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ABSTRACT

The alpine vegetation of Marmot Basin, Jasper National Park, was
sampled, analysed and classified into five main categories. Heath
rundra communities dominated by Cassiope mertersiana and Phullodoce
aland: 77 ora cover most of the well vegetated parts of this moderately
late snow re eased cirque basin. Rock Tundra conmunities dominated by
Pricis ocropedJaooccur ocally in xeric exposed sites that are snow
free early in the summer. Shrub Tundra communities, which ire
dominated by several species of dwarf willows, are found in several
types of relatively early snow releaged, more mesic sites. Meadow
Tundra communiti-s, in which mesophytic forbs are visually prdminent
occur in the protected, seepage sites and on the very sparsely
vegetated scree slopes that cover almost half of the a]ping zone.
Snowbed Tundra communities are found in late snow released areas.

An analysis of the impact of winter ski activities on the snow
pack, terrain and vegetation was carried out in a year of record low
snowfail. Results indicate that the compaction of the snow on ski
slopes by snow packing machinery and skiers$ results im significant
changes in the density of the snow pack, which may alter the thermal
regime of the underlying vegetation. It was found that skiers and snow
packing machines shearea the snow off of thinly snow covered, convex
sites, exposing the under]iing vegetation and soil. Once exposed, the
vegetation and upper layer of sofﬁ was often sheared off, leaving
patches of bare soil that were susceptible to erosion. The removal

of patches of snow cover led to the acceleration of snow meit.

o



Riisod convex sites were the most-susceptible to this type of
damage. Once removed, th> Rock Tundra vegetation which occurs in these
areas i< very slow to reco. Most of the other types of vegetation
found at M rmot basin naturaliy occur in sites which are less

frequently damaged. In addition, most other types of vegetation are

either more resistant to damage or reqrow more rapidly if disturbed.
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CHAPTER I. INTRODUCTION
///

The increasing demand for expansion of downhill ski “acilities 1in
alpine areas has met with opposition from those who feel that these
areas should be preserved in their natural state. Much of this debate
has focused on the alpine zone. ..ie superior snow conditions, scenery
and relative ease of construction of ski runs in this treeless
terrain make it ideal for skiing. However, the aesthetic. appeal and
documented sensitivity of this region to human impact make preservation
of unaltéred a]pfne ecosystems equally important.

Several studies have been carried out in North America and Europe
to determine the environmental impacts of the construction and ongoing
use of ski facilities. Several workers including Muir (1967), Lceson
(1976b) and Fitzmartyn (1976a, 1976b) have described tne impacts of
the development and use of the Sunshine ski resort in Banff National
Park, Alberta. Leeson (1976a) comp]etea a preliminary investigation of
the Marmot Basin ski area in Jasper National Park, Alberta, documentina
the conditions found in this ski area. The impacts of the construction
of ski facilities at Mission Ridge, Washington, were documented by Klock
(1973). Graybeal (1973) described the changes that occurred in

vegetation in §upa1pine areas at Winter Park Ski Area, Colorado.

S~

;



Several workers including Bayfield (1970, 1974, 1976) and Watson ¢t /.
(1970) examined the impacts of ski area construction and,ongning use at
Cairngorm, Scotland. In Austria, a team of researchers has been
studying the alpine ecosystem at Obergurgl (H:mamowa 1975).

This information on the general impacts of ski area construction
and ongoing use of the vegetation found in these selected areas can be
used along with information on the types of vegetation found in alpine
areas to make prediction; of the impacts of ski activities. The
nature of the vegetation in alpine areas in western Canada and the
United States has been described by a series of researchers. Studies
of the alpine vegetation of Signal Mountain (Hrapko 1970 , Hrapko and
La Roi 1978), Bald Hills (Kuchar 1975) and Wilcox Pass (Crack 1977) in
Jasper National Park; Snow Creek Valley (Beder 1967), Bow Péss (Broad
ﬁ973) and Sunshine (Knapik et aZ. 1973) in Banff National Park;
Prospect Mountain (Mortimer 1978) and ‘Highwood Pass (Trottier 1972) 1in
the Front Range have been made in recent years. Studies of the alpine
vegetation of British Columbia have been made by Archer (1963), Brink
(1964), Brooke ¢t aZ.(1965) and Eady (1971), while in the U.S., work
has been done in the alpine of Washington by franklin et aZ. (1971)
and Dougias and Bliss (1977).

The objectives of.ﬁhis study Qere to:

1. describe and classify the vegetation of the alpine zone of Marmot

Basin, Jasper National Park;

2. detérmine the general impacts of winter ski activities {snow

compaction and downhill skiing) cn the snow cover, vegetation and

terrain;

2



3.

4.

evaluate the susceptibility of alpine vegetation to these impacts;

make recommendations for future management of alpine ski areas.



CHAPTER 11. STUDY AREA

LOCATION

L

Marmot Mountain is located in the Main Range of the Rocky
Mountains, 21 km south of Jasper townsi.:, in Jasper National Park,
Alberta (Fig. 1 & 2). The mountain is surrounded by three rivers;
the Athabasca iner to the east, Portal Creek to the scuth, and

Whistlers Creek to the north (Fig. 2).

\ DESCRIPTION

Marmot Basin is situateq in a cirque on the east side of the upper
section of Marmot Mountain (Fig. 3). The base of the Basin is 1950 m
abbve sea level (ASL) and extends to the summi‘ >f Marmot Mountain a
2605 m. The cirque faces NE; it is bounded on the S and SE by Eagle
Ridge, to the W by the ;ummit ridge of the mountain, and to the NW by
Caribou Ridge. The main cirque consists of several basins: a small
one in the centre surrounded by scree slopes, a larae V-shaped hoilow
to the S, and a third shallow basin at about 2400 m at the W end of

the main basin. These three basins are separated by Knob Hill and

the ridge that runs SE from it (Fig. 3).
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Ski Titts and terminal buildings are situated on Knob Hill and on
STope A at the N end of the basin. Two lifts are found on the latter
site. the Caribou Chair and the Yellow T-bar. There is a road from
the upper chalet to @~ top of the Yellow T-bar {(Plate 1).

The lower half of the basin is in the subalpine forest zone.

Sova e ImediToand AbSes lasiocar; o are the dominant tree wpecies

th heaths and shrubs in the understory. Continuous forest grades
ubwaerd into scattered tree islands at about 2100 m. Krumrholz is also
found on wind-protected sites at higher elevation. Dwarf heath tundra
dorminated by Covalcye mertensiaone and Phyllodoce glanld [Rlor: covers
most of the alpine area of the basin accessible to skiers.

Ski runs originating in the alpine tundra section extend downward
into the subalpine forest section of the basin, where tree removal has

been undertaken (see Plate 21, p. 106).

GEOLOGY AND GEOMORPHOLOGY

Marmot is part of the Trident Range of the Main Range of the Rocky
Mountains. The bedrock is Pre-fambrian aged Wynd Formation. This
fowmation is approximately 1200 m thick and consists of poorly sorted
arenaceous and argillaceous sedimentary rock. The former are primarily
sandstone znd conglomerate and the latter slates and siltstones
(Charlesworth et «7. 1967). ‘The basin was formed by frost wedging of
the exposed edge of the upthrust bedrock. The abSence of terminal or
lateral moraines indicate that the basin was probably occupied by 2
snowfield rather than a glacier. The SE, S and W walls of the cirqu:
are talus slopes composed of rock debris continually produced by

erosion of cliffs. Finer materials are carried downslops by snowmelt
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and rainwaters and deposited in the more gently slopimty narts of the
basin. Solifluction lobes are found on the steeper vegetated slopegs

(Leeson 197»a).

HISTORY OF SKI DEVELOPMENT

The alpine zoﬁé nf Marmot Basin has been used for skiing singe
the 1930s. In the early days snowmobiles were used to drive skiers to
the top of Slope A (Fig. 3). In 1964 a road and the first 1ift, the
Yellow T-bar, were built to the top of <lope A. The second 1ift, the
Yellow Chair, was built in the lower section of the basin in 1969,
followed by the Caribou Chair, built in 1973 and the Knob Chair, built

in the alpine in 1977.



CHAPTER II1. METHODS

PHYSTCAL ENVIRONMENT

CLIMATE

A meteorological station was set up at 2220 m ASL on an E-facing
slope on Caribou Ridge (Fig. 3). The station consisted of a louvered
aluminum shelter set on the ground which contained a Belfort hygro-
thermograph with sensors 2 to 15 cm above the ground and a Taylor
Maximum-Minimum thermometer shielded with sensors 3 cm above the
ground surface. A Belfort actinograph was'positioned on top of the
shelter. A three-cup totalizing Belfort anemometer with cuns 1 m
above the ground and a 20 cm wedge rain gauge with orifice 50 cm above
the ground were situated nearby. The station was monitored from 5 May
to 8 August 1977. Maximum and minimum temperatures, precipitation and
total Ei]omete:J of wihd were recorded every second day at 1000 h MDT.
The hygrothermograph was calibrated at these times using a Taylor sling

psychrometer.

- SOILS

Soil pits were dug in the 70 plant communitie. which were regarded

as representing the range of commu. *ies fou1d ir Marmot Basin. Soils



were classified, their horizons delimited and thickness measured and
rooting depths determined. Samples of each horizon were taken in
mid-August. These samples were air dried and passed through a 2 mm
sieve to determine coarse fraction content. Further analysis of the
~2mm fraction was then carried out. Oried soil colour was ¢ “mined
under natural daylight using Munsell colour charts. The Bouyoucns
(1962) hydrometer method was used to determine soil texture. Soil
pH, conductivity, % organic matter, free lime content and N, P, K
and Na concentrations were determined bv the Alberta Soil and Feeding
Testing Lab.

Soi1 pH and conductivity were determined using a 1:2 soil:water
ratio with conductivity correlated back to paste equivalent. Organic
matter was estimated. Available potassium and sodium were determined

by extraction with 1IN NH4OA . The extract was mixed with lithium as

C
an internal standard concentration read using the flame photometer.
Nitrate‘nitrogen (N) ana phosphorous were extracted using € VHaF

and 0.03N HZSO4 (Miller and Axley method). The Technical Industrial
Method No. 100-70W (1973) was used to analyse for NO3 and NOZ'
Phosphate was determined using the Murphy and Riley (1962) method.
Sulphate-sulphur was determined through extraction with 0.1M CaC12
distilled with Deans modification of Johnson-Nishita method and read
on the Spectronic 20. Available Al and Mn were determined by
extraction with 0.02M CaC]2 and read on the atomic absorption
spectrophotometer. Exchangeable cations were determinéd through
leaching with CH3COONH4. Cation exchange capacity (C.E.C.) was
calculated by leaching with CZHSOH and CH3COONa and distillation with

Mg0. (Alberta Soil and Feed Testing Lab 1977).



COMMUNITY DESCRIPTIONS

The plant communities of Marmot Basin v delimited using air
photos and ground surveys. Thirty-seven stands that had homogeneous
plant cover and which represented the range of plant communities
found in the study area were sampled. Stands were from 10 x 4 to
10 x 20 m in size: twenty 25 x 25 cm quadrats were set out randomly
in each stand. In -ome of the small and very homogeneous stands only
15 quadrats were used. The Braun-Blanquet cover scale] was used to
visually estimate the cover of the vascular plant species, lichens,
bryophytes, and bare rock and soil in each guadrat. A ten point
frame was used to verify these estimates. Notes on slope angle and
exposure, elevation and iandform type were made and photographs of
the sites were taken.’ Voucher specimens of vascular plants were-
collected from the plots sampled. Nomenclature follows Moss (1959)
and Hulten (1968). Speciments were verified by Dr. J.G. Packer and

are deposited in the University of Alberta Herbarium (ALTA).

TRANSECT STUDIES

Two transects were run from the center of nivation hollows to the
top of the surrounding slopes. Both transects were located in the

center of the main cirgue basin at 2240 m elevation. Transect 1

[ <%, 1 = 1-5%, 2 = 5-25%, 3 = 25-50%, 4 = 50-75%, 5 = 75-100%

o



traversed the range of plant comunities found on a N-facing slope;
Transect 2 was located on the S-facing wall of an adjoining snowbed
(Fig. 3).

The transects were 16 m long; 25 x 25 cm quadrats were set out at
75 cm intervals along the transect. The Braun-Blanquet cover-abundance
scale was used to determine the cover of the vascular plant species,
lichens, bryophytes and bare rock and soil in the quadrats.
Photographs of the whole transects and of individual quadrats were

taken.
ORDINATIONS

Two types of ordinations were used in the analysis of the stand
data and the c1. -ification of plant communities. Both ordinations,
the Bray-Curtis indirect and Reciprocal Averaging were based on species
prominence values. (P.V.s). To calculate P.V.s, the mean percent cover
and quadrat frequency of 56 vascular plant species found in stands
sampled were first determined. Species which had Tow cover and
occurred in only one of the 37 stands and species which did not have
more than 0.01% cover in any stanc were excluded from the ordination.

Prominence Values for the 56 species were determined using the formula:
P.V. = mean cover % X J/ freauency %

Bray-Curtis Ordination
Two types of stand similarity matrices, one based on presence-
-absence data and the other on quantitative data were calculated using
the Cornell Ecology Program (Géuch 1973). This program was used to

calculate similarity matrices for the 37 stands, using the P.V.s of

14



vascular plant species. The first matrix was a Coefficient’of Community
(CC) index based on presence-absence data and the second matrix was a
Percentage Similarity (PS) index bqsed on species P.V.s. These
similarity matrices were used to determine the ehdpoints for the two
Bray-Curtis ordinations Which were then calculated using the Cornell
Program. The matrices were used to select two stands which showed
little similarity to each other to be used as the X axis endpoints.
Ordination of the stands using these endpoints generated a one-
dimensional array of stands. The distance between a stand and an
endpoint reflects the similarity of the two stands. Another pair of
stands which were close together on the X axis but showed little
similarity to each other were selected for the Y axis endpoints and
used to calcul the Y axis ordination. The positions of stands
ajong the two axes are used as coordinates in the two-dimensional

pictting of stands.

Reciprocal Averaging Ordination
Species-stand tables were obtained using an indirect, weighted
average Reciprocal Averaging program (Hill 1973, Gauch e* <7. 1977).
This program uses successive approximatfbns to‘produce a simultaneous

one-dimensional species and stand ordination.

VEGETATION MAP

A map-of the vegetation of the alpine zone of Marmot Basin was
made using aerial photographs and information obtained fiom community
analysis. Map units included plant communities, community groups and
mosaics of several cdmmunities in areas where plant communities were

too small to be mapped separately.

[S3]



IMPACT ASSESSMENT

A series of investigations was carried out to determine: 1) the
impact of construction of ski facilities, and 2) the impact of winter
ski activities on the snow cover, vegetation and tefrain of Marmot
Basin. Observations were made assessing the alterations in the natural
environment which had occurred as a result of the construction of ski
lifts, roads and buildings. )

More intensive studies were carried out to determine the effects
of winter ski activities including slope maintenance and skier use.
Sampling was carried out along a series of transects which traversed
the skied and ﬁon—skied sections of Slope A, B and C (Fig. 3). Snow
cores, used to determine the effect of ski activities on the depth and
density of the snow were taken along the transects on Slope C in March
and May 1977. In July 567 1 x 1 m plots were set out along transects
on all three slopes and used to evaluate how severely the terrain
underlying the skied slopes had been sheared. These plots were also
used to determine: 1) the cover of vascular plant species using the
Braun-Blanquet cover scale, and 2) the phenological status and vigour
of Cassiope mertensiand, the most prominent heath species in the study

area.

IMPACT OF CONSTRUCTION

Descriptions of the alterations to the natural environment which

occurred as a result of the construction of ski facilities in the

16



alpine zone of Marmot Basin were made. Assessments of the extent and
Tocation of damaged terrain along roadways and in the vicinity of the
ski 1ift towers and terminal buildings were made. Evaluations of the
severity of erosion in these sites were also made. Comparisons of the
impacts of construction on the .alpine and subalpine zone were made.
Evaluations of the type and extent of damage associated with
helicopter-aided construction, and ground access construction were

also made.

IMPACT OF WINTER SKI ACTIVITIES

Impact of Snow Compaction

Snowpack
.

A preliminary assessment of the depth and density and general
condition of snow on the skied and non-skied sides of S]ope'C was made
in March 1977 (Fig. 3). Four transects were set out across this slope:
snow depths were recorded and duplicate snow cores taken for snow
density determinations. Assessments of the prominence of ice layers
in the snowpack were also made. Snow cores ;;;E‘taken at 10 m intervals
along the four transects, using a Stevens Snow Sampling set. These
data were used to calculate snow dgnsity and water content. Comparison
of the snowpack on skied and non-skied slopes was carried out in May
1977. In May, fourteen transects were laid out in an E to W direction
across Slope C. Snow cores were taken in a total of 102 sites, at 10 m
intervals along these transects. A t-test was performed to determine

if there was a significant difference between the depth, density and

water content of the snow on the skied vs non-skied sides of this slope.
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Correlations were calculated to determine if there was a relationship
between snow depth and density.

A study was carried out to determine if there was a difference in
the temperature of the soil-snow interface beneath compacted and non-
-packed snow on 2 March 1977. Snow pits were dug at 7 points along a
transect. Soil temperatures were taken using a mercury thermometer.
These data were used, along with information on the depth and density
of the overlyina <now, to determine if compaction of the snow had an
appreciable effect on the thermal regime of the underlying soil.

Photographs of the stddy area were taken at 1 - 2 week intervals
from 4 May - 8 August, 1977 to monitor snowmelt patterns. One series
of photos was taken from the upper ski chalet during May. A second
series was taken during June, July and August from a site on the top
of Eagle Ridge (Fig. 2). These photos were used to determine if there
was an appreciable difference between snowmelt patterns on skied vs
non-skied terrain. Observations were also made and pictures taken in
the following spring (29 April 1978) to determine if the patterns found
in 1977 were typical or a result of unusual weather conditions which

occurred during the preceding winter.

Vegetation

An evaluation of the vitality of Cassiope mertensiana plants
found on the skied and non-skied sides of Slope C was made. Estimates
of the ratio of the live to dead Cassiope mertensiana foliage were used
as an indicator of plant vitality. The Braun-Blanquet cover scale was
used to estimate the cover of dead and live C. mertensiana in 64

1 x 1 m plots set at 10 m intervals along 14 transects which traversed

=



the skied and non-skied sides of Slope €. The percentage of the dead
Coomertenatona in a plot was calculated.

This information was used along with data on the depth and
density of the overlying snow cover durina May of the preceding
spring to dctermine if there was any relationship betweer itality
of the ooy mertensiana plants and the depth or densit
overlying snow.

Evaluations of the phenological stage(s) of . mertonsiong
also made in the 1 x 1 v plots. The (. mertcnsiana plants examinec
were classified as (1) pre-budding, (2) budding, (3) flowering and/or

(4) setting seed.

e

Impact of Shearing

Snowpack

The results «: the photo series (described on p. 116; were ised
to determine if the shearing of patches of the snow cover by skiers
and machinery had a significant effect on the meltout patterns found

on skied compéred with non-skied slopes.

Terrain

The extent and tyée of damaged terrain in the 567 1 x 1 m plots
set out on Slopes A, B and C was assessec using the Braun-Blanquet
cover scaTe. Microtopography, slope angle, slope aspect and elevation
were assessed at each sampling site. The percent cover of damaged
ground classified as "surficially sheared," “churned" énd "eroded" was

assessed. Sites in whicn only the plant cover had been scraped off,
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such that the upper soi. ,urface was basically intact were classified
as "surficially sheared.” In "churned" areas the upper soil layer
had been removed and cryoturbation had occurred; the soil in these
areas was susceptible to erosion. Sites in which much of the humus
and mineral fines of the A horizon had been washed away leaving only
the coarse soil fraction were classified as "eroded." Once the
vegetative cover has been sheared oif the soil is subjected to
cryoturbation and subsequent erosion by meltwater, wind and rain. The
data were analysed to determine i1f there were correlations between the
type of terrain and the :everity of impact found in a site.
Calculations of the number of damaged plots in sites that were
convex, concave and flat were made. Comparison of the numbers
(frequency) ofhdamaged plots on concave sites on Slopes A, B, and C
were also made. The total areal extent of damaged ground in the
concave sites was determined. Calculations were made to defermine how
much of the convex terrain on Stopes A, B and C was "eroded," "churned,"

"surficially sheared” or "regrown."

Vegetation'

Estfmates of the cover of the vascular plant species in 223 1 x 1
m plots on transects or Slope A were made. These data were used 1nA
calculating a reciprocal averaging ordination (see p. 39). Identi-
fication of the plots tp plant community types was then carried out.
The type of terrain and amount of disturbed terrain in each plot was
also plotted on the ordination to deterrine if correlations between
these factors and the type of plant community found in an area

existed.



The information obtained from the previously described studies of
the vitality and phenological status of CAEETONE mertonatang on Slope A
was used along with information obtained from sampling on Slope B and ¢
to determine whether the shearing of the snow cover on skied slopes had
a significant effect on Casslope mertensiana populations.

Permanent 1 x 1 m plots were set out in 10 sites sampled on Slopes
A, B and C. Pho*ographs and assessments of the impact on the terrain,
cover of vascular plant species and the vigour of Cassiore mertens o,
plots were made on 7 June 1977 and again on 8 August 1977. These sites
were re-examined in August 1978 to determine if any appreciable changes

(e.g., regrowth or erosion) had occurred. Assessments of the success

ot various species in revegetating the sheared plots were also made.



CHAPTER TV. RESULTS: PHYSICAL ENVIRONMENT

CLIMATE

The climate of Jasper can be described as continental. There is
a high degree of varijability in seasonal and annual temperatures and
precipitation, with wide deviations from average conditions. This area
is under the ameliorative influence of Pacific air from the west. Only
during the winter does this Pacific flow give way to Arctic air with
the passage of the Arctic f;ont resulting in precipitation and colder
temperatures. Thus the winters can be long and quite cold with
summers that are short and cool (Janz and Storr 1977).

The climatic data that had been,co11ected.at Marmot Basin over
the past 10 years was used to describe “averagé conditions.”
Comparisbns of the climatic conditions found in 1976-77 with those
previously found at Marmot were made to determine if this year had

been a representative one. .

TEMPERATURE

Mean monthly temparatures in Marmot follow a trend sim:lar to

that found in Jasper townsite Sut are 2° to - ~ooler (Table 1).

22
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Coldest mean monthly tempo}aturos occur In January, usually close to
-IZOQ in both Marmot Basin and in Jasper; warmest temperatures are
in July, 8°C in Marmot and 15°C in Jasper. The difference between
mean maximum and mean minimum monthly temperatures was 38 C in the
winter and 23°C in the summer of 1976-77.

Mean monthly temperatures in Marmot Basin in the 1976-77 winter

season were 2 to 4°C warmer than the 1965-76 mean monthlv temperature

(Table 1).

PRECIPITATION

The precipitation regime of Marmot Basin and Jasner is marked by
a hlgh degree of annual variability. In some years there is 2.5 times
as much precipitation as in other years. Marmot Basin, being at
hicher elevation, receives more precipitation than Jasper, especially
in autumn and late spring. Annual precipitation at Jasper averages
407 mm.

