and Slbbaldla pAoaumbanA had high densities at 

high elevations in the whitebark pine forest while AAtaA angalmannl>
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BpZtobium (UXQlLi)ZsL-̂ Otuum and VsiciQCtfiZxi vZjLQiiiicMCl had high occurrence 

in the lower elevations within the lodgepole pine types. Species 
such as Antznncutia atpina, FeAtuaa ZdahoanAiA, Campanuta siotundZfiotia, 
Potygonum biAtoKtoideA and Potantitta diveAAî oiZa were seen in greater 
amounts in nearby meadows.

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 Trails
From a comparison of basal area measurements (Tables VII, VIII, 

and IX) and field observations, it was obvious that whitebark pine 

stands on the most part were the most open of the forest types 

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 for the more open 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 main pathways were essentially denuded except for

minor persisting amounts of £/iythsionium g f i a n d i & t o H u m , Hieiiacium 

gfiacita, Caiiax podoaaiipa, and LupiniiA A e i i i c e u A. The habits and re­

quirements of the above were discussed in the previous two sections 

and they act similarly in this type. -
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Increasers: Plants with greatest occurrence near the trail were:

EH.ythn.oywm- , WloAoclxm QHaatle., SlbbalcUa pnocumbeu,

CaH-zx podoc.aH.pa, Laplyuu azhIczlu, AHnlca latinoIia, and EhIqeHon 
pzHZQHlmu.

EHythHonlum gHandlfiloh i m ,  HlzHaclum gHacliz, Luplnuu Aznlceiu, 
and Annlca latlfiolla within this type are indigenous forest under­
story species which appear to increase in number with trail openings 

and soil disturbance as was observed in the lodgepole pine and 

spruce-fir types, and already discussed.
In some instances, plants 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 SlbbaldXa pHocumbzyU and EHlgzHon peHzgHlnuU 
appear. Cox (1933) and Marr and Willard (1970) found certain fell- 

field areas in the 11,000 ft (3353 m) level to be dominated by 

SlbbaldXa pHoambzvU. In Colorado, Marr (1970) determined the 
EnlgZHon pzHzgHlnuU was the most prolific plant along trailsides 

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

Decreasers: The understory vegetation in whitebark pine stands was

nearly pure VacclnXm i>copanlm. Daubenmire (1968) briefly discussed 

this forest type and classified it as a VXjnai> alblcaulXu - VacclnXum 

AcopaHlum habitat type.
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In the undisturbed portion of the trail gradient, l/aaduZum 

ACOpaAMim provided the greatest amount of cover of all forest types 
studied— 56% cover.

-AbZgA I oaZoCLOA-pa. seedlings were consistently absent from the 
disturbed open sites (Frames I, 2, and 3) and appeared in the undis­

turbed sections of the gradient (Frames 4, 5, and 6) in both whitebark 
•pine and spruce-subalpine fir sites. Whitebark pine sites had smaller 

numbers of AbZeA ZoAZocaApo seedlings .than.did lodgepole pine or 
Engelmann spruce-subalpine fir forests.

VkyZZodoce empetAZtfoAmZA is apparently an "accidental" species 
which favors certain untrampled areas of late snow-melt. It was 

observed in higher populations above timberline in open, late snow-melt 
areas.

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

observed to follow the bell curve pattern.

Unchanging: Those plants which appeared to be insensitive to the

trail effect were CaAex geyeAZ, AgoAeAMA glauee, CaAex xeAantZea, 

and Voa aZjcZna.

CaAex geyeAZ, as previously discussed, was found in all types and 

consistently shows no reaction to the trail effect. CaAex XeAantZea 
apparently favors the high elevations and reacts in a similar manner.
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KQObQJuJi gZaudCL and Too. CttpJivx were observed in nearly equal 
amounts in meadows and whitebark pine forests. They apparently were 
tolerant to many different 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.

