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ABSTRACT
The alpine vascular flofa and vegetation of Prospect Mountain,
a suspected glacial refugium in the Front Ranges of .the Alberta
Rocky Muntains, were described quantitatively and qualitatively.
Previous studies of the glpine vegetation on two ueavily glaciated
mountains in the Maligne Range at the same latitude, Signal and Bald
Hills, were used for comparison. Soils, climate and glacial history

of these two main study areas were also campared to determine their

relative roles in accounting for the observed differences in flora and

‘

. . ®
vegetation.

h The vascular flora of Prospect Mount;in consists of 191 épécies

in 34 families. These épecies were divided into 9 main geographic
distribution types. Twenty-one of the species have disjunct populations
on Prospect.

The vegetation was classified into 16 commmity types within 5
tundra groups, using similarity matrices, cluster>analysis and field
observations. The Rock Tundra Group, dominatedvby Dryas integrifolia,
covers the steep slopes and has the greatest areal extent. Shrub
Tundra is found on the lower alpine slopes directly above ttreeline.:
Heath and Snowbed Tundra are restricted to small snow accunulation
‘hollows. Meadow Tundra is common on the gentle slopes and flat areas.
%he distribution of community types and tundra groups along altitudinal
and snowmelt gradients was studied using transects.

The alpine soils of Prospect have developed on limestor® colluvium
and are high in pH, calcareous and dark coloured. Regosols dominate.

Prospect and Signal have a vascular floristic similarity of 56%.

8
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"qu-Prospect and Bald Hills it is 58% and for Siénal and Bald Hills
) ii is 81%. In comparison with the Maligne Range study areas, the
Prospect flora contains more Leguminosae and Salicaceae species, and
fewer Ericaceae species. The Prospect flora is also copposed of
more North American low-elevation and arctic-alpine species, and‘fewgr>
Amphi-Beringian species. There are more disjunet species on PrOSpéct,
~but they ére usually neither abundant n;r important ecologically and
they.do not replace another species found in the same.community in a
heaviiy glaciated area.
Cluster énalysis of the stands from all three:study areas showed )
that most Prospect Rock Tundra, Shrub Tundra and Meadow Tundra stands

are structurally and compositionally distinct from the Maligrfe Range
stands. The Heath and Snowbed Tundra stands showed greater similarity.
Ecologically equivaleﬁt ccnnuﬁuities to those on Prospect were desig-
nated for the Maiigne Range where possible. A literature search
revealed that the dominant Dryas integrifolia Rock.Tundra communities
on Prospect are very similar to communities in Montana and in the
North American arctic.

The only significant difference measusred between the soils'of
Prospect and the Maligne‘Range is pH; the Prospect soils have a higher
pt.: Higher summer precipitation was observed for Prospect but steep

topography, coarse parent material and high winds combine to provide

a xeric enviromnment for the alpine plants. Indirect and direct

ordinations showed that, of those envirommental factors plotted, soil
pH and moisture have the greatest correlation with stand differentia-
tion. Snow depth and release date may also be significant but they

could not bg plotted.

-
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Edaphic differences between Prospect and the Maligne Range have
the greatest differentiating effect on the vascular flora and vegeta-
tioh through the differing edaphic optima of numerous species, espec-
1ally daninant species. The differences in dominant species so
caused effect differences in community types and vegetation patterns.
Higher summer precipitation on Prospect has no noticeable different-
iating effect on the flora and vegetation. Higher winter wind speeds
may femove and redistribute snow and reduce the number and extent of
Snowbed and Heath Tundra communities and their associated species.
Glacial history seems to have had the smallest effect on the vegetation
and flora of the three factors. It accounts for the presence of

certain disjunct, refugial species which enrich and differentiate the

Prospect flora slightly.

Vi1 .
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INTRODUCTION

. Until recently the alpine flora and vegetation of the Alberta
Rocky Mountains have been poorly known. The lists of Breitung (1957), .
Moss (1959) and Porsild (1959) form the basis of our knowledge 2¥‘the
flora, to which later additions have been made (Packer and Dumais 1972,
Packer 1974a). Ecological studies of the alpine vegetation are even
more recent and héve been carrigd out, from south to north, at Waterton
Lakes National Park (Kuchar 1973), Plateau Mountain (Bryant 1968, Bryant
and Scheinberg 1970), Highwood Pass (Trottier 1972), Ram Mountain
(Johnson 1975), Snow Creek (Beder 1967), Sunshine (Knapik et al..1973),
Bow Pass (Broad 1973), Wilcox Pass (Crack 1977), Signal Mountain
(Hrapko 1970) and Bald Hills (Kuchar 1975).

With the greater knowledge of the fléra gained through such studies
and more extensive collection, same unusual species distribution patterns
were recognised. In pagficularvsome populations were found in the
Alberta Rocky Mountains which were quite disjunct from their major
distributional centers further north or south. The concentration of a
number of these species in Mountain Park area of the Front Range (52°.
50" N, 117° 20" W) suggested the possibility of their persistence here
in a refugium during Pleistoceﬁe glaciation (Packer and Vitt 1974). |

Glacial refugia within the limits of continental ice sheets are of
two main types, coastal refugia (Dahl 1946) which bordered on the sea
on at least one side, and nunataks which were campletely surrounded by
ice (Fernald 1925). Using this definition the Mountain park refugium
would be of the latter type. Evidence for the existence of such refugia

has, in the past, been primarily biological in nature, deduced from the



present day distriquidﬁs of plants and animals. Geélogical evidence,
though sometimes in direct contradiction, has also been found to rein-
forcé this biological evidence. In the case of the Kodiak Island
refugium in Alaska, a possible refugium suggested by geological
information was later confirmed with biological‘gvidencé'(Karlstrom
and Ball 1969). ‘

That organiSms couid exist in suqﬁ a rigorous enviromment as
would be expected’in~a ;unatak situation has often been questioned.
However; in the investigation of presént day nunataks in the St. Elias
Mountains in thelyukon, Murray t1968) has found that the severe condi-
tions produced by:thé surrounding glaciers have not prevented the
establishment df plants; one nunatak supports a total of 90, vascular
and bryophy}e species. Thaf refugia existed and served as centers °
of survival during the Pleistocene has now been generally accepted by
biogeographers. The considerable 1Pterature on the subject has
recently been reviewed by Ives (1974).

Refugia have been proposed for a number of areas in North America,
in addition to Kodiak Island including, among others, the Gulf of St.
Lawrence (Fernald 1925, Morisset 1971), the Queen Charlotte Islands
(Calder and Taylor 1968, Schofield 1969), southwestern Yukon (Porsild
1966, Murray 1968) and the Mountain Park area (Packer and Vitt 1974).

The evidence for a glacial refugium in the Mountain Park area has
come from both biological and geological sources. Biological evidence
is drawn from the distribution patterns of plants, crustaceans, beetles
and butterflies. Packer and Vitt (1974).have outlined the botanical
evidence provided by the presence of disjunct populations of a number

of vascular and bryophyte species. Packer (1977) discussed the evidence



provided by the widely disjunct populations of certain crustaceans and
beetles. Disjunct populations of two species of crustaceans, Salmasellus
steganothriz Bownman (Ciif%brd and Bergétron 1976) and Polyartemiella
hazeni Murdoch (Daborn 1976), have been found at Cadomin near Mountain
Park. ﬁelicek (1976), has reported the occurrence of the primarily
arct%c beetles Hippodamia ulkei Crotch and Amara alpina Payk here.

Amara alpina is also known from the Plateau Mountain and Nordegg areas.
G. Ball (pers. comm.) has collected the 4drct eetle Chryosolina
hudsonica Brown on Prospect Mountain near Mountain Park which represents
a major disjunction from its northern populations. Pike (1978) Qfs
outlined the biogeography of North American alpine butterflies and
recommends their use as indicators of refugia. He lists three butterflies
from Mountain Park with interesting distribution'patterns. Bolaria
improba, which is usually restricted to the mountains of Alaska and the
Yukon, has a disjunct and phenotypically distinct population on Prospect

Mountain. Bolariq eunomia nichollae, also collected here, is rare and

endemic to the Alberta Rockies. Oenets bore edwardsi, which is fairly
'common in the southern Rocky Mountains, has two major disjunctions to
the north, one in the Mountaln Park area.

Geological evidence, which 1s discussed more fully later, has come
from the study of surficial deposits in the area (Bayrock and Reimchen
1975) and the reconstruction of Laurentide and Cordilleran glacial
advances (Reeves 1973, Boydell 1972, Roed 1968). The geological
Concluéion reached is that ice-free greas were available to servé€™ @
refugia here during both the Pre-Wisconsin and Wisconsin ty

Prospect Mountain lies well within the boundaries of

Mountain Park refugium. Although plant collections have been™m



and the distinctive nature of the flora noted, no attempt has been made
to quantify this. Thd existence of such a well documented refugigl
area presents the opportunity to examine more closely the present
character of both the flora and vegetation of a past refugium. Many

]

questions can be raised on this subject which warrant investigation.

1) How different are the plant communitigs found in refugial
areas compared to glaciated areas, with respect to species
composition and structure?

2) Do the refugial species (species which survived in the refugium
and which are presumed mostly absent in heavily glaciated areas)
play an important ecological role? Are they replaced 1in this
role by other species in the glaciated areas? \

3) Do the refugial species form their own comunities or are
they spread throughout the vegetation?

4) In what habitats are the refugial species found and are these
related to the past nunatak environment?

5) Has the length of time available for establishment and
development of plant comunities affected the épecies richness

and diversity exhibited?

In order to investigate these questions, a control site which has
been heavily glaciated 1s required forvkamparison. To avoid differences
in flora due to the introduction of new floral elements with a change
in latitude, the comparative site should be in close proximity. A
comparative approach has been used by Bird (1974b) who compared the

alpine and low-elevation flora of glaciated and unglaciated areas in the

Yukon and Northwest Territories. See (1978) used this method to study



the alpine macrolichen flora and communities of a glaciated and
unglaciated area in the Yukon. .

Two ecological studies have been completed in the Maligne Range,
Jasper National Park, at Signal Mountain (SZO 40' N, 117° s9° W;
Hrapko 1970) and Bald Hills (52° 40" N, 117° 41" W; Kuchar 1975), just
43 and 33 km away respecfively. These studies of heavily glaciated
alpine areas provide suitable material for comparison with Prospect
Mountain. In order to evaluate the role of glacial history as a
determining factor in the differences in vegetation and flora between
the two areas, environmental factors which might also be factors, such
as solls and climate must also be compared. Pigott and Walters (1954)
have stated that in the study of the present-day distributions ot 5lant

tt
.

species the interpretation must contain both an 'historical' and an
'ecological' element, and any view 1ignoring either is at best an
incomplete one."

The plant life of two areas can be examined and compared on three
levels - flora, plant community and coenocline. A knowledge of the
flora can be used to calculate floristic similarity between sites.
However, not all plants are equally abundant or ecologically umportant,
therefore whichispecies combine and in what relative amounts, to form
the characteristic plant communities for an area 1s also lmportant.
Major differences in flora do not necessarily imply major differences
in plant communities. The plant communities form recurrent sequences
or coenoclines on the landscape, in relation to environmental gradients,
which can also be compared. Comparison at any one level can yield

valuable information, but comparison at all three is necessary for a

camplete and camprehensive understanding of the existing differences.



The general cbjectives of this study are to characterize the

alpine vascular flora and vegetation of the suspected refuglal area,

Prospect Mountain, and to compare these features with their analogues

in the heavily glaciated Signal Mountain and Bald Hills. More specit-

ically the objectives are:

1)

3)

4)

5)

6)

to describe qualitatively and quantitatively the alpne
vascular flora and vegetation, soils and climate of Prospect
Mountain,

to classify the vegetation into its component community types,
to determine the role of refugial species in the vegetation,
to compare qualitatively and\quantitatively the vascular flora,
soils and climate of Pros Mountain, Signal Mowntain and
Bald Hills;

to corpare qualitatively and quantitatively the vegetation
wits (stands and community types) of the three arveeﬁ;

to Conp.are the arrangement of plant communities in coenoclines
in the three areas using transects,

to determine the relative effects of differences in soils,

climate and glacial history an the alpine vegetation and

flora an Prospect Mountain.



STUDY ARLA
ﬂliocation

Prospect Mountain 1s at the eastern edge of the Frant Ranges o{
the Rochy Mountains in Alberta (52° 55 N, 117° 22' W), 86 km SSW of
Edson alang Hwy. 47 and 8 km S of Cadomin alang the Grave Flats Road
(Fig. 1). Good access to the alpine zone 1s gained through an
abandoned mining road alang Prospect Creek which terminates at an
elevation of 2040 m ASL. Although easily accessible during the summer
the area is virtually inaccessible for the other eight manths of the
vedar.

The study was carried out an the eastem slopes of Prospect
Mouitain in the alpine zane, defined as the zane above the growth of

stunted trees or krummholz with supranival leaders (Hrapko 1970).

Physiography and Geology

Prospect Mountain rises to a peak of 2757 mwith 4 second peak
of 2684 m to the St. It is joined to the adjacent, flat-topped
Cheviot Mountain with a shallow col between them. Bare cliffs and
steep scree slopes characteriz,e the top 500 m. Spreading dut to the
\E from the rock face are four, near-parallel ridges, labelled R1 to
R4, west to east for reference (Fig. 2). The two outside ridges hawve
concave tops and are separated from the inner ridges by two large
cirques connected to deep V—sha.ped valleys. The central ridges are
canvex and separated by a narrow steep-sided valley.

Me ltwateT streams from the snowy peak run in all three valleys

with the heaviest flow in the deeper outer valleys. The streams join

~J
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‘at the base of the mountain to form Prospect Creek, which in tumn
empties into the Mcleod River to the east. -

The SW side of the momtain has precipitous cliffs and scree
slopes falling sharply to the Cardinal River Valley below. Because of
this the study was restricted to the more gentle eastern slopes (Fig.
2).

Prospect Mountain is on the Nikinassin Thrust Sheet at-the edge
of the Front Ranges (Kilby 1978). The McCaﬁmel‘hFaulyt, which has
been used to divide the Front Ranges from the Foothills to the éaSt
,(Moun;joy 1962), traverses Prospect Mountain above and to the Qest of
the study area. Ilowever, Stott (1963) defines the boundary of the
foothills as the eastem‘base of the Frant Ranges, indicated by the
presence of Paleozolc sedimentary rock.b The situat&in this area
is complicated by the presence of the Nikinassin Outlier, capped by
Paleozoic shale and limestone, to the east of Prospect Mountain.

There fore, for the purposes of this study, Prospect Mountain is consid-
cred to be in the Front Ranges, a position supported by earlier workers
(Packer and Vitt 1974, See 1978).

lhe bedrock geology of the arca has been napped by Mackay (19.9)
and described by later workers including Irish (1963}, Mellm (1966)
and Holter ;mgi Mellay (1972).

The McCamé\ll Fault separates the Puleozulc fo;‘mations trom tuw
Lower Cretaceous Nikinassin formation beneath. These Palcozoic form-
ations belang to the Fairholme growp and are Devonian arglllaceous "
limestane, calcareous shales Lil‘ld dolomite. Higher peaks 1n the ared .
are topped by the massive Palliser fomation but this appears to be

@

absent an Prospect.
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Plate 1. A view of Prospect Mountain from the east showing the
main ridges covered with alpine tyndra vegetation
leading to the bare rock face and twin peaks. An

abandoned mining road is visible to the right of the

nicture. The slow forest regeneration after the 1913
: 5 f

fire can be seen in the foreground.

Ll
4

11



The Nikinassin formation is camposed of hard grey sar\dstone and
dark grey shale with quartz cement as opposed to the clay cement of _
the lower Luscar beds, and is therefore more erosion resistar\it (Melfcn
1966) .

Most of the lower slopes are underlain by the Lower Cretaceous
Luscar fommation, sepaliated from the older beds above it by a fault.
The Luscar formation consists of grey sandstone and dark grey shale
with commercial-grade coal beds in same areas.

The lower slopes of R4 are also composed of the Lower Cretaceous
Mountain Park formatian. This formation cansists of coarse-grained,
green sandstane and greenish-grey shales with scattered lenses of
chert pebble canglomerate, and is difficult to distinguish from the
Luscar formation. Within the Mountain Park formation there 1s a small
outcrop of Blackstane formation, an Upper Cretaceous formation of dark
narine shales.

Both the Mountain Park and the Luscar formatians are obscured in
. the study area by a thick layer of colluvium derived trom the Paleozoic
rocks which form the peak of the mountain. ‘The bedrock 1s visible
aily in outcrops and it is the collu\:'ium which forms the maln soil

parent material.

Periglacial Features

Periglacial features, produced by frost action, mass wasting,
wind, and nivation, are particularly important an Prospect Mowntain.
Pattemed gromnd is more extensive here than 1s continuous vegetation.
There are two main temminologies for periglacial features, based

either an fomative process (W&shbuﬁ%: 1973) or descriptian (Nicholson

12



1976) However, as these workers have based their classification
systems an predominantly arctic examples, many alpine features do not
easily conform to either system. Therefore the ten/n; used to descrjbe
the periglacial features an Prospect are drawﬁ fram a variety of
SOurces.

Woods (1977) has studied the sensitive relationship between slope
and pattemed ground on Plateau Mountain in the southemn Alberta Rocky
Mowntains. He reports a trend, with indggasing slope, from sorted m;,ts
and circles (x slope = 1°) to flow features (x = 7°) to stripes (x =
120) to scree slopes (x = 26%). This general trend is also evident
m Prospeclt.

n the steepest unstable scree slopes (x = 33% plant cover is
reduced to mats or islands of Dryas integrifolia, the ''spotted tundra'
of Banmberg and Major (1968). On steep, but less precipitous slopes
(x = 249, "contiguous vegetatian stripes' (Nicholsen 1976), perpendic-
ular to slope contours are corman. The stripes are marked by altemate
bands with and without vegetation. The wvegetated portions are domin-

- ated by Iruas integrifoiiz in association with various subdominants.
Relief is less important than vegetation in marking the stripes,
which may be level or slightly banked. When banked they resemble the
"miniature Dryas-banked terraces' of Benedict (1970), formed through
the interactian of wind, frost creep and vegetation.

On gentler slopes (x = 120), be low the vegetation stripes,-are
small solifiuctim or "turf-banked terraces' (Benedict 1970). At the
transition between the terraces and stripes, the stripes increase 1in

relief to resemble '"nonsorted steps' (Washbum 1973), which grade into

the turf-banked terraces. The latter, 0.2 - 1 m high, are oriented

13



Plate 2. The S-facing slope of R3 showing the extensive vegetatimn

stripes a the steeper slopes. Gentler slopes m the
ridge are covered with continuous Dryas meadow commpitieg.
Dark green areas are krummholz surrounded heath hollows.

The snow covered areas also cantain heath cammmities.
(June 24, 1976)

Plate 3.

Stepped terraeces dominated by Arctostaphylos uva-ursi
(ct la) on the S-facing slope of R3. (June 16, 1976)

14
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obliquely at the trensitimn point but became parallel to slope
contours further downslope. Izlan,t cover is higher an the terrace

E risers than an the rocky treads and is 'often shrubby in nature.

| An altemative to these small solifluction terraces occurs in
lo§lize;1 areas an the south face of R3. (n this dry slope, 16ng,
very regular, parallel, rocky steps or terraces are situated pe rpend-
icular to slope cantours m the gentler slopes belaw the vegetation
stripes. The risers, 0.5 - 1 m high, are covered with Dryas integri-
folia and Arctostaphylos wva-ursi and rise sharply to the barren rocky
treads (Plate 3). These features rh‘ost closely resenble the ''Dryas
stepped terraces" of Bamberg and Major (1968).

Larger solifluction lobes,1 - 2 m high, are found in aly ane
locatian an the m&mtain. Unlike the smaller solifluction terrace
risers which suport a nurber of community types, the larger lobe
risers are covere‘d with a single community type.

"Nansorted circles" (Washbum 1973) or '‘cantiguous vegetation
equiforms'" (Nicholsan 1976) are encountered occasionally in areas with
a slope of 0 - 50, but they do not cover significant areas. Level
sites are more commanly covered with continuous vegetation or rock

tundra without patteming.

Glacial History

Studies .of the su>r~ficia1 geology and glacial deposits in Alberta
and parts of Saskatchewan indicate that there was no Laurentide glacia-
tion in central and NW Alberta prior to the Wiscansin period (Williams
and Bayrock 1966, Bayrock 1969). Pre-Wiscansin Cordilleran glaciers

did cover the foothills as evidenced by the presence of glacial




érratics at elevations above 2440 m throughout the area (Bgyroc.k and
Reimchen 1975). In general, during all glaciations before Wiscansin
times, an ice-free land corrjdor extended from Montana to the Arctic
along the East Slope of the Rbcky Mountains (Bayrock 1969).

During the Wiscansin, Cordilleran glaciers flowed eastward alang
the main river valleys into the foothills. Rutter (1966, 1972) has
given evidence for a' series of advances in the Bow Valley which flowed
beyond the Frant Ranges, however there is no evidence of coalescence
with the continental glaciers. Further.north, in the Rocky Mountain
House regian, Laurentide ice sheets covered the area to an elevation
of 1660 m for most of the Wisconsin (B 11 1972). Higher mountain
ranges in the area, such as the Brazeau and Ram, would there fore be
nunataks exposed above the ice §urfa

The best documented coalescence of the Cordilleran and Laurentide
ice sheets occurred in the Athabasca River Valley in the early Wiscon-
sin or late Illinoian times (Roed 1968, 1975). Ice fram the Cordill-
era;l glaciers flowed across the foothills, made contact with the
Laurentide sheet in a zone 8 - 30 km wide, and then flowed SE along
the eastem frant of the foothills.‘ Areas along the mountain and
foorhillshjunctim adjacent to the Athabasca coalescence were either
ice-free, covered with proglacial lakes, or covered with Cordilleran
piednant lobes (Reeves 1973). Bayrock and Reimchen (1975) have
mapped the surficial geology of the Mountain Park area and define the
areas wglaciated in this period by the presence of old tills and
associated colluvial deposits on steep slopes. Such colluvial material

is present over most ‘of the slopes of Prospect Mountain.

Since the coalescence of the twopice sheets in the early Wiscansin,

o
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the westem edge of the Alberta plains has been free of 1ce, with

the late Wiscansin ice front to the NE of the foothills and Front
Ranges (Reeves 1973) . Local alpine glaciers moved down the valleys

of the Front Ranges but did not e*tend into the main valleys. Southem
Alberta was ice-free by 15,000 BP and the mountain valleys by 10,500

BP (Reeves 1973) .

Bay rock (1969) concludes that the continuous ice-free corridor,
alang the mountains from Montand to Alaska, was open during the Kansan,
Nebraskah and Illinoian times of the early Pleistocene. During the
wisconsin this clear passage was closed in a few known Jocations for

inde terminant intervals.

Soils

Soils of the forested areas adjacent to Prospect are mainly
Orthic Grey Luvisols 1n association with Orthic Dystric and Eutric
Brunisols (Dumanskl et al. 1972). Although the forest soils an the
slopes of Prospect itself have not been surveyed, they are probably
very similar. »

Alpine soils of the study area have not been previous ly examined.
Although the study area falls within the Regosolic soll area delineated
by Claytm et al. (1977) .+ of other soil orders are also
found here.

Alpine soils have ribed for a number of sites
in the Canadian Rocky - <%y . iding Watertan Lakes National Park
(Coen and Holland 1976); brg(heek valley (Baptie 1968) and Sunshine
(Knapik et al. 1973), both in Banff Natianal Park; Signal Moun tain

(Hrapko 19 70), Bald Hills (Kuchar 1975) and Marmot Creek Basin (Beke
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and Pawluk 1971) in Jasper National Park; and Yoho National Park
(Coen 1978). Biophysical studies are now in progress in Banff and
Jasper National Parks enconp%sing‘alpine regions (Wells et al. 1976,
1977); the eastem Ranges within the Parks, including areas directly
west of Prospect, are to be surveyed in 1978 (G. Coen pers. comm.).
Climate

Prospect Mountain is located in the Subarctic or Cold Snowy
Fegidn (Dfc) of the Koppen classification syste,m (Strahler 1951).

Powell and Maclver (1976) have sumnarized the meteorological
data available for the surrounding area for a 10-year period, however
only general trends can be derived from this. For the Mowntain Park
area the May to Septenber mean temperature is shown to be about 6 °c,
total number of days with a mean temperature greater than -2.2 % is
about 125 and the total precipitation is about 450 mm. Root (1976)
‘collected and presented meteorological data for the sumer of 1972 in
the vicinity of Cadamin, only 8 km from the study area, at an elevatian
of 1675 m ASL.

The closest reporting station is the Grave Flats Lookout, 25 km
SE of Prospect, maintained by the Alberta Fs;;st Service from Mav to
Septenmber. At an elevation of 2074 m ASL i1t is situated well abowe
treeline. Altheugh built in 1924 (Ross 1974), cantinuous meteorolog-
ical records are not available since then. Thirty-year (1941 - 1970)
calculate‘d nomals for the Grave Flats Lookout are presented in

Table 1, and the data for 1976 in Table 2.

18



19

Table 1. Thirty-vear normals for summer precipitation and mean
temperature at Grave Flats Lookout, 1941-70 (Enviranment

Canada 1975) .
Precip. x Daily lerp.
(rmm) (%)
June 100 6.7
July 111 10.1
August 90 9.4

Table 2. 1976 meteorological data for Grave Flats Lookout (Alberta
Forest Service wunpublished data).

i Temperature (°C) Precipitatim x wind

X Max. x Min. Max. Min. Rain mm  Snow nmm km/h
June 9 1 19 -4 45.1 16.7 16 W*
July 14 5 21 0 77.7 0 13 S /w
Aug. 13 ) 18 0 135.0 0 15 W

* prevailing direction



Vegetation and Flora

The Rocky Mountains stretch from 60 N to 32 N and their
associated vegetation varies#over this latitudinal length. Dauwenmire
(1943) divided the Rocky Mountains into 4 latitudinal floristic
divisions. Ogilvie (1962) later divided the Alberta Rocky Mowuntains
into North and South areas at the 50 & latitude based on floristic
differences. Prospect Mowntain is located near the boundary be tween
Daubenmire's Northern and Far Northern divisions and in the Northem
area of Ogilvie,

Forests of the lower slopes and valleys below the study area are
of the Subalpine Forest Region, more specifically the East Slope Rocky
Mountain Sectian (SA.1) of Rowe (1872) . A number of ¢lements make
uwp the forest flora but wide-ranging boreal and cofdilleran species
accomt for most of it. There is an increase in boreal forest e lements
over cordilleran elements with an increase in latitude in the Canadian
Rocky Mowntains (Ogilvie 1960). The dominant tree species in the
subalpine region, Pice. engelmmmii, Abies lasiocarpa and Finue
contcrea, show very close relationships to and hybridize with their
counterparts, Picea glauca, Abies balsamea and Pinus banks tana, of
the boreal forest (Rowe 1972).

The valleys and low hills surrounding Prospect are covered with
an open forest of Pinus contortu, the result of an extensive fire in
1913 (Ross 1974). (n the lower slopes and in the subalpine zane of
Prospect, Picea enge lmannii and Abies lasiocarpa dcmi;1ate. Both
species cantinue into the alpine as krummholz with A. lasiocarpa

attaining the highest altitudes. Treeline ranges from about 1980 m



on N-facing slopes to 2100 m on S-facing slopes. At and below tree-
line, lush subalpine heath cammunities are rare.

Above treeline there is an extensive alpine zone with a flora
composed of floristic elements quite different fram those of the

/// forests below. For alpine floras in general Packer (1974b) recognises
the autochthonous element, evolved from the local low-elevation flora,

\\\_ __amd The allochthonous element which has come from other alpine areas.
The number of autochthonous species depends on the type of low-elevation
vegetation in the area, and in fhe heavily forested Rocky Muntains of
Canada this element is negligible. In the northerly alpine floras the
circumpolar arctic-alpine element is largest. Although the alpine
endemic element decreases northward (Mijor and Bamberg 1968), endemic
taxa do exist in the northern Rocky Muntains. Assuming the existencc
of a widespread late Tertiary arctic-alpine flora which has been decim-
ated and modified by Pleistocene events (Weber 1965, Johnson and Packer
1967}, 1t follows that these endemics are Tertiary relics associated
with refugial areas (Packer 1971). This is also the explanation for
disjunct elements, some of which exhibit close relationships to
species 1n central Asia. The alpine flora of Prospect, as for other
northern mountains, 1s a mixture of these various elements,

The vegetation of the lower slopes and valley bottoms above tree-
line 1s dominated by shrubs, particularly Salix barrattianz, Salix
arctica and Betula glandulosa. Many of the showy subalpine herbs
invade the alpine here.

Upper alpine slops are dry, and periglaciai features are common.
Dryas integrifolia dominates these slopes and Polygonwn viviparum,

Saliz nivalis &l Androsace chamaejasme are ubiquists. Legumes are



also widespread. Vascular plants continue up the scree slopes almost
to the peak at 2757 m ASl..

Extensive vascular plant collections have been made in the area,
but no presence lists have been published for the natural plant commm-
ities. Russell (pers. camm.) has enumerated the vascular plant species
growing on coal spoils in the surrounding area. The alpine macrolichens

*

of Prospect Muntain have been stugied and recorded bv See (1978).

Human Impact

Although mining operations were begun in the Nbuntai: Park area
in 1911 there was no immediate effect on Prospect Muntain. In 1913
a fire started at a lumbering camp associated with the mine raged out
of control for 2 days, and was eventually put out by rain (Ross 1974).
The fire destroved forests on the lower slgpes of Prospect and the
surrounding area and there has been little regeneration in the 45 vears
since then (Plate 1).

Until the 1930's there were no roads in the area; railroad and
horse trail provided the only access. In 1934 roads were completed
between the nearby mining towns of Cadomin and Mountain Park (Ross
1974). It 1is probable that the trail up the Prospect Creek was opened
tor coal exploration at this time. However, connections by road
between Cadomin and the Jasper - Edmonton Highway did not occur until
the 1940's.

Coal mining itself has made the greatest impact on the landscape
on Prospect Muntain. Although the records are not camplete, it

does appear that two companies held leases on Prospect: Mount Cheviot

A
Coal Co. Ltd. (1931-38), and King Coal Ltd. (1942-46) (Campbell 1967).



R
tAploratorﬁdﬂqup mining was carried out 1n the alpine but no commerdial
coal was produced. The last operator in the area, King Coal Ltd.,
abandoned the mine at the end ot World War Il with the drop in demand

for coal. Lake (1967) suggests that an this area "improper abandonment
of the mining operations has tended to occur in the case of small
companies which were undercapitialized at the beginning and bankrupt at
the end." This may certainly be the case on Prospect, where remnants
of buildings and machinery are scattered in the subalpine terest, Coal
spoils cover large areas of one alpine ridge, and wide trenches cut
through the alpine tundra are found to an altitude of 2070 m. Reveget-
ation at these sites has been verv slow. Revegetation ot coal spoils
in the surrounding area has been studied by Russell (pers. cami.l,
including high-elevation sites.

In recent vears the greatest disturbance has resulted trom trail
hikes and four-wheel drive vehicles, entering the alpine tram the old
mining roads. Track marks trom such vehicles are tound 1n most Commmun-
ities on the mountain. ike to 1ts low stature, alpine vegetation is

L4
more susceptible to such disturbance than the wooded vegetation ot
lower elevations. It 1s also more sensitive because ot the uni-laver
nature of the vegetafion, the bonding gualities of the organic-mineral
surface horizons, and the harsh climate which retards the natural
restoring process (Wells et al. 19771.

Prospect Mountain lies on Reserved Crown Land which has been
proposed as a permanent kcological Reserve. This 1s particularly

important at this time, as the use and subsequent disturbance increases

annually.
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METHODS

Flora

Voucher collections of all vascular taxa encountered in the study
area were made throughout the 1976 field season and deposited in the
University of Alberta Herbarium (ALTA). Nomenclature follows Moss
(1959), Packer (1974a) and Hulten (1968), with the exception of
Minuartia aus tromontana, and the genus Draba which follow Wolf (1977},
and Mulligan (1976) respectively.

As previous botanical studies had been carried out in the area,

a number of species with disjunct distributions were known to be
present (Packer and Vitt 1974). When these species were encountered
special note was made of their particular habitat, local distribution
and abundance.

Each member of the flora was assigned to a geographic distribution
tvpe using the maps of Hulten (1968), Porsild (1973} and Packer (unpubl.)
with additional distributional infarmation gathered from Mackenzie
(1940), Szczawinski (1962), Packer and Dumais (1972), Hitchcock and
Cronquist (1973, Tavlor (173, 1974a, 1974bj, Bravshaw (1976) and
Milligan (1976). Similar assignments were made for the species found
on Signal Mountain (Hrapko 1970) and Bald Hills (kuchar 1975).

For comparative purposes the percentage of the flora in cuach
vascular plant family and each distribution type was calculated tor
the three areas. The floristic similarity between the three dreas was
calculated using Sprensen's coefficient of community as the simllarity
index: CC(A,B) = 200e/(a + b), where ¢ is the number of species 1in

cammon and a and ¢ are the number of species in areas A and B respectively.



Vegetation

B}

Community Sampling ' EA\\ ~

-

The vegetation was sampled quantitatively using small quadrats
placed randomly within uniform stands, providing data suitable for both
the classification and ordination of cémmunities (Mueller-Dombois and
Ellenberg 1974). As the data collected here were to be canpared to

those fram two previous adpine studies (Hrapko 1970, Kuchar 1975), the

sampling scheme was as sW#lar as possible to that of these workers.
-

After a period of reconnaissance and familiarization with the flora
and vegetation, tentatlve COmunlty types were delineated. These
community types, representing recurring planf assemblages, werc required
to cover a large enough area’to be significant, either at a single site
or at a series of smaller sites. Transitions between cammunities were
recogiiized on the landscape and avolded when sampling. Representative
<tands were chosen for sampling which satisfied the following criteria:

i) relatively homogeneous species Composition;

2) unifom physical environment;

7

3; e patches of another cafmunity -1 m” within stand;

4y minunal human disturbance - vehicular tracks did not ¢
e

cause rejection of a stand unless these covered a

significant area or were Léusjng obvious vegetationua:

changes.

r

Sametimes more than one stand was sampled per camunity type. This was

g?%her intentional, where stands were small becaure of cammunity size,
or unintentional, resulting from the sampling of seemingly distinct

areas which later proved similar on closer scrutiny.

25
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Stands were normélly 10 X 20 m (0.02 ha) and centrally located
in the community, with the longer axis paralleling thé slope cantours.
This size was large enough to include most species iﬁ thé community,
but small enough, in most cases, to fit within the commmity boundaries.
This stand size has been used successfully by Kuchar (1975). Where
commmities had smaller dimensions than this, th® stand size and the

number of quadrats were halved, an#l where possible, a replicate stand

~

\
was sampled.

Thirty quadrats 25 X 25 an were set out in each stand. lStudies by
Eddleman et al. (1964) in the alpine have shown that quadrat size is
more important than shape. The 6.25 dm? area of the quadrats in this
study falls well within the 4 to 12 dm? size range considered suitable
for tundra vegetatioan by Eddleman. This quadrat size and shape was
used by Hrapko an Signal Mountain (1970), and by Kuchar on Bald Hills
?1975). )

Stands were' sampled when it appeared thét the greatest number
uf species was in bloom. For each stand the general topographv, aspect,
<lope and altitude were recorded. A species list was made for the
stand and the surrounding community. A random numbers table was used
to place the 30 quadrats. Within each quadrat, visual cover estimates

were made for the total cover of vascular plants, bryophytes, lichens

and bare ground, and for each individual vascular species. The scale

- used was a modificatian of the Braun-Blanquet Cover-Abundance scale

(1932) . The midpoint of each class was used later in the calculation

of mean cover values.
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Cover Class Range Midpoint
6 ' 76 - 100 % - 88.0
5 51 - 75 % 63.0
4 - 26 - 40 % 38.0
3 16 - 25 % 20.0
2 6 - 15 % 10.0
i ' 1-5% 2.5
+ | <1 % 0.5

The lower cover classes have narrower ranges than the higher cover
classes which is particularly suitable for alpine studies where most
”_,,'
of the species have a very low cover. However, in the few cases where

species do have a cover which approaches 100%, their cover values are

underestimated with this scale.

:r_'_g_t‘astudieS

Two transects were sampled during the study: 1) over a serles of
Druas-daminated stripe comunities, 2) across a snow melt gradient.

The first transect ran almost N - S but cut obliquely across a
series of rock stripes and terraces on a steep slope. Sixty Z5x25 am
quadrats were placed over the 90 m length, 1 every 1.5 m. Cover
estimates were made as described for the community sampling. Slope was
measured in every quadrat and altitude every 20 quadrats.

In the second transect a 49 m line was run from a meadow in an area
of late snow rekease, through heath communities and finally into rock
stripes. Quadrats were placed adjacent to this line at 0.5 m intervals

for a total of 98 quadrats. Plant cover was estimated in each quadrat



as described for the community sampling. Slope was also measured 1in

each quadrat. §

Vegetation Synthesis

‘The sampling data were organized into species-stand tables. For
each species a Prominence Value was calculated using the formula
PV = C% YF% where F = quadrat frequency and C = mean cover (Stringer and
La Roi 1970). Using PV's a similarity matrix was constructed for the
3] stands. For comparative purposes, a similarity matrix was 319;
constructed for all 73 Prospect, Signal and Bald Hills stands. The index
of similarity (IS) used was the quantitative modification of Sgrensen's
coefficient of community (Sgrensen 1948) as first presented by Motyka
et al. (1950); IS(A,B) = 200w / (a + b) where a is the sum of the PV's
of all species in stand A, b is the sum of the PV's of all species in
stand B, and w is the sum of the lesser PV's for the species common to

both stands. This index 1s expressed as a percentage and is also

referred to as Percent Similarity (PS).

Chmwrmghbmab

Cluster methods of analysis are commonly used to form groups basedﬁ
on some similarity criterion. However, grouping often results 1n some
loss of information. Ward (1963) proposeé a method of cluster analysis
which minimizes the 1oss of information associated with grouping and
expresses it in a form which can be interpreted. His method, which
results in minimum-variance spherical clusters, was used in this study.

A distance matrix was calculated for the stands to be clustered

using the squared Euclidean distance between the stands. Sneath and



Sokal (1973) define the Euclidean distance between items j and k i1n an
n;dimensicnal space as

_ 2 e
d= (L (X =X;)0)%

For each stand the n characters to be compared e the PV's of the
species present. The PV's assigned to each species were coded to

facilitate computer analysis using the following scale:

PV Coded Value
0 -1 1
1- 10 2
10 - 30 3
30 - 60 4
60 - 120 5
120 - 240 6
240 - 480 7
480 - 960 8

Although when quantitative values are used the squared Euclidean
distance (dz) places greater emphasis on the species with high PV's,
the dominants, the use of coded values may reduce or counteract this
- trend. Distance matrices were also calculated using binary (presence-
-absence) data for a possible n species in each stand.

Wishart (1969) outlined the transformation which derives Ward's
method from the distance matrix. For each cluster the sum of the
deviatian of the points about the group mean is an indication of the

grow's homogeneity. The error sum of squares

n 1 ” ~~
ESS =1 b -—(1 =z )°

. 1 . 7

1=1 n 1=1

is a measure of this deviation (Ward 1963). At each step in the fusion
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hierarchy the union of each pair of clusters is considered and the fusion
performed which results in the minimum increase in the ESS. After each
fusion a new distance mé;rix is calculéted using the new groups fommed.
This method i1s of the SAHN type of Sneath and Sokal (1973), i.e.
sequential, agglomerative, hierarchic and non-overlapping.

Ward's method of cluster analysis wa§ performed on the stands from
Prospect mountain alone, using the Clustan 1C program (Wishart\1975) on
the University of Alberta Amdahl 470 computer. The data collected on
Signal Mountain and the Bald Hills were prepared in the same manner and
clustered with the Prospect stands in other runs. Results were plotted
as‘dendrograms using as the vertical scale a coefficient which is twice

the increase in ESS caused by fusion at that level.

Indirect Ordination

To investigate the physical factors which might be significant in
controlling the distribution of the vegetation, the Bray-Curtis method
(Bray and Curtis 1957) of indirect ordination was employed. The method
is particularly suitable where environmental gradients are unclear.

Similarity matrices were generated using PS (see above) and
S¢rensen's coefficient of community (CC) (S@grensen 1948). C(C(4,B) =
200¢/ (a + b) where a and b are the total number of species in stands 4
and B, respectively, and ¢ is the number of species cammon to both.

* End-stands for the x-axis were chosen from these matrices using the
criteria of (1) great dissimilarity between the two stands and (2)
minimum of zero similarity values with other stands. These criteria
allowed a number of end-stands to be examined in each case. The y-axis

was constructaizu;outlined in Mueller-Dombois and Ellenberg (1974).



Stands were located in two-dimensional space according to their
dissimilarity with the end-stands. CC provifled the best stand separation,
so this similarity index was used in the final ordinations.

All calculations were carried out pn‘the Amdahl 470 computer using
the Cornell Ecology Programs, CEP‘4 (Bray - Curtis Ordination) and CEP 5
(Resemblance or Distance Matrix) (Gauch 1973).

Indirect ordinations were performed on the Prospect data alone,

and on the combined Prospect, Signal and Bald Hills data.

Direct Ordination

With'a high degree of floristic heterogeneity, such as is present
among the three major study areas (see page 126), there is an increase
in the distortion of inter-stand distances in indirect ordination
(Gauch and Whittaker 1972). Where there are obvious environmental
gradients, however, in this heterogeneous vegetation, direct ordination
methods can be used to good advantage. For the three study areas soil
pH and soil moisture gradients appeared most closely associated with
vegetation patterning in the field and on the indirect ordinations.
Therefore the distfibution of the stands along these two edaphic
gradients was examined.

Field measurements of surface soil pH were used, where possible, to
place the stands along a pH gradient, the y-axis. Since some Bald Hills
stands lacked pH data they were omitted from this ordinatien. The x-axis,
the moisture gradient, was developed using the methods of Whittaker (1973)
and Lee (1976). Stands were assigned a tentative moisture index’from 1
to 5, fram xeric to hydric. By averaging the moisture indices of the

stands 1n which a species was present, a moisture index was
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camputed for each species. Rare species were, of necessity, indexed
subjectively. Information on the ecology<of the species was also
considered and the indices adjusted if necessary. The resulting indices
were compared to those calculated by Lee (1976) for the same species.
The final list of species moisture indices is found in Appendix III.

An unweighted (UMI) and weighted moisture index (WMI) were

calculated for each stand. The UMI was calculated using the formula

n
UMI = L MIi/n where MI, is the MI for each species and n is the total
i=1
number of species in the stand. The WMI is defined as
n n
wMI = (o MI.xPV.)/ (r PV.) the MI of each species, PV. 1S 1its
=1 T 1 i=1 2 1

Prominence Value and n is the number of species in the stand.

Classification of Vegetation

The stands sampled on Prospect Mountain were organized 1nto
"community types' (ct's), i.e. recurring plant assemblages with similar
composition, physiognomy and habitat, using the matrix of similarity
indices (IS), cluster dendrograms, and field observations. Highly
similar stands were combined to form a single ct. The ct's were given
binomial names using the species with the highest PV followed by the
species with the next highest PV or the greatest diagnostic value.
Stands which varied distinctly but not radically 1in composition Or
structure fram a particular ct were designated as "subtypes'' (st's).

Camunity types were organized into larger Groups, and in some
cases, Subgroups, by combining ct's which were similar in total plant
cover, dominant species, major growth-forms, and habitat. Cluster

analysis, field observations and IS values were also taken into
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consideration when forming the higher levels of the classification.

Thus the final hierarchy 1s: Group - Subgroup - Type - Subtype.

So1ls

Soil Sampling

A soil pit was dug in each of the stands. The profiles were exposed
until bedrock was reached or the soil became too rocky for further
excavation. The horizons were recorded and their thickness measured.
Notes were taken on the quantity and depth of rooting. Each profile
was classified according to the Canadian System of Soil Classification
(Canadian Soil Survey Cammittee 1978).

Bulk soil samples were taken from each horizon, dried as soon as
possible, and stored in paper bags. The dried soil was screened through
a 2 mm sieve, and the coarse fraction so removed was weighed and
expressed as a percentage of the whole soil. Further physical and

chemical analyses were done on the <2 mm fraction.

Soil Analysis v

Physical analyses éerfonﬂed on the <2 mm fraction in the
laboratory were:
1) moist colour determination, under daylight, using the Munsell
colour chart (Munsell 1954);
2) pH, measured with a glass electrode pH meter, using the soil-
-water paste method (Richards 1954);
3) mechanical analysis, using the hydrometer method (Bouyoucos

1962, Day 1965);



4)

The
fraction:
1)

<)

4)

A\

water retention of the soil at 1/3 and 15 bar tension on

ceramic plate extractors, expressed as % oven dry weight at .

105 °C and recalculated on a whole soil basis (Richards 1965).
following chemical analyses were carried out on the <Z mm

14
presence of carbonates, detected with IN HC1L;
exchangeable ammonium (NH4) and nitrate (NOS)’ detemined by
the steam distillation method (Bremner 1965);
exchangeable potassium, measured on an atamic absorptién
spectrophotometer using an ammonium acetate extraction
(McKeague 1976, Chapman 1965);
available phosphorus, determined by the Agricultural Soil and
Feed Testing Laboratory of Alberta Agriculture, using the
modified Bray method where HZSO4 is used rather than HCI

(Dickman and Bray 1940).

Meteqxglgg}cal Obserygtions

[

A meteorological station was established on an exposed ridge at an

altitude

of 2088 m ASL. An aluminum, louvered instrument shelter,

secured by cables, housed a Belfort recording hygrothermograph at

ground level. The hygrothermograph was calibrated every two days using

a Taylor

sling psychrometer. A Taylor sixes type maximum - minimum

thermometer was shielded and mounted outside the shelter at a height

of 50 am.

Precipitation was measured with a Taylor Clear-Vu rain guage at

60 an and three calibrated metal cans at ground leve]l. Values for the

four gauges were averaged.
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A Belfort 3-cup totalizing anemometer, situated 70 cm above
- ground, was used to measure average wind speed. Each time the station
was visited the average wind speed over a 10 min. period was also
measured.

Readings were usually taken from the instruments every 1 - 3
days, at the same time, 10:30 to 11:30 AM, during the period Jume 9
to August 31, 1976. Hygrothermograph charts were changed monthly.
Since vapour pressure deficit (VPD) is more closely related to moisture
loss from an organism than is relative hunmidity (Williams and Brochu
1969) the-relative humidity data, adjusted for altitude, were read from
the hygrothemmograph charts at 6 hr intervals and canverted to VPD

using the tables of Williams‘and leger (1967).



RESULTS
A.  PROSPECT MOUNTAIN

Flora

a0

The alpine vascular flora of Prospect Mountain consists of 191
species within 34 families. A complete species list is found in
Appendix I. Compositae 1is the largest family with 26 species, followed
by Cruciferae (l6 species), Gramineae (16), Cyperaceae (15), Saxifragaceae
(12) and Leguminosae (11).

Genera which are particularly species-rich include Carex, Drabai,
Sarifraga, Poa, Potentilla, Saliz, Erigeron and Arnica. Species-poor
genera that are ecologically important include pruas, Oxytropis,

Fedus.rwm, Pedicularts and Polygonwr.

Both Dryas integrifolia and . octopetala are found 1in the study
area and hybrids between the two are common. The hybrids usually
resemble Dryas integrifolia more closely and were assigned to that taxon
for purposes of analysis. Phyllodoce‘intermedia, the hybrid between
Phyilodoce glanduliflora and P. empetriformis, was found 1n a small
clump at a single site although P. empetri formis was not in the immediate
vicinity. This hybrid 1s not important ecologically.

The species with the highest presence values are Androsace chamae]a&me
(stand presence = 100%); Dryas integrifolia, Polygonwn viviparwn (90%);

Poa alpina, Salix arctica, Silene acaulis (81%); Anemone parviflora (78%);
Hedysarum alpinum, Potentilla diversifolia (74%); Saltx nivalis, Pedicularis

capitata and Solidago multiradiata (71%).
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Phy togeography

The alpine florva ot Prospect Mourtain 1s divided into 9 main geographic
distribution types. Speci®s which exhibit distributional characternistics
of more than one type are assigned to that type which best tyts the major
part of 1ts range. The annotated species list an Appendix 111 pives the

distributional type for each species.

Arctic-Alpine Species

Arctic-alpine species are those re\trx\tgd to the northery and/or .
i

mountalnous regions. They ofcur mainly 1n, but are not necessdrily

%

restricted to, the arctic or alpine habitat; thus thev mav live 1n sub-

arctic and mountain forest areas as well. Iwo types have been ricognx:e‘
tor the arctic-alpine specles. 'ég ,

1

‘11 North American Arctic-Alpine (145 of tlora)

[hese species are restricted to the arctic and alpine regions of
North America. Erigcron cornogitus 1S an example of this type (big. 3
Five species assigned to this type, Actragzriue b orrginwen, Anemon.
rartiSlora, Fedicwlaris lanata, Fpicerom nwrilta and Formoset: “.otzebuet,
are also tound 1n the easternmost 1slands and mainland areds ot Asia,

but do not occupy a significant area there.

(2) Circumpolar Arctic-Alpine (25% ot flora)

Species of this type, which comprises the largest element of the
Prospect flora, are found 1in the arctic and alpine throughcut the northern
hemisphere. This distribution may be continuous or not. An example of
these circumpolar species 1s Saxifraga opposittifolia (Fig. 4). A number

of species in both of these arctic-alpine types have disjunct populations
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Fig. 3. Distribution of Erigerom comp.sizus (Hulten 1968).
Fig. 4. Distribution of Saxifraga oppositifoiia (Hultén |« -~ ..
Fig. 5. North American distribution of Saxfraga cermua (Hultén 196§) .
Fig. 6. Distkibution of Campanula lasiocarpa (Hultén 1968).
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in the Great Lakes and/or Gulf of St. Lawrence areas. This disjunct

distribution pattern (e.g., Saxifraga cernua Fig. 5) has long been known
and studied (Fernald 1925, Scoggan 1950, Morisett 1971)& A large number
of Prospect species fall into one or both of these two c&tegories and are
listed in Tables 3 and 4, where the general distribution pattern of each

species 1s added parenthetically.

émpbi~Beringjan"§E§cies

(3) Amphi-Beringian (6% of flora)

The Amphi-Beringian type 1includes species found on both sides of
the Bering Strait. They exhibit three main distribution patterns, but
there are tew members in each. The first is comprised of low-elevation
and/or widespread North American species which reach only eastern Asia.
The second type consists of widespread or northerly Cordilleran species
which reach kast Asia but no further; Cwrpamula lasiocarr 2 (Fig. ©6)
has this tvpe of distribution. The third group, typified bv salix
teensTe tFlg. 7o, includes arctic-alpine species restricted to westermn
North America and eastern Asia, and generally absent from eastern North

America and kurasia.

North American Cordilleran Speclies

These spec 1es are mainly restricted to the western Cordillera and
adjacent lowlands in North America. There mav be minor disjunctions to

the east.

(4) Widespread Cordilleran (13% of flora, N
Species of this type, such as Abiee lasiocarpa (Fig. 8), cover

large areas of %@ Cordillera,~usually frcnri%@skavto California or Utah.
3,("'%'.\” B -~ e



Table 3. Arctic and alpine species with Great Lakes disjunction and
present in the flora of Prospect Mountain.

Calamagrostis purpurascens (4)* Draba crassifolia (1)
Phlewn alpimum (2) Minuartta rubella (2)

Foa alpina (2) Saxifraga cernua (2)
Cerastiwn beeringitanwn (2) Astragalus alpinus (2)
Epilobium hormemanii (2) Draba aurea (2)

Anemone parviflora (1) Druas integrifolia (1) o

Festuca brachyphylla (2)

*

geographic distribution type; see pages 37 - 44.

Table 4. Arctic and alpine species with Gulf of St. Lawrence disjunction
and present in the flora of Prospect Mountain.

Lesquerella arcrvica (1)*

Eraya purpurescers (<)

Anemone parviflora (1)

Fotentilla nivea (2) Luzula spicata ()
Heigsarum mackenzii (2) varer nardina (1)
Astragalus aboriginun (1) Kobresta stmpliciuscou: ()
Ar&rostaphylos rubra (2) Folugonuwn viviyarum (2)
Gertsrane lla propinqua (1) Oryria dig o.. (2)
caomanula wuniflora (1) Minuartia rubelly
Pediuiarts flammea (1) Saxifraga cernus ()
Erigeron compositus (1) Saxtfraga opposttifolic (2]
Taraxacum ceratophorum {(2) Farnassia kotzebuei (1)

e S - . N e

geographic distribution type; see pages 37 - 44.



Fig. 7. Distribution of Salix alaxenstis (Hultén 1968, Porsild 1973).
Fig. 8. Distribution of Abies lasiocarpa (Hultén 1968). Fig. 9.

Distribution of Saliz barrattiana (Hultén 1968).

of Aquilegia flavescens.

Fig. 10. Distribution
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(5) Northern Cordilleran (5% of flora) .

The center of distribution for these Cordilleran species is in the
north, but they do not occur on the Asian side of the Bering Strait.
They generally reach their southern limits in British Columbia or Alberta,

although there may be disjunct populations further south. Salix

barrattiana (Fig. 9) 1s an example of this type.

(6) Southern Cordilleran (7% of flora)

Species of this type are centered in the southern areas of the
Cordillera, e.g. Aquilegia flavescens (tig. 10). Northern limits are
usually southern Alberia or British Cdiumbia, but there may be disjunctions

further north.

Restricted Rocky Mountain

(7) Restricted Rocky Mountain 4% of flora)
These species are found in . ised areas of the Rocky Mountains
and adjacent lowlands and could be considered Rocky Mountain endemics.
*They may occur in only a few sites, e.g. Erigeron radicatus (Fig. 11),
or may be common throughout their range but restricted latitudinally,

e.g. Saussurea densa (Fig. 12).

Low-elevation Species

The alpine flora of Prospect Mountain also contains species which
are primarily of low-elevation habitats, but that extend high into the
mountains. These are usually boreal, but some grassland species are

also included. There are two major types.

(8) North American Low-elevation (13% of flora)

These are mainly lower-elevation species, such as Ledwn groenlandicum
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Fig. 11. Distribution of Erigeron radicatus (Packer unpubl.).

Fig. 13.

Distributiaon of Saussurea densa (Packer unpubl.}.

1
.

Fig. 12

Distribution of Ledwnm groenlandicwn (Hulten 1968, Packer unpubl.).

Fig. 14. Distribution of Cystopterie fragilis (Hultén 1968).



(Fig. 13), which may be widespread in North America or in the westem

part of the continent only.

(9) Circumboreal (14% of flora)
The circumboreal species are widespread throughout the arctic and
boreal regions of the northern hemiéphere, and may enter some temperate

regions as well, e.g. Cystopteris fragilis (Fig. 14).

Disjunct Species

Twenty-two species have populations on Prospect Mountain which are
notably disjunct from their main centers of distribution (Table 5). They
are of particular phytogeographical interest and are therefore examined
further.

These species display varying degrees of disjunction. Some are
very sporadic or disjunct throughout all or part of their range.
Androsace chamaejasme (Fig. 15), Erigeron radicatus and Carex franklinit
occur discontinuously throughout most of their ranges. E. radicatus 1S
rare, known from only 5 sites, but the others are of more common, albeit
scattered, occurrence. Some species have continuous arctic, but
scattered alpine distributions, é.g., Campanula uniflora (Fig. 10),
Pyrola grandiflora, Papaver kluanensié and Kobresia simpliciuscula.

Of greater phytogeographical significance, though, are those species

which exhibit major disjunctions at a single site or localized collection -

of sites. Smelowskia calycina, Rumex alpestrié/énd Arnica louiseana
have bimodal distributions with one center in ihp North American or
Asian arctic and another in or slightly south of.the Alberta Rocky
Mountains. For Smelowskia (Fig. 17) the major area of distribution 1is

southern, continuous to Waterton, Alberta, and then sporadic north to
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Table 5. Species with disjunct octurrences in the flora of Prospect
Mountain. Each species is followed by 1ts moisture index
and the community types in which it is present.

Carvezr franklinii 1.5 : 1,0

-1

Kobresia simpliciuscula 2.0
Papaver kluanensis 1.0 : -
Pyrola grandifiora 2.0 @7 )
Androsqce chamaejasme 2.5 . 1,3,3,4,5,0,7,8,9,10,11,12,13,14,15,10
Campanula uniflora 1.5 : 1,4,14

Erigeron radicatus 1.0 : 1,4,14

" Carex misandra 2.0 : 1,5,/,14

Carex petricosa 1.5 1 0

Salix alaxensis 3.0 : 2,5,14

Salix reticulata 3.5 : 9,14

Fumex alpestris 4.0 @ -

Braya purpurescens 1.0 1 0

braba macountii 1.0 1O

Lesquerella arctica 1.0 @ |

ro
(=)

Sme lowskia calycina 1,2,3,4,7,8,14,10
Telesonix jamesii 1.0 : 4
Oxytropis jordalii 3.0 @ 14

Pedicularis flamea 3.0 @ 3,4,7,14

Angennarta monocephala 2.0 ¢ 11
&b
Amica alpina ssp. attenuata 3.0 : 7,9,10,16

Armica louiseana 2.0 . 4




Fig. 15. Distribution of Androsace chamaejasme (Hulten 1968).

Fig. 16. North American and Alberta distribution of Campanula wniflora
(Hultén 1968, Packer unpubl.). Fig. 17. North American distribution
of Smelowskia calycina (Creene 1974, Packer and Vitt 1974). Fig. 18.
North American and Alberta distribution of Armica louiseana (Hulten
1968, Packer unpubl.).
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Prospect. Rumex and Arnica (Fig. 18), however, have their main
distribution center in the north, and although they are not uncommon in
Alberta, these southern populations are widely disjunct from the more
numerous arctic ones. |

Telesonix jamesii (Fig. 19) has a distribution centered in the
southern Rocky Mountains but has two areas of disjunction in the Alberta
Rockies, one in the Prospect - Miette Range area (Packer 1974a).

The largest group consists of spgcies which are primarily arctic
with one to a few disjunct populations 1in the Alberta Rocky Mountains.
Pedicularis flammea (Fig. 20) has a predominantly eastern arctic distri-
bution, with isolated sites in Alberta. Others, such as Oxytropis
jordalii (Fig. 21), Carex petricosa, Salix aldxensis and Uraba macouniti
have their major center of continuous distribution in the western arctic,
with at least one disjunct population in the Prospect ared, and sun. -
times others. Brawa purpurescens (Fig. 22), Carex misandra, Lesquerelia
arctica, Salix reticulata and Armica alpina SsSp. attenuata are widespread
in the Canadian arctic with alpine disjunctions to the south, including
Prospect Mountain.

Distributional disjunctions may result from habitat disjunction
and/or historical factors. Therefore the possibility of specialized
environmental requirements for these species must be studied. The
disjunct species on Prospect were found in a number of habitats, from
windswept rocky peaks for Papaver kluanensis and dry rocky ledges for
Telesonix jamesii, tO lu§h moist meadows where Salix alarensis and
Ozytropis jordalii are common. The variety of habitats is shown 1n
Table 5 which gives the moisture index (M) assigned to each species

as well as lists the communiiy types (ct's) in which they were found
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Fig. 19. Distribution of Telesonix jamesii (Packer and Vitt 1974).
Fig. 20. North American and Alberta distribution of Pedicularis
flammea (Packer and Vitt 1974, Packer unpubl.). Fig. 21. Distribution
of Oxytropis jordalii (Elisens 1978). Fig. 22. North American
distributi f B Pack d Vitt 1974).

istribution of Braya pvzpc@acrescens (Packer and Vi )
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(for an explanatian of MI see page 31; for ct desriptions see page 60) .

Androsace chamaejasme 1s a‘Siquist, present in all ct's.
Smelowskia calycina is also widespread. FHumex alpestris and Papaver
kluanensis were collected on the mountain but were not sampled in any
recognised ct. The rest of the disjunct species were found in one to
a few ct's. Of the numerous ct's in which disjuncts are found, ct's
1 and 14 are most comman. Ct 1 is the dry, species-poor Dryas
integrifolia - Carex rupestris rock stripe community, and ct 14 the
mesic Dryas integrifolia - Hedysarwn alpinwn meadow commmity:

The species MI's range from 1 to 4 (xeric to mesic), although
the end is more common, especially with the rarer, more widely
dlj « . d4rctic species. N
/ The disjunct species.k}\‘ﬂ'" over a fairly wide range of pH's as
well. Antennaria monocephal‘;:')(cbresia stmpliciuscula and Salix
reticulata are found in neutral to slightly acidic soil, while
Erigeron radicatus, Lesquerella arctica, Telesomix Jamesii and
Campanula wniflora are present an basic, highly calcareous solls.
Androsace chamaejasme tolerates the entire spectrum of pH available

(i.e. 5.6 to 8.1).

Vegetation

Cluster Ajualysis

Cluster analysis dendrograms may be examined at any level using
two approaches, i.e. at a specified level of significance for the
coefficient, or the level at which a specified number of clusters are
formed. The latter approach was utilized in this study as the coeffic-

ient ranges for the hierarchy based on presence-absence data (qualitative),
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and that bast on PV's (quantitative) are not of the same magnitude.
The coefficients for the quantitative cluster levels were higher,
indicating greater dissimilarity in species structure as compared to
species composition for the various stands. Therefore both the quantita-
tive and qualitative cluster hierarchies were analysed at the 8-cluster
level, at coefficients 1.169 and 0.171 respectively (Fig. 23, Fig 24).

The qualitative cluster dendrogram proved less useful in the
classification of the vegetation than the quantitative one, as the
prominent species, which are most important in coomunity classification,
are weighted in the quantitative analysis. The qualitative cluster
dendrogram, however, does illustrate campositional similarities very
well. Stands 22 and 25 are quite distinct floristically, remaining
unclustered even at the 8-cluster level. These I stands possess gke
highest species rlchness recorded. Other comp051t1onall) distinct
stands, 1.e. those unclustéred at ldﬁkcoef£1C1eﬁ£ 1eve1< are 5, 19, 27
and 28. Stands }-4, 10 and 17 cluster eaﬁgf to-form a groupwylth
homogeneous compoