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Abstract:

A study was conducted of physiognomic and dynamic relations of morainal forest communities of the
Grand Teton National Park Valley floor. Forest community units considered were; Pinus
contorta/Calamagrostis rubescens, P. contorta/Vaccinium scoparium, P. contorta/V. membranaceum, P,
contorta/ Shephefdia canadensis, Pseudotsuga menziessii/V, membranaceum and Populus
tremuloides/Geranium viscosissimum. Random pairs, line-intercept and 2X5 dm quadrat methods were
employed in obtaining quantitative data. Some permanent plots were established to observe
successional changes. An analysis of increment core samples was used to determine ages of stands,
derive growth ratios of arboreal taxa under different environmental conditions and to determine dates
of fires. A dial gauge dendrometer was employed to obtain some phenological data from Pinus
contorta. The substrate of each community was characterized through field and laboratory analyses,
Pinus contorta was the dominant taxon in the upper arboreal stratum but Abies lasiocarpa was the most
abundant taxon in the reproductive layers. Stands of Pseudotsuga menziessii occupy the drier forested
areas and appear to be regenerating themselves in these areas and advancing into the P. contorta
dominated areas in some places. Populus tremuloides occurred on both dry and wet sites in the forested
areas and appeared to be relatively stable on the wetter areas but is giving way to conifers in the drier
areas. The substrates appear to be the primary limiting factor to arboreal taxa.

The outwash material is very coarse textured and generally does not support trees, although, under
favorable conditions, conifers, especially P. contorta, become established and may grow relatively fast.
The morainal materials exhibit less gravel and rock, have higher water holding capacities, and are
forested. Community floristic maturity indices, community coefficients of floristic relationships and
correlation coefficients among some taxa were calculated. A discussion of community classification
and successional features is presented. Consideration is given to forest pathology in relation to
succession. Representative soil profile descriptions and a systematic list of the plant taxa encountered
(lichens, bryophytes and tracheophytes) along with the communities in which they were present are
given in the appendix.
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ABSTRACT

A study was conducted of physiognomic and dynamic relations of morainal
forest communities of the Grand Teton National Park Valley floor. Forest
community units considered were: .Pinus contorta/Calamagrostis rubescens,
P. contorta/Vaccinium scopariuin, P. contorta/V. membranaceum, P. contorta/-
Shepherdla canadensis, Pseudotsuga menz:.essu/V° membranaceum and. Populus
tremuloides/Geranium vigcosissimum., Random pairs, line-intercept and 2X5
dm quadrat methods were employed in obtaining quantitative data. Some
permanent plots were established to observe successional changes. An anal-
ysis of increment core samples was used to determine ages of stands, derive
growth ratios of arboreal taxa under different environmental conditions and
to determine dates of fires. A dial gauge dendrometer was employed to
~ obtain some phenological data from Pinus contorta. The substrate of each
community was characterized through field and laboratory analyses.

Pinus contorta was the dominant taxon in the upper arboreal stratum
but Abies lasiocarpa was the most abundant taxon in the reproductive layers.
Stands of Pseudotsuga menziessii occupy the drier forested areas and appear
to be regenerating themselves in these areas and advancing into the P.
.contorta dominated areas in some places. Populus tremuloides occurred on
both dry and wet sites in the forested areas and appeared to be relatively
stable on the wetter areas but is giving way to conifers in the drier areas.
The substrates appear to be the primary limiting factor to arboreal taxa.
The outwash material is very coarse textured and generally does not support
trees, although, under favorable conditions, conifers, especially P.
contorta, become established and may grow relatively fast. The morainal
materials exhibit less gravel and rock, have higher water holding capaci-
ties, and are forested. Community floristic maturity indices, community
coefficients of floristic relationships and correlation coefficients among
some taxa were calculated. A discussion of community classification and
successional features is presented. Consideration is given to forest path-
ology in relation to succession. Representative soil profile descriptions
and a systematic list of the plant taxa encountered (lichens, bryophytes
and tracheophytes) along with the communities in which they were present
are given in the appendix.




INTRODUCTION

The vegetatioﬂ of the Grand Teton National Park valley floor provides
a sharp contrast in most areas by the presence of forest communities on
moraines and sagebrush-grassland communities on outwash substrates. A pre-
liminary reconnaissance revealed a ;oarsewtextured, stony-surfaced soil on
both fhe outwash and most of the moraines, which opened the queétion of why
the vegetational units were so sharply delineated. Therefore, the primary
objectives of this study were to describe the physiognomic and dynamic
relations encountered in the morainal forest cgmmunities and to attempt to
explain their distributional patterns.

Previous vegetation studies were conducted in the vicinity of the
. study area by Reed (1952) in the Jackson Hole Wildlife Park and by Shaw
(1958) in Grand Tetén National Park, both of whom presented qualitative
data concerning plant communities and systematic plant lists along with
relative frequencies., Craighead and Craighead (1952) described the plant
communities of Jackson Hole Wildlife Park in more detail ?han d;d Reed and
formuléted a vegetation map of the area. Harry (1954) coﬁgtfucted a vege-
tation map of Grand Teton National Park from aerial photographs. Beetle
(1961, 1962) described various aspects of vegetation in Teton County,

The preliminary reconnaissance was madé from 12 to 15 Séptemﬁer 1963.
Full time field work was conducted during the-periods 15 June through 15
September 1964 and 14 June through 1 September 1965. Two- or three-day
visits made to the study area were initiated on 15 May 1964, 6 February and.

28 May 1965.




DESCRIPTION OF THE AREA
Geologic Features

The orogeny leading to the initial development of the Teton Mountain
Range apparently occﬁrred during the late Cretaceous period forming folded
and thrust-faulted mountains. Prior to this time the area was covered Sy
water {(Dunbar 1956). Following‘the orogeny several disturbances occurred
fhat led to the present topography of the area. To the south, the mountains
in the‘Teton‘Nationél Forest are considered by Love (1956b) to be the result
of the St. John, Absarokg, aﬁd Darby thrust faults of pre-Paleocene to early
Paleocene age., Contemporaneous with the faults, and occurring throughout
most of the Tertiary period, was active vulcanism to the northeast which
partially buried the Teton Mountain Range and probably deposited a consider-
able amount of volcanic material in Jackson Hole (Carey 1956).

A simultaneous downdropping of the Jackson Hole valley floor and an
uplifting along the Teton normal fault occurred in thé Pliocenehpgriod
exposing the prominent peaks of the Teton Mountain Range as we knéw them
today (Love and Montagne 1956). Two major erosion cycles, the Union Pass
cycle and the Blackrock cycle, are believed by‘Blackwelder (1915) and
Horberg, Edmund and Fryxell (1955) to have occurred during the early
Pleistocene period resulfing in depositions which developed a mature topo-
graphy approximately 1,000 feet above the present valley floor. More re-
cent work has indicated that the topography beneath the prénWisconsin ice
that invaded Jackson Hole from the north and east was anything but subdued,
and in fact, this great piedmont ice sheet covered both the bLtfes on the

floor of Jackson Hole, and the topography beneath the present floor of this

valley simultaneously {Montagne, personal communications 1966).
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Three known glaciations occurred during Pleistocene time thch are
largely responsible for the present topograph of Jackson Hole (Figure 1).
Tpe earliest, the Buffalo glacial stage, moved across the 3ackson Hole
vailey from the north removing as much as 200 feet of substrate in some
areas (Blackwelder 1951, Edmund 1956, Fryxell 1930 and Love 1956b). The
material depo?ited by the Buffalo glaciation has mostly decomposed‘exceptA
for some quartzitic types and essentially no morainal topography reﬁains
(Montagne 1956). The only evidence of this material in Grand Teton National
Park is quartzitic boulders on‘Blacktail Butte at 7,685 feet elevation
(Fryxell 1930), The Bull Lake glacial stage is considered by Flint (1957)
to be contemporaneous with the early Wisconsin continental glacial features.
Glaciers moved across the valley floor from the Teton Raﬁge and again re-
moved an undetermined amount of sdbstréteo Terraces remain at present that
were considered.b& Blackwelder (1915) and nyxell_(193Q) to have been form-
ed by the Bull L;ke glacial ougwasho Apparently a dry, windy period occur-~
red duriﬁg the next interglacial period resulting in a deposition of 5 to
6 feet of aeolian matefial on Timbered Island, a Bgll Lake glacial moraine,
which is not detectable on‘moféings of more recent glaciations. Blackwelder
(1915) and Fryxell (1930) have conside;éd Timbered Island and Burnt Ridge
to be of the same age but the occurrence of the aeolian deposition sheds
doubt on this and Love and Montagne (personal communications, 1965) suggest
that Burnt Ridge is early Pinedale in age. The last major glaciation was
the Pinedale glacial stage which was contemporaneous with the late Wisconsiﬁ
formation. It also moved down from the Teton Range but, for the most part,

stopped a short distance from the base of the mountains leaving moraines in
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Alluvial bottoms, Recent.

Moraines of Jackson Lake piedmont glaciers, Pinedale.
Moraines of Teton valley glaciers, Pinedale.

Burnt Ridge moraine, early Pinedale
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Pinedale terraces

Timbered Island moraine, Bull Lake
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Geological features of the study area modified from

Fryxell (1930) by suggestions of Montagne and Love
(personal communications, 1965, 1966).




-5~

various parts of the valley. It is résponsible for most of the pregght
glacial lakes occurring on the valley floor (Blackwelder 1915, Fryxeil
1930)., The outwash material left by the melting glaciers forms the surface
‘of most of the present outwash plains. During the late Pinedale glacial
stage, several volcanoes erupted to the northeast of the valley depositing
ash southeast of Jackson Lake (Love 1956b). Recurring faults and earth-
quakes during the glacial and interglacial intervals in the Teton and Hoback
Mountain Rahges served to give Jackson Hole a westerly tilt (Love 1956b).
Geological activity is still in progress as exemplified by landslides and
earth tremors during the last century (Hayden 1956b, Keefer and Love 1956).

The result of the geological activit& is an essentially flat outwash
plain interrupted by protruding moraines along the western part of the val-
ley (Figure 1). The elevation, 6,900 feet at the northern end of the valley
floor, drops to about 6,700 feet at the southern end over a distance of
about 15 miles. Knob and kettle ("pothole") topography is conspicuous in
the north-central section and terraces are sharply delimeated along the
Snake River drainage. The outwash soil contains a high proportion of round-
ed Precambrian quartzite cobbles and is coarse textured. The morainal soil
contains variously broken rock fragmeﬁts and cobbles and is fimer textured
than the outwash soils, Timbered Island is capped with an aeolian deposit,
as mentioned above. Some pothéles to the south of Burnt Ridge have deposi-
tions of fine-tgxtured materiai‘éﬁ ;hg'north=facing banks and in the bottoms
that conceivably could have resulté@f%rop secondary deposition of previously
deposited aeolian material on Tiﬁbéréd island; Depositions of fine- .

textured material, which possibly could have originated from the volcanic




-6~
ash deposited during the late Pinedale stage, also occur in indentations on
the north face of Signal Mountain,

The valley is drained by the Snake River which meanders in a south-
westerly direction across the valley. Cottonwoﬁd and Taggart Creeks drain
some of the glacial lakes near the base of the Teton Mountain Range and en-

ter the Snake River at the socuthern end of the valley.

Climatic Patterns

Probably the most significant climatic features limiting the vegetation
of Jackson Hole are the abundant snowfalls and the long'cold winters,
Records of weather conditions have been kept at Moran, Wyoming, elevation
6,770 feet, located near Jackson Lake Dam, since 1911. The average annual
precipitation is 21.3 inches; as depicted in Figure 2, July is the driest
month and May the wettest. Approximately 120 inches of snow falls annually
making up about two-thirds of the precipitation and it may fall during any
month. Jackson Hole is included in the subhumid climatic categ&ry accordiﬁg
to Thornthwaite (1941). |

The average annual temperature at Moran is 34.7 F; as depicted in
Figure 2, July is the warmest month and January the coldest. The maximum
temperature recorded is 93 F and the minimum is minus 52 F. The temperature
has reached below minus 50 F in December, January and February. Frost may

occur during any month,

Domestic History
Trappers and hunters began entering Jackson Hole during the early 19th

century although Indian artifacts date back 1,000 years. Searches for gold
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Figure 2. Average monthly temperatures and precipitation and maximum and minimum
temperatures (from U. S. Weather Bureau 1930, and substantiated with data
collected from the weather station located at Moran, Wyoming).
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and silver brought in miners about 1850 but by 1890 the hunter and miner
populations began decreasing., Buffalo and wapiti (elk) were abundant during
much of this period but the buffalo were slaughtered almost to extinction
(Collins 1952, Hayden 1956a).

.Settlers began entéring Jackson Hole in 1883, bringing cattle with them
and cutting many trees for building purposes. Some valley land was plowed
but farming was not gucqessful? The increase of settlers and their iive-_
stock affected eik populations and the ranchers began feeding them prior to
the t;rn.of the century. A government feeding progfamzbegan in 1909'aﬁd>én
elk refuge was estabiished'in 1913 (Hayden i956a),' The present elk status
has been documented by Martinka (1965).

The fegon_Forest Reserve was organized=inJ18?7H;o:protect the fqres;s
from undue misuse ahg as a fire control measure. 1t wés later placed gpder
the control of the Unitéd States Forest Service when the Forest Service was
organized in 1905. Thé Grand Teton National Park_waé established in 1929
but include& only the eastern portion of the Teton Mountain Range and a few
lakes. It was enlarged in 1950 by ;dding the Jackéon Hole Nétional Monument

area which had been established in 1943 (Hayden 1956a).

Vegetational Patterns
Fossil records of plant life from late Cretaceous to Recent time have’
been documented by Dﬁrr'(1956) and Love (1956a,b). The present vegetation
consists of sagebfush-g:assland on the outwash plains and of coniferous
forest on the_moraiﬁes, Some lowland areas are dominated by a willow«sedée

community and conifers and deciduous trees occur along the streams.
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Artemisia tridentata (big-sagebrush) dominates most of the outwash

plain but in localized areas Artemisia arbuscula (low-sagebrush)-dominated

communities occur. The most abundant conifer on the moraines is Pinus

.

contorta var. latifolia (lodgepole pine), but Pseudotsuga menziessii

(Douglas fir) and Abies lasiocarpa (alpine fir) are variously intermingled

in the forest stands. Picea engelmanni (Engelmann's spruce) is rare on the

moraines in Grand Teton Natiomal Park but is frequently encountered on the

slopes of the Teton Mountain Range.




SOIL ANALYSIS
Methods

Soil profiles were examined in pits and field determinations of horizon
depth and thickness, texture, structure, consistency and boundaries, dri‘and
moist color and pH were made.’ The veéetation and physiography of each site
were described. Depths and thicknesses of horizons were measured with a
six-foot steel tape measure, using the top of the mineral soil as a refer-
ence level, Texture, structure, consistency and boundaries were recorded
according to the outline preseﬁted by the Soil Survey Staff (1951). The
Munsell color notation was used for recording soii‘colors (Soil Survey Staff
1951), The pH was determined by using inqicator dyes compared to appropri- -
ate color charts.

Horizons of representative profiles were sampled for laboratory analy-
sis. Preliminary investigations indicated iﬁsignifican£ differences
between the chemical analyses of outwash and morainal soils but a signifi-
cant difference in the mechanical analysis. The mechanical analysis was
conducted by the Plant and Soil Science Department, Montana Stéte University,
Bozeman. Soil texture was determined by the Bouyoucos method {Bouyoucos
1936) on all samples and also by the pipette method (Anderson 1963) on some
samples, A 15-atmosphere moisture retention percentage (U. S. Salinity
ﬁaboratory Staff, 1954) was determined on all samples. The pH of the col-

lected samples was measured with a Beckman Zeromatic pH meter.

Results
The range of data obtained from the mechanical analyses is presented in

" Table I for the outwash and morainal soils, A marked difference occurs im
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TABLE I, HORIZON , SEQUENCE, THICKNESS, MECHANICAL ANALYSIS—', 15-ATMOSPHERE PERCENT—/, COLORE/,

AND p / OF OUTWASH AND MORAINAL SOILS. EACH SET OF DATA IS BASED ON TWO PEDONS,

Mechanical Analysis -

Soil  Horizon Thickness % sand % silt % clay 15-atmos. . Color pH
type sequence (inches) ] pct. - )
Aq 4-9 77-85 11-17  3-6 2.8-4.2 D, 5-7 YR 4/3<4 5.5-5.9
. M. 10 YR 3-4/4 =
By 5-6 67-78 15-23 5-11 3.2-5.3 D. 5-7 YR 4-5/3<4 5,7-5.9
Outwash . ] M, 7.5-10 YR 4/4 -
By 4-8. ~ 80-82 12-15 4=7 3.0-3.4 D. 5 YR 4/4 5.7-6.0
- , ‘“ , M. 7.5-10 YR 4/4 :
[ c 89-94 2-7 - -3-4 1.3-2.8 5.8-6,2
A o - 2=b. - 26-68 23-64 -- 9-10 5.1-6,1 D, 10 YR 3-6/2-3 5.5-5.6
e , ] M. 10 YR 2-7/2-3
B ‘ 5-10 " 34-69 22-56 8-10 5.1-5.8 D. 10 YR 4-6/3 5.4-5.5
Moraine L M, 10 YR 3-5/2-3
B, 9-24 9-73 17-77 10-13 4,3-6.3 D. 10 YR 5-7/2-3 5.1-5.4
. . . M. 10 YR 4-6/2
c 56-77 15-32 8-12 4.5-4.8 D, 10 YR 5-6/3 5.6
‘ M, 10 YR 4/2
1/ Determined by the Bouyoucos (1936) method,

2/ Method proposed by the U. S. Salinity Laboratory Staff (1954).

Munsel color notation (Soil Survey Staff 1951) on the dry and moist soil.

Determined with a Beckman Zeromatic pH ¢etef'after samples had been stored in plastic
bags for about two months.

.z'['[.:.
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the percent of sand, silt and clay between the two soil types. The d;ffern
enée in texture is furthur substantiated by .the 15-atmosphere moisture re-
tention which was higher in the moraines. The outwash soils are generally
-shallower than those of the moraines.

The individual profile characteristics are presented in the Appendix.
In general, the outwash soils are coarser textured and contain more cobbles
than the morainal soils (Figures 3 and 4), although some scattered boulders
and rock outcroppings occur on the morainés,- The structure of the outwash
soil was very'finé granular to structureless throughout the profile. The
moraines had a fine granular to platy structure in the A horizon which
graded into a blocky to prismatic B horizom. 1In consisﬁency, the outwash
soil profile was uniformly friable, slightly sticky to ndnstiéky and slight-
ly plastic to nonplastic throughout. The morainal seil was friable,
slightly sticky and slightly plastic in the A horizon and the stickiness
and plasticity.increased in the B horizon. The pH ranged ffom 5.5 to 6.2

in the outwash soil and from 5.0 to 6.3 in the morainal soil.
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Figure 3. Outwash soil profile

Figure 4, Morainal soil profile,




VEGETATIONAL ANALYSIS
Methods
Preliminary reconnaissance indicated the occurrence of distinct unions
within the forest vegetation. The following communities, based on dominat-
ing floristic unions, were recognized for sampling purposes:

Pinus contorta/Calamagrostis rubescens Community

Pinus contorta/Vaccinium scoparium Community

Pinus contorta/Vaccinium membranaceum Community

Pinus contorta/Shepherdia canadensis Community

Pseudotsuga menziessii/Vaccinium membranaceum Community

Populus tremuloides/Geranium viscosissimum Community

Each community was sampled quantitatively in various places where it
occurred throughouﬁ the forest unit by the fandom pairs method (Cottam and
Curtis 1949) for the trees, 2 X 5 dm quadrats using six coverage classes
(Daubenmire 1959) and list-count.(OOSting 1948) techniques for the field
layer, and the line-intercept method (Canfield 1941) for the tall shrubs.

The Flora of Idaho, by Davis (1952), was used to identify most plants with

the aid of Booth (1950), Booth and Wright (1959), Harrington (1954), and
Hitchcock, Conquist, Ownbey and Thompson (1955, 1959, 1561, 1964),

The ﬁean distance between trees: relative density, relative dominance,
relative frequency, mean area occupied by an individual, density or number
of individuals per acre, total basal area, importance value and frequency -
were calculated accordipg to the fofmulae presented by Phillips (1959) for
use with déta obtained from the random pairs method of analyses of trees.

Trees over 2.5 m tall were considered in the calculations of the upper

stratum and trees less than 2.5 m tall, except for first year seedlings, in
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the lower stratum. The number, cover class and frequency were calculated
for each taxon in the field layer occurr;ng in the 2 X 5 dm plots.

Some plots were established for studying the successional trends of
the forest unit both inside and outside of the present forested areas over
an extended period of. time. Those plots within the forest unit were placed
close to or‘at the boundary between two forest communities and those out-
side were located near the ecotone between forest and sagebrush-grassland
where a change appéared to be taking place. The sizes of the plots vary,
ranging from 10 X 20 m to 20 X 40 m, depending upon locatiog and/or present
vegetation. Only the trees and tall shrubs were considered in most of
these plots.

The outwash plains possess a sagebrush-grassland type of vegetation
in general and were sampled only neaf the ecotones adjoining forest communi-
ties of the moraines. The plots used for sampling this vegetation were
0.5 X 1 m and were laid in lines at 100 m intervals, thus 0, 5, 10, 20, and
30 m intervals from the forest margin were sampled.

Increment samples were taken from trees in various areas for determina-
tion of ages of stands and of dates of fires, and to establish growth rate
factors for each arboreal taxon occurring in a stand. The growth rate
factors were calculated by dividing thé number of growth rings (considered
to be the age of the tree) into the diameter of the tree at the point Wﬁere
the increment samples were extracted; compression wood and other evident
deformities were avoided,

Den&rometer readings were taken throughout the summer of 1965 on four

P. contorta located at the Biological Research Statiom, using a dial géuge

’
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dendrometer modified after Daubemmire (1945),

' Results

‘A list of all plaﬁt species encountered is contained in Table XVII of
the Append:iic° 'fhe vegetation units or communities in which each taxon
occurs are indicated by (x) for presence and (X) for abundant. Three-
hundred-eighty~two species of vascular plants representing 58 families,

13 species of lichens and 46 species of Bryophytes are listed.

Pinus contorta/Calamagrostis rubescens Community

Pinus contorta var. latifolia is the dominant taxon in the upper arbo-
real stratum of the community with dominance values (Table II) fanging from

89 to 97. Abies lasiocarpa makes up the remainder of the upper stratum in

all areas where the community occurred except in the northeast ecotone
between forest and sagebrush-grassland of Timbered Island and the southwest

corner of Burnt Ridge. In both of these areas, Pseudotsuga menziessii was

associated with Pinus contorta. The density of the upper stratum is vari-

able, ranging from approximately 590 to over 2,700 trees per acre, the
height increasing with decreasing density. There is also a tendency toward
increasing dominance of A. lasiocarpa with decreasing density.

Abies lasiocarpa is the most abundant taxon in the reproductive layer

{up to 2.5 m tall), ranging from 34% to 80% of the seedlings and saplings,

in almost all the areas where the commﬁnity occurred, Pinus contorta, P.

flexilis and Pseudotsuga menziessii seedlings and saplings made up the

remainder of the reproductive layer. Where the upper stratum was more dense

than about 2,000 trees per acre there were few or no seedlings or saplings.
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TABLE 11, QUANTITATIVE CHARACTERS OF THE UPPER AND LOWER STRATA OF THE
PINUS CONTORTA/CALAMAGROSTIS RUBESCENS COMMUNITY GROUPED
ACCORDING TO THE DENSITY OF THE UPPER STRATUM.
Quant- - Tree density/Acre ,
itative 1/ 2/ 3/ 1500~ 4/
character 550-650 650-750 750-950 3000
‘ upper lower upper lower upper lower upper
stratum stratum stratum stratum stratum stratum stratum
Mean dist.* 10.7 7.0 10.0 7.4 9.0 9.3 5.0
Rel, den.
P.c.* 74 28 92 34 91 18 94
Al * 26 70 8 36 9 78 6
other ~-= 2 — 30 == 3 =
Rel. dom. _
P.c. 89 = 96 o= 95 - 97
- A1, 11 - 4 - 5 - 3
other - - - - == - =
Rel, freq.
P.c. 68 34 86 34 87 28 89
A.1l. 32 63 14 34 13 73 11
other - 3 - 31 == 4 ==
Mean area 73 31 64 35 52 55 16
No./Acre 594 1390 682 1246 840. . 790 2720
T,B.A.* 4410 - 4810 - 5230 = 10880
Importance
P.c. 231 - 274 e 273 o 280
A.l. 69 .- 26 - 27 = 20
‘other - == - == e o ==
Fregquency
P.c. 92 48 100 52 100 26 100
A.l, 44 87 16 52 17 82 12
other == 4 == 48 == 6 e

1/ Data obtained from six sets of 25 random pair points.

.2/ Data obtained from eight sets of 25 random pair points,

3/ Data obtained from four sets of 25 random pair points.

strﬁatum was too sparse to measure.

% Mean dist. ~-- mean distance between trees, in feet.

P.c.

=1l
B

2

-- Pinus contorta.

-~ Abies 'lasiocarpa.

A, -~ total basal area (ftzlacre)°

Data obtained from three sets of 25 random pair points; the lower
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The field layer is composed of Calamagrostis rubescens, Carex geyeri

and several forbs (Table IIT and Figure 5). The forbs attaining a fre-

quency of 50% or more include Armica cordifolia, Arctostaphylos ura-ursi,

Lupinus pafyiflorus and Spiraea betulifolia. Spiraesa, although common in
the community, does not attain full size and therefore does not provide

much cover compared to communities where it is more vigorous.

Pinus contorta/Vaccinium scoparium Community

Pinus contorta is the most abundant taxon in the upper stratum of the

community but in some places Abies lasiocarpa makes up to 45% of the arbore-

al layer. The density of the trees never reaches thé high values 6btained'
in the previous community but varies from about 500 to 1,000 trees per acre
(Table 1V). The reﬁroductive-laygr is variable in composition, the most
abundant taxon usually being A. lasiocargé, although there are some areas
associated with a canopy opening resulting from windfall, snow breakage,
insect damage, or other cause, where P. conftorta is more abundant.

The taxon providing the most coverage in the field layer is Vaccinium
scoparium (Figure 6) and the taxa with fréquency values of 50% or more in

one or more areas are Arnica cordifolia, Arctostaphylos uva-ursi, Calema-

grostis rubescens, Carex geyeri, Spiraea betulifolia and Vaccinium membran-

aceum (Table V). In any one area, usually not more than one of the sub-

ordinate taxa provides a high percentage of cover im relation to that

provided by V. scoparium. There are some areas where the Calamagrostis -

rubescens union grades into the Vaccinium scoparium union making a boundary

difficult to establish. .
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" TABLE III, NUMBER/COVER CLASS/FREQUENCY DETERMINATIONS CALCULATED FROM
' 2 X 5 dm QUADRATS IN THE FIELD LAYER OF THE PINUS CONTORTA/
CALAMAGROSTIS RUBESCENS COMMUNITY, ARRANGED ACCORDING TO THE
DENSITY OF THE UPPER TREE STRATUM.

Tree Density/Acre

Taxon |, - 2/ 3/ 4/ 5/
: N 550-650 650-750 750-950 1500-3000
Arctostaphylos uva-ursi 1/1/50 1/1/40 1/1/20 --
Arnica cordifolia 4/2/90 1/1/20 1/1/10 -=
Berberis repens 1/2/10 - - L we -
Calamagrostis rubescens . -~/5/80 -/2/60 -/2/50 _=/2/30
Campanula rotundifolia 1/1/15 */1/2 */1/5 -e
Carex geyeri -/5/60 ~=/3/40 -/3/30 -/2/30
Chimaphila umbellata */1/10 '2/1/10 1/1/4 -
- Corallorrhiza spp. -- 1/1/5 */1/5 --
"Epilobium angustifolium */1/10 - - ' -
Lonicera utahensis - e */2/5 %/2/3
Lupinus parviflorus - 2/2/50 1/2/20 1/2/10 -
Pterospora andromedea - */1/2 1/1/10 */1/3
Pyrola spp. = ) #/1/10 1/1/10 1/1/15
Rubus parviflora == ‘ o .= ‘ */1/3
Senecio spp. ‘ -- */1/2 -- ==
Spiraea betulifolia 1/1/50 - 2/2/60 1/2/30 1/1/20 '
. Vaccinium membranaceum == 1/1/10 1/1/15 e
~ Vaccinium scoparium 1/2/20 1/2/20 2/2/30 == :
Viola spp. */1/15 */1/5 1/1/10 - |
Mosses & lichens ~=/2/60 =[2/40 =/2/40 -/1/40
Litter : -/5/100 -/6/100 -/6/100 -/6/100

1/ The number indicates individuals per square meter, the cover is
calculated from six cover classes and the frequency is in terms
of- frequency per square meter, all values being means.

2/ Data obtained from six sets of ten 2 X 5 dm plots.

3/ Data obtained from eight sets of ten 2 X 5 dm plots.
4/ Data obtained from four sets of ten 2 X 5 dm plots.
5/ Data obtained from three sets of temn 2 X 5 dm plots.

% Values léss than one.
- Too numerous or impractical to count,

-= Absent,
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Figure 5. Pinus contorta/Calamagrostis rubescens Community.

Figure 6. Pinus contorta/Vaccinium scoparium Community.
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TABLE IV, QUANTITATIVE CHARACTERS OF THE UPPER AND LOWER;STRATA OF THE

PINUS CONTORTA/VACCINIUM SCOPARIUM COMMUNITY ACCORDING TO DENSITY

IN THE UPPER STRATUM,

Quant- Tree demsity/Acre o
itative 1/ 2/
character 500-750 750=1000
upper lower upper lower
stratum stratum stratum stratum
Mean distance - i0 ] 6.4 9 7.8
Rel, demsity
P. contorta 60 16 78 12
A. lagiocarpa 40 84 22 88
Rel, dominance
P. contorta 55 = 84 se
A. -lasiocarpa 45 . = 16 o=
Rel. frequency )
P, contorta 57 21 68 22
A, lasiocarpa 43 79 32 78
Mean area’ ‘ ‘ ] 64 j 26 .. 51 39
No./Acre 681 1670 853. 1120
Total Basal Area 4490 -o . 5285 ==
Importance :
P, contorta 172 - 226 oo
A, lasiocarpa 127 == 70 ==
Frequency ‘
P. contorta - 80 24 88 21
A, lasiocarpa 60 92 34 90

1/ Data obtained ffom means of four sets of 25 random pair points.

2/ Data obtained from means of three sets of 25 random pair points.

Pinus contorta/Vaccinium membranaceum Community

Pinus contorta is the dominant taxon of this community and makes up to

'98% &omiﬁanee values, although some areas have a greater proportion of Abies
lasiocarpa which attains dominance values of up to 60% (Table VI). The den-
sity of trees in the uﬁﬁer stratum is from 500 to 850 per acre, and is
inversely proportional to size of trees. Generally, the areas with the

highest proportion of A. lasiocarpa have the lowest densities, and this is
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TABLE V. NUMBER/COVER CLASS/FREQUENCY DETERMINATIONS CALCULATED FROM 2 X 5
dm QUADRATS IN THE FIELD LAYER OF THE PINUS CONTORTA/VACCINIUM
SCOPARIUM COMMUNITY AND THE PINUS CONTORTA/VACCINIUM MEMBRANACEUM
COMMUNITY ARRANGED ACCORDING TO DENSITY AND RELATIVE PROPORTIONS
OF P. CONTORTA TO ABIES LASIOCARPA IN THE UPPER STRATUM.

Community
P. contorta/ P. contorta/
V. Scoparium - V. Membranaceum

Tree Density/Acre

2/ 3/ 2/ 2/
500-750 750-1000 600-850 500-700
Taxon Proportions of P. contorta to A. lasiocarpa
: high . " low high low
Arctostaphylos uva-ursi 1/1/40 1/1/20 1/1/20 -
Arnica cordifolia 1/1/20 1/1/10 */1/10 */1/5
Calamagrostis rubescens -/3/98 -/2/40 -/1/10 ~-/1/5
Carex geyeri -- %*/1/10 */1/10 --
Chimaphila umbellata 1/2/20 1/1/10 - 1/1/10
Lonicera utahensis - -- %/1/10 */1/10
Lupinus parviflorus 1/2/30 */1/5 e, -
Shepherdia canadensis ‘%/1/10 - %*/1/10 1/2/10
Spiraea betulifolia 1/2/80 */1/10 1/1/20 1/2/20
Vaccinium membranaceum 1/2/50 2/2/20 3/4/100 3/4/100
Vaccinium scoparium 4/4/100 3/4/100 1/2/10 1/2/10
Mosses & lichens -/3/80 -/2/80 -/2/70 =/2/70
Litter - -/6/100 -/6/100 =/6/100 -/6/100

1/ The number indicates individuals per square meter, the cover is
calculated from six cover classes and the frequency is in terms
of frequency per square meter, all values being means.

g/ Data obtained from four sets of ten 2 X 5 dm quadrats.

3/ Data obtained from three sets of ten 2 X 5 dm quadrats.

* Values less than one.

- Too numerous or impractical to count.

-~ Absent.




TABLE VI, QUANTITATIVE CHARACTERS OF THE UPPER AND LOWER STRATA OF THE
PINUS CONTORTA/VACCINIUM MEMBRANACEUM COMMUNITY ARRANGED
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ACCORDING TO RELATIVE ABUNDANCE OF ABIES LASIOCARPA AND DENSITY
OF THE UPPER STRATUM,

Proportions of P. contorta to A. lasiocarpa

1/ 1/
96-100/0-4 55-75/25-45
Quant=~ Tree Density/Acre
itative '
character upper lower upper lower
stratum stratum stratum stratum
Density 680-850 = 500-700 e
Mean distance 9.3 8.9 9.4 5.7
Rel. density
P. contorta 28 12 65 7
A. lasiocarpa 2 84 35 92
other : == 4 == 1
Rel, dominance ' '
P. contorta 93 - 57 L
A. lasiocarpa 7 -e 43 ==
other = cen o o=
Rel, frequency
P. contorta 98 17 59 88
A. lasiocarpa 2 77 41 10
other : == ) 6 ' == -2
Mean area 55 .51 57 21
No, fAcre 790 862 765 2100 -
Total basal area 5174 o= 4996 ==
Importance
P. contorta 289 se 181 --
A, lasiocarpa 11 w 119 -
‘'other — == = ==
Frequency
' P. contorta 100 21 74 18
A. lasiocarpa 2 96 62 . 100
other e - 8 -= 4

1/ Data obtained from

four sets of 25 random pair points.
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probably due to the growth form of A. lasiocarpa. The lower tree stratum
: contains up to 907 A. 1aéioca¥2a except occasionally in areas where the can-
opy-has been disturbed. The density of the repfoductive layer is from 600
to 1,000 trees per acre.

Vaccinium membranaceum, the only taxon having a frequency of over 50%,

provides a high proportion of cover in the field layer (Table V), although
there are a few small areas included in this 'union whére V. scoparium and/

or Spiraea betulifolia form significant amounts of cover. Figure 7 shows

some of the associates of this union.

Pinus contorta/Shepherdia canadensis Community

The upper stratum of the community is dominated by Pinus contorta im

most areas but in some areas, especially on north slopes, Abies lasiocarpa

is more abundant and in'other areas the two taxa are in nearly equal pro-
portions, The density of the upper stratum is from 400 to 900 trees per
acre (Table VII), The lower tree stratum is dominated by A, lasiocarpa in
most areas and the density is from 300 to 3,800 trees per lacrje° One area

with 307 Picea engelmanni in the reproductive léyer occurs on the steep

northern exposure of Signal Mountain,

Shepherdia canadensis provides thg'most coverage in the shrub layer,

due more to its robust growth form than to numbers of individuals (Figure

. 8); Spiraea betulifolia, Vaccinium membranaceum and occasionally V.

scogaridm make up significant proportions of the cover and often occur in

greater numbers than Shepherdia canadensis (Table VIII). The height of the

S. canadensis is usually between 4 and 5 feet, and individual plants may




Figure 7. Pinus contorta/Vaccinium membranaceum Community.

Figure 8. Pinus contorta/Shepherdia canadensis Community.
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TABLE VII, QUANTITATIVE CHARACTERS OF THE UPPER AND LOWER STRATA OF THE
PINUS CONTORTA/SHEPHERDIA CANADENSIS COMMUMITY ARRANGED

ACCORDING TO THE COMPOSITION OF THE UPPER STRATUM.,

Proportions of P. contorta/A. lasiocarpa

Quant- 1/ 1/
itative 45-60/40-55 60-100/0-40
character upper lower upper lower
' stratum stratum stratum stratum
Density 400-700 = 500-900 =o
Mean distance 3.8 4,2 9.6 8,1
Rel., demsity .
P. contorta 50 4 95 23
A. lasiocarpa 50 94 5 77
other o= 2 == ==
Rel., dominance .
P. contorta 42 == 9% ==
A. lasiocarpa 58 =e 6 ==
other == - -= ==
Rel, frequency
P. contorta 50 7 92 26
A. lasiocarpa 50 89 8 74
other == 4 =o ==
Mean area 62 11 59 42
No./Acre 7.0 3860 740 1040
Total basal area 4560 == 4797 -
Importance
P, contorta 142 - 281 ==
A. lasiocarpa 158 —e 19 ==
other ] == == == ==
Frequency
. P. contorta 64 8 100 31
A. lasiocarpa 64 100 9 89
other == 4 == ==

;/ Data obtained from three sets of 25 random paid points.
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1/

NUMBER/COVER CLASS/EREQUENCYr DETERMINATIONS CALCULATED FROM

2 X 5 dm QUADRATS IN THE FIELD LAYER OF THE PINUS CONTORTA/
SHEPHERDIA CANADENSIS AND THE PSEUDOTSUGA MENZIESSII/VACCINIUM

MEMBRANACEUM COMMUNITIES ARRANGED ACCORDING TO THE COMPOSITION

OF THE UPPER STRATUM.

Community

P. contorta/
-S. canadensis

P. menziessii/ 3/

V. membranaceum

Proportions of P.

Taxon contorta/A, lasiocarpa
2/ 2/
. 45-60/48-55 60-100/0-40
Arctostaphylos uva-ursi 1/1/40 1/1/20 1/1/30
Arnica cordifolia == */1/20 ¢ 2/2/40
Calamagrostis rubescens =11/20 =/1/30 =/2/80
Calypso bulbosa */1/5 == */1/5
Carex geyeri =/1/20 =/2/30 */1/20
Ceanothus velutinus o 1/3/2 # -
Eriogonum subalpinum - s 2/2/30
Fragaria sp. %/1/5 - */1/5
Lonicera utahensis == = ) 1/2/20
Shepherdia .canadensis 12/49/23 # 8/35/21 # -
Sorbus scopulina */1/% o= ==
Spiraea betulifolia 14712729 i 14/10/34 # 2/3/90
Vaccinium membranaceum 22/17/45 # 18/12/41 # 1/2/90
Vaccinium scoparium 1/1/2 # 1/%/2 # 2/2/30
Mosses and lichens =/2/70 -/2/89 -/2/90
Litter =/4/100 ~/5/100 =/5/100

1/ The number indicates individuals per square meter, the cover is
calculated from six cover classes and the frequency is in terms of
frequency per square meter, all values being means.

2/ Data obtained from three sets of ten 2 X 5 dm quadrats.

3/ Data obtained from two sets of ten 2 X 5 dm quadrats.

% Values less than one.

=  Too numerous or impractical to count,

-= Absent;

# Average number per 100 feet/average cover/relative frequency obtained
by 100 feet line-intercepts, three where A. lasiocarpa is most abundant

and four in the other.
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have a crown diameter of 6 feet or more, therefore this species often over-

shadows many other types of shrubs.

Pseudotsuga menziessii/Vaccinium membranaceum Community

Pesudotsuga menziessii dominates the upper stratum of the community but

Pinus contorta, Abies lasioccarpa and occasicnally Pinus flexilis occur in

varying proportions (Table IX). The community usually occurs on relatively

dry areas and this probably accounts for the retardatiom of Abies lasiocarpa

regeneration. In addition, the closed canopy provided by Pseudotsuga menz-

iegsii probably hinders the regemneration of Pinus contorta, thus Pseudétsuga

menziessii is the most abundant taxon in the arboreal reproductive layer.

Vaccinium membranaceum and Spiraea betulifolia deminate the field layer

of this community (Table VIII)w Calamagrostis rubescens is abundant in the

community but the preponderance of shrubs is the mest characteristic visual

aspect. Acer glabrum, Alnus tenuifolia, Amelanchier alnifolia, Eleagnus

argentea, Rubus parviflorus, Sorbus scopulina and Symphoricarpos tetonensis

also occur in the community but were not encountered in any plots or line
intercepts. They are commonly associated with rock outcroppings or opem-

ings in the canopy and do not represemt the community as a whole.

Populus tremuloides/Geranium viscosissimum Community

Populus. tremuloides dominates the upper stratum of the community and

most areas have few conifers. The density of the upper stratum is apprexi-
mately 500 trees per acre (Table IX) and this number is about doubled im.
the reproductive layer. The reproductive layer is composed chiefly of P.

tremuloides suckers and/or seedlings with few conifers (Figure 9).
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TABLE IX. QUANTITATIVE CHARACTERS OF THE .UPPER AND LOWER STRATA OF THE
PSEUDOTSUGA MENZIESSII/VACCINIUM MEMBRANACEUM COMMUNITY AND THE

POPULUS TREMULOIDES/GERANIUM VISCOSISSIMUM COMMUNITY.,

Community
Quant- P. menziessii/ 1/ P. tremulcides/ 1/
itative ¥, membranaceum = - G, viscosissimum
character upper lower upper lower
. stratum stratum stratum stratum
Density 600-900 - 500-1000 == :
Mean distance 7.4 . 9,3 11.8 - 8.2 1
Rel. density
P. contorta 10 20 8 2
P. menziessii 86. 70 11 3
P, tremuloides == == 78 93
other 4 10 3 ' 2
Rel. dominance -
P. contorta 9 == 4 ==
P. menziessii 89 == : 9. o
P. tremuloides == == ' 85 . ==
other 2 | =e 2 o
Rel. frequency
P. contorta 16 23 9 1
P. menziessii 78 68 13 2
P. tremuloides == .o 74 96
other 6 9 4 . 1
Mean area 35 55 89 43
No./Acre 1246 790 490 1014
Total basal area 9950 : == 3975 ==
Importance ) ' )
P. contorta - 35 == 21 ==
P. menziessii 252 == 33 ==
P. tremuloides o o 237 ==
other 13 o= 9 ==
Frequency
P. contorta 21 28 11 5
P. menziessii 100 89 16 7
P. tremuloides == = 98 100
other 8. i4 3 5

1/ Data obtained from two

sets of 25 random pair points..































































































































































































