CabtAZlzja fihoxtioLLa, VotzntZtla dioQAbZiolZat KntznnaAZa 
alpZna, KntznnaAZa Lanata, Gzum AobbZL, Juncub baltlaub, PzdZzuLaAZb 
zybtoptznZdZiolZa, and TAZioLZum haydznZZ were observed in great 

numbers in nearby meadows. EpZlobZum alpZnum, VzdZzuLaAZb bAdztzoba, 
and TAtioLtum paAAytt had significant occurrence in the spruce-fir 

habitat, while KntznnaAta Aobza, KAnZza zoAdtiolZa, VAagaAZa vtAgZn- 
Zanat and Voa bzzunda had significant populations with the lodgepole 

pine habitat.

TRAIL WEAR

Trail use within the study area was limited to foot and 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 wear is recorded on Table VI and is graphically

illustrated in Figure 8.



— 76—

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 depth of wear for lodgepole pine

trails is nearly identical with those sites within the whitebark pine 
areas studied but less than those seen in spruce-fir trails. Greater 

amounts of exposed rock 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 observed to have the highest amounts of soft

wet soils within the pathway. Data suggests that in areas of loamy 

or soft 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 greater depths

of wear. Studies (Willard and Marr 1971, 1970) in the high altitude 

tundra (11,500 ft, 3490 m) 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, one 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 pine (1.6 cm) and spruce-fir sites (2.0 cm).

Factors Controlling Wear

In most cases, heavy traffic 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 the controlling forces.

Trails in whitebark pine and lodgepole pine sites were deeper 

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

use (Table VI). This may be due to horse behavior. It is believed 

that up to a certain level of use, horses and hikers stay within the
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same established trail until 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 appeared, 

horses and hikers used the softer "cushioned" trailsides and created 

a wider trail. On level 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 mountain meadows were not studied, it was observed that 

trails within meadows rapidly revegetated and became quite narrow 
or undefined. As previously mentioned, Jemison' (1967), Magill (1970), 

and Wagar (1971) found that greater amounts of sunlight provided 

greater herbage production with adequate 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 (PXntH COntoSlta) on 29 sample 
sites. (June, July and August 1971)

Plot Elev. Sg.Ft. Understory Dominant Herbaceous Ground
. No. feet BA/Acre Reoroduction _ _ Cover

I 7500 245.25 Ab-Len LanXoeaApa- ThaXX.etAum u e.nuXon um 
EAiftlAonXum gAandX&XoAum

4 7550 54.50 Ab-C £4 XanXoeaApa AAnLea eoAdX(\oXXa 
EAytkAOnXum gAandX{toAum

5 7600 218.00 AbXen XanXoeaApa AAnXca eondX&oXXa 
ThaXJatAuyn venuXonum

6 7600 • I AbXen XanXoeaAna AAnXea eoAdXfioXXa 
EAtjthAonXum gAandXfXoAum

7 7650 81.75 AbXen
PXcea

XanXoeaApa
engeXtmnnX

AAnXea eoAdX&oXJa 
EALjtlAonXum gAandXtlXoAum 
CaAex get/e-U.

8 7650 245.25 AbXeA
PXcea

XanXoeaApa 
engeXmannX

A-'u'U.ca eoAdXftOXXa 
EAijthAonXum gAandJ.fXoAum

9 7700 275.25 PXeea engebnannX TIutXXetum venuXon urn
10 7700 163.50

I
AbXen XanXoeaApa TlALLetAunt uenuXontm 

AAnXea eoAdXfoLLa
11 7750 AbXen

PXeea
XanXoeaApa
engeXmamiL

EnijthAonXum gAandXfXoAum

12 7750 245.25 AbXen XanXocaApa AAnXea eoAdXfoXXa 
CaAex geyeAX

13 7500 245.25 AbXen XanXoeaApa 1/aeeX.nXum neopaAXum 
AAnXea eoAdXfoXXa

14 7550 275.25 AbXen XanXoeaApa VaeeXnXum neopaAXum 
AAnXea eoAdXfoXXa

15 7550 327.00 AbXen XanXoeaApa VaeeXnLum neopaAXum
16 7600 354.25 AbXen

PXcea
XanXocaApa
engeXmannX

VaeeXnXum neopaAXum 
AAnLea eoAdXfoXXa

17 7650 354.25 AbXen XanXoeaApa VaeeXnXum neopaAXum
18 7650 245.25 AbXen XanXoeaApa VaeeXnXum neopaAXum
19 7650 81.75 AbXen XanXoeaApa VaeeXnXum neopaAXum
20 7650 50.54 AbXen XanXoeaApa VaeeXnXum neopaAXum
21 7650 218.00 AbXen Xan Xa coApa VaeeXnXum neopaAXum 

AAnXea eoAdXfo-LLa
22 7650 292.75 AbXen XanXoeaApa VaeeXnXum neopaAXum
23 7400 109 ..75 AbXen XanXoeaApa VaeeXnXum neopaAXum
^Data Not Available
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TABLE VII- CONTINUED
Stand description for lodgepole pine (P-UiUA c o n t O K t a ) on 29 sample 
sites. (June, July and August 1971)

Plot
No.

Elev.
feet

Sg.Ft. 
BA/Acre

Understory
Reproduction

Dominant Herbaceous Ground 
Cover

24 7300 299.75 P-Lc HO. I■ I VaeeZttZum ieopaA-ium 
AAytZea eoAtUflOZZa 
CaAex geueAZ

25 7300 180.75 Ab-cea
P-Icm

Iai-LoeaApa
enge-dmmU

VaecZnZum ieopaAZuytt 
AAnZea eoAtUfoZUa

26 7700 81.75 Ab-ccA Iai-LoeaApa VaeeZnZum ieopaAZum
27 7100 109.75 Ab-ccA

P-Lem
l a i A o e o A p a

engelmanni
VaeeZnZum ieopaAZum

29 7200 I AbZcA Zai-LoeaApa VaeeZnZum ieopaAZum 
AAnZea eoAdZfoZZa

30 7200 81.75 ■ AbZeA Zai-LoeaApa VaeeZnZum ieopaAZum 
CaAex geijeAZ 
ThaZZetAum venutoium 
AAnZm c OAcUJpZZa

31 7700 190.75 • AbZcA ZaiIoeaApa VaeeZnZum ieopaAZum 
ThaZZctAum venuZoium

37 7700 272.50 AbZeA 

. E le v .

ZaiZ-OeaApa VaeeZn-Lum ieopoAZm 
ThaZZcZAum venuZoium

f e e t  S g .F t .  B A /A c re
Maximum r 7750 (2362 M) 354.25 (81.30 M^/H)
Minimum
Mean

7100
7557

(2164 M) 81 
(2303 M) 200

.75 (18.76 M2/H) 

.76 (46.07 M2/H)
Standard Deviation 95.30 (21.87 M^/H)

^Data Not Available
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S t a n d  d e s c r i p t i o n  for e n q e l m a n n  spruce - s u b alpine fir (.P-LC.S.G. 

engzlmcmU - AfaZeA £ a .6 ^ .0 C i.V L p a ) on  16 sample sites (June, J u l y  and 
A u g u s t  1971).

TABLE VIII

P l o t Elev. Sg.Ft. U n d e r s t o r y Domi n a n t  H e r b a c e o u s  Ground
N o . f eet_ B A / A c r e_ R e p r o d u c t i o n C o v e r
10 7500 163.50 AfaZeA ZuZoeaApa EAijtliAonZm gAai kIZAZoaiai> 

ThaZietAm  va n u lo im  
AAnZea ZatZfpZZjx

33 7800 299.75 AfaZeA ZcuZoeaApa VaeeZnZum icopaaZum
42 8000 81.75 AfaZeA ZaiZceaApa VaeeZnZm icopaAZum
43 7900 163 . 5 0 AfaZeA ZaiZoeaApa VaeeZnZm ieopaAZum 

AAnZea ZatZfaoZZa
44 7900 272.50 AfaZeA ZaiZoeaApa VaeeZnZm ieopaAZum 

AAnZea ZatZfaoZZa
45 7900 136.25 AfaZeA ZaiZoeaApa - VaeeZnZm ieopaAZum 

AAnZea eoAdZfaoZZa
46 8300 272.50 AfaZeA KSUOO4

VaecZnZm icopoAZm  
EAZgeAon peAegAZnu

48 3300 136.25 AfaZeA ZaiAOeaApa VaceZnZ.m ieopaAZum 
EAZgeAon penegnZnu

49 8350 190.75 AfaZeA ZaiZoeaApa AAnZea ZaZZfaoZZa
50 8500 218.00 AfaZeA ZaiZoeaApa VaeeZnZm icopanZm  

AAnZea ZatZfaoZZa
51 8500 218. 0 0 AfaZeA Ij u  Zo eaApa VaceZnZm ieopoAZm
52 8500 163.50 AfaZeA ZaiZoeaApa VaeeZnZm ieopaAZum
61 9100 245.25 AfaZeA ZuZoeaApa AAnZea ZatZfaoZZa 

VaeeZnZm ieopanZm  
ThaZZetAum venuZoim

67 8,000 218.00 AfaZeA ZaiZoeaApa AAnZea ZatZfaoZZa 
VaceZnZum ieopoAZm  
ThaZZetAum venuZoium

68 7800 218.00 AfaZeA ZuZoeaApa AAnZea ZatZfaoZZa 
VaeeZnZm ieopaAZum 
ThaZZetAm venuZoim

69 7600

M a x i m u m
M i n i m u m
Mea n

. 54.50 AfaZeA ZaiZocaApa AtinZca Ia tZ tp lZ a
VaeeaiZm ieopoAZm  
TliatZeiAm  v a n ita m  

Elev. fee t  S g . Ft. B A / A c r e
9 1 0 0  (2774 M) 299.75 (68.79 M 2/H) .
7500 (2286 M) 54.50 (12.50 M 2A D  
8109 (2472 M) 190.75 (43.77 M 2A D

S t a n d a r d  D e v i a t i o n  68.22 (15.66
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TABLE IX
S t a n d  d e s c r i p t i o n  for w h i t e b a r k  p i n e  (PZnctA a Z b -L c a u J L L fi) on 19 sample 
sites. ( J u n e , J u l y  and A u g u s t  1971)

Plot Elev. S g . Ft. U n d e r s t o r y D o m i n a n t  Herba c e o u s  Groui
N o . feet BA/Acre. R e p r o d u c t i o n C o v e r

34 8300 136.25 Ab-Leii Iai-LoeaApa UaeeZnZwn ieopasiZum
35 8100 218.00 Ab-Lu Zai-LoeaApa UaeeZn-Lwv ieopa-iZwn
36 8650 136.25 P-Lnai- aZbZeauZ-Li UaeeZnZum ieopaALuni
38 8600 54.50 P-Lcea engeZtiunnZ UaeeZnZwri ieopasiZam
39 8450 81.75 P-Leea eng eunannZ UaecZnZum icopaAZum
40 8260 272.50 P-Lnai aZbZeauZ-Li UaecZnZwn icopaAZwn
53 9100 190.75 P-Lnai aZbZeaat-Li UaeeZnZwn ieopaAZwn
54 9100 163.50 P-Lnai aZbZeaat-Li UaeeZnZwn ieopaaZum
55 9100 163.50 P-Leea engelniannZ UaeeZnZum ieopaAZwn
56 9100 81.75 Ab-Lei ZaiZoeaApa UaeeZnZum ieopaAZwn
57 9100 190.75 P-Lnai aZhZeauZZi UaeeZnZwn ieopaAZwn
58 9100 136.25 P-Lna-i aZbZeauZZi UaeeZnZum ieopaAZum
59 9100 I P-Lnui aZhZeauZZi EAytlAonZurn gAandZ^ZoAum

AAnZea ZatZfioiZa
AgoieiuLi giauea

60 9100 299.75 P-Lnai aZbZeauZZi UaecZnZwn ieopaAZum
62 8290 163.50 Ab-Lei ZaiZoeaApa UaeeZnZum ieopaAZwn
63 8270 327.00 Ab-Lei ZaiZoeaApa UaeeZnZum ieopaAZum
64 8260 190.75 Ab-Lei ZaiZoeaApa UaeeZnZum ieopaAZum
65 8250 190.75 Ab-Lei Zai Zo coApa UaeeZnZum ieopaAZum
66 8100 218.00 P-Lnai aZbZcaaLLi UaccZnZwn ieopaAZum

E l e v . f e e t  'Sg.Ft. B A / A c r e
M a x i m u m 9100 (2774 M) 299 .75 (68.79 M 2/H)
M i n i m u m 8100 (2468 M) 54 .50 (12.51 M 2/H)
Mean 8650 (2636 M) 178.64 (40.99 M 2/H)
Standard Deviation 

^Data Not Available

72.5 (16.64 M2/H)
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E levation, b a s a l  ar e a  and age for l o d g e p o l e  pine, s p r u c e - s u b a l p i n e  fir, 
and w h i t e b a r k  pin e  fo r e s t s  s a mpled on the M a d i s o n  R a n g e .

L o d g e p o l e  S p r u c e - F i r  W h i t e b a r k
Pine Pine

TABLE X

Maximum elevation (ft.) 
Minimum elevation (ft.) 
Mean elevation (ft.)

2Maximum ft BA/acre 
Minimum ft^ BA/acre 
Mean ft^ BA/acre

Approximate maximum 
age^ (years)

Approximate average age 
on study area (years)

7750 (2362m) 9100
5000 (1520m)1 7500
7557 (2303m) 8109

354 (81 m^/h) 300
82 (19 m2/h) 54

200 (46 m^/h) 191

(2774m) 9600 (2920m)1
(2286m) 8100 (2468m)
(2472m) 8650 (2636m)

(69 rn̂ /h) 300 (69 rn̂ /h)
(12 m2/h) 54 (12 m2/h)
(44 m2/h) 179 (41 m2/h)

200 450 Spruce .375
200 Subalpine fir

142 200 Spruce 
150 Subalpine fir

180

Observed in areas adjacent to sample sites.
^Average maximum ages as indicated by Harlow and Harrar, 1958.
^Ages 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 XI

S p e c i e s  c o l l e c t e d  or  o b s e r v e d  u n d e r  lo d g e p o l e  pin e  (P-LHLLh c o n to f iX c L )  

forests in S p a n i s h  Peaks - Lon e  M o u n t a i n  s tudy area. . (Summer 1971)

AckiZ iza  nuZiefioiZutn L.
Ac f̂LChtZh hcabfia- U tZ ld .
A>'iicianckizfL airrZfioiia datt.
Anapkatih maAciaAiXaczaz (L. )  Uzvth S Hook
Antcmuxfita fiazemoha Hook
Ant.zinafita fiohza [E a t.) Gfczzne
Afiabih dfumnondi Gfiay
Afictohtap lu jtoh-uva-uAhi [L. )  SpAzng
AAiZea eoA d iflO iia  Hook
AAnica f iiZgzni PuAh Ii.
AAnLca Zatifolia Gazzhz 
AhtzA ZngzdmmZ GAay 
AhtzA intzgAifotiuh Uutt.
AhtzA oeeidzntalZh UuZt. T. S G .' 
AhtfiagaZuh atp inuh L.
AhtAagaiuh d a h yg io ttih  F iheh.
AqutZzgia ftavzheznh S. Uath.
EzAbzAih Azpznh Lindt.
UAomuh anomotiLh RupA.
CaiamagAOhtih eanadznhih (Miehx..) Uzauv. 
Coazx gzyzAi B oott.
C a h t i i iz ja  YiZntata Vougt.
Claiftonia Zanezotcita PuAhk.
C im a t i i  eoiumbiana [U u tt.)  T. S G. 
Epiiobium  a u g u h tifo iiu m  L.
EfZgZAon pz/izgAinuh (Pufihh .) Gazziiz  
EfZogonum umbzltaium N utt.
EAijtkAOiZum gAandiftoAum PuAhk.
Equihztum aAvznhz L. "
FAagOAia viAginiana Vuek.
GaZaArn boAzaiz L.
GzAaiZian viheohhihhiiium Fthek S Mzy.
Gzum macAophyiiutn UtZZd.
Hizfiaeium a ib ifioA um  Hook 
HizAaeium gA aeliz  Hook 
Lupinuh hZAiezuh PuAhk.
Minuiuh iztcehii PuAhIi.
Ohmofikiza elZZznhih Hook £ A.
PzdicuZaAih Aaezmoha Vougt.
PkyhoeaApuh maivaezuh (Gazzhz I KuiZzz 
Poa pAatznhih L.
Poelujihtim mijAhinitai [PuAhk.) Raf.

PijAola hzeunda L.
Roha iAooiliii [Lindi.)
Rubuh paAviftofiuh Nutt.
Szdm htznopztaim PuAhh. 
Szazeio tAianguZaAth Hook 
SmtZaeinaAaezmoha ( I . )  Vzhf. 
SptAaza bzt.uZi.foiia Paii. 
ThaiietAum vznulohum TazZ. 
Tkiahpi ciAvznh z L.
Uaeeinim mzmbAanaezm Vougt. 
UaeeiiZm heopafiim Lizbzng 
Uznonica amz.nieana Sehivzin 
Uioia adunea J.E. Sm.
Uiola nuttattii PuAhh.
Uidia onbieuZatuh Gz i j z a
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TABLE XII

S p e c i e s  c o l l e c t e d  o r  o b s e r v e d  on  p l o t  a n d / o r  under spru c e  - subalpine 
fir (p-tcea ( L i ig Q l i t m in L  -  A b i t i  Z r ii io  c a t  pa) forests in S p a n i s h  Peaks - 
L o n e  M o u n t a i n  s t u d y  area. (June, J u l y  a n d  A u g u s t  1971)

Acb iZZ tn  iHiZZe^oZium L.
A g o itA i i  g-tauca [V. D ic ib ) 
AitZennaAiri AOiea [ l o t . )  GAeene 
AqailzgAXi ^Z ave icen i S. Wroti.
AAniea eoA d i^oZ ia  !look 
AAniea ZatiL lO iia  GAeene 
A iie A  engeZmanui GAa;/
StAbe-Ati Aepeni LincLl. 
bAomui anomaiuA RupA.
CaAtx ger/eAi "6oott.
CaAtx polioc.cuipa R. Ga .
CaAex X tA a n iie a  IS a ilty  
C o ib t il iz ja  n in ia ia  Vougl.
C a b t i l iz ja  Ahe-X-LjiO lia  Rydb. 
C layton ia  la n c z o la ta  Pulbh. 
E p iiq b im  a ip in m  L.
Epilobiuni a u gu b tijo I i m  L.
EaigzAon pzAzgAinub (PuAbk. ) Gazzhz 
EAyibAo nium gAancii ̂ ZoAum Puib h.
PAagania v iA g in iana  Vuzh.
HizAaciuni a ib i j io A m  Hook 
H izA ac im  gAaeiZe Hoofe 
Juncub b a ltie u b  WiZd.
Juncub paAAiyi Eng zlm.
Lupinub bzniezub PuAbh.
MxmuZios Z e w e ii i  PuAsb.
ObmoAhiza e h ilz n b ib  Hook S A. 
PzdieuiaAib bnaetzoba Hznth 
PzdieulaniA e y b to p tz n ijo lia  Rybg. 
PzdieuiaAib naezmoba Vougi. 
Phyiiodoez  empeiAi^oArnii (Sw.) Don. 
Poa pAatznbib L.
Poa bzeunda PAzbi.
Poiygonm b ib to n io id zb  PuAAh . 
P o tz n t it la  d ivp.AbijoI i a  Lefem.
PyAoia bzeunda L.
Ranuneuiub z b e h b e h o ltz ii Sehi.
Rubub paAvijloAub M utt.
S a lix  uAumnondiana BaAAait 
Sediun iie n o p e ia iu n i PuAbh.

Sznzeio intzgzAnimub N utt. 
Sznzeio bzAna Hook 
Sznzeio tn iangu lan iA  Hook 
S ib ba id ia  pAoeuinbznb L. 
SpiAae.a b z t u l i jo l ia  P a li.  
ThalietAum vznuiobim TazI. 
T n i jp l im  haydzn li PontzA 
V a ce in im  mzmbnanaezm Vougl. 
V aeein im  bcopanim  LiebeAg 
1/ioZa n u t t a t l i l  PuAbh.
V io la  oAbieuiatuA GzyzA
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TABLE XIII

S p e c i e s  c o l l e c t e d  o r  o b s e r v e d  o n  p l o t  and/or under w h i t e b a r k  pine 
(P-tnuA aZb-icaatUi) forests in S p a n i s h  Peaks - Lone M o u n t a i n  study 
a r e a . ( J u n e , J u l y  and A u g u s t  1971)

Ach-Lttza nvittz^oZtm  L.
AgcbZfUA gtauca [PuaaIi. ) V.V-LzhJi. 
AntznnaAlaaZp-Lna (L. ] GaeA-Ln. 
Ani:znnaAla Zavala {Hook} GfIzznz 
Aanlza Zatl^cZJja Gazznz 
Caaza gzyza l B oo t!.
Coaza podozaapa R.Ba.
Caazx xzaanllza  GalZ,zy 
C a A tlt iz ja  a lizx l^o Z la  Rudb. 
ClautonLa la n z z o la ta  PuOA k. 
EpLloblum alplnum L.
Eplloblum  a u g a b tljo llu m  L.
Ealgzaon pzazg-tlnuA (PuaAh.j Ga. 
Eaifthaonlutn gaandlfiloautn PuAAh. 
Vaaganla vla g ln la n a  Vuzh.
Gzutn aoAAH (R. Ba. ) SeA.
Hlzaazlutv a lb lfiloaum  Hook 
HlzaazLutn g a a c llz  Hook 
JuncuA ba ltlzuA  it l lld .
JunzuA paOAijl Engelm.
LuplnuA azaIzzua Puoah. 
MeAtztib-Laalplna {Toon.} G.Von. 
P zd lzu laa lA . bhaztzoAa Bznth. 
Phyllodozz empetnlfioamlA [Sm. ) Von.

Poa alplna L.
Poa bzzunda Pazbl.
Polygonum blbtoatoldzb PuAbh. 
PolzntLlla dlvzabl̂ olla Lzhn. 
Rubub paavlf)loaub Mutt.
Sallx daummondlana Baaaatl 
Szdum btznopztalum PuObh. 
Slbbaldla paozumbznA L. 
TaljiOlluin paaauL Gaay 
VazzLnLum Azopaalum Llzbzab.



TABLE XIV

Sp e c i e s  c o l l e c t e d  or  o b s e r v e d  in a d j a c e n t  m e adows to spruce - fir 
•forests, lo d q e p o l e  pine forests a n d  w h i t e b a r k  p i n e  forests. (June, 
J u l y  a n d  A u g u s t  1971)

Ac1SuJLte-CL ^otium L.
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