Maximum precipitation occurs in December and January and the
minimum in late spring and autumn. There is a eak secondary maximur
in the summer. Light snow ard rainfall are frequent with heavy
precipitation rare (Janz and Storr 1977).

Snowfa11‘patterns'in Marmot Basin are similar to those in Jasper
townsite although total snowfall is much less in the latter. The 5
year average snowfall in water equivalent units was 72 cm in Marmot
Basin: the 11 year average for Jasper was 37 cm of water (Wells ez =7
1976,. Snowfall is variable, in some years there is 2 - 3 times as

,/'\
much snow as other years (Table 2). Mverage snowfall is 475 cm; much c< it



falling in January. Total snowfall in 1976-77 and in the preceding

two w aters was 261-348 cm, which is Tower than normal. In addition,
the snowfall in 1976-77 was very irreqular; much of the snow fell in
Jecember and March, with Tittle snowfall in January, February~and
April. April snowfall in the two preceding years (1975-76 and 1974-75)
had also been Tight (Atmospheric Environment Service 1969-78) .

Maximum snowpack at high elevations such as Marmot occurs in
April, much later than the maximum snowpack at Jasper. In ye-- of
average snowfall there was 86 to 125 cm snow base on the grou... at
approximately 2340 m elevation in April. In 1976-77, snowfall was
light and there was only 46 cm of snow on the ground at this elevation

in April 1977 (Atmospheric Environment Service 1969-78).

SUMMER CONDITIONS

Records of the summer weather conditions at Marmot Basin are,
unfortunately, only available for May - August 1977 (Fig. 4-7), since

the rczording station is shut down during the summer and early fall.

L

Temnerature

The average daily temperature ir. May 1977 was 3°C (Fig. 4).
Temperatures rose in eér]y June with the melting cf much of the snow.
There was a slight drop in temperature in late June with a subsequent
increase in July which had the highest mean monthly temperature. The
highest temperature of the summer (22°C) was recorded in July.
Be}ow-freezing temperatures were recorded on 11 days throughout the

summer.



Fig. 4. Daily maximum and minimum terperatures at 15 ¢ms above the
ground at Mar--t Rason, May-dgqust 1677,
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Precipitation

Precipitation in May averaged 10 mn per week, with most falling
as snow (Fig. 6). There was scattered rain and snowfall in June,
but most of the precipitation occurred in July when average weekly
rainfall was 17-31 mm. The early part of Auqust was fairly dry with
more precipitation falling later in the month. Periods of heavy
precipitation were rare and most of the rain and snowfall was light
and scattered. Cloudy conditions occuirred frequently throughout the
summer of 1977. Strato-cumulus and ~umulus formed the dominant

cloud cover; numerous occurrences oi 0g were also reported.

Vapour Pressure Deficit

Vapour pressure deficits (VPDs) closely follow the trends of
temperature and relative humidity (Fig. 5). Values ranged from 0 to
7.8 mbs, being highest in June and July, when temperatures were high

and relative humidity was low. High VPDs (7.8 mb) were recorded

early in June when air temperatures dropped below freezing and the soil

was probably still frozen. This condition could potentially cause
desiccatgon injury to some of the exposed alpine plants. Low VPDs.
(0-2.6 mb) occurred in.May when air temperatures were low and melting
snow maintained a high relative humidity. Low values were found
throughout the summer during periods of precipitation or fog when

relative humidity was approximately 100%.
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Wind

Winds in Marmot Basin were primarily from the SE (Janz and
Storr 1977). Windspeeds averaged 4-9 km/hr throughout the summer.
Weekly windspeeds were most variable in May and June, maintaining a

more steady speed of 6-7 km/hr in July and August (Fig. 7).
SOILS

The soils of Marmot Basin have developed primarily from
sedimentary and metamorphic rock of the Wynd Formation (Leeson 1976a).
This formation includes siltstones, mudstones, sandstones, quartzites
and slates. These materials have been eroded by frost activity and
transported by colluvial and fluvial activity (Leeson 1976a). A thin
vereer of silty loess, which probably includes ash, overlies the
weathered Wynd Formation materials. Pedogenesis is slower in the
colluvium than it is in the loess (pers. comm. R. Wells). Soil
profiles in many sites are altered by crvoturbation, solifluction,
soil creen and avalenching.

.ne alpine soils of the study area can be classified as Regosolics,
Brunisolics, Podzolics-and Gleysolics (Canaaca Soil Survey Committee
1978). Regosolics underlie the unstable scree slope Shrub Tundra
communitjes, Rock Tundrz communities on patterned ground in exposed
sites, and the sparsely vegetated, late-melting Snowbed Tundra
communjties. Brunisolics with thicker, better developed soil profiles
are found beneath the lusher Heath, Meadow and some Rock Tundra

communities. Well drained substrates have been reported for alpine
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Brunisolics, but the cool temperatures and moist conditions found 1in
these sites allow for the accumulation of organic materials and subse-
quent Brunisolic development (B1iss 1963). Wells et al. (1976) found
Podzolic soils in the better drained Heath Tundra communities 1in

Marmot Basin. Although podzolization occurs in some of the Brunisolics
sampled in this study, none of the sampled soils were classified as
Podzolics. Gleysolics occur in aréas where snils are fine textured,

have a high moisture retention capacity, are poorly drained, and

therefore subject to periodic saturation and gleying.

REGOSOLICS

Orthic Regosols consisting of an Ah layer overlying undifferen-
tiated parent &ateria]s are found beneath some of the more poorly
vegetated Rock, Shrub and Meadow Tundra communities (Plate 2). The
severity of the environment in these xeric, exposed sites results in
limited organic matter production and in slow and limited soil
development.

The soils beneathsthe sparsely vegetated Salix nivalis-Wecinium
vitis-<azea dominated Shrub Tundra found on exposed ridges were fairly
coarse-textured and well-drained (Table 3). The coarse fraction
content of the Ah horizon was greater than 50%. The organic matter and
clay contents were low resulting in low cation exchange capacity.
However, the levels of available N and K wzre comparable to those in
the other soils in the basin. Soil pH ranged from 4.8 to 5.2, which

was somewhat higher than Heath Tundra communities.



Plate 2. An Orthic Regosol. This
profile was found beneath the

‘X SN ."n‘LI - e \‘\’fﬂf‘z’fd/tl
Shrub Meadows on an unstable N-
tfacing scree slope. Auqust 2, 1977,

Plate 3. A Gleved Orthic Regosol.
Thiz soil was found in frequently
satuirated, Tate snow released sites.
The overlying vegetation is
dominated by Carcr niaricans

(stand 17).  August 2, 1977.

‘
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Gleyed Regosols, which are poor]y:developed solls consisting of
a thin Ah and Cg horizon, are found beneath the Ciyew niarioans
dominated snowbed communities (Table 3; Plate 3). The parent materials
are aeolian deposits containing ashy layers, which have accumulated in
the depreséiona] areas as a result of erosion and redeposition.
Periodic saturation of these poorly drained sandy clay textured soils
results in gleization and the Cg horizon. The shortness of the
growing season in coijunction with the low soil temperatures found in
these water-saturated sites limits soil development. The pH of the
Regosolic in the Carex nigricans community was 5.0 to 5.2, which is
higher than most of the soils in the Basin%ﬂTab]e 2). Organic matter
content and total exchange capacities were low; levels of available
K and exchangeéb]e nutrients were low, however, available P levels

were fairly high.
RRUNISOI TCS

Dystric Brunisols, which are fairly acidic soils with a thin Ah
and a thick B horizon, are common in the alpine zone of Marmot Basin.
These soils are found beneath most Rock,.Heatn and Meadow Tundra
communities. The soils in the fairiy dr; Rock Tundra and Phullodoce
clandulif or- dominated communities were Orthic Dystric Brunisols with
& Ah-Bm-C prqfi;e. In more mesic, well-drained sites, organic
mater il is leached cut of the Ah horizon resulting in the development
of an Ae horizon. These soils, classified as Eluviated Dystric
Brunisols, and having an Ah-Ae-Bm (Bjf) (BC)-C profi]e; are found

in the better-drained Cassiope mertensiana communities. Gleyed

%)

~D
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Eluviated Dystric Brunisols are found in concave, poorly-drained
Forb Meadow and . merzensipi: dominated sites. These soils are
saturated peric.ically during the growing season and have an
Ah-Ae-Bmgj-BC-C profile.

Orthic Dystric Brunisols underlie puae ocforetio - casefor o
fotraaens, Booclandidiflora and some (. merteneion: dominated communi -
ties (Table 3: Plates 4 and 5). Soils in these sites have a thin
Ah, overlying a thick Bm horizon. The accumulation of iron and
organic matter imparts an orange colour to the well-developed Bm
horizon. Ae horizons are found in some soils, but in most case- ‘=<
Tayer is too thin to classify the soil as an Eluviatec Dystric
Brunisol.

The Orthié Dystric Brunisol found underlying the Phullodoce

coanau” Cficrs: communities are not as nutrient rich as those found in

the M2 covorccala - Cassiore tetragena dominated sites (Plate 5).
Soils in the 7. claniul<rlcra coﬁmunities have a sandy clay texture )
and nigh coarse “raction content. Organic . erial content is Tow.
Total P and K, exchangeable '/, Mg and Ca, and TEC are ©= *“= . .to-

1ntermedjate range (Table 3).
The soi:: in the Dryas octopetala - Cassiope :.
communities have a slightly coarser sandy clav \cam t ve. T janic
matter content is high, total P and K are in the © o1 =73 -to-high
range, exchangéab]e Ca and Na are high, and TEC is moderate (Table 3).
“luviated Dystric Brunisols are found beneath better-drained
Cassiope mertensiana communities (Plate 6). In poorly-drai.ed ¢.
mertenstana dominatec .ollows the soils are Gleved Eluviated Dystric

Brunisols. These soils had a thick Ae horizon overlying a Bm or Bmj;



Plate 4. " ( M e Brpnisal,
‘ > found in the center of the central ciraue
s v 1 vegetation s dominated by uoeiope
Ual o, 1977,

Plate 5. A wel’ developed Orthic
Dystric Brunisoi. This so®] was
found beneath a = ‘lod-oe

gl mdul florg comnity (no. 130
Auc T 1977,

This soil has developed in coarse



Plate 6. An Lluviated Dystric
Brunisol. Thi= soil has developed
below a fairly mesic and well
drained iocTor o omerdonston -
Salix crerSe comunity (no. 5).
Auqus* 2. 1977.

Plate 7. An Eluviated Dystric
Brunisol found beneath a lushly
vegetated ~-Tiz arsideoa - Covax
spectabr’ eadow Tundra

community. Auqust 2, 1977.
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both Tayers have developed from the aeolian deposits. The coarse fraction
of these horizons is low; the fines have a loamy to sandy clay loam
texture. Both clay and iron accumulate in the B horizon. In some of
the sites the Fe content of the i meets the criteria for a Bfj. Wells
(pers. comm. 1977) found soils under similar nlant communities in which
the pyrophosphate-extractable Al and Fe content of the R horizon is
sufficient to meet the criteria for a Podzolic soil. The pH of the
ETuviated Dystric Brunisol sampled was low, ranging from 4.3 to 4.9.
These soils are nutrient rich; the oraqanic matter content of the Ah is
high, total K and P, exchangeab t, Mg 2nd K and TEC are high (Table
3).

Soils found beneath the Tate melting Meadow Tundra and some Casatone
mertensiana Heath Tundra communities are classified as gleyed Eiuviated
Dystric Brunisols. Impeded drainage during parts of the season has
resulted in ¢’ -y formation in the Bmfj horizon. The thin Ah, thick Ae
and Bmgj horizons have developed from fine-textured, aeolian materials.
The coarse fraction of these layers is negligible; the fines are loamy
sand to sandy clay loam. The clay content of the B horizon of the Heath
Tundra community is higher than that found in the othe~ layers, indicating
that there has been appreciable illuviation. The pH of the Meadow Tundra
soils is 4.8 to 5.1, higher than the Heath Tundra soils which have a
pH of 4.3 and are amongst the most acidic soils in the basin. The
soils in the Heath Tundra hollows have a high organic matter content.
Total exchange capacity is in the ‘intermediate range. The Meadow
Tundra communitie§ soils do not have as great a TEC and are not as

nutrient rich as those “ound in the Heath Tundra. Organic matter



content and TEC are quite low, available K level is in the intermedi

range and available P 1s high; exchangeable nutrient levels are low

(Table 3) (Plate 7).

ate
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CHAPTER V. RESULTS: VEGETATION

The results of the Bray-Curtis and Reciprocal Averaqing ordinations
~

were used to classify the 37 stands sample” in Marmot Easin into nlant
communities (Tables 4 and 5; Fig. 8). The results of transect studies
were used to evaluate the environmental factors important in determining
the distribution of plant communities. These communities were the
classified into 5 tundra groups according to similarities in terms of
their habitat and physiognomy. The descriptions of these communities

incluae information on the environmental factors important in

~controlling their distribution.

JRDINATIONS
RECIPROCAL AVERAGING ORDINATION

A reciprocaei averaging ordination of the 56 most important
species 1in the stands sampled at Marmot Basin was calculated (Table 4).
This table shows the relative abundance of these species (in scaled

deciles) in the 37 stands. The species and stands are arranged

~aan -~ R A
IS8ToPE TSP TEN ST

according to their positi-n along a gradient.

dominated communities are found in the upper left corner of the table.
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Table 4. A species-stand table calculated using a reciprocal averaging
ordination. The numerical values indicate the relative abundance
of the species in scaled deciles in the stands.

Species Stand number
SEICV2IBERIRI0888RR SR Y2 v nonngaom o mm—
Minuartia rubella - - -t - e T -
Luetke: pectinata A A R R B - -
Fhyllodoce empetriformia L R BRI P SR S P U
Lyecpodiwn alpimem T T e e e e e e e e e o -
Claytonta lancenlar.. R e R L T, e e e e e e e e 2 e -
Carer nigricans R B T L L e O
Casaiope mertensian: 66+ 24967765854 -4+ 4422+ e
Phlewn alpinu- e A A T VO Ut
Senecio triangularis T T
Lusula wahlenbergd LR N I S R T e T T e o S,
Ranunculus eschacholt=i7 L T
Juncus drummonds T T A e e
Veronice alpin: : B T T S S S S O
Deschrreia atropuryurea e A T ST S S
Hieraciu gracilis L T T e S S S
Vaceintiuws scoparius + 0+ -1+ o+ 11+ LR T B T N S S, + o+ o+ oo 4 - - oo o
Pediculcrie broctecsa R R 4 e A i T T SR
Vrlerianz sitchensin R B T N . - - - .-
Anemcme occtdenialia T A B T e e VO
Jarexr spectalilis AR I S R T R S A S SR T T T T T S SO
Antennariz lanaca: P R A T H S O U
Trisetwm spicanic, T T e
1l1ue albiflorus 0 e e e e f e e e e e o a4 . e - - . .- . [
Eptlobiur alpinum T B T T T T TSP
Polygoren viviparum e T U
Poa epiiis R A A T e
Armica eordifolic B L L ST R P -+ % o -t m e e e e - -
Irigeron peresrinus L R A T T R T S T T S S S S
Sidbaldiz prosu-tens O I I I T N S S S
Castilieja occtidentaiis L L T T S T S S S S Y e
Salir arcti LA B TR R 20 B D SR I B R S 42 + 4+ 7+ Y+ 4o
cuxula epiesa e AR TS I S e O T
Sedwr stemoperala B T T O
Potentille nivea T
2uliflorz R I e e 2+ 3 +t 4 + 1 =-1-«~-=

Phyllodoce ¢!
Silene acaulic .- .- -

'
.
'
[
[l
]
.
[
'
.
'
0
[]
[
[l
[]
)
[
'
'
'
[
]
t
'
[
[

Carez deflezz T T
Stellaria ruscifolic e T S, e
 Artemisia norvezica L AR LRI AR R IR B R A B T B S B SO
Solidagzo multirzdiziz L I R T T T T T T VOO
Hiercchloe alpinz LT J T S
Selaginelle densz e T T T T T T T S U + .
Poa arcticc . L e T T TR P D SO
Festuca brachyphyl’- L A T T T e - - 4 B O Y
Poa alpina T T T e OO
Potenttlla diversifolic L T T S O O
Arenaric sagensis = F e e e et e e et e m e e teetaeeaaooeo. e e b bt e
Agropyron latiglume It m e e e e e e e e e e ke e e e e e me e 4 ae e a
CGentigna glauca ‘------------------4-#-00..--+--¢-¢¢+_
Agrostis variabilis e R T T T T T S
Antc’mariaalpinc R B T T e L SO
Saliz nivalie B L R I T T I SR O T P T
Camparuia lasiocarpa mm e e e e e s e e e e e et e e et e e e aeae e e et
Dryas octopetcia M R R R A I R X T I I
Vaocciniwn vitis-idaec - - R T T T

CEEREEE JL 0 I A

Cassiope tetragona L T
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ROCK TUNDRA

HEATK TUNDRA

Phyodoce
plendulitiora
PLANT COMMUNITIES
Fig. 8. Bra_ rtis ordination of Marmot Basin plant communitier

based on the Percentage Similarity index.

Fig. 9. Bray-Curtis orcination of Marmot Basin plant communities
based on the Coefficient of Community similarit» index.



Phullodoco oo piora dominated communities occur in the center, and
Jalic nivalls and Priae octopetala dominated commuaities occur in the

lower right corner.
BRAY-CURTIS ORDINATION

Two-dimensional Bray-Curtis ordinations based on the percentage
similarity (PS) and coefficient of community (CC) iﬁdices of similarity
were calculated (Figs. 8 and 9). Seiected environmental factors were
plotted on the PS ordination to determine the importance of these
factors in controlling the distribution of plant communities in Marmot
Basin (Fig. 10). ¢

The ordering of plant communities from the lower right corner to
the upper 1eft-corner of the PS ordination is best correlated with the
gradient of si/2 moisture regime, from well-drained dry sites to
poorly-drained wet sites. There is 3 gradient of snow release from the
right to the left (Fig. 10). Both soil moisture ar4 -now release date
are determined in part by other factors such as it~ ©, 7raphy,
sTope, aspect and exposure. (onvex sites on ste-*7 - ,ing S-facing,
exposed ;errain melt out earlier and become dry faster than concave
or flat, N-facing, protected areas. The type of soil found in an area
also determines soil moisture content; coarse-textured soils are genera:ly
better drained and therefore drier than fine textured soils (Fig. 11).
.These factors appeaf to be the most important in determining the
distribution of plant communities in the alpine zone of Marmot Basin.

The quantitative distribuiions of four key species were plctted
on the PS ordination to determine the relationship between the rpreviously

described environmental factors and the abundance of these species
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SOIL TYPE
*
Fig. 11. Soil types found in Marmot Basin plant communities, plotted

on the Bray-Curtis Percentace Similarity ordination.
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(Fig. 12). Lichens were found to be the most prominent in late-melting,
well-drained snowbeds and in early snow-released, xeric Rock Tundra
communities. Druas octopctala 1s most abundant in early snow-released
xeric sites, while Suliw nivalis achieves greatest prominence in the
moderately early snow-released, moderately moist sites. Pl lodoce

Glooahd Ifdore Ts important in the moderately dry, well-drained

-

s

sites that are snow-free fairly early in the summer. Casaiope

mertornsione is most abundant in the later snow-released mesic sites.
TRANSECT STUDIES

Two transects that traversed the range of plant communities found
along the sideé of a snowbed were sampled. Transect 1 went up the
N-facing slope and Transect 2 ran up the S-facing slope (Plate 8;

Fig. 13). The distribution of species and plant communities along these
transects reflects their respc > to a complex snow release and moisture
gradient. Sites at the top of the transect are snowfree early in the
spring and can become quite xeric; sites at the bottom of the transects
are snow—re1eased Tate and remain moist throughout the summer. The
sequences of plant communities along both transects are similar,
although certain communities are restricted to one transect or the
other. The plant communities on the N-facing slope (Transect 1) are
snowfree later than the communities found in a comparable slope position
on the S-facing slope (Transect 2). The vegetation on the S-facing
slope receives more solar radiation and, therefore, has warmer and

drier zo0ils than are found in comparable sites on the N-facing slope.
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Plate 8.

Two transects illustrating the 4istribution of plant
communities along a snow release and moisture gradient.
Transect 2 on the Teft was on a S-facing slope and
Transect 1 on the right was on a N-facing slope.

August 2, 1977.
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TRANSECT 1

Transect 1 begins in (lipen iarioane Snowbed Tundra at the base

of the N-facing slope of the hollow. Other important species in

L

pde Luctkes roctinata, sl wahlenberay ! and
se three species are not found on Transect
&< 2 ubiquitous herb, also occurs interspersed in

the Jense mat - itgrie e ¥nat covers this site (Table 6).

,;»F.

CASELOpe merionsianr, Luetkea pectinata and bryophytes are
important in t .- Heath Tundra commun-- - (segment B) upslope from the
Snowbed Tundra site. This community is restricted to the N-facing
transect and occupies the same slope position as the Meadow Tundra
community dees on the S-facing slope.

casslope merteniiona is the overwhelming dominant in the next
Zonc along Transect 1 (segment C). Phuilodoce alanduli* ora and
fanata also occur in this Heath Tundra community.
Phyllcdoce glanduliflora is the dominant species in the next two
segments (D and E). Empetror nicrer 1s the subdominant species in the
Heath Tundra community represented by segment D. [In ~egment E, found
further ypsiope, Ariemisic norvesi o~ “ad Cassiope tetragona form the
dominant ground cover. This community is similar to the Phyliodoce
glanduliflora - Artemisic norvegtiea subtype of the Heath Tundra group.

Saléx arctica and /rtemisia norvesica are the dominant species in
the next transect segment (F). Lichens are also important in thic
zone, which resembles Shrub Tundva communities.

Salix nivalie and irtem.cic rorvegice are prominent in the well-

drained, early snow-released sites at the top of the transect. Lichens,



Table 6. The cover and number of vascular species in Transect 1 on the
N-facing side of a snowbec.

TRANSECT SEGMENT G F E D C B A
QUADRAT NUMBER 1 2 3 4 5 6 7 8 10
Vascular species
Festuea brachuphilia 1T - - - - - - - - -
Druas octopetala ] ] - - - - - - - -
Carex rupestris 2 - 1 - - - - -
Cbséiope tetrijona 1 - 2 - = e - - -
Castilleja occidentaiis + - - - e . - - -
Artemisic nerveaic: 2 2 2 - - - - - - -
Saitix nivalis 2 + - ] - - - - - -
Luzula spicata -+ 4+ - - - .- -
Minuartia sp. - - - e e e e -
Salix arctica - 2 ] X - 1 - - - -
Sibbaldia procwnbens -+ - - - - .. -
Antennaria lanata 1T 1 1] -1 1
Phyllodoce glanduliflora - - 2 3 1 1 1 - - -
Verontea alpina - - ] - + ] - - + -
Erpetrum nigrum - - - 2 - - - - ] -
Cassiope mertensiana - - - - 5 5 3 - 2 -
" Luetkea péctinata - - - - - 1 2 2 2 2
Carex nigricans - - - - - 4+ 1 2 3 3
Luzula we?  -bergii T S S B 1
Juncus drwmmondii - - - - - -+ - -
Bare rock and soil - - -2 - - e .- 2
Lichens >3 3 2 1 1 17 ] 1
Rryophytes z 2 2 2 1 2 3 3 2 2
No. of Vascular Species 8 8 3 4 7 5 5 7 4

*The cover of vascular species

values.

is exrressed in Braun-Blanquet cover
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irpae octoretale and Cassiope tetragona are also important in this
exposed site (segment G). Although this community resembles hoth the
Rock Tundra and th  Shrub Tundra comunities it is closer to the

latter.
TRANSECT 2

Transect 2 begins in the center of a nivatior hollow (segment
A). The shortness .+ the growing season in this site pret]udes plant
establishment (Fig. 13; Table 7; Plate 8).

Carer nigricans occurs in clumps with Tow cover in the nex*
segment (B). Further upslope, where ~nowmelt is somewhat earlier,

C. niarieane forms a continuous mat.

Several types of Meadow Tundra (segments C, D and E) occur”ups]dpe
from the . nigricans snowbeds. Seepage waters keep these meadows
moist throughout the summer. (arer speetabliis and . wniordemie form
a lush cover in segment C. Antenncria lanata is visually prominent in
the next segment (D), aiong with Sibbaldic procumbong and Arierieca
nervegiea.

Arteriisia norvegica and Antennaria a-ping are the dominant species
in the better-drained, earlier snow-released sites of segment E, found
upslope from the Meadow Tundra zone. This community is similar to the

Shrub Tundra found elsewhere in Marmot Basin.

T

Phillodoce glanduliflora and Artemisiq norvegiea are the mos:
1mportant/species in the next segment (G). Phyliodoce glanduliri »z

is restricted to this segment on Transect 2, whereas Artemisia norvegiea
occurs throughout the transect. Druas octopetala and Tichens are also

present in this community, but achieve greater importance further upslope.



Table 7. The cover and number of vascular species in auadrats in
Transect 2 on the S-facino side of a snowbed.

TRANSECT SEGMENT ! H &6 F £ D ¢ B A

QUADRAT NUMotK 12 3 4 5 6 7 13 14 15 16 17

igel
—
(=]
—
—
aV]

Yascular species

Antennaria alpina o 1+ - 1 4+ - 2 - - - - - _
Salix arctica 11 - 11 - - - 1 - - - -
Dryas octopetala - 2 3 4 23 2 - 2 - - - - - - - - _
Artem:~ia norvezica -2 2 - 222 2 2 2 - - + - -
Soltdago multirzi<ata - - Y Y - - - - - . - . . - - - _
Sibbaldia procumbens 1 - - - - 11 " n - . . - - -
Phyllodoce glandulifiora 1 - - - - 3 2 - - .-
Festuca brachyphylia N e T
Campanmla lasiocarra T
Stellarta erassifolia =
Veronica a"Zpim - - - - - -3 - - - 22 ] - - - -
Trisetum spicatu- - - - - - -1 - - - <+ - -
Antennaric lanata - - - - - - - -1 2 - s - - - - -
Carex spectackilis - - - - - - - =1 + 1 1 2 5 - .
Selaginella densz T T
Castilleja occidentalis T T
hmeue dmommondii T 2,
Potentilla diversifolia - - - - - - - -« - - 1 1 <4 - 4 . .
Epilobium alpimm N . A
Carex nigricans = - - - = - = -« - - 1 2 & 2 5 5 -
Bare rock and soil t - 2 S 1 - 1 - - 205
Lichens 5 4 2 2 #0032 - - - - - -
Bryophytes 2 2 2 .2y - -1 1 - - - - -
No. of Vascular Species 4 6 4 3 4 6 5 6 7 6 7 7 5 2 1 1 -
. ‘

* The cover of vascular species is expressed in Braum-Blanquet cover
values. :



M ccroper e dominates the exposed, early snow-rel- oo,
well-diained site at the top of the transect (segmeni H). 1y oo
nornesiea is the subdominant soecies in this community. Lichens and

avetieare also importar. in this Rock Tundra commun ty .
-

Lichens for the dominant ound cover in the Rock Tundra

community at the top »f Transect 2 (segment 1). .oitoonnirin alrhes
S arerleg, STAECTT Spoewmhens and Pheliod oo e Drloe: a,
also found in limited abundance in th ne.

COMMUNITY  w 5CR° ™ TONS

,

The results of the Rray-Curtis and Reciprocal Averaging ordinations
and trensect studies were used to help classify the 37 stands sampled
at Marmot Basin ivto five alpine tundra groups: (i) Rock Tundra,
(i1) Shrub Tundra, (iii) Heath Tundra. (iv) Meadow Tundra, and
(v) Snowbed Tundra. Rock Tundra occurs in dry. eariy snow-released
sites; Shrub Tundra occurs in more protected, more moist, somewhat
tater-melting areas; Heath Tundra occurs on stable, mesic, upland slopes
over much of the Basin; Snowbed Tundra is restricted to late-meltiig
mesic sftes. Meadow Tundra consists of two herb-dominated subgroups
with 1ifferent habitat affinities: the Forb Meadow subgroup is found
in well-watered areas; the Graminoid Meadow Subgroup occurs on unstable
scree slopes and on disturbar ¢ sites of gentler slopes. Almost half
of the alpine zone in Marmot Basin is very sparsely vegetated or

Jnvegetated =cree slope.



ROCK TUNDRA GROUP

Rock Tundra communities occur on ridge tons and other exposed
convex <ur®-ces including the tops of <s1ifluction lobes. Since very
Tittle snow accumulates on these windswept sites plants may be exposed
L the desiccating forces of the wind, as well as below-freezing
tenperatures throaghout the winter. These sites melt out earl. in the

spring and, once snowfree, dry out rapidly.,

o Mrpae coropers wunity Type (no. 1, 8. 32)

The Rock Tundra con: - ities in Marmot BRasin e dominated by
{vaas octorctala, a semi-evergreen dwarf shrub, which reaches ?ts
greatest prominence in this type, forming mats with ca. 25° cover,
Lichens are p- 1t, especially in the more exposed sites where they
may cover more than 50% of the stand. Tota] plant COVér ranged from
70-80%. Many vascular species found in these communities are cushic.
plants, e.a., Antenmnaris cipinag and Silone qeiiis.  Dwarf Shrubs
including Saiix nivalis and Vaccs:ium vitie- "daea are also prominent
(Table 8).

Soil development in the Rock Tundra bommunities was in nima’. The
severity of the'environmert Timits plant production and. therefore,
organic material input. Most of the soils examined are Orthic
Regosols which consist of a thin Ah horizon and a C horizon of
unaltered parent material. In Some more protected, more mesic sites.
thickgr and better-.s ~“oped O thic Dystric Brurisols are found. In
all cases sofls have a high coarse fraction content and are, therefore,

well-drained. Large rocks are found scattered throughout most stands.

T/C.-\Ff



e ot the Rock Tundra Group.

Table &, Species  troes
Community type and subtype la 1b b
Stand no. 1 32 o
Elevation (m) 2250 2436 2220
Slope 00 230 200
Aspect 3 E S
Mean cover (%)
Total plant 73 /0 &0
Vascular plant 4z 55 56
Lichen 20 17 12
Bryophytes 17 3 12
Bare rock and soil 27 30 20
No. of vascular p unt species 9 W3 15
P.V. of vascular species:
Dryas octoretala 243.1 216.3 309.0
salix nivalis 26.5 170 " 53.2
Cassicpe tetragonz 97.2 - n =
Artem’sic nervegica - 50.3 o
Vaceiniwn vitis-idaca 2.7 - 43.3
Festuca brachuph.llc . * 32.7 14.1
Antennaria alpina 0.5 0.6 27.8
Salix arctica 5.5 17.° 23.6
Gentiaia glauex - 2.3 0.7
Antennaria lanata 2.9 - -
Sirkaldic procuwntons .8 i -
Stlene aexlis 2 - -
Arenaria suajensie + 5.2 -
Potentilla diversifolia + 1.3 -
Luzula spicata ( - 1.0 +
Sedum stenopetala - 0.8 -
Soliduyo multi radiata - 2.5 1.0
Agrostis variabilis - - 14.2
Carpanula lasiocarpa - y 5.1
Carex nigricans - - 4.1
Poa alpina : - + 1.9
Hieraciwr gracile - +
Poc arctica - +
- +

Trisetwn spicatuer
roa pratensis -

Arenaria rubelia -
Potertilla nivea -
Empetrum nigrum -
Polygonun »iviparwn -
Potentillc ledebouraiia -

4+ 4+ ++++ 3,
[0}

o
s



s ociepedle communities car be divided into two subtypes:

TRy s PN N T avr o yaa e e 4 v . Thyye, . T IENN L
(@) Do ootorclala - Cuselone s bvaor and (b) v ot onot g -

(a) Pruae ootoperala - Caeslope roipa o Subtvpe (no. 1)

This subtype is best beveloped on the windswept N facing sites
near the tops of 1idges. These sites were snow-covered fc most of
the wintcr, becoming snowfree early in May in 1977. Once ¢xposed. the
coarse-textured soils found in these convex sites dry out rapidlv.

Cassiore tofragona, the second most common species, is virtuall,
restricted to, and, therefore, highly characteristic of, this subtype.
It 7s also the most visually prominent component, ycually occurring
in clumps inteyspersed amongst the lichens and Dry;éiqgt. Other
important species include Sal<x nivalia, S. aretica and laceiniier
vitrs-idaea; the latter is indicative of is subtype, while the two
Salix species are ubiguitous. Forbs are generally not important in

PN

this site. dAntennaria alpina, Sibbaldia procwnbens and Silene acaul<s,

~1

all compact in growth-form, are the most” frequently occuring forms.
Graminoids are not very common; lichens and brvonhytes have cover
values of 207 and 15%, respectively. Total vascular plant cover is

42%. with bare rock and soil covering 27% cf the ground surface.

This subtype was found near the top of exposed, well-drained

S- and E-facing slopes that were snowfree early in May in 1977 (Plate 9).

The plants in these sites have only a thin snow cov:r durin- wi-ter
and, therefore, are exposed to the drying forces of the wina ighout
i J

i i ~ . . ..' -
the year. Tne dwarf shrubs, Dryas octoper ‘2 and Saliz mivaiis, znd
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A Dryce cetorctalr - Saldx nmivalis Rock Tundra community
found on exposed, early melting, well drained ridaes

in tne upper basin on Marmot Mountain (no. 32 This
communiily arades into ’ .

e ondoaids dominated Lhrub
Tundra i« later ielting areas. July 29, 1977.



Lichens form the lfominant ground cover. casslore tedragoong, a
chionophile (Hrapto 1870), is rare in those earlier metting sites.
Avterdsic novecsio s and Fetuea Peachupinedl i occur int orspersed with
Vel len vitls=Tdaen, Antomaric @lpine and Ceponda e oo,
Total vascular plant cover in the stands sampTed was ca. 554, which is
about 15% greater than that found in the Pruas ootopcetalan = Caseiop
teiragonag subtype. The total plant cover in both subtypes is
comparable; Tichens are slightly less preuinent, having a cover of 12 .
Bryophytes also have a somewhat lTower average cover in this subtype.
ThHis subtype is more species-rich than the other Rock Tundra subtype,

having 13-15 vascular plant species.

RRS
N

SHRUB TUNDRA GROUP

Plant communities dominated by deciduous shrubs, irn which herbs
may be the co-dominant components, are found in a variety of moderately
early snow sites (Plates 10-14; Table 9). Most Shrub Tundra
comnunities are found on steep-to-gently inclined terrain in sites that
are fairly well drained. These sites usually receive some meltwater
from nearby snowbeds during the summer. Some of the Shrub Tundra
communities were found on S- or E-facing slopes that receive higher
levels of solar radiatjon and, therefore, have warmer soil temperatures.
The soils underlying these communities range from Regosolics in the
more unstable or severe habitats, to Brunisolics in the more moderate
sites. " p

Although relatively similar in habitat and floristic composition,

the communities classified into this group differ markedly in

ph;siognomy and species structure. The most prominent species include
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Plate 10. A Shyub Tuadra stand
dominated by lichens. RS
nivl s oand Vool i T
7deea are also important in
this community (no. 38).
gALZUst 8, 1977.

Plate 11. A Salix nivalis - Salix arciiec Sh Tundra community.
This communitv was found in a moderacely well drained,
site in the  n»er basin, that has a fairly deep winter

snow cover (no. 24). August 7, 1977).



Comuyntty type and subtype
Stand no.
Elevation !
Slape

Avpect

Moan cane s a)
Total nlant
Vasculair plant
Lichen
drynphyte
tave rock and sofl

Koo ot vascular plant species

P.ov. of vascular specles

Srinug
Arenzeia chrusiloba
Carcx phasccephaia
Poz prarencis

arm
‘riformia

airosger:
Ftenoohawta

35
14

66
11

15

20~

108.2

39

A' A' R ‘7

20Y

76

b

2020
N

1.7

da b
7 16
2200 20w
14* 19°
4 E
74 62
74 53
13 3
3 6
26 39
22 27
494 44.2
102.3 132.9
0.0 23.7
21.2 -
24.6 -
8.7 55.6
- 62.8
3.8 20.0
- +
8.7 6.2
- 0.5
- 0.1
n.5 -
7.0 -
).5 U.l
- +
0.5 -
16.2 -
5.¢ -
5.4 3.2
0.7 -
+
0.5 61.3
- 8.9
- 8.1
- 6.7
- 0.3
- 0.3
- +
- R
- +
- +
- 5.0
2.0 -
0.5 -
0.5 -

2175
I3

Q0
a5

10

~
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the shrubs, S0l arer o, o0 wioa T oand oL haer Sl and dveeie s

1

norvesiod, a forb. These species are either dominant or subdominant
components of most Shrub Tundra communities.
The Shrub Tundra Groups can be classified into the following

ccommunities: 1) calie nionide, 2) Salia avetion, 3) aptomiar

norvesToa, and 4) Sl ie Bt o,
: ,

ZooSad e wlon s Community Type (nos. 38, 24)
Two subtypes of the Su/lia nivalis community were found. Both
occur in tairly exposed, well-drained, moderately late-mel sites

o

that have coarse-textured soils. Dwarf shrubs, including 8. nivaive,

Seoaretios and laeeintwn pitis-idaca are the most fwportant vascular
species.
(a) Salix nivelic - Vaceiniwm vitis-idaca Subtype (no. 38)

Plant communities dominated by lichens and bryophytes, in which

and T zeeiniwm vitie-7dacz are the most prominert vascular

7]

Saiir nivall
species occur on top of Eagle Ridge (Plate 10). These sites have a
moderately thics snow cover and are not snowfree until midsummer.
Once exposed, the plants are subjected *o the desiccating forces of
the windl Since there is no upslope source of water once the snowbanks
in the vicinity melt, these sites can become quite xeric. Soils in this
stand are very coarse-textured and poorly developed.

Total vascular plant cover was only 15%, Tichen cover was 66%,
bryophyte cover 10%, and bare rock and soil cover 16%. Salix niva’ s,
laceintum vitis-idaea and Dryas octopetala are the only vascular

species witn apprec ~ble importance in this stand. Oniy "' vascular



6.

plant species were found in this community, one of the more species-poor

communities in the study area.

(b) Sa?iw mrvalic - Suiie awer o Subtype (no. 24)

Plant communities dominated by Salix nivelis were found on
s1ightly elevated sites in the shallow upoer basin (Plate 11).  ‘he
stow caver is moderately deep and the = siipgi o communities here were
frequently not snowfree until Tat» June. Meltwaters from the surrounding
snowbanks keep this site moist throughout the summer. Ti» coarse tex'ure
of the soil, along with the el. ated topography of these sites results
in good drainage.

Sailr nivalis, a tiny prostrate dwarf shrub, forms an almost
continuous mat. in this stand. S577s ar.ica, a more upright dwarf
shrub, is the second most prominent species. drtemisia norveglea,
Festuea brachyrhyll- and Potentilla divers? folia occur along wi“h the
willow species.

Lichens are quit minent, covering ca. .3%. Although its
total plant cover is close to 100%, this stand is relatively species-
poor with oniy i5 vascular plant species recorded.

This subtype is qu%te distinctive in terms of species structure
and shows Tless than 38% sihi]arity to any other community. It is most

similar to Rock Tundra communities that occur upslope from it in

earlier i:ow—re]eased sites in the upper basin at Marmo*.

3. Salix arctica Community Type (nos. 39, G,
Salix arctica dominated communities are{found in protected,

moderately early-melting, well-watered sites. These areas have &

shallow snow cover, and are usually snowfree in June.



Two distinct subtypes were found: (a) Sl aret o L Doy

> ' A o LN v " v, N ;
octopere g, and (b) LI el e = Artemal nopoeTon,

(@) Saliz areriog - Deace oetopetal Suhtvpe (no. 39).

Plant communities dominated I . . e are found near the
top of the N-facing wall of the basin oate 12). Snow cover is
moderately deep and melt occurred in June in 1977. Seepage waters <o
upslope provide moisture throughout the summer. This community occu s
on a well-drained, stabilized scree <?nne: there is some evidence of

.
rock striping in sectior, of the st.
S#iix aretica occurs in clumps along with D, oo la,

e /

P Sy Ay vy R ] N P TS ‘ - syy g
Avtemisia Horoogiea, Cuoillleja oceidentalie and Lunul. spraat.

Some important graminoids inciude Tiper nigricans, Fou aretioc and
Trisetwn splceatum. Lichens and bryonhytes are botr prominent. Lichen
cover 1s 26% and bryophyte cover 12%. Total plant cover is . 759
(Table 9).

This stand has 22 vascular plant species; and is in the intermediate
range in terms of specjes richness.

The Sal-r aretica - Druas octopeiala community shows the greatest
similarity to other Shrub Tundra communities, especially the Sql<x

nivalis - Saliz arctica and the Artemisia norvegica - Salix arctica

subtypes.

%

(b) Salix arctica - Artemisia norvegica Subtype (no. 9)
Plant communities cominated by Saliz arctica and Artomisia
norvegica are found on slightly raised terrain in more protected sites
on SE-facing slopes at Marmot Basin. These sites have a moderately shallow
snow cover and melt out early in the spring. (nce snowfree, meltwaters from

upslope keep these sites well-irrigated and fairly moist during the summer.

(
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P‘}Qt‘e 12.

S

A Salix arciiea - Dryas octorcicic Shrub Tundra communi:
found on well watered N- facmc scree slopes (no. 39).
August 7, 1977.

o



Other important species in this subtype fncla s Anserniand
lanata, a ubiquitous species, Fostuca bro gy Vgl i niog ! e
Bryophytes are quite pr inent and cover 30% 01 the ground.

Lichen cover s oo 100, Dhu/ odoco glanad T fLong occurs in
scattered patches throughout the <tand. Tota] plant cover is -:. 8%
vascular pYant cover is ca. 550. A total of 26 vascular plant species
were recorded in this community, mak nq it relatively species-rich.

This subtype resembles both the other Shrub Tundra and the Meado

Tundra communitie. in terms of species structyre.

4. Artemisia norvegrea Community Type (nos. 7, 16)

Artemisia ~orvegioa dominated communities are found in the more
mesic, well-watered, early melting sites. These communities have a
fairily lush plant cover. Shrubs, especially Sulia arcticg, form the
dominant plart cover in these communities.

Herbs. including Artemisia norvegica and (arer spectabilis, are
also promirent. Two subtypes were sampled: (a) Aptemssiy noryegica -

Salix arctieq, and (b) drtemisic norvesica ~ Cqrex spectabilis.

(a) Artemiszia nurvegica - Szlic arctica Subtype (no. 7)

Thfs sublype was found in an elevated site on a heavi:.. skied part
of slope A (Fig. 3). This subtype is snow-released someviz- <arlier
and dries out more readily than the Artemisia norvegica - Carex
spectabilis subtype. Artemisia morvegica is the most prominent species
in this community, with Sal<z arctica the subdominant species. Festuca
brachyphylla, although lower in cover, is the most visually prominent
vascular plant. Dryas cetopetcla, Cassiope mertesigna and Phyllodoce

Zlanaultfiorq are present in the discontinuous shrub layer, but are



Hé

not prominent.  ireenoel: lonat., a ubiquitous herb in the stuc, area,
1s also found in low abundance in this community.

Bare rock and soil cover more an 25% of the stand. Bryophyte
cover is 3% and lichen cover 3%.

This stand has 22 vascular plant species, making it moderate in

species richness compared with other comninities in the study area.

(b)) artemingg nOrvegioa - Carexr spectsdills Subtype (no. ](-v)

Lushiy vegetated, rock stripe communities dominated by Artemicia
norvegica and Carex spectabilis occur on the steep E-facing scree slopes
in the central basin (Plate 13°. This area was snow free in May, 1977.
Meltwaters from upslope irrigate these sites throughout the summer.

Stbbaldia procumbev.s, Phullodoce gianiulifiora and Saliz arct:
are prominent in this subtype. Within the vegetated stripes total
plant cover is close to 100%, most of it at’  stable 1o vascular plants.
Neither mosses nor lichens achieve high cove. n this plant communityf
This stand is quite rich floristically; 33 vascular species were

noted.

[3

. Salix barrattiana - Fhullodoge glandulifior:

A

Community Type (no. 28)

Salix barrattianc is the overwhelming dominant species in Ehe
distincﬁve communities found along the sides of small streams at Marmot ﬁ
Basin (Plate 14). These sites are snowfree early in the spring and ?
receive a continuous water suppiy throughout the summer. sSglix
barrattiana forms an almost complete layer, approximately 40 cm in kS )

height, over the streams. Phyllodoce glandulifigra, the second most



Plate 13.

A lushly vegetated Artemisia norveagicd - Carez srectabilis

community develoned on steep E-facing scree slgpes
no. 16. This cormunity recieves me]twatw upslope
snowbanks throughout most o the summer. 22, 1977.




Plate 14.

A moderately tall Shrub Tundra community dominated by

Salix barrattigna and Phytlodoce glanduliflora (no. 28).

This community is found a]ong streams in the lower alpine
at Marmot Basin. July 23, 1577, :
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abundant specics, torms a patchy Tayer beneath the :;/7». Other
understory herb species include Arterminia noroegiog, Arnfo&son?an%/ia
and 7rollue alPiflorue, the latter being characteristic of these
communities. The compos¥tion of the lower layer varies considerably
depending on the moisture regime of the microsites a]ong the strean
- Channels.  Total plant co. . r 1ewihiaﬁ?ui¢istfatal community is 90:%.
T e

Bryophytes are of negligible Tﬂwﬁéﬁ%ueﬁ,;]ichens cover ca. 5% of
the stand. This stand has 35 vascular plant species, more than any‘
»ther,é% Marmot. -

: This Colndnity is nos* similar to the Arienisia noruE: i
dominated Shrub %undra communities which also-oecur in well-watered

»

sites.

HEATH TUNDRA GROUP

N

Heggg dominatéd communities fo%m the dominantrplant cover
throug%but‘mosg of the we]]ﬁvegetated part of the a]pingvzone of
Marmot, i.e. excluding the scree slopes. Two distinct types of
communities occur, one dominated by Cassiope mertensiana in the
mesic, the—melting more protected sites, and another dominated by
Phyllodéce glanduliflora in the more exposed, better-drained sites. w

In both communities the heath species are the overwheiming dominants.

6. Phyllodoce glanduliflora Community Type
(nos. 19, 22, 15, 18, 27, 37)
Plant communities dominated by Phyllodoce glanduliflora are found
on convex sites which are snow covered early in the fall and snowfree

fairly early in the spring (late May and early June in 1977). Once
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e the soils in these comm
Si iy sloping t anq St-facing terrain, drain readily. Most sites
receive meltwaters Drom upslope and, therefore, remain fairly moist
throughout the summer (Table 10; Plate 15).

Phyllodsoe glondwliflora s the most important species in this
comnunity. and often is twice as prominent as the second most common

specivs.  salle aretiea, Vaceiniwn scoparon, Artemis’o norvesica,

Antemer’ Lowta and Cassiope mertonsigng. commonly occurving species
in this study a c¢~. are the most frequent subdominants. Foa cuws w77,
Carex spectal’Me and Festwea brachyphylla are the most important

qraminoids. Total plant cover ranges from 74-100%; lichenrs and

‘bryophytes each cover from 2-25% of the stands sampled. Vascular

species richness is low; most stands have 15-21 specics.

Thg soils associated with this commﬁnity are well-developed
Orthic ard Eluviated Dystric Brunisols.

This cok?unigx is most simi]a} tb the Shrub Tundra communities
in terms of species structure.
- The Fhyilodoce glanduls flora community can be divided,into five
subtypes on the basis of differences in the subdominant species. These

subtypes also vary in terms of snow release dates and site moisture

regime. o

(a) Phyllec -ce glanduliflora - Artemisia norvegica Subtype (no. 19)
Plant communities dominated by Phyllodoce glanduliflora in which
Artemigia norvegica 15 the second most imbortant species are found in
elevated, well-drained but late-melting places in the er of the
central cirque basin. This site was snowfree in mid-June 1977 and

received meltwater seepage from the nearby snow bank early in the



Tab’ . Speries structure of the Piullodoce 171\171.1147:'.“IOI\IYVOHIﬂlmifV Type, Heath Tundra Group.

Subt o ba 6b 6c 6d be te
Stand no. 19 22 15 18 27 37
. Elevation (m) 2205 2220 2280 2220 219 2220
*Mlope 0 340 360 0 18 100
Aspect 0 3 SE 0 SE N
Mean cover (%)
Total plant a7 84 75 Q@ 98 499
Vascular plant 54 78 74 2 68 73
Lichen 25 2 4 20 23 2
Bryophytes 14 4 6 13 4 10
Bare rock and soil 3 16 25 ? 2 1
No. of vascular plant species s 2 19 21 17 16 8

P.V. of vascular species:
Phyllodoce glanduliflowr. ¥ 106.5 499.0 48
Cagsiope mertenatow - -
. Antennaria larata * @512.3)
™ Saliz. arctica 43.1
Artemigia norvegica 90.0
Vaceintwm a-~oparium 0.3
Jryas octopetala -
Festuca brachyphi.ila
Stbbaldia procumbens
Carex spectabilis

Erigeron peregrinus .-

Antennar- 1 aipina r 2.2

Mrtioma glauca 4.5
Carex nigricans rurenates 4.5 1.0 -

Luaula spicata 0.3
Solidag: muitiradicta -
Epilobiwn alpinwm - -
Claytonia lanc lata ) - - - -
Senectic triang..aris - + - - - -
Hieractun gracile - 0
Poa ep-lis - 9.7 13
Epilobium angustifoliwn - - 38.
1
0

241.0
186.5

0 343.¢ 372.
7 30.0 49.
.0 137.0 30.
7 100.0 37.
0 38.0 43.
5 39.7 26.
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Phyllodoce empetriformis - -
Amica diversifolia . - -
Trigetun spicatum - - +
Sedum stemopetalum - - +
Danthonia intermedic - - - +
Carex daflexc - - +
Luaula wahlenbergii - - +
Poa pratensis

Salix nivalis 6
Agrostis variabiiis -
Potentiiila diversifolia
Casstore tetrcjona
Hierochloe alpinum
Campanula lasioRrpa
Stellaria ercssifolia .
Veronica alpina - +
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Plate 16.

Plate 15. A Heath Tuadra
Jcommunity on a moderate’y
exposed steep, E-f3 "ng
slope. v/ oloce gl oondi o
fsubtype (ne. 19). July 26,

1977.

A Cassiope mertensiana Heath Tundra community found in a

late melting, well watered and protected site ( no. 21).~—"

July 26, 1977.

is the dominant species in this

7



summer.  Salva nina!Te and clle ares oo were also important in this
community. Lichens and bryophytes achieved greater prominence in

this sublype than in any other Piniiodoce glandid s flora subtypes.

(b) Phyilodoce glandulifiova - Salix avetioa Subtype (no. 22)

This subtype was found o a steep E-facing slopet that was
snowfree in June, 1977. v s octopetala 15 characteristic of this #ﬁ
stbtype. artemisia nervegico and Andennaric Lanata are also importaﬁt.

Total plant cover is somewhat greater than in the previously described

subtype;

(c) rhullodoc. granduliflora ~ laceiniien scofcrium Subtype (no. 15)
This subtype was founu on steep well-drained SE-facing slopes
that were snowfree early in May in 1977. It is characterized by the
presence of Epilobiwn angustifoliwn. Amtemisia norvegica s also
quite prominent in this subtype. Bare rock'and soil cover ca. 255 of

the stand.

|

(d) Phul

LY

odoce glandul” 7 ~ra - Antennaria lanata Subtype (no. 18)
Axtennaria lanata 1S the subdominant species in the later-melting -

Phyllodoce glanduliflora dominated communities. This subtype occurs

cn gently sloping and flat, mesic sites that were snow-release. in

June in 1977. Total plant cover is close to 106%; average lichen

cover is eca. 20%.

1

(e) Phyllodoce glanduliflora - Cassﬁope mertensiana Subtype
' g
(no. 27, 37) . : A

Cassiope mertensiana is the subdominant spe:ies in the stands

found on mesic NE-facing sites that were snowfree late in June in



1977 (Plate 15). This Jater-melting siie would tend to remain cooler

)

than other sites with a more soutnerly exposure.

7o Casadoy o orertonsfana Community Type

(ros. 23, 4, 21, 34, 25, 5,10, 12, 14, 13, 11, 36, 26)

Plant communitidés dominated by Caseiope mereonsiaon: are found from
treeiine to 2340 m on gentle to steeply sloping SE, E, and NE-facing
terrain. This community is best developed in protected, shallow
depressions Whichvha#é’a deep snow cover in the winter and did not
melt out until Ju§§;  ;}97/ (Plate 16). Once snowfree, these sites
continue to receive mo{atuve from upslope. These hollows are found
between smlifﬁuction Tobes, in draws betwéén ridges on steeper slovpes,
and on flatter-terrain. More than half of the aﬁpine vegetation on
stable slopes ir Marmut Basin is dominated by Cassiope mertensiana. ’

Cassiope mertensiana 1S the overwhelming dominant in this type,
usually having a prominence va]ue;2?4 times greateiv than that of the
second most important species. The snowmelt Qate and soi1l moisture
cegime;of -a site determine in part which of the following species is
Subdominant:» Salix areticn, Phullodoce glanduliflora, Anternmarid
lanata, Vacciniwm scoparium, Fhyllodoce empetriformis, Or Luzula
wahlenbergii. These species are all quite common in the study area.
Other widely occurring mesophytic species found in this community .
include Artemisia morvegica, Erigeron peregrinus and Sibbaldia
procumbens. 'Specie§ restricted to %hié community include Claytonia
lanceolata, Minuartia rubella and Luetkea.pecggnata. Vascular species

-

richness is low, ranging from 14¢26 spelies per &tand. Total plant

'



"~

cover is «lose to 1000, Bryoohyte and Tichen cover varies between
stands: in some sites where cng@melt is Tate, vascular plant. other
than Casalope reveens " our are rare and bryophytes are subdominant.

Soils in the ‘“zsci0; . dominated hollows are thick well-developed

M
Orthic, Eluviated and Gleyed Eluviated Dystric Brunisols, which have
formed from acidic pavent materials. Soils in these areas tend to
remain moist during the summer.

This community tyqe shows most sinnlarity to both Meadow Tundra
communitizs found in more mesic seepage sites and the other Heath
Tundra communities found in more xeric sites.

This community type is divided into six®subtypes which vary in

the nature of the subdominant species, snow-release dates, and site

moisture regimé (Table 11).

(a) Cassiope mertensiana - Phyllodoce glanduliflora Subtype (no. 23)

Phullodoce glanduliylor. is iaportant in steep e ced sites which
were snowfree in June in 1977. These sites are somewha ater-melting
and more mesic than those of the preceding Heath Tundra éubtypes.

This subtype is most similar to Faupllodoce glanduliflora communities.

) Casstope mertensiana - Salix arctica Subtype (no. 4)
Cassiope.%értensiana communities in which much of the (. mertensiana
dead and in which Saliz arctica was the subdominant species were
round in sites that were heavily skied. In addition to being susceptible
to mechanical damage from skiers‘aﬁd machinery,MtGe C. mertensiana

plants in these areas were subjected to premature snow release. This
rs

resulted in damage and death of the C. mertensiang plants, which are

AS
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intolerant of these tonditions. APLEMISTr norrea Tog, Capes speocro
Aitemmaria Cwiaa and Pl lodooe clandd{flors are important in this
subtype. Total ‘plant cover i« 1. 85% lichens, bryophytes and bare
rock and soil all cover ... 157 of the ~tand. This subtype is most

similar to some of the Salix arot oo dominated Shrub Tundri communities

that are found in moderately early-melting sitos,

(c) Cassiope mertonel i on: - Antennaria oL Subtype (nos. 21, 34,

Z5) &
This subtype was found in protected huilows that megted out in

md-June in 1977. Antennaria lanata and Laeu s wwdlonleroT . are both

]
common in this well-watered subtype.

(d) Cassiope merrensiana - Vaoe nin scoparim Subtype (nos. 5,

10, 12) ) &
Heath Tundra communities in which Vaccinium seoparium is
subdominant are found at lower elevations in hollows on E- and S-facing
slopes that were sﬁb@free in mjd—June,NiS%Z,; This subtype has subalpine

forest affinities. w

(e) cassine mertensiana - Phyllodoce empetriformis Subtype (nos. 14,
13, 11, 36) ]
Stands _in which Phyliodoce empetriformis is the subdominant
species are found in Tate-melting, well-irrigated hummocky hollows
and gentle S- and E-facing é]opes at about 2230 m elevation. These
sites were snowfree in mid-June, 1977. Carex spectabilis and

Antennaria lanata are prominent in these stands.



(f) Casalone mereenel o = Lol walilenbor; S Subtype (no. 26)
The graminoids 7zl Wit enherassoand 5 apimen are both ‘
important and visually prominent components of this species-rich m
subtype. The sampled stand was found near the top of a late-melting

NE-facing slope.

MEADOW TUNDRA GROIIP

Several Meadow Tundra community types occur in the alpine zone of
Marmot Basin. They are divided 1nto;£Jo physiognomically and
environmentally distinct subgFoups.t“Lush for™~ dominated communities
OCCUr 1n seepage sites which remain moist in the summer and belong to
the Forb Meadou Subgroup.. The Graminoid Meadow Subgrdup 1s aominated
by grasses and. sedges and consists of very sparsely-veg-tated natural
communities on late-melting, well-watered, unstable scrée slopes; and
of revegetating disturbance communities on abandoned roads in the

basin (Table 12).
Forb Meadow Subgroup

Lush forb dominated meadows occur onAgentiy sloping terrain in
areas which were snowfree late in June in 1977. Seepage waters from
upslope maintain h1gh soil moisture and nutrient Tevels" dur1ng the
summer. Forb meadows occur in small pockets at the base of solifluction
lTobes, along meltwater streams, and .n seepage sites throughout Marmot
Basin.

~F0rbs and graminoids form a dense canopy ca. 30 cm in height.



Table 12. Species structure of the Forn Meadow and Graminoid Meadow Subaroups, Meadow

Group.
Community Type 8 9 10 11 12
Stand no. . 30 29 20 6 35
Elevation . 2160 2148¢ 2190 2220 2250
Slope 50 o o° 150 150
Aspect -, NE SE 0 x :»
Mean cover (*) <
Total plant 100.0 100.0 100.0 - 46.0 6.0
Vaggular plant 100.0 100.0 100.0 40.0 6.0
Lichen 0.8 2.0 + - 0.8
Bryophyte 3.3 21.1 B.3 7.6 0.3
Bare rock and so0il + - + 54.0. 81.0
No. of vascular plant species 29 26 N 29 17
P.V. of vasular ' .
Salix arctica 18,2 113.6 1383 13.7 -
Vacsintum gcopariwr BU.6 133.0 55.4 21,3 T
Valeriana sitchensis 121.8 25.6 68.5 1.7
Carex nigricans 115.0 14.3 13.4 +
Antenmnaria lanata 26.4 86.6 102.3 5.8 -
Carex gpectabilis ‘ 76.¢ 10.2 12.6 64.5 +
Senecic trioguw’aris 2.7 6.3 < - -
Armitca cordifolia N 40.6 14.2 . 1.7 +
nemome accidentalis s 36.9 33.6 24.6 1.0 +
Artamisia norvegica : 35.8 20.1 42.6 12.3 -
Sibgi;;dia procwrbens ‘4 0.3 19.5 38.2 3.9 :
Luzula waklenbergii 0 124.3 12.6 38.0 10.0 21.0
Cassiope mertensiana 1.6 26.2 12.2 4.7 -
Erigeron perecrinus 1.3 10.3- 1.3 - -
Veronica alpinc 7.9 14.7 + - 1.4
Castilleja cccidevitalis 0.5 10.3 0.4 - -
Deschampeia atropdrrures 3.9 - 0.3 2.0 -
Jwicus drmermondii 2.7 4.3 8.2 0.3
Potentilla diversifciic "+ 0.3 6.7 - -
Pryllodoce emperrifermis 1.7 1.7 1.6 - 0.4 -
Pedicularis bra~teosc 2.5 2,5 - - -
Poa erilis 2.0 0.3 0.8 - 1.4
Poluroruem viviparur 1.1 5.5 - - -
Viola glabella . 0.8 - - - -
Trolliue albifiorus 3;% - - -

hieur alpinuwn + 0.
Phyllodoce glandulifiorc - 2.9
Epilobiwn alpimum + - 0.3 - 0.3
Claytonia laneeclata + 83

— D
~ o
'

Poa arctica

Agrostie variabilis R - - - 80.0 -
Carex phaeocephalc - - - - 2.0 +
Sotidago multirad: ata - - ] - 1.0 -
Cardamine wmbellata - . - 1.0 .
Luzula spicata - - - 0.8 -
Irisetwn spicatum - - - 0.8 3.0
Carex festivella - - - + _
Stellaria crassifciia - - - + -
Epilobium angustifoliwr - - - - 1.0
Luetkea pectinata - - - . 0.5
Ronneulus eschscholtzii - - - - 0.3
Cardomine bellidifolia - - - .
Oxyria digyna - - - - +
- - - +

Silene acaulis . -




D

Although the herb growth farm is collectively most prominent, several
shrub species achieve higher individual P.V.s than the leading herb
species. salix awreticoa and vacointen seoparon, both widely distributed
dwart shrups in the study area, are prominent in these herb meadows.
Wileriany o tohens s, Careg rz':',gyr'mum,‘ Aitennaria lanata and Carer
Syvcﬁdbf';sédgg the most common herb species in_ these commur.ities.
®

Vascu]ar“ggant cover is clo;e to 100% in these sites. These communities
are amonﬁg? the most species-rich in the study area, with 26-31 vascular
plant species per stand.

Soils in these well-watered sites are sandy loam textured, Gleyed

Eluviated Dystric Brunisols.

Three different Forb Meadow communities are recognized.

8. Wlerian: sitchansis - Carer ni ricans
Cbmmunity Type (No. 30)

This forb domirated community was found in a hygric seepage site
at the base of a ‘?E—facing slope.. Carex spec‘»tabilis and Armiea
cordifolia, the most visually prominent components, forh a canopy along
With laleriana sitchensis above the shorter species including Carex
nigricans, Vaccinium scoparium and Artemisia norvegica. Total plant

cover is 100%; neither 1ichens nor bryophytes are very important.

9. aceinium scoparium - Salix.arctica
, Cgngnity Type (no. 29)
Herb‘domina%garcommunities in which the shrubsiaceinium scopariwn
and Sailiz arctica have the highest individual species prominence values

are found in moist hollows close to treeline (Plate 17). Antemnaria

R . . B . B " ! - ’ .
lanata, a ubiquist, and Trollius albiflorus, Valeriana sitchensis and

]



Plate 17.

A Forb Me .. Tundra community dominated by Vaceiniiwm
scopariur ‘alix aretica (no. 29). Herbs are an
important cciiponent of this well watered, protected
community. Vehicle tracks shown in the center of this
photo illustrate the susceptability of this type of
v-ietation to disturbance. July 26, 1977.
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Drera e oeeddental fa, o all seepage site ind  ctors © important in this

ST Il

type. Total plant cover was 100%; bryophy - . 20%.

10, Salie avcetica = Antennerio lowita
Community Type (no. 20)
This stand, which is dominated by both shrubs and forbs, occurred
beside‘a meltwater channel c]ose‘to the centre of a late-melting snowbed
found in the central cirque basin. wicriana sitchensis and Senccio

trionmdarie re also important in this well-watered site. : J

.

Graminoid Meadow Subgroup

e Carewr speetald e - Festuea broichy il lay
Communi'y Type (no. 6)

Plant communities consisting of scattered clumps of graminoids and
a few shrub and forb species are found along gravell, roadsides  on
abandoned roadways, and in other disturbed sités. (Plate 18). Tall
graminoids including Carex spectabilis, Festuca brachyrhulla and Luzula
wahlenbergii are the most prominent species in th{s community. Vaceiniwn
scopartun and Salix arctica'afe also found in these areas. Total plant -

\

cover in the stand sampled was 4€%..

12.  Luzula wahlenberg”" - Trisetun spicatum
Community Typ: .no. 35)

Very sparsc y vegetated, graminoid dominated communities are found
on the unstable scree slopes that cover almost half of the alpine zone
in Marmot Basin. Total plant cover in the community sampled was cc.
20%, although in some areas total plant cover was less that 1%. ILuzuls

wahlenbergii, Trisetum spicatwn, Poa cusickii, Veronica alpinc =7



Plate 18.

A Graminoid Meadow Tundra community
disturbance site dominated by Carex

Festuca brachyphylla (no. 6). This
revegetating an abandoned road in a

section of Marmot Basin.

August 3.

on an alpine
spectabilis and
community is
heavily skied
1977.
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Epilodlwn alpdmem occur in scattered, widely-spaced clumps. Neither
Tichens nor bryophytes are important in this unstable environment. Only
17 vascular species were recorded, making this one of the more

floristically depauperate communities of the study area.
SNOWBED TUNDRA GROUP

Snowbed Tundra communities are found in depressions in which snow
3

accumulates, often not melting until Tate July or August. At Marmot,

+

snowbed communi:ies are found in the bottom of the upper basin and

in the middle of the central basin (Plate 1, p. 9). These sites remain

moist and cool during the summer since they receive meltwaters from nearby

snoe 1ks. Plants growing in these communities, therefore, are adapted

-

for a short, often less than two-month growing season, and for cold
soil temperatures. k

Snowbed Tundra communities are dominated by gramigpoids anc forbs.
Carex nigricans is consistently present and usually forms the dominant
plant cover in hygric sites. Both Antennaria lanata and Sibbaldia
procumbens are 1mp6rtant in other, somewhat earlier-melting snowbeds.
In other late-melting, better-drained areas, lichens are more extensive
than thé vascular species (Table .3, Plate 19).

Soils in these areas are fine-textured Gleyed Regosols that have a
thin Ah and a gféyed Cg horizon. a»Impeded drainage in these cold
saturated soils results in gleization. Becahse of tﬁe cold soil
temperatures and short growing season; there is limited organic matter

production and subsequent input into the soils and, therefore, profile

development is weak (Plate 3, p. 30).
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Taﬂie 13. Species structure of the Snowbed Tundra“GPoup.

Communitv Type
Stand no.

Elevation
Slope

- Aspect

Mean cover (7)

Total plant
Vascular plant
Lichen

Bryophyte

Bare rock and soil

No. of vascular plant species

P.V. of vascular species

Carex nigricans
Sibbaldia procumbens
Veronica alpina

Senecio triangularis’
Phlewn alpinum

Juncus drwmmondii
Phyllodoce glanduliflora
Cassic; e mertensiana
Valeriana sitchensis
Deschampsia atropurpureca
Epilobiwn alpinum
Antennaria alpina
FPotentilla diversifolia
Minuartia sagensis
Antennaria lanata

Salix arctica

Artemistia norvegi.cu

Carex spectabilis
Casttlleja occideriwlic
Luzula spicata .
Poa leptocoma & praternsis
Hieracium gracile

Saltx ntvalis

Campanula lasiocarpa

a

13
17

2220
0
0

98
94
1
3
2
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Plate 19.

Three Snowbed Tundra communities. A well vatered

Carex nigricans community is found in the centre in the
lower lying terrain.' A community dominated by lichens
in which carex nigricans and Sibbaldiq procubens are the
most important vascular species occurs in the coarser
textured material to the right of the gold-coloured

Carex nigricans community. Antemnaria larata - Stbbaldia
procunbens communities, which have a grey-green cast,

are found at the base of the slopes at the left of the
photo. July 26, 1977.
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Snowbed Tundra is divided into three conmunity types.

130 Caper wforiome - Senccdo teiond e
community Type (no. 17)
+ush snawbed communities dominated by curew wiriims were found

in the late-melting and well-watered sites in the shallow upper basin

sites were not snow-free until July. The meltwater channels which cut

through these hunmocky areas kept the fine-textured soils well-irrigated

throughout the summer season.
carex niarieans, a widely occurring dwarf sedge, reached its
maximum prominence in this community. It is the overwhelming dominant,

having a cover value of ca. 75%, and forming a dense thick turf in this

\

and in the small central basin at Marmot (Fiq. 3, p.6 ). In 1977, these \

stand. Senecico triangularis, a species characteristic of moist, nutrient

-

rich sites, isethe second most important species. Veronio: olrin:,

STRpIdTY procwmbens, Valcm’ana sttehensis, Fhlewr alpinum and T
drurmondii were also present, but with fairly low cover in this stand.
Most of these species were more prominent in Meadow Tundra communities
which were sﬁowfree earlier. Dwarf shrub and heath species occur in
Timited abundance on the tops of the small hummocks. Neither lichens
nor bryophytes were important in this community. Tbta1 vascular plant
cover wa; ca. 90%; baré rock and soil cover 10% of the stand.

~This community is quite distinctive, bearing little resemblance to
other communities in the basin. Stands of the Forb Meadow subgroup are

’
most similar in terms of species structure.

ey
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Community Type (no. 33)

Plant communities domina { by lichens, in which Carex nigricome
and Sibballin procwdiens are the most prominent vascular species are
found in slightly elevated, well-drained sites close to a very late-
melting snowbank in the shallow upper basin. This community was not
snowfree until the end of July in 1977. Lusher Carex nigricans snowbeds
of the preceding type are found on the finer-textured soils in the
adjacent lower lying areas (Plate 19).

Lichers cover close to 50° of the stand; bryophyte cover is oo, 1470,

and total vascular plant cover is only 15%. Carexr nigricans, Sibhaliio
rrocumbeons, Salix arcties, Antoonar?: lancta, Castllleia cooldentalls
and Luéu?a syf&:n: are the only vascular species with annrecianlce
prominence in this stgnd. Only 14 vascular species were recorded in
this floristically depauperate community.

This comrunity is quite distinct and does not show > 40 similarity
to any other communities in the study area. It is mest similar to the
next Snowbed Tumdra community type and some of the Shrub and Meadow
Tundrélcommunities.

The éoils in this late-melting site are poorly developed. There
has been little breakdown of the coarse-t.xtured parent material. These
coarser soils are better drained than the silty clays that are found

underlying the Carexr nigricans - Senecio triancularis community.

15. Artenmar "1 lanata - Stbicldia procumbens
Community Type (no. 31)
Antenraric lanata dominated snowbeds are found in concave sites at

the base of slopes in the shallow uoper basin at Marmot and at lower
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elevations in late-melting mesic sites. This munity was snowfree
somewhat earlier than the other two snowbed comtanitirs, 1.e. late in
July, is better drained than the nearby Corex o orioons < ool

rr

faonndaris snowbed and, therefore, exneriences warm 5011 temperatures.

Communities dominated by Dy ootoporiioand Sulie ioa e are found
in the more exposed sites further upslope from this type.

Lichens are important in this stand, forming . 30 of the ground
cover. Bryophytes cover .»:. 15° of the site. Total vascular plant cover
IS e 60n. nterwoniy St Q widely occurring species in the s tudy
area, is the dominant and¢ most visually prominent vascular component.

SRS pocienbone, Carex nigricans, Oo epectal e, and Avtemio
»orpcsiog are also present with moderate cover.  This stand is fairly
species-poor; only 16 vascular species were found. It is most similar

.

to the Forb Meadow communities in terms of species structure.

VEGETATION MAP

The vegetation of the alpine zone of Marmot Basin was sampled and
mapped (Fig. 14; see packet in rear cover). The map units incliude
individual plant community Groups and Types, as well as mosaics of these
syntaxa. Ground surveys, community sampling, aerial and oblique photo-

graphs were used in the construction of this map (Plate 20).
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Colour
white
yellow
tight blue
royal blue
green

black
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Vegetation - . )

unvegetatéd scree slees
sparsely \ﬂgeéaged areas
moderate plant cover, roads
fairly de¢nse plant cover
Qense plant cover

dense plant cover - forests

Plate 20.

A density scanning photograph of the alpine

zone of Marmot Basin (1972). Areas of similar
colour are the same shade of gray on a black and
white ohotograph. VYellow areas are the mos:
sparsely vegetated and black areas have the most
dense plant cover.



CHAPTER VI. DISCUSSION: VEGETATION

The vegetation of Marmot Basin has been previously classified by
Wells cr al. (1975) ivt9 two vegetation types or associations:

1) Cussiope mertensiana - Phyllodece glanduliflora - Artemieig
norvegiea type, a dwarf shrub heath association found in subhygric
Tower alpine snow accumulation areas, and 2) Cassinpe tetraagona -
Drias octopetala - Salix nivalis type, an alpine tundra association
found in mesic-subhygric alpine snow accumulation areas. Other
vegetation types SQCh as the Calthe lertosepala - valeriana sitchens’s
association, .aeri qeadow type characteristic of hygric lower alpine
snowmelt and s. ji,e sites, have also been noted by Wells et al.
(1975), in Marmot Basin.

A more detailed method of veget :ion anal,.is was used in this
study to classify the vegetation found at Marmot Basin into plant
communities. “Stands;" or areas of homogeneous plant ccver which
were dominated by the same species were c]assified as a plant community.

Heath Tundra communities dominated by Cassiope mertemsiana and
Phyllodoce glanduliflora form the dominant plant cover in the well-
vegetated parts of the a]éine zone of Marmot Basin. Rock Tundra

and Shrub Tundra communities occur in the more xeric, earlier snow-



released sites; while Meaddw Tundra and Snawbed Tundra communities are
found in the later-melting, more moist sites.

The mesophytic Heath Tundra found at Marmot Basin resembles the
vegetation found in high snowfall areas, e.q. the North Cascades, the
Coastal Range and the Canadian Rocky Mountains west of the Continental
Divide. The xerophytic Marmot Basin communities are more common in
the drier parts of the Rocky Mountains, e.g. the Front Range and

sections of the Main Range east of the Continental Divide.

ROCK TUNDRA <>

One type of Rock Tuhdra community, dominated by Mryas octopetala,
was found on Marmot Basin. This community was not common, covering
less than 5% of the alpine terrain. It is restricted to the earliest
§now-re1eéséd, most exposed xeric sites such as the tops of ridges
or solifluction Tobes. These areas have a shallow winter snow cover,
since much of the snow in these unprotected sites is blown away
{Hrapko 1970). Once snowfree, the soils in these areas dry up
rapidly (Hrapko 1970). The plants in the Rock Tundra communities aré
often subjected to the désiccating and abrasive forces of the wind
throughout the year. Co;rse-tethred, well-drained Regdéplic soils
in which very little s&ilydeve]opmeqt has occurred, are;fgund in these
sites. The slow rates of plant growth (Kuchar 1975) and 1imited
moisture supply in these harsh environments (Hrapko 1970) limit
organic matter incorporation and pedogenesis. Pockets of better developed

Orthic Brunisols are found in the more protected Rock Tundra dominated

areas in Marmot Basin.



Pryde octopetalo communities simiiar to the ones found on Marmot
are commonly found in other alpine regions of the Main Range,
including Signal Mountain (Hrarvko 1970, Hrapko and La Ro¥ 1978),
Sunshine (Knapik e: J/;]973), Bald Hills (Kuchar 1975), and Wilcox
Pass (Crack 19/7) in Albeéta, and in Montana (Bamb;rq and Major 1968).
A similar community dominated by /. inteorifolia forms the dBminant
plant cover on Prospect Mountain in the Front Range (Mortimer 1978).
Dryas vetopetala communities are found in the Cascades (Douglas and
Bliss i977), but are not as widespread west of phe‘Divide as they are
in the Front Range and the Main Range of the Canadian Rocky Mountains.

The Rock Tundra communities at Marmot Basin are most similar to
the Salix nivalis Shrub Tundra communities found in somewhat more
protected, ]atér—me]ting areas; and to' the Phyllodocs glanduliflofc -
Artemieia norveg:cc Heath Tundra communities found on coarse-textured,

well-drained scils in more protected habitats.

SHRUB TUNDRA

Shrub Tundra is the second most important vegetation type in the
alpine of Marmot Basin, covering almost 20% of the landscape (Fig.
14). This group of plant communities is a highly diverse one, =

consisting of several distinct communities all occurring in moderately

early snow-released, weéll-watered sites. Shrubs are the most prominent

c -

growth form in these communities. Saclix arctica, S. nivalis,

S. barrattiana and Artemisia ncrvecica are the dominant species in
- -~

e

the comunities classified as Shrub Tundra. Soils range from

Regosolics in Salix nivalis communities, to well-developed Brunisolics
—_—
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" communities, to Gleysolics

N Sl aretiog and Avtemisia norpeado

sl

-~

in Salia barvattian: communities.,

Shrub Tundra comﬁﬁnities occupy a position intermediate between
the more xeric, earlier snow-released Rock Tundra and the Phyd Todooe
glanduliflora Heath Tundra>comnunities;‘and'the Tater snoy—re]eased,
wetter Cassiope mevrtensiana Heath Tundra, Meadow Tundra and Snowbed v
Tundra commﬁnitiesi Some of these Shrub Tundra communities dominated
by Salix arcetica and Artemisia nervegiea are quite similar to Forb
Meadéw Tundra communities found on wet sites. ~

Plant communities similar td the Marmot Basin Shrub Tundra
communities are commonly found elsewhere in the alpine zone of Alberta
(Beder 1967, Kirby and Ogilvie 1969, Hrapko 1970, Trottief 1072,
Knapik et al. i973, Broad 1973, Wells et aZ. 1975, Ogilvie 19,06,
Mortimer 1976 T

“Salix m :lie ¢ inated communities are the me t . mmon Shrub
Tundra type-a. M The Salix nivalis - Salix apui;gé subtype
occurs on coarse-iextured soils in 1ate—me1ting7sifé§1 In this
subtype Salix nivalis is the overwhelming domiqént, forming a mat
OQer much of the stand. In the Saliz nivalis§i laceinium vitis-idaea.
‘subtype, found on expo;ed, somewhat earlier snow-released sites,
Tichens form the dominant ground cover. '

Salix nivalis communities resemb]fng the Salis niv- « - Saliz
arctica cbmmunity found at Marmot Basin are common in the alpine region.
Salix nivalis communities have been described from several alpine
sites, inciuding Snow Creek Valley (Beder ]967), Signal Meuntain

(Hrapko 1970), Sunshine (Knapik ez al. 1973), Bow Summit (Broad 1973),




Wilcox Pass (Crack 1977) and Prospect Mountain (Mortimer 1978) in
.Alberta, and North Cascades (Douglas and Bliss 1977). O0lgivie (1976)
described a Salix nivalis domjnated vegetation type commonly found in
the alpine regions of the Rocky Mountains. Sa/ix niwvalis communities
appear to be more common in the Rocky Mountains than in_the higher
snowfall areas. ' .

These Salix nivalis commuqities are fairly similar to the Sil/ix
nivalis - Salix arctica cdmnunity found at Marmot Basin. Although
differing somewhat in sgébigihconnosition and structure, all are found
in late snow-released sites on soils that remain moist throughout theigh
summer (Trottier 1972). On Signal Mountain Saliz nivalis - Antennaria
Lanata comnunities are found on fine-textured soils that have a high
moisture retention capaﬁity (Hrapko 1970). On Prospect Mountain, on
more calcareous soils, Salix nivalis and SaZix arctica are important
in the snowbedé developed on Regosolic soils {(Mortimer 1978). 0Ogilvie
(1976) describes a Salix nivalie - Salix arctica community that occurs
on N-facing avalanche slopes where snow cover is deep and soils are
coarse colluvial Regosolics. In the higher rainfall North Eéscades
Salix nivalis communities are found on level-to-exposed steep S-f-.ing
slopes that are snowfree early in the sprina (Douylas and Bliss 7).
The severity of the environment in these exposed late-melting site.
along with low soil temperatures resulting from meltwater saturation
(Hrapko 1970); limits the rates of organic matter production and
pedogenesis.

At Marmot Basin the Salix nivalis communities arevreplaced in

earlier snow-released, more exposed sites by Drvas octopetala dominated
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Rock Tundra communities, and in the later-melting, more mesic sites by
Snowbed Tundra communities.

Shrub Tundra communities dominatea>by Salix burratiio ;o are also
fouhd in Marmot Basin. This community occurs at.lower elevation in
well-watered sites along the sides of streams. Sulix barrattioa 1s
overwhelmingly dominant, forming an almost continuous shrub layer.

This type of community is quite common 1in. the Rocky Nountains and
has been described from Snow Creek Valley (Beaer 1967), Marmot Creek

Basin (Kirby and Ogilvie 1969), Highwood Pass (Trattier 1972),-Egy/{\

Summit (Broad 1974), Sunshine (Knapik et aZ.'1973)'and Prospeggx//
Mountain (ortimer 1978). Wells ot al. (1975) also describe a sulix
barrattiana comnunity frequently found in Jasper.

These communities were found along streams and are well-irrigated
during *he summer. Snow remains in these sites until fairly late in
the spring (Moss 1959). The soils in these sites ranged from
Regosolics to Gleysolics, and were usually shallow and silty (Trottier
1972).

Although similar in habitat, there is some variability in the
floristic composition of these communities. Wells et al. (1975)
describe a Salix barraftiana - Kalmia polifolia - Juncus drwmiondii
ve,ctation type typicaf]y found in the upper subalpine in hygric
meadow sites in which there is occasional flooding. Beder (1967) and
Broad (1973) describe a lower-elevation valley-bottom Salix barrattiana

- Salix vestita_community that occurs in moist sites that have a

moderate snow cover. Ogilvie (1976) has described a Salix barrattiana

- Salix glauca community that occurs along streams near timberline in



sites that have moderate snow cover. In Marmot Creek Basin Betula

glodulos is the subdominant species in communities foung near

watercourses  (Kirby and Ogilvie 1969). On Prospect Mounta\g\7ro!lius

alpiflorus is the subdominant species in the Sa/ix barrattianAstream-
bank communities (Mortimer 1978).

A different type of Shrub Tundra community, dominated by Sa7+x
arctica and Artemisia norvegiea, 1s found at Marmot Basin in sites
that are both snow-released sooner and more protected than the Salix
nivalis dominated sites. - These better-drained sites have warmer soil
temperatures and are generally more favourable for plant growth and
soil development.

Salix arctica communities similar to the ones found at 'Marmot
Basin are common throughout the alpine zone of the Canadian Rockies.
SaZix arctica communities have been described from Signal Mountain
(Hrapko 1970), Highwood Pass (Trottier 1972) and Prospect Mountain
(Mortimer 1978) in Alberta. These communities are found in a range
of mesic habitats. On Signal Mountain Salix arctica - Arctagrostis
arundinacea communities are found in mesic sites on N-facing slopes,
Salix arctéca - Antenmnaria lanata communities occur on silty soils in
higf},,snow atcfumu]atf(')‘n areas, and Salixz arctica - Dryas octopetala
communities are found en the tops of solifluction lobes (Hrapko 1970).
Ogilvie (1976) described a Salix arctica - Carex community which occurs
in sites that have a deep winter snow cover. Mortimer (1978) described
a Salix arctica - Salix nivalis community found in late-melting snowbeds
on Prospect Mountain.

Artemisia norvegica dominated communities are found in more mesic

sites on Marmot Basin than those occupied by the Salix arctica
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communities. Artemisia norvegica communities are apparently not very
common in the Rocky Mountains, and have only been described from thel
Bald Hills (Kuchar 1975), where Artemisia norvegica - Salix arctica
communities are found on early snow-released moist seepage sites on

l"; )50115 with a high clay content. Artemisia norvegica - Lusula parviflor:
communities occur in the Bald Hills in shallow basins that have a high
water table. Artemisia norvegica - Anemone oceidentalis communities
occur on steep late snow-released sites that receive a steady moisture
supply from upslope snowbanks, and A;tcmisia norvegiea - Antennaria
lanata communities are found in late-melting seepage sites in which
there is negligible soil develioment. The Artemisia norvcgicaw- Carex
spcctabiifs community found at Marmot Basin occurs on scree slopes in sites
that receive mé]twater from upslope snowbeds, and is mest similar to

the Artemisia norvegica - Antemnaria lanata communities found on the .

°

Bald Hills.

The Saliz arctica and Artemisia norvegica communities are most
similar in species structure to Meadow Tundra communities found in
more favourable sites. Herbs are more prominent in the lush F-orb

Meadow Tundra; while dwarf shrubs are more important in the Shrub

Tundra.

HEATH TUNDRA
N

Heath Tundra communities, dominated primarily by Cassiope
mertensiana, and secondarily by Phyllodoce gZdnduZéonra, form the
principal plant cover in the alpine zone of Marmot Basin. Cassiope

mertensiana communitiesiare restricted to sites where winter snow cover

is deep and, therefore, pfotects the underlying plants from fluctuating
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spring temperatures (Bliss 1956). Phullodoce p(%nduszlora communities
occur in similar but drier and 1ess protectea};ites:

Heath Tundra is commonly found in the high rainfall and snowfall
regions of the Main Range of the Alberta Rockies and in the Coasta"
Mountains (Trottier 1972). C(assiope mertensiana forms "a characteristic
community in B.C. and is found in the subalpine and alpine zepes from
southern Alaska and-Yukon to central California, and east to Nevada
and southern Montana" (Szczawinski 1962). Cassiope mertensiana
communities are typically found in deglaciation cirqﬁes such as Marmot
Basin (Archer 1964) and on N- and E-facing slopes (Broad 1973). These
wind-protected, Tate-melting areas provide an ideal habitat for this
species (Broad 1973).

General descriptions of Cassiope mertensiana dominated communities
in Alberta have been made by Lewis (1919), Daubenmire (1943), Moss 7
(1959), and Porsild (1959). we51s et al. (1975) also describe a | h
Cassiope mertensiana vegetation type commonly found in Jasper. Cassiope
mertensiana communities have been described from Signal Mountain
(Hrapko 1970), Mount Ed{th Cavell (Kuchar 1972), Bow Summit (Broad
1973), Bald Hills (Kuéha} 1975) and Prospect Mountain (Mortimer 1978).
McLean (1970) found a similar community in the Similkameen Valley in
interior B.C. Cassiopé mertensiana communities are commonly found in
the Subalpine Mountain Hemlock zone of the Coastal Mountains (Brooke
et al. 1970). More detailed studies of this community in the Coastal
Mountains have been done in Garibaldi Park (Brink 1959, 1964, Archer
1963) and in Belld Coola (McAvoy 1929, 1931). Cassiope mertensiana

communities in tMe Cascade Mountains have been described by Franklin



et al. (1971), Douglas and Bliss (1977), and elsewhere in North
America by Harshberger (1929).

| Although all are dominated by Cassiope mertensiana, these
communities differ somewhatvin species cohposition and in habitat.

-

In the higher snowfall more mesic Coastal Mountains, Cagsiope

mertensiana —/F?é}/ZZ;‘\)docc me%du?:’_“fum communities form the dominant

cover in the/alpine zone. In the Main Range of Alberta, ¢.

mertensiaqna communities are found on N- and E-facing slopes in late

snowmé]t'areas such as Marmot Basin! ‘uetkeq pectinata 1s important

‘in the C. mertensiana communities on the N-facing slopes._of the alpine

zone of the Baid Hills, Jasper (Kuchar 1975). On Prospect Mountain

in the Front .Rgnge, Cassiope mertensiana - Fhyllodoce alanduliflora

communities are féstricted to the late-mélting snowbeds (Mortimer 1978).
01,5 in these sites are usually well-developed Eluviated Dystric

1577s or Gleyed Eluviated Dystric Brunisols, depending on the

“nporapr- and drainage conditions. These soils are quite moist and

rema’~ o " ~~ the summer. The mesic conditions found in these

sites ¢ : . cumulation of organic material, which }esu1ts in

the rela “triect content of these soils, and the fairly

dense plany 4 in these munities (Douglas and Bliss 1977).
The _. =4 o commur >< that occur in the wetter

sites lc7cﬁb1ﬂ "= comr itjes, while those found in the

more xeri. site .rc Tlo J-anduliflora Heath Tundra and

thGWSaZix lP;Fica Jorus cor i es, T
PhyZZodoée glancu <f .- dec .. nara communities are quite prominent

in the alpine zone of Marmot B~ - but less >xtens .- than the Cassiope

mertensiana communities. Phyllode ze glandulificra communities are
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common throughout thé alpine zone of Alberta ond B.C.; within this
area thev are reported to be most common in the drier Interior Range
and Front Range of Alberta (Trottier 1972). Ihyllodoce glandulislora
communities hagk been describ?d from sites in the Rocky Mountains
including Snow Creek Valley (Beder 1967), Signal Mountain (Hrapko 1970),
Highwood Pass (Trottier 1972), Bow Summit (Broad 1973), Sunshine

(Knapik et 7. 1973), Bald Hills (Kuchar 1975) and Prospect Mountain
(Mortimer 1978). Phullodoce glanduli florqa communities have also heen
reported to occur on Garibaldi Mt. in the Coastal Mountains (Archer
1963) and in the North Cascades (Douglas and Bliss 1977).

In Marmot Basin Fillodoce glanduliflora communities occur in sites
that are somewhat more exposed, better drained and more xeric than are
the sites where the assiope mertensiana communities occur. Fhyllodoce
glanduliflora commun?;;ép are snow covered later and snow free earlier
in the spring than are the C. mertensiana communities. }y the North,
Cascades F. glanduliflora,Communitiéf are found on the mére exposed
upper s]opes\{qugjas and Biiss 197;): Hrapko (1970) found these
coimmunities were most common on N- and E-facing slopes that have a
'deep snow cover. Ogilvie (1976) reports that Phyllodoce ¢clanduliflora
communit%és are common nea; tree islands on lee slopes that‘have deep
snow cover in the Rocky Mountains. <

The soils of the Phyllodoce glanduliflora communities a}e generally
better drained and, therefore, warmer.than the soils of the Cassiope
mertensiana fonmunities. At Sunshine Mouhlain in Banff the P. glanduliflora
communities occur on coarse-textured Dystric Brunisols which were derived

from glacial till, while the Cassiope mertensiana communities occur on

Eluviated Dystric Brunisols or on Gleyed Eluviated Dystric Brunisols.



The soils in these Caseiope mertensione communities are finer textured,
receive more seepage waters and are, therefore, more eluviated than

the soils in the . y/aniu! 77 ora communities.

MEADOW TUNDRA

Five distinct community types dominated by herbaceous growth forms
were found in well-watered sites in Marmot Basin. Three of these
communities were very lush meadows in which forbs were more abundant
than graminoids, although the species wi*. he greates® individual
prominence values were dwarf shrubs (Saliz arctico and i ace:n<im
scoparium); these three types comprise the Forb Meadow Subgroup.
The fourth meadow type was a poorly vegetated successiona: plant
commqnity that was found in disturbed sites: the fifth community was
very sparsely vegetated and occurred on unstable scree slopes; together.
they form the Gram* -~id MeadoQ Subgroup.

The Tush Forb Meadow communities were found close to treeline in
protected seepage sites in Marmot Basin. Meadows similar to these
have been previously described from other alpine regions, and are common
in the higher snovfa]] areas of the Cascades and the Coastal Range in
B.C. and Washington (Archer 1964). Kuramoto and Bliss (1970) described
a Valeriana- Forb Meadow found in the Olympic Mountains in Washington.
Franklin et al. (1971) described a Valeriana sitchensis community
which occurs in the North Cascades. Archer (1964) found a similar
type of meadow in seepage sites on Garibaldi Mt. in B.C. Forb dominated
meadows in which Caltha leptosepala and laleriana sitchensis are the
most prominent specieé, are typical! found in hygric lower alpine

snowmelt and seepage sites in Jasper National Park, Alberta (Wells et al.

/
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1975). These meadow communities are similar to the [:lerio.:
sitchensis - Carer nigricans community which occurs in similar habitats
in Marmot Basin. Soils in these well-watered sites are thick turfy
Eluviated Dystric Brunisols that have a relatively high nutrient
content compared with other alpine soils. The lush growth of herbs

‘1n these sites allows for considerable organic matter production and
therefore in well developed soils.

In somewhat less fawvourable sites (i.e. less protected and cooler)
dwarf shrubs are the most prominent species in Forb Meadow Tundra
communities. Two such community types were found at Marmot Basin:
one was a Salix arctica - Carex spectabilis community and the other
was a Vacciniwn scopariwn - Salix arctica community. Although dwarf
shrubs have the highest individual species prominence values in the:
communities, herbs are thé most prominent growth form. These dwarf
shrub dominated communities are similar physiognomically to the Salix
arctica and Artemisia norvecica dominated Shrub Tundra found at Marmot
Basin, but are significantly different in terms of species composition.
Forb Meadow Tundra communities are richer in mesophytic forbs and
graminoids‘zgén are the Shrub Tundra communjties. Dwarf shrub dominated
communities st . to those found at Marmot Basin have been reported
from elsewhere in the alpine zone of Alberta. These commqnities have
been discussed previously (see p. 93).

Two distinctly different Graminoid Meadow Tundra communities were
found on Marmot Basin. The Luzula wahlenbergii - Trisetwn spicatum
community was found on sparsely vegetated scree ;1opes that cover almost
half of the alpine zone. The Somthat better vegetated Carex spectarilis
- Agrostis variab<lis community was found on abandoned roads and other

\

by



disturbed sites. Both communities occur on gravelly sites that receive
ruroff from upslope. Aithough well irrigated, the coarse texture of
the soils Timits moisture retention in these two types, hence they are

more xeric than the forb dominated types.
SNOWBED TUNDRA

Carex niaricans dominated communities are quite common in the alpine
zone of the northern Rocky Mountains. In Marmot Basin Carer nigrioms -
Seneelo frfangularfé communities are found in well-wat. d late
énow—re]eased sites. This is the most common Snowbed Tundra community
type at Marmot, covering almost 0% of the alpine tgrrain. Similar
communities have been described from Signal Mountain (Hrapko 1970),
Sunshine (Knapfk et al. 1973), Bald Hills (Kuchar 1975) and Wilcox
Pass (Crack 1977), in Alberta, as well as in the North Cascades of
Washington and B.C. (Douglas and Bliss 1977). cCarex nigricans
communities occur in sites that are not snowfree until July. In the
summér, meltwaters saturate the fine-textured Regosolic soils that
underlie these communities. The presence of fine ash and heavy clays
in the soils results in a high moisture retention capacity, poor
drainage and periodic saturation and gleization (Crack 1977, Douglas ana
Bliss 1977). The low temperatures found in these frequently water
saturated soils, along witH the shortness of the growing season found
in these late snow-released sites, results in slow plant growth and
soil development.

The Carex nigricans - Sibbaldia rroci~iens community is dominated
by lichens and is found in very late-melt- - sites. Soils in these

areas are coarse-textured and well-drainec solics.  The severity

o
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of the environment in this habitat greatly limits plant production and
soil development. This community is not very prominent at Marmot
Basin, covering le<s than 1% of the landscape. Although no previous
descriptions of this community have been found, it is likely to be found
in other sites, especially in high snowfall areas such as the Coastal
Mountains.

The Antennaria lanata - Silbaldia procumbens community is found
in somewhat more favourable sites than either of the other two sﬁowbed
communities of Marmot Basin. It occurs in sites that are snow-released
somewhat sooner and, therefore, have a longer growing season. The soil
tempefatures in these better-drained sites are warmer, a]]ow%ng for
greater plant growth and diversity. Communities similar to this one
have been found elsewhere in the Coastal Mountains of B.C. (Archer
1964), in the North Cascades (Douglas and Bliss 1977), in the interior
mountains of B.C. (Eady 1971), and on Signal Mountain in the Alberta

Rockies (Hrapko 1970).
o~ SUMMARY

In summary, the alpine vegetation of Marmot Basin is dominated by

Heath Tuﬁdra communities. Rock Tundra and Shrub Tundr> communities
%/fg:; found locally in the earlier snow-released, more xeric sites.

Meadow Tundra and Snowbed Tundra commﬁnities.occur in the later snow-
released, wetter sites. Most of the plant communities of Marmot Basin
also occur throughout the alpine zone of Alberta, British Columbia, and
in parts of the northwestehn United States., Heath Tundra communities
are commonly found in snow accumulation areas throughout the Canadian

Rocky Mountains and in the Coastal Mountains. Rock Tundra and Shrub

Tundra communities are typically found in the more xeric, earlier
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snow-released sites east of the Continental Divide. Meadow Tundra and
Snowbed Tundra communities are more prevalent in the later.snow-released .
sections of the Rocr, untains west of the divide in the Coastal

Mountains of B.C., and in the North Cascades and Olympic Mountains in

Washington.



CHAPTER VII. RESULTS: IMPACT ASSESSMENT

IMPACT OF CONSTRUCTION

The construction of ski facilities in the alpine zone at Marmot
Basin has led to sevefa] modifications in the natural en;ironment,
including:

1) the removal of vegetation and soil during the construction of

access roads, buildings and ski lifts;

2) the subsequent erosion of, exposed soil;

3) the disruption (by trackez -e~-cles) of the vecetation in the

wet sites in the center of the basin;

4) the removal of. krummholz during the construction of ski runs.

One main access road was built in the alpine to facilitate the
construction of the Yellow T-bar and the Caribou Chair lifts. This
road winds through the basin from the lower parking lot to the upper
chalet and on to the top of Slope A (Plate 21, Fig. 3, p. 7). There are

also several smaller side roads in this area.
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The removaT\Qf_vegétation and soil has occurred: 1) on and along
the access roads, 2) in the areas in which the ski Tift te-minals and
the other buildings were constructed, and 3) in the sites where ski
1ift pillars were installed. The most extensive damage occhrred at
the top of Caribou Ridge, where the naturally sparse Rock i. .dra
vegetation was seriously disturbed during the construction of the Yellow
T-bar and the Caribou Chair ski 1ifts (Plate 22).)

Soil erosion has occurred in areas where the vegetation was removed

and, in particular, at the top of the Caribou Ridge and along the main

access road. Water and wind have removed most of the fine-texture.

»

soil in these sites, leaving only coarse gravel and rock.

Numerous vehicle tracks are evident in the wet meadow beside the
main access roéd in the center of the basin. These tracks were
probably made durin~ “he spring when the access road becomes very muddy

and impassable, anu .. icles were driven along the adjacer’ <omewhat

drier terrain.

" Some of the trees found on the ski slopes in the alpine wer~
removed during the construction of the ski runs. Other trees have
_<subsequenf1y been damaged by machinery and skiers during the winter.
Much more extensive tree removal operations occurred in the lower sub-
a}pgne areas of Marmot-Basin to allow for the construction of roads,
bui]hings, parking Tots, ski 1ifts and ski runs in these areas. All
of the vegetation in the areas in which roads, buildings and parking
lots were constructed was removed. .In the upper subalpine, where trees
are generally smaller and less frequent, and the undeystory is denser

and more resistant to disturbance, much of the previously existing

unders*nry is still intact, although there are numerous b» - spots,



Plate 22.

The impact of the construction of roads, ski 1ifts
and terminal buildings on the top of Caribou Ridge.
(Fig. 3 ). The removal of plant cover in this area

has led to erosion of the naturally thin soils.
July 27, 1977.
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where trees were removed which are stil] unvegetated. In the middle
subalpine, where extensive removal of trees was carried out during the
construction of ski runs and ski 1if¥, very little of the original
understory remains. In most of these areas the Tand was bulldozed aftey
the trees were removed to smooth out the slopes and grass was seeded

to stabilize the soil.

Mé@t of the impacts of the construction of ski facilities in the
alpine zone of Marmot Basin could have been prevented if helicopters,
such as were used in subsequent years to build the Knob Chair, had been
used in building the Yellow T-bar and the Caribou Chair. Most of the
impacts of the construction of these 1ifts were a result of the use of
heavy machine ', which removed the sparse vegetation, thereby Teading
to soil erosion. There is very little damage of this type in the vicinity
of the Knob Chair, although the vegetation there is also very sparse

and susceptible to damage.

IMPACT OF WINTER SKI.ACTIVITIES

The impacts of winter ski activities, including slope grooming and
skier usé, on the snow cover, vegeta£ion and terrain of the heavily
skied alpine zone of Marmot Basin (i.e. Slopes A, B & C, Fig. 3, p. 6)
were assessed. Large tracked vehicles are used to compact the snow
on the ski slopes during the winter. Packing is done both to prevent
the snow from blowing away and to level the irregular hummocks and
hollows or "moguls" that are formed on the ski slopes. -These moguls
are carved out of the snowpack by skiers. As skiers move 60wnslope,

they make a series of slalom turns which result in the redistribution
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and compaction of the snow. Skiers and "packers" can also strip off

the snow cover as they move over it, and expose the underlying vegetation
and soil. The impact of skiers and slope grooming equipment on the
‘terrain and vegetation, and in particular on Cassiope mertensiana, the

most common species in the study area, was assessed.

SNOW COMPACTION

Snowpack .

The results of the studies carried out at MarmotlBasin in March
and May, 1977, indicate that sfope grooming and skier use during the
preceding wir - resulted in significant'é?té?é%ions {n'the depth,
density and structure of the snowpack on skied slopes (Table 14). In
March 1977, thé snow on the skied side on Slope C had an average depth
of 45 cm, while the snow on the non-skied side of Slope C had an average
depth of 64 cm. The average density of the snow on the skied sidg
was 0.39 gm/cc compared with 0.27 gm/ct on the.non—skied side. By
May, however,lthere was no diffgrence between the depth of the snow on
the skied and non-skied sections of Slope C, although there was still
a significant difference between the density of the snow on the Skied
part (0.46 gm/cc) and the non-skied part (0.33 gm/cc) of Slope C. Ice
layers were also found to be more prevalent in the skied snowpack than
in the non-skied snowpack.

The results of the 1977 photoseries indicate that the compaction
of the snow on the ski slopes did not result in any significant delay
in the rate of snowmelt on-skied terrain (Plates 23 to 27). The snow
on the skied slopes actually melted more rapidly than did that found

in non-skied areas.



113

TABLE 14. The depth and density of snow on skied and non-skied sides of

of Slope C, in Marmot Basin, in March and May 1977.

SNOWPACK CONDITION MARCH MAY 1977

Skied Non-Skied Skied Non-Skied

Average snow depth (cm) .45, 64 62 62

Average snow density

(gm/cc) . -39 .27 .46 .33
™~

No. of sites sampled 14 18 46 56
(Two replicates per

site)

o »

Lo

*Pairs of underlined means are significantly different at the p = 0.05
Tevel.

Terrain

A study was carried out in May, 1977, to determine if there was
any difference in the temperature of the soil beneath the compacted
snow on the skied slopes and the snow on the non-skied slopes. Results
indicate that th&re was a strang éorre]ation between both the depth
-and the water‘conment (depth x density) of the snow and the temperature
of the underlying soil (Fig. 15 & 1€). Soil temperatures were the lowest
in the areas in which the snow was the sha]]owesf and had the lowest
water content, and Eighest in the areas in which the snow was the
deepest and contained the most water. There was no difference in the
temperature of the soil under the snow on the skied compared with the

non-skied slopes, in areas in which the snow was more than 60 cm deep.
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However, in areas in which the snow was shallower, the snow on the skied
slopes was found to be less effective in insulating the soil (i.e. soil
temperatures were lower compared with areas of comparable depth on the

non-skied slopes).

Vegetation

Studies were carried out to determine if the compaction of the
snow on the skied slopes had any observable effects on the vitality
(ratio of ¢ 1 to Tive foliage) and the rates of phenological develop-
ment of Cassiope mertensiana plants.

There was no significant correlation between the depth, density
and water content of the snowpack during the winter of 1976-77, and
the percentage of the total amount of Casstope mertensiana foliage in
the underlying site which was dead. This would indicate that the
compaction of snow by skiers and machinery has not had any direct and
observable impact on the vitality of the underlying Cassiope mertersiana
plants.

There was no evidence that the compaction of snow on the skied
slopes resulted in any delay in the onset of flowering or seed set in
the summer of 1977. On the contrary, the Cassiope mertensiana plants
on Slope A, a heavily skied section of Marmot Basin, were morexadvanced
pheno]ogica]]yvthan thdse plants found on the non-skied sections of
Stope C (Table 15). A1l of the Cassiope mertensiana plants on Slope A
had already produced flower buds and were flowering, with 58% of the
p]ants at the seed set stage by July 13, 1977. On the non-skied section
" of Slope C, approximafe]y 10% of the plants had not yet budded, and only

2% of the plants hac set seed by this time. The plants on Slope A,
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which had been snow-released earlier, were more phenologically advanced

than those on Slope C.

TABLE 15.  Phenological status of Caseiope mertensiane plants in Marmot
Basin, July 13, 1977.

PHENOLOGICAL NON-SKIED S
STATUS SLOPE C SLO.

Setting seed 2% 58%

Budding - 89% 84°.

Pre-budding 10% 0%

No. of sites 61 31

sampled
SHEARING

Studies were carried out to determine(ihe impact of the removal
of snow cover by skiers and machinery. The specific impacts of this
aétivity on the snowpack, terrain and vegetation were assessed. Results
indicate thét the shearing of the snow cover leads to: 1) accelerated
snowmelt; 2) removal of plant cover and soil erosion; and 3) damage

to the plants that are exposed by the removal of the snow cover.

Snowpack
A series of photographs were taken tc document the rates of snowmelt
on skied and non-skied slopes in 1977. <results of this study indicate
that in both the alpine and sUba]pine zones of Marmot Basin heavily
skied areas tend to melt-out before lightly or non-skied areas (Plates

23-27). Snow packing machines and skiers were found to shear off patches
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Plate 23. Slope A on May 10, 1977. The presence of patches of
exposed vegetation and soil on the skied slopes of
Marmot Basin has resulted in accelerated snowmelt.

Plate 24. Slone A on June 5, 1977. Most of the snow in the
heavily skied alpine and subalpine areas of Marmot
Basin has melted by this date.
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of the snow cover, exposing the underlying terrain. These darker areas
of exposed soil have a lower albedo and therefore heat up, melting the
surrounding snow. Snowmelt occurred most rapidly in areas which were
heavily skied and also either on steep slopes or exposed to the wind
and had a shallow snow cover; or had a southerly exposure and received
more solar radiation which resulted in the melting of the existing snow

cover.

Terrain

Approximately 6% of the terrain in the heavily skied sections of
the alpine zone of Marmot Basin has been damaged (Table 16). Sheared
ground is found only in convex, raised sites. Fifty percent of the
terrain in the heavily skied parts of the alpine zones (Slopes A, B and
C) was classified as convex; 11% o; this convex terrain has been damaged
by skiers and/or slope-grooming machinery. Approximately 3% of the
convex te}rain has been seVereiy sheared and eroded, 3% has been sheared
and frost-heaved ("churned"), while the remaining 3% was found to be
sheared but had not yet become cryoturbated or eroded. Less than 0.5%
of the damaged terrain showed evidence of regrowth. In most cases the
patches of damaged ground were less than 1 m? in size. In 16% of the
convex site plots the patches of damaged ground covered less than 5%
of the m2-p1ots. In 2&% of the convex sites damaged ground covered
5-25% of the e plots. [ iged ground covered 25-50% and 50-75% of the
plots in 7% and 2% respectively, of the convex sites. Two percent of

the convex plots were almost completely sheared (i.e. damaged ground

covered 75-100% of the plot).



Table 16. Tine freauency, extent and severity of damage to terrain on heavily shied slopes
in di‘ferent parts of Marmot Ba<an,

SLOPE & SLOoPEL B SLOFt € TOTAL
TOPOGRARHY
Slope amgle, average 76 16
Slope aspect, average L St S5t
Tatal number of I1x1 m plots &3 157 b ai
Numher and frequency (%) of 173 [857) 64 (40} 3 (as . DY (50
plots on convex terrain
[MPACT ASSESSMENT
Number and frequency (%)
of damaged plots on convex 64 (529) 70 (46%) 10 (39 105 (48%)
terrain ~ --- -I- .
\W;?
Total ares (m°) and relative
grea (7Y of damaged plots 15 (Y2 4 [ 6%) 2 {6y} 21 (s
on corvex terrain oIz T .-
Total ares (mz) and relative
area (%) of plots on convex
terrain by impact classes
eroded b [, 5%) 0.6 (L1%) 0 { o) 6.6 [ X,
churned c o4 2 (3] 0 (o 73
sheared 4 {3 T 2 (6% 7 3%
PEGrOWN 0.4 {3.3%) 0 ({ 0% 0.3 ( %) 0.7 (0.3%)
Numbev and frequency (%) of
plots on convex terrain by
% damage extent class
0, 60 7433) 34 (53%) n?«@\];‘ 113 (52%)
% . b (13%) 12 (183) 7 (3 35 (16%;
5 . 25% - 30 (24%) 14 (22%) 4 (13 a8 1223
25 ~ 50% IRI-HY 4 { 6%) 0 {_0%) 15 { 7%
50 - 75% 5 (43 0 (0% c{ee) 5 (2t
ras )
75 - 100% 4 1 3%) 0 (0%) 1 (3% 5 (2%

vaparisons of values associated with Slopes A,B and C were made, underlined values
are significantly different at the p=0.0% level. \

| Q.



Comparisons of the three heavily skied slopes (A, B and C) indicate
that different levels of impact (i.e. frequency of shearing, areal
extent of damaged ground, severity of damage and average size of

patches of damaged ground) are found in different parts of Marmot Basin

(Table 16). Approximately 29% of all sites on Slope A had heen damaged |

compared with 19% of al: sites on Slope B, and 19% of all sites on Slope
C. Twelve percent of the convex terrain sampled on Slope " had been
damaged, compared with 6% on Slopes B and C. There was sigmificantly
more eroded and churned ground on Siope A than on Slope B. No eroded
or cryoturbated ground was found in any of the convex sites sampled on
Slope C, although 6% of the ground in the convex sites had been sheared
and was, therefore, susceptible to future erosion. There was no
significant di%ference in the amount of regfowth found in the convex
sites on Slopes A, B and C. A higher percentage of the convex sites
on Slope C (61%) were undamaged compared wit’ Slope B (53%) and Slope
A (49%). Similarly, more of thé plots of Slope C (23%) received only
light Tocalized damage (i.e. less than 5% of the plot was damaged),
compared with Slopes A and B. A higher percentage of the plots on Slope
A were more severely damaged compared to both Slopes B and C. Damaged
ground coverec a greater area and was more severely damaged on Slope A
compared with Slope B and C. In most cases Slope B was intermediate in
terms of impact, while Slope C had the least amo&nt of damage.

| These differences in the levels of damage found in the three areas
may be attributed to differences in snow depth and skier use. Slcpe A
is steeper (260), has a shallower snow cover and is more heavily used

by skiers. Skiers using this steeper siope tend to make more frequent

ro
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turns which results in the shearing of the snow and ground cover. Slopes
B and C are not as steep, 16° and 7° respectively, and have a thicker

snow cover and are, therefore, not subjected to as much damage.

Vegetation

Studies were carried out to determine the impacts of the removal
of snow by skiers and machinery on the underlying vegetation. Assessments
of the extent andbseverity of shearing in the various plant communities
found in the study area were made (Table 17). The impact of the removal
of snow cover on the vitality (i.e. the percentage of the foliage which
is dead) and flowering success of Casciome mortensiana was investigated
(Table 18).

The removgl of the snow cover was found to result in damage to the -
underlying vegetation and, in particular, to the pTaqf communities that
occur on raised convex sites. Approximately 44-55% of the plots sampled
in the Drias octoretala - Cassiopc tetragona, Ihllodoce »iandul<Ilor: -
Driae octopetala and Phyllodoce glandulifiora - tichen Rock and Heath:
Tundra communities, which occur in raised sites had been damaged. Thirty-
¢ percent of the Cassiope mertensiana - Phullodoce gZana’uZifZ.oz‘“a
dominatéd Heath Tundra plots, which are found in faised, flat and concave
sites were damaged. None of the 33 Heath Tundra plots dominated by
Cassiop. mertensiana Or by lassiope mertensiana and Phyllodoce
empetriformis were damaged. These plots were usually concave.

Results indicated that the plants found on heavily skied, prematurely
exposed, elevated convex sites had a significantly higher proportion of

dead leaves (49%) than those whi  grew in more protected flat and concave

sites (39% and 38% respectively) (Table 18). Shearing of the snow cover
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Table 17. The frecuency of damag¢e to plant communities found on
different types of terrain, on Slope A. Marmot Basin.

COMMUNITY TYPE TERRAIN* NUMBER AND FREQUENCY
: TYPE (%) OF DAMAGED PLOTS
1. Dryas octopetala - Cx 8 (50%)  nt= 16
P]Z]/ llodoes % laondidl f._f‘zol’d
6. Thyllodoce glanduliflora - Cx 7 (47%) n =15 +
P?’S/(?F LA)L'.’tO;’L"fHZ«I
6. fnplicdosce glandul i lor: ’ 4 (48%) n= 9
7a. Cassiope mertonsliona - Cx, F, 15 (31%) n = 48
Prullodoes gliondw!iflora Cv
7. Cassiope mertensiana Cv 0 (0%) n=24
+
le. Cassiope mertonsiana - Cv 0(0%) n= 9

Phyllodoce empetrifornmis

*Cx = convex, F = flat, Cv = concave

+ no. of sample plots
+ bracketed values are not significantly different (p=0.05), based

on the t-test.

TABLE 18. Percent cover of Cassiope mertensiana foliage which was
dead on concave, flat and convex skied terrain-on Slope A.

TERRAIMN TYPE PERCENT COVER OF DEAD Cassiope
mertensiana FOLIAGE

Convex 49 % n*= 104

Flat 39 % n =70 }+

Concave 38% n o= 67

*n = number of sample plots '
+ bracketed values are not significantly different (p=0.05), based

on the t-test.



by skiers and machinery results in the earlier snow-release of the plants
found in the convex sites. It appears that this may either directly or
indirectly result in a loss of p]ént vitality.

In the subalpine zone of Marmot Basin there was significantly more
dead Cassiope mertensiana foliage on the ski runs than there was in the
adjacent forests.

The Cassiope mertonsiany plants which grew on the skied slopes that
are snow-free earlier in some years than the adjacent non-skied areas
were more phenologically advanced than the plants which grew on non-skied

slopes (Table 15, p.116 ).

REVEGETATION

Studies wére carried out to determine the success of natural
revegetation on sites disturbed by construction and ongoing skier use.

Natural revegetation was %ound to have occurred in sites disturbed
during the construction of ski facilities. Some regrowth of graminoid
seedlings was found along the sides of roads on abandoned roadways and
around>the pillars and terminal bui]dings of the ski 1lifts (Plate 22,

. 110 )2 Revegetation is most successful in sites which have been left
undisturbed.

Some seeding of the sites disturbed during cbnstruction has occurred
(e.g. around the ski 1ift pillars). Assessments of the vitality of this
vegetatioq, made in August 1978, indicate that the seeded grasses have
‘estab1ished themselves fairly successfully. Further monitoring wc.ld

be required before the success of this revegetation program could be

evaluated.



Monitoring of plots with sheared terrain was also done to determine
if natural revegetation of these localized bare spots would occur
(Plates 28-34). In areas that had only been superficially sheared,
such that the soil remained intact, regrowth by vegetative expansion
of herbaceous plants and plants with rooting branches such as Salix
arctica was found to occur. Slow growing heath species were not found
to revegetate as rapidly.

In the subalpine where fairly extensive disturbance of the vegetation
on the ski slopes occured (i.e. removal and burning of trees, and exposure
of large patches of soil), several weedy species such as Epilobium
angustifblium (fireweed) are found revegetating disturbed sites.

The most severe erosion in the alpine is found along the roads and
in the Qicinity of the terminal buildings. Water from melting Snow, and
to some extent wind, have removed much of the mineral and organi; fines
from the upper soil horizon in these sites. Localized erosion i;“%ound
in areas which were severely sheared by skiers and packing machinery
(Plate 28-30). This type of erosion is especially prevalent in sites
that are exposed to meltwater runoff (Plate 30). Further monitoring of

these plots to assess the erosion and regrowth potential of sheared sites

is ongoing.

126



Plate 28.

Two Rock Tundra sites in Marmot Basin where shearing
of the ground cover has occurred. In the left photo
regrdwth of the damaged vegetation has occurred in
some of the bare patches. In the right photo, erosion
of the exposed soil has taken place.
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Plate 29. Permanent plot no.1 on June 7, 1977. This plot )
which is Tocated in a Saliz arctica-Dryas octopetala

Shrub Tundra community, was sheared during the
preceding winter.

Plate 30. Permanent plot no. 1 on August 8, 1977. Some of the
soil which was exposed during the summer has eroded,
while in other parts of the plot there has been some
regrow&h of,the surficially sheared vegetation.

g



Plate 371.

Plate 32,

Permanent plot no. 5 on June 7, 1977. Surficial shear-
ing of the Cussiope tetragona dominated vegetatiaon found
in this plot, has occurred.

Permanent plot no. 5 on August 8, 1977. There has been
Tittle erosion of the exposed soil in this plot. Some
regrowth of Sa’’z arctica plants has occurred.
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‘Plate 33. Permanent plot no. 35 on June 7, 1977. The upper
layer o7 soil has been disturbed in this Dryas
octopetala - Cassiorc tetragona dominated plot.

. Plate 34. Permanent plot no. 35 on August 8, 1977. Limited
eros”  of the exposed soil has occurred. Some
regrow.n by Salix arctica appears to be occurring

’ in this plot.

~
..
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CHAPTER VHII. DISCUSSION: IMPACT ASSESSMENT
!

During the const&Qction of ski resorts, various facilities inciuding

roads, buildings and sk§\li‘ts are built. Throughout the ski season

snow-packir - m. ~ar ~Mier: compact the snow cover on the slopes.
Snow compr T b ) alteration in the insulative capacity
and, there“nre, : nal regime of the underlying vegetation
(Neumann anc Me -1 ,J ., Wanek 1975); and 2) a]teratioh of natural

snowmelt patterns (Watson ot «l. 1870, Larcher et al. 1975, Fitzmartyn
1976). In addition to compactiég the snow, skiers and heavy machinery
can also cause redistribution of the snow cover and exposure of the
underlying tervain (Watson et aZ. 1970). This may lead to acceleration
of natural snowmelt. A study was carried out in the alpine zone of
Marmot Basin to determine: 1) what effect the construction of skj
facilities had upon the area and, 2) what effect wi “er ski activities

had upon the snowpack, terrair and vegetation.

IMPACT ©OF CONSTE ¢

Studies previously carried out in downhill ski areas and other
alpine areas indicate that the construc.ion of facilities including

access roads, buildings, parking Tots and ski .ifts cause appreciable



damage to the environment (Watson ¢z a/. 1970, Klock 1973, Fitzmartyn
1976). At Marmot Basin the most observable impacts of ski development
on the alpine zone are those associated with the construction of access
roads and ski lifts (Table 19, Plates 21 & 22). Roads were built to
Caribou Ridge to facilitate the building of both the Yellow T-bar and
the Caribou Chair. The construction of these roads resulted in the
removal of plant cover and erosion of the soil in the vicinity of the
roads, terminal buildings, and the ski 1ift pillars. Much of this impact
could have been reduced had helicopter construction been utilized in the
construction of the Yellow T-bar and the Caribou Chair 1ifts. The use
of helicopters in the construction of the Knob Chair in Marmot Basin

and other ski 1ifts in alpine areas (Watson et al. 1970) reduced the
environmental ﬁmpacts of this type of construction.

Other ski area construction activities, including the removal of
grour cover, the clearing of trees ¢ make ski r . = forested areas,
and bulldozing the terrain to removc <tumps, have resulted in extensive
damage in other ski areas (Muir 1967, Klock 1973, Fitzmartyn 1976,
Bayfield 1976). Although terrain modification and tree removal has been
carried out in the subalpine zone of Marmot Basin, these operations
were nof necessary in the alpine where there are, by definition, very
few trees. There has,-consequently, béen considerably less impact due
to construction in the alpine zone of Marmot Basin than in either the
subalpine zone of Marmot Basin, or in most other subalpine ski areas.

In Mission Ridge, Washington (Klock 1973), where extensive removal of
plant cover and terrain modification was done, severe soil erosion has

occurred.
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Table 19, Sommary of the effects of ski arca construction, winter skf activities and simflar activittcs upon the

s pack, terrain and vegetstion found in alpinc arcas,

WINTER SK] AND RELATLD ACTIVITIES

SKI ARfA
CONSTRUCTION Mechantca) Damage

..............................................

Snow Packers Snow- Snow  Snowpack Natural

and Skicrs  mobiles Roads Augment-  Jdelay
ation

Snow Packers Trampling Grazing ’
and Skiers

EFLECT Or:
$hearing

SKOW
Increased Density

*1,42,43,*5 10,9 1
Loss of Insulative *10.%9 N
Capacity

Accclerited Snowmelt
Delayed Snowmelt

"1
*2,*3,*5 *10,49 11

YEEETATI O
*6 7
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The construction of ski facilities in the alpine zone at Marmot was
found to have had the greatest impact on the Rock Tundra vegetation near
the tops of ridges where terminal buildings were built, and in the Meadow
Tundra areas traversed bywyeh1c1es during the construction phase. The
susceptibility of this alpine tundra group will be discussed in the

following section.

~IMPACT OF WINTER 'SKI ACTIVITIES

Studies were carried out at Marmot Basin to determine what effects
winter ski activities, inc]udingvskier use and slope grooming, have on
the alpine ecosystem, and especially on the snowpack anc the underlying
terrain and vegetation. These studies included assessments of: 1) the
direct effects of the compaction and removal of the snow cover by the
skiers achinery on the snowpack, and 2) the secondary effects of

snowpack alterations on the underlying vegetation and terrain.

~

SNOWPACK

Studies at the Sunshine ski area in Banff National Park indicate
that compaction of snow on skied slopes results in a significant
‘increase in snow density and in the formation of ice layers in the snow
(Table 19). Similar physical changes in the snowpack on skied slopes
were found at Marmot Basin. However, no appreciable decrease in the
depth of snow on packed vs. non-packed slopes was found in the soring
of 1977 (Table 14).

Further investigations were maue to determine if there was any

difference betweer soil temperatures beneath the packed snow on the

-«



skied slopes and thé unpacked snow of simiiar depth on the non-skied
stopes. The temperatures at the soil surface will be nfluenced by the
thermal conductivity of the overlying snowpack. The thermal conductivity
of snow s proportional to its density (Formosov 1946). Since denselv
compacted snow is a poor insulator, one would expect to find lTower soil
temperatures beneath the denser snow on the skied slopes on cold days.
Neumann and Merriam (1972) reported abnormally Jow temperatures beneath
dense snow when the air temperature was below 0°C. In addition to
causing greater extremes in soil temperatures, one would expect to t.nd
more frequent temperature fluctuations beneath more densely compacted
snow (W. Moser, pers. comm.).

No significant daifferences were noted between the temperature of
the soil beneath snow of similar depth but different density in March,
1977, at Marmot Basin (Fig. 15). However, the lowest soil temperaturgs
were consistently found in sites that had a thin, dense snow co:er.//
Snow dersity and depth are both important in determining ine soll
tempurature when snow depths are shallow. The increased density of the
snow on tgé skied slopes may result in significant alteration of the
soil thermal regime in the winter when snow depths are not at maximum,
as they ére in the spring. Similarly, the compaction of snow in sites
that naturally Tave a thin snow cover may have a significant effect on
the thermal regime of that site throughout the year.

Furthgr monitoring of sites with varying depths of snow cover on
skied and unskied terrain would be required to determine the overall

impact of snow compaction on the insulative properties of the snow .and

the thermal regime of the underlying soil. . Additional studies would



be required to assess the impact on vegetation of any alteration of the
soil thermal regime.

Studies were done to determine if the compaction and shearing of
snow cover on skied slopes had a significant effect on the rate: and
patterns of snowmelt.

Results of similar studies at Sunshine by Fitzmartyn (1976) suggested
pqcked snow on the skied slopes would melt more sTowly than the non-packed
snow (Table 21). Delays in the melting of the snow on skied slopes also
occurred in Austria (Larcher et a7. 1975) and in Scotland (Watson ot a7.
1970). Denser snow has been shown to melt mgre slowly than uncompacted
snow (Wanek 1975). Therefore, the snow oﬁ ‘the ski slopes might be
expected to remain ionger than that on non-skied areas. In addition,
the presence o% ice layers found in the compacted snow on ski sTopes would
be expected to delay meltout; Langeham (1974) showed that the retention
of meltwaters above ice layers in a snowpack resulted in delayed melt.

Although the packed snow on the skied slopes at Marmot was generally
"ﬁore dense and contained more ice layers than the unpccked snow and
would therefore be expected to melt more slowly than the non—paéked snow,
the photoseries taken in the spring of 1977 (Plates 23-24) indicates
that there was no delay in the melting of snow on skied slopes that
year. .On the contrary, much of the skied terrain was snowfree before
the‘non—skied terrain. The occurrence of accelerated snowmelt on skied
slopes is further documented by the results of the phenological survey.
This indicated that t" r~e is no delay, but rather an acceleration #f
the pheno]ogfca’ deve lopment of key tundra plant species on the skied

cf. nn-skied slopes.
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The presence " patches of bare soil and ¢'posed vegetation caused
by the shearing of the snow cover by skiers and machinery help to
accelerate snowmeit on skied slopes. Once the snow _over is removed
from a site and the underlying terrain cxposed, me]iing of the surrounding
snow proceeds rapidly, since darker patches absorb more radiation, warm
faster ar . an supply heat to melt the snow. Since numerous patches
of bare soil were found on the ski slopes of Marmot 3asin in 1977,
acceleration of snowmelt occurred there in the spring. This type of
exposure of soil and vegetation has been found to occur in other ski
areas including Sunshine (Fitzmartyn 1976) and Cairngorm, Scotland
(Bayfield 1970). The accelerated snowmelt on heavily skied terrain
would be expected to occur in these areas as well.

The accelerated snowmelt observed in 1977, occurred after a spring
of below average snowfall (Table 2, p. 23). This snowmelt pattern was e
not evident in the following year (1978) affer a spring of more normal |
snowfall. The depth of the snow cover appears to be of prime importance
in determining of shearing of the snow cover and, therefore, snowmelt
acceleration are to occur.

In summary, the most significant effects of winter ski activities

armot Basin or the snowpack are: 1) increased snow density, and

L Frequ:ncy~of ice Tayers and 3) alteration in the snowmelt
pattert 0o the <:ied slcves. A]teration of snowmelt was caused by the
remcv o pz2. hes of snow cover by skiers, thus exposing .ne underlying
-="1. "he .ong-term imglic. _ions of these changes cannot be adequately
assessed at this t*me. Thzs. impacts would probably be of greatest

significance in areas that have a lTow or highly variable winter snow

cover,




TERRAIN

Snow compaction has been shown to result in the ajteration of the
thermal regime of the soil, which underlies compacted snowpacks. The
potential impacts of altered soil temperatures on the vegetation found
on ski slopes will be discussed in the rext section.

The removal of sections of the snow cover by skiers and machinery
results in the exposure of the underlying soil to further damage.

Damage to the terrain caused by skiers and grooming equipment has been
reported in other ski areas including Cairngorm, Scotland (Watson ¢z al.
1970) and Sunshine (Fitzmartyn 1976). Watson ei ai. (1970) fouﬁd that
machinery caused severe shearing of the terrain on ski slopes, while
skiers usually caused light to moderate damage. At Marmot Basin in
1976-77, shearing of the snow cover and subsequent damage to the terrain
appeared to be caused primarily by skiers. !

The degree to which skier use results in shearing of the snow cover
and accelerated snowmelt on ski slopes is determined by many factors,
the most important being the depth of the snow base on the skied s]opés.
As preQibus1y mentioned, winter weather conditions determine to a great
extent the depth of snowpack and, therefore, the extent to which shearing
of the s..ow cover and ;ubsequent exposure of the terrain will occur. In
years such as 1977-78, when spring snowfall was normal, there was little
or no shearing of the snow cover and terrain on the skied slcones and,

therefore, no acceleration in snowmelt. In 1976-77, spring snowfall was

quite low and the snow base on the ski slopes was thin and readily sheared.

Frequent shearing of the snow cover and terrain occurred that year.




Shearing of the snow cover and underlyinc terrain is most likely
to occur when snow °pths are shaljow, the snow is soft and shears
readily, and/or skier use is heav(i Geperally, the snowpack 1is the
thinnest in the fall before much s has fallen on the slopes. By the
end of the ski season, however, numerous areas of shallow snow will be
present where successive passes of skiers and machinery have removed the
snow cover. Most of the damage resulting from ghearing of the snow
cover and terrain is thought to occur in the spring when the snow is
soft and readily sheared {Watson et a/. 1970), and skier use is heavy .

The highest 1éve1s of impact at Marmot Basin occurred in the areas
that had a relatively shallow snow cover. The depth ¢f the snow cover
in an area is dependent on several factors, including: 1) amount of
precipitation received, 2) elevation, 3) exposure to wind, 4) slope
aspect, 5) slope angle, and 6) microtopography. These factors can be

used to predict the susceptibility of a site to shearing damage. At

Marmot Basin the shallowest snow cover and * . st levels of
shearing were found in sites that were on s.zer  : :ping, exposed,
E-facing slopes that had irregular microtopog ... Less damage was

found at sites on more gently and smoothly sloping, wind-protected,
N-facing‘s]opes.

These factors determine both the amount of snowfall received and
retained ir a site. More snow is retained on higher elevation, protected,
gently sloping, concave sites than on lower elevation, windswept, steeply
sToping, convex terrain. Slope aspect is important’in determining the
amount of solar radiation received by a site and, therefore, the rates

of snowmelt.
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VEGETATION

The effects of winter ski activities on the underlving vegetation
were examined. Results were used along with additional information on
the physiology of the plant species found in the study area to predict
the susceptibility to and potential effects of winter ski activities on

the vegetation of Marmot Basin.

Snow Compaction

Other studies have indicated that the compaction of snow reduces
its insulative capacity, resulting in lower soil temperatures and
reducing the vitality of the underlying vegetation (Wanek 1975)

(Table ). Cbmparisons of the vegetation on skied and non-skied slopes
of Marmot Basin were made to assess and predict the effects of snow
compaction on alpine vegetation.

Although resulting in some increase in snow density, the packing
of snow on ski slopes was generally found to have little effect on the
insulative capacity on the snow in the-spring. There were no significant
differences in the temperatures of the soil beneath the skied and
non-skied slopes, nor were there any observable differences in the
vitality and/or flowering success of Cassiope mer+ensiana found on
skied and non-skied slopes. No significant correlations between snow
depth, density and the vitality of the underlying . mertencianz could
be founc.

Most anine plants, in-luding Cassiope mertensiana, normally
experience both cold temperatures as well as fluctuation in the depth

and density of winter snow cover. In most cases, the compaction of snow



on ski slopes results in snow densities that are within the range of
those normally found in alpine snowpacks (Alford 1967). Therefore, it.
is not likely that changes in the snow's insulative capacity caused by
snowpacking would have a significant effect on the underlying vegetation.
In some areas, however, where the natural snow cover is shallow, snow
compaction was found to result in snow densities that were considerably
higher than those normally found in non-skied areas. In addition, the
compaction of snow earlier in the year, when snow cover is generally
quite thin, would probably result in an appreciable alteration in the
normal thermal regime of the vegetation beneath the packed snow. Further
monitoring of temperatures of the soil beneath snow of varying depths and
densities would be required to predict the effects of snow compaction

on the under]y%ng vegetation.

Removal of Snow Cover

Snowmelt alteration

Winter ski activities significantly alter the rate of snowmelt on
the skied slopes in some years. Studies were made to determine if this
change had an appreciable effect on the vegetation on the ski slopes.

The’primary effect of accelerated snowmelt is the exposure of the
alpine vegetation to harsh spring conditions. These plants are usually
under the snow at this time of the year and are protected from the
extremes and fluctuations in temperature which occur in the spring {Bliss
1969). Plants exposed in the spring are susceptible to desiccation
injury when the soils are frozen and the plants are actively transpiring.
Premature snowmelt may also result in drought conditions later in the

-

summer. The water from melting snowbanks is a vital source of moisture

14]
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for many alpine plants in the summer when rainfall is often Tight and/or
infrequent, and evapotranspiration potentials are high (Janz and Storr
1977). Without the moisture supply provided by melting snowbanks, many
alpine plants would <p:.-ience moisture stress and potential injury.

The accelerated snownelt would likely have the most serious effects
on spécies that could not tolerate prolonged moisture stress conditions.
Chionophilous species such as Cussiope mertensiana that normally have
a deep, moderately late-melting snow cover would be expected to be
affected by accelerated snowmelt.

Estimates ~f the cover of dead Cassiope mertensiana on early cf.
later snow-released sites (i.e., convex ps concave terrain) were used
as estimates of the health of the species in the: ‘tes. This
information was used to assess the potential effects of premature snowmelt
on (. mertensiana.

Significantly higher ratios of dead to Tive Cassiope mertensiana
foliage were found in the earlier snow-released, convex sites. This
may be due to the fact that plants in these sites are exposed to
greater moisture stress, a condition to which Caééiope mertensiana 1S
poorly adapted (Tranquillini 1964). Natural reductions in snow cover
have been observed <o result in high levels of mortality in Cassiope
mertensiana a~owing at lower elevations in the Coastal Mountains of B.C.
(Brink 1959). Studies of a similar heath species, Calluna vulgaris,
indicate that when exposed to the combination of high evapotranspiration
and frozen soil conditions, its foliage will "winter brown" and
subsequently turn grey (Watson et qZ. 1966). This phenomenon seems

similar to that which is occurring in ¢. mertensianag at Marmot Basin.
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Although continuous occurrences of accel  rated snowmelt could

. potentially have a detrimental eftect on Cussiope mertensiana, compariséns
of the Casaiope mertensiana found on skied cf. non-skied sites in the
alpine zone in Marmot Basin indicate that there was no difference in

the amount of dead foliage found on skied cf. non-skied slopes. Although
quantitative studies were not dore in the subalpine, it was evident

that the €. mertensrona plants on the prematurely snow-released skied
subalpine slopes were in poorer health than those in'the non-skied

sites. This may be attributable to the more frequent occurrence of
premature snowmelt on subalpine ski runs. Here snow cover is generally
thinner since less snow falls at these lower elevations. Ski runs are
‘narrower than in the alpine and, therefore, use of these runs is quite
intensive. Premature snow-release would probably occur more frequently
in these areas than in the alpine where the snow base is generally deeger

and there are not distinctive ski runs making for less intensive use

of any part of the slope.

The lack of observable differences in the ratio of dead to live
foliage on the skied cf. non-skied alpine areas may also indicate that
any changes in plant vitality that occur as a result of accelerated
snowmelt do not have an immediate effect on the amount of dead foliage.
Since there have not been many Tow snow years such as 1977 (Table 2 | p. 23),
in which accelerated snowmelt would probably have occurred in the alpine,
it is possgble that any effects of this change are not yet apparent and
may be evident only after several years in which early snowmelt occurs.
The overall effect of successive years of accelerated snowmelt on the

vegetation of an alpine region would pfobab1y be the decrease in
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vitality and abundance of chionophilous species, and a corresponding
increase in the vitality and abundance of chionophobous species. This
phenomenon is thought to have occurred in some of the Cussiore
mertensiana communities on convex sites in heavily skied areas. In these
sites, where much of the cussdorne mericeneiana is dead, there has been

an increase in the importance of the subdominant species, including

Salix arctica, that have a wider range of tolerances. These .
mertensiana communities appear to be changing and becoming more similar

to Shrub Tundra commumnities normally found in earlier snow-released sites.
If continued for many years, accelerated snowmelt would lead to a decrease
in the areal importance of communities dominated by chionophilous species
such as . meriensiana and an increase in the extent of chionophobous
communities.

Plant species found in Rock Tundra communities are adapted to early
snow-release conditions and would probably be tolerant of accelerated
showme]t conditions. The plants in these communities are normally
covered by only a thin snow layer in the winter and are subject to a
wide range in snowmelt dates. Once snowfree, the soils in these exposed
sites dry up rapidly. Since these species normally experience conditions
simi1ar'to those caused by accelerated snowmelt, they would not be
expected to be adversely affected by this change.

Shrub Tundra communities dominated by Salix arctica and Artemisia
norvegica, both rairly ubiquitous species in Marmot Basin, would also
be predicted to inciease in importance since these species have a wide
range of tolera-ce.

Heath Tundra communities dominated by Phyllodoce gianduliflora, a

species which commonly occurs in sites that are snowfree fairiy early,
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would also become more prominent. Communities dominated by Casalope
mertensicone, a chionophile, would tend to decrease in importance.

Meadow Tundra requires a supply of water throughout the summer, and

may be adyersely affected by the more xeric late summer conditions that
would occur as a result of accelerated snowmelt. Snowbed Tundra species
- would probably not be able to compete successfully with the other species
that would be able to invade the snowbeds, if accelerated snowmelt
extended the growing season. Snowbed species such as Carexr nigricans
might be.abIe to colonize nivation hollows, decreasing thc.extent and
frequency of the latter.

Although there was no evidence that the compaction of snow on the
ski runs at Marmot Basin in 1977 led to delayed snowmelt, studies done
at Sunshine (Fitzmartyn 1976) suggest that such delays can occur.
Although not found in 1977, a year of below average snowfall, delayed
snowmelt may occur in the skied slopes at Marmot in years when snowfall
is higher. The effects of delayed snowmelt on the vegetation of Marmot
Basin'could be predicted on the basis of other studies on the effects
of delayed snowmelt on alpine vegetation.

One of the primary effects of delayed snowmelt is a shortening of
the length of the growing season (Holway and Ward 1965). Delayed
snowmelt also results -in the retention of cold m¢ twaters later in the
summer than would normally occur. This in turn results in the maintenar e
of Tow soil temperatures during the summer. This change in environmental
conditions would favour those species which are adapted to late snownelt

conditions.



For most species delayed snowmelt would result in retarded

development, failure to complete their life cycle, and ultimate

replacement by other more chionophilous species (Holway and Ward

wr

o)

R . . .
a communities which experience a very short

V{;most susceptible to damage resulting from
';4@¢. ;educed productivity and %1ower1ng success
(WebberiT§76). égpgmartyn4%1976) has reported decreased flowering
success in berbaceous plants on ski slopes at Sunshine, a condition
potentially réused by delayed snov~Tt. Rock Tundra communities which
norma1]y experience a wide range of snow release dates would not be as

seriously affected by delayed snowmelt (Webber 1976).

fhe overall effect of delayed snowmelt would be a change in the

composition and productivity of communities, favouring the increased .

vigour of chionophilous species and areal extent of Snowbed Tundra.
fn a;éas presently occupied by Snowbed Tundra, delayed snowmelt may
shorten the growing season to such an extent that plant survival is
impossible. In this case, the plants in these sites would die out and

these areas would become nivation hollows.

Mechanical Damage

Studies were carried out to assess the type, severity and extent
of damage caused by shéaring to the plant communities of Marmot Basin.
Results of this study can be used to predict the susceptibility of these
plant communities to mechanical damage.

Rock Tundra commuriyties suffered the most frequent and severe
damage. Heath Tundra communities dominated by Phullodoce glanduliflora
were 1ess frequently sheared, and there was virtually né removal of the

ground cover in the Cassicpe mertensiana dominated communities (Table 20).



Table 20.

the potential for recovery.

The suscentibility of tundra community Groups found in
alpine zone of Marmot Basin to damage by ski activities d

the

Rock Tundrs

Shrut Tundra

P ITY e P

Heath Tundra

Meadow Tundra

Snowbed Tyndra

AL SUSCEFTYRILITY OF
1. Habitat to Shearing ’
2 c
{1) Depth of Snowcove- Shﬂloag‘h Noderneg Moderate-deer Decc]‘ Very cer:P
(t1) Terratn Type Convex Yarfable Yartatle Variable Conca.e
Rating High Moderate Moderate L ow Low
2. Vegetation to Damage Once Exposec
(1) Meight of Vegetstion Short Shert-Tall Moderate “erate-Tall Shert
(11) Predominant Growtn Form Dwarf Shryt Dec1duous Everoreer Tot-Gramingids  Graminoids
‘ Skrut Shrub
(111) Reported Level of Damage
of Comparable Forms by 13 1
- grazing Moderate'” Low
5 5 s
- trampling Nodernez']s N“"B-Hoce'ne N‘;h"ws H{gh)s Low“"‘5
- $nowmobiling N(g‘“ Mq'*“
Rating High Yariable High Higr Moderate
3. Sails to Erosior Once fxposed
(1) Type of Soil Thin Hego!oH[g variible Thick Brunisolic? Thick erunnoﬂcg Thick Gleyso”:g
L3
(11) Denstty of Rocts Low Variable H1gh" High High
{411) Exposure to Erostve Agerts
- wind Higr Yarfable Low Low Low
- water Moderate Vartaple Moderate Kigr High
Rating High Variatle Low Moderate Moderate
B. POTENTIAL FOR RECOVERY
1. Potertial for Revegetation ty
(1) Vegetative Reproduction l?»ooc3 300::3 C-ood1 Good
AN 4.1 41 4.1 4.0
(11) Seed1fng Estab!{shment Low Low Low Low Low
2. Growth Mates Sow 0015 Ston
2
Rating Low Moderate Moderate Moderace ch."
.
1. Bayfield 1970 10. Kuchar 1978
2. B¢} and Bliss 1973 1. Osburn 198
3. B4 teng 1971 - 12. 0gflvic 197¢
4, Borde 368 13. Redcrn 197¢
5. Broad 1973 14, Wanek 1§7¢
6. Brink 1964 15, Willard »~g Marr 197
7. Campbell and Scotter 1974 16, Iminge- and Willare 1972
8
9

. Molmes 2 cl. 197¢
. Keaplk o: cl. 1973
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ﬂhe severity an. extent of damage to a community are strongly e
related to winter snow cover depth and terrain type. Exposed convex
sites bﬁd a shallower snow cover and were, therefore, more readily
damageg than protected concave sites. Since there is also a close
re]at{énship between the depth of the winter snow cover, type of terrain
and thé type of plant community found in a site, one also finds a close

\\\wgpeﬂggtab1e relationship between the amount and severity of shearing ‘and
the type of piant community found in a site.

The amount of exposed soil in a community is dependent to some
extent on the nature of the vegetation anfl its resistance to shearing
damage. Communities that consist of tall woody plants that are not
readily sheared off will have less exposed soil than communities consisting
of more fragile species.

'High levels of impact were found in the Rock Tundra communities on
the skied slopesat Sunshine (Fitzmartyn.1976) and Marmot Basin. The
winter snow cover in these exposed convex sites is thin and readily
sheared off, exposing the underlying vegetation to further damage and
removal. The most common plants in thé Rock Tundra sites, including
Dryas Qetopetala and Salix nivalis, are of low stature, such that
complete removal of the snow cover in a site has to occur before these
plants wqqu:be exposéd and damaged (Table 20). Since, however, the
SNOwW cover'iniéhese areas is normally quite thin, exposure,of’the
underlying vegetation might be expected to occur quite frequert . Once
snowfree, dwarf shrubs such as Dryas and Salix nivalis are susceptible
to mechanical injury and removal. Willard and Marr (1970) rated Tow

growing plants such as these as moderately suscentible to mechanical
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damage caused by trampling. Once shearing of the nlant cover occurs,
natural revegetation by these species occurs quite slowly. Although
these dwarf shrubs have adventitiougly rooting stems that facilitate
vegetative reproduction (Porsild 1974), the severity of the environment
in Rock Tundra sites allows only very slow growth rates (Kuchar 1975)
and therefore slow revegation of disturbed sites. ‘Insufficient
information on the success of seed.ing establishment 16 Rock Tundra
habitats is available to enable prediction of the potential for natural
revegetation from a nearby seed source, should much of the [»r..o
octopetala and Saliz nivalis in a site be removed. Several workers,
including Osburn (1961) and Bonde (1968}, found that successful plant
establ-ishment from seed is not common in al. ne tundra.

Once the.plant cover is removed from Rock Tundra dominated sites,
the soil is susceptible to frost heaving (Brink 1964), resu]ting in the
disruption of the upper soil horizon. Since the s0ils in these sites
are thin (Knapik et ai. 1973) and the plants inhabiting these sites do
not have a dense root mat (Porsild 1974), the soils are quite susceptible
to erosion. Wind and water would remove the mineral and humic fines
once the plant covef was removed. This erosion ef the upper soil
horizon, leaving only the coarse materials, has been found to occrr in

‘ + M ’/
many disturbed sites i Marr 't Basin, ’

»
At Marmot Basin the +“e>th Tundra communities dominated by Phyilodoce
glanduliflora received moderately frequent shearing (Table 17, p.124 ).
The winter snow cover in these sites is deeper‘tban that in the Rock

Tundra sites and, therefore, is not as readi1y'r§mcved (Table 17).

Woody species such as Phyllodoce glanduliflora and Salix arctica, both
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commoii in this conmunity, are reported to be Suscegfible to mechanical
damage (Wanek 1975). Resultc of this study indicate that shrubby sp.. ies
such as Salix arctica will rejrow readily in areas that were only
superficia]iy sheared such that the uhderground rhizomes are left intact.
Since Salix arctica has freely rooting branches (Porsild 1974),
revegetation of bare s ots by neighbouring plants woulc also be expected
to occur. The rates of regrowth in : more mesic Heath Tundra sites
would be faster than those in ti o = ~ric habitats occupied by Rock
Tundra vegetation. The thick B -iscl" soils in Phylloaoce clandiliflora
dominated sites, are more resistan. .o erosion tnan the thin Regosolics
found in more exposed areas. In general, Phyllodocc glandulifior:
Heath Tundra communities appear less susceptible to damage and recover
more rapidly af*er damage than the communities in more exposed sites.
Moderate Tevels of impact were found in those Cassicpe mertensiana -

Pnyllodoce glanduliflora communities which occurred on convex and level
terrain jn heavily skied sections of Marmot Basin. There was virtual®
no shearing of plant cover in the Cassiope mertensiana - Phyllodoce
eﬁpetrifbrmis communities found in concave sites that had a deeper snow

1 tover (Table 17). The differences in the frequen~v of bare patcheé is
attributable to the differences 1in hab1tats in which two communities
occur rather than to differential res1stances of the plants to shear1ng;

Once exposed, plants su-* 3s Cassiope and Phillodoce are quite

susceptible to mechanical damage (Wanek 1975). Comp]ete'remova] of the
re]ati&e]y dense plant cover and exposure of the underlying soi! does
not occur frequently. Provided ;;y areas of exposed terrain found in

these communities are small and only superficially sheared such that
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the so®l -emains intact, revegetation of these ..ces by the lateral
growth ¢f neighbouring plants should occur.

Unce complete removal of the grouhd cover and disturbance or
cxpostive of the soil occurs, erosion is almost certain to follow. The
physical properties of the soils and the frequency of exposure of a site
te erosive forces are important in defermining the rate- of erosion.

[f erosion occurs very slowly and plant regrowth occurs rapidly, the

new vegetat%on may stabii ‘¢ the sheared sites and curtail severe

damaqge. The turfy scii. in Heath Tundra communities are fairly

resistant to erosion. These sites are not subjected to the Z?osive forces
of runoff water and wind to the extent that the Rock Tundra communities
are. In ger- Heath Tundra communities are less likely to be

damaged and better able to recover from superficiai damage than most

of the other alpine communities.

Neither the Meadow Tundra nor the Snowbed Tundra communities at
Marmot Basin were appreciably damaged by skiers or packing machiner. .
This is attributable to the fact that these communities are generclly
small in size, not common in heavily skied areas, and usually occur in
sites that habe a deep winter snow cover ang are, therefore, protected
from shearing. However, Meadow and Snowbed Tundra at Marmot have been
damaged by summer activities. Vehicle tracks occur throughout the wet
meadow sites C}ose to the main access road.

If exposed to chearing, the forbs and graminoids commonly found
in these communities would be expected to be removed quite readily.
Regrowth,‘especia11y of the graminoids, known to be tolerant of removal

by grazers Reich 1975), would be expected to occur fairly readily. Forbs

t




are less tolerant o ng and would not recover as rapidfyf;:braminoidé

have been noted to be the most successful colonizers of d{g?:ﬁgod sites

in the study area. These species are probably the best adapted for

natural revegetation of disturbed areas. If the plant cover is removed .

from Meadow or Snowbed Tundra communities erosion would occur. Althouqh o
Meadow Tundra soils are thic. and have a dense root mat, the presence

of meltwater channels through these sjtes would tend to erode them.

Meadow and Snowbed Tundra communities would not, in general. be tolerant

of disturbahce, and if damaged, would be subject to appreciable erosion.
, &



CHAPTER IX. IMPLICATIONS AND PREDICTIONS

MANAGEMENT IMPLICATIONS

FUTURE DEVELOPMENT

It is evident that the development of ski facilities does have a
significant effect on alpine ecosystems of the n#¥ern Rocky Mountains.
Decisions to proceed with or 1imit this type of development 1in the
. lational Parks should be made, cognizant of the long-lasting and long
term effects.

The effects of construction and ski activities on alpine ecosystems

*

in Marmot Basin have been examined and compared with those found e]sewhere.,m\
“HEL
¥

Even so, some of the potential effects of ski activities can only be )
specutated upon at this time. More research would be required to
determine the long term effects of such practices as snow compaction
and shearing on the vegetation and terrain.

Should it be decided to allow further ski development in Marmot

Basin, these points should be considered:

1) Site Location

(a) A1thodgh this study focused on the impact ing in the

~"alpine zone, observations on ‘he impact foundéﬁn the subalpine
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zone were made. In general, tree removal and terrain mnds<ica-
tion to create ski runs through subalpine forests caused more
damage to the vegetation than changes made in the alpine zone.
In this respéct,'a{pine‘areas appear more suilted for ski area
development., HoWéQer,‘the sensitive nature and slow recovery

- rates of disturbed tundra vegetation weigh against development
in the alpine zone. |
(b) In alpine areas selected for ski development, the damage
caused by shearing will be less significant in areas with a
heavy and consistent winter snowpack. Therefore, sites with
shallow snowcover should not be used for skiing within any ski
resort area. Terminal buildings, at the top of ski lifts in
particular, should not be built in thinly snow-coveted, Rock
Tundra areas. They can cause appreciable loss of both snow and
plant cover by channelling and concentrating large numbers of
skiers into a sensitive area. In addition to being the most
susceptible to damage, Rock Tundra vegetation regrows very
slowly. If used, extensive snow fences would be reqdired.
(c) Although shearing damage should be least in deep snowpack‘
éétes. ch impact of snow compaction (i.e., loss of insulative
capactty and-de1ayed snownelt) will be greatest in these sites.
In view of the high erodability of severely damaged.Meadow and
Snowbed’f&ng}a communities, construction of ski facilities
should be avoided in these sites.

In view of the preceding points, it may be concluded that sites

with moderate snow cover and more resistant zath Tundra vegetation, as



prevail at Marmot Basin, would appear to be best choices for ski
development.
2) Construction Methods
Much of the initial impact associated with the construction
of ski facilities could be avoided if helicopters were used in the
construction of Tifts. In addition to eliminating the need for
roads, air-access construction greatly reduces the loss of grecund

cover around terminal buildings and pillars,

EXISTING FACILITIES

The impact of shearing of snow, plant cover and terrain in existing
<4 '
ski sites can and should be minimbt2ed by carefully monitoring their snow
"

depths and restricting their use when the snow cover is too thin or

unstable (e.g., in the fall and spring).

PREDICTIONS

1. Since the Knob Chair had not been constructed prior to the initiatian
of'this study, there was no skiing impact in that part of the study
area. However, resu]ts of this study indicaté that much of the
terrain near the -top of this 1ift is occupied by Rock Tundra (Fig.
14) that is both very susceptible to damage and slow to regrow. It
is, therefore, predicted that significant damage will occur near the

[

top of the Knob Chair 11¥t.



Much of the terrain, in Marmot Basin is concave in profile, has a
Jeep winter snow cover, and has not been adversely affected by
shearing. Some sites, e.qg. around the tops of Knob, Caribou and
the Yellow T-bar 1ifts, are convex in profile, heavily used by
skiers, have a thin winter snow cover, and may thus become more
severely damaged in the future. .
Natural revegetation will probably oc;ur in sites that have been
only superficially and not repeatedlv sheared, such that the

plant cover and soil remain intact. Revegetation of sheared sites
in Rock Tundra communities will .likely occur only very slowly.
More rapid revegetation will probably occur in environmenté1]y
more favourable Heath and Meadow Tundra dominated areas.

Erosion will probably continue in sites that have been sheared
severely. Once eroded, revegetation will not occur readily, if

at all.

Artificial revegetation by seedii.g was found to produce a Tush
herbac~aus cover in sites around the pillars of the 1ifts. The

long-term success of this revegetation project cannot, however, be

assessed at this time.
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CHAPTER X. SUMMARY
PLANT COMMUNITIES

The alpine vegetation of Marmot Basin is typical of high snow
accumulation areas in the northern Rocky Mountains. The ple .
communities found at Marmot include most of tne range of communitins
found in the alpine zone of the Rocky Mountain~'in Alberta.

Two Heath Tundra community ty.. form the dominant ground cover:
Casstope mertensiana communities occur in protected, late snow-
released, mesic sites; Phyllodoce glonduliflora communities occur
in better-drained, more exposed sites.

Rock Tundra communities dominated by oryas octopetala occur in
exﬁosed convex sites that have a thin winter snow cover and are
snow-free early in the summer.

Shrub Tundra communities are found in a variety of moderately early
snow-released sites.

Lush Forb dominated Meadow Tundra communities occur in wet, seepage
sites.

Sparse graminoid dominated Meadow Tundra communities occur on steep,

unstable scree slopes and on disturbed sites .



1.

12.

13.

Snowbed Tundra cosmmmnities dominated by Carea nigrieans and
Antennaria lancts are found in late snow-released sites.

The distribution of plant communities in Marmot Basin is controlled
primgri]y by snow-release date and site moisture regime. These
environmental variables are correlated such that early snow-
released citeé are usually xeric, and late snow-released sites are

usually hygric.
IMPACT ASSESSMENT

The most obvious impact of construction of ski facilities at
Marmot Basin was the removal of the vegetation from ski runs in
the subalpine. This has resulted in erosion and a loss of plan®
vitality.

In alpine areas where extensive tree removal was not required, the
most obvious impact of ski area construction has been the building
of roads, shelters and ski 1ifts. This construction has resulted
in loss »f plant cover and soil erosion.

Winter ski actfvities, including skier use and motorized snow
packing, had a significant effect on snowpack, terrain and
vegetation in alpine and subalpine zones.

The primary impact of winter ski activities on the snowpack was
the acceleration of snowmelt caused by removal of the snow cover
which exposed the underlying terrain.

Snow packing and skier use also increased snow density and ‘-e
layer frequency on skied slopes and thereby potentially altered

the thermal regime of the underlying vegetation and soil.



14.

16.

17.

18.

The alteration of snownelt May cause shifts in community
distribution and phenology, and decreascd vigour of alpine
plants not adapted to abnormally earlier or later snowmelt
conditions if these conditions occurred repeatedly.

Shearing of the ground cover is most likely to occur in low
snowfall years in early winter when snow cover is thin or in the
Spring when snow is soft and easi’ removed.

Higher Tevels of foliage mortality were found in the Casstop:

[ae

AT

mertonetana p]ants which occurred on convex cf. concdve sites,
This may be attributable in mechanical injury and/or early

spring exposure to desiccation.

5011 erosion occurred in severely sheared sites. In superficially
damaged sites, regrowth of the natural vegetation occurred. Rates
of regrowth are controlled by the microclimate of the site.

Rock Tundra communities found on thinly snow—covgred sites were
the most susceptible fo damage, most prone to ernsion and slowest
to revegetate. . ' Tundra communities found in deeply snow-
covered mesic, concave sites received considerably less shearing.
These sites were less likely to erode and more rapid to revegetate,
Meadow and Snowbed Tundra communities are usually found in deep,
snow-covered, prqtectéd sites and, therefore, are not subject to
shearing. If severely damaged, however, these sites would Tikely

erode.
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CYPERACEAE

CHAPTER XIT.

VASCULAR FLORA OF. THE ALPINE REGION OF MARMOT BASIN

P. leptogoma @rin.

P. pattersonii Vasey

P. pratensis L.

Trisetum spicatwm (L.) Richter

<

Carex albo-nigra Mack.
deflexa Hornem.
festivella Mack.
n’rieans C.A. Meyer
phaeocephala Piper
specotabilis Dewey
stenochaeta (Holm) Mack.
pyrenaica

ONND 00

JUNCACEAE

Juncus drummondii E. Meyer
Luzula spieata (L.) DC

L. Wahlenbergii Rupr.

L. ptpert M.E. Jones

APPENDIX

Qé

ANGIOSPERMAE
MONOCOTYLEDONAME
GRAMINEAE
* Agropurom latigleme (Scribn. & Smith) Rydb.
* Agrostds variabilis Rydb.
* Danthonta intermedia Vasey
* Descharmsia atropurpurea (Wahlenb.) Scheele
Y Festuea brachnyphilla Schultes :
* Hierochloe alpina (SW.) R. & S.
* pRLewm alpinum L.
* Foa alpina L.
4 r, cetica R. Br.
* P. eptlys Scribn.

Ry
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~TYLEDONAE
- TCACERT

Lerrattdana Hook.

O areticea Pall.
*
L8 miealis Hook. (S0 vetiowlata spp. mivalis Love, Love and Kapoo

POLYGONACEAE

Cxyria digima (L.) Hill

Y Poluconum viviparum L.
: -

PORTULACEAE ¥ =
“ o L . ‘&éw

N Claytonia lanceolata Pursh. ‘ 4*
. Y i

CARYOPHYLLACEAE ' : .

* Minuartia rubella (Wahlenb. ) J.E. Sm.
M osojanensis Willd.*
* Silene acaulis L.
Stellaria crassifolia Ehrh.
* S. ruczifolia Pall ssp. alentica Hult.

RANUNCULACEAE

* Anemone oceidentaiis S. Wats.

A. parviflora Michx. :

Caltha leptosepala DC. ’ ' o~
% Ranunculus eschscholtzii Sch1echt R
* Trollius albiflorus (A. Gray) Rhdb. '

- CRUCIFERAE
Arabis 1u:11i7 S. Wats. \ ¢
Cardamine kllidifolia L '

C. wnmbellata Greene
Draba stenoloba Ledeb.

CRASSULACEAE

* Sedun stenopetalum Pursh.




)
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SAXIFRAGACEAE. .

Farnassia fimbriata Konig
Suxifraga bronehiaiis L.
S. cemuar L,

S. Taalld? Engler

5. rhomboidea Greene

ROSACEAE

x

Druasggetopetala L. .

Luctkea pectinata (Pursh) Kuntze a
Fotentilla diversifoiia Lehm.

F. huparetica Malte

* P. nivea L.

Poamiflora Ledeb. wn
P. vahliana ehn.
* Sibbaldia pr ibens L.

. .

BN

EMPETRACEAE

Erpetrum nigrum L.

»

ONAGRACEAE

* Epilobium alpinum L.
. angustifolium L.
E. latifolium L.

«VIOLACEAE

Viola glabella Nutt.

® 7
ERICACEAE

~ Arctostaphyios uva-urgi-f}..) Spreng. ‘
* Cassiope mertensiana (Bong) D. Don s
* C. tetragona (L.) D. Don SSp. saximontana (Small) Porsild — ‘
* Phyllodcce empetriformis (Smith) D. Don A :
* P. glanduliflora (Hook.) Coville ' ,) l

Vacceinium caespitosum Michx. \ » Va
* V. scoparium Leiberg

V. vitis—idae_a L. var. minus Lodd. -

GENTIANACEAE

* Gentiana glauca Pallas T
Gentianella propinqua (Richards.) J.M. Gillett




SCROPHULARIACEAE

Castilleja miiata Dougl.
C. occidentalis Torr.
Pedicularis arctica R.Br.
P. bracteosa Benth.

* Veroniea alpina L. var. unalaschens?s C. & S.

'CAMPANULACEAE

Camparudla lasioearpa Cham.
]

VALERIANACEAE

Valeriana sitchensis Bong.

COMPOSITAE

Achillea millefolium | .
Agoseris aurantiaca (Hook.) Greene

* Antennaria alpina (L.) Gaernt. var. media (Greene) Jepson v
* A. lanata (Hook.) Greene
* Arnica cordifolia Hook. <

A. diversifolia Greene

A. Latifolia Bong.

4. mollis Hook.

* Artemisia norvegica §ries

* Erigeron peregrinus (Pursh) Greene subsp. callianthemus (Greene) Crong.

* Hieraciwm gracile Hook.
Petasites frigidus ) Fries var. nivalis Crong.
Senecio pauciflorus Pursh.

S. triangularis Hooke.

* Solidago multiradiata Ait.

LN

L aw

* Species used in Ordinations
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Map of "the vegetation of the alpine_zone of Marmot Basin.
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Subalpine forest - continuous : g

Subalpine forest - discontinuous, krumholz treg&h

Heath Tundra mosaic - predominantly Cassiope mertensiana
communities

Heath Tundra - Phyllodoce gZdnduZionra communities
Shrub Tundra - Artemisia norvigica communities
Shrub Tundra - Salix barrattigpa communities

Meadow Tundra - predominantly communities of the Forb Meadow
Subgroup :

Snowbed Tundra - Carex nigricans communities

Snowbed / Shrub Tundra mosaic - predominantly Carex nigricans
and Salix nivalis communities

)

Rock Tundra - Dryas octopetala and Cassiope tetragona
communities

-

Rock / Snowbed Tundra mosaic - predominantly Dryas octopetata
and Antennaria lanata dominated communities

. » .
Scree slopes - including Luzula wahlenbergii communities of
Graminoid Meadow Subaroup ’

Disturbed areas - roads, ski Iifts and terminals, buildings

L]

Stand numbers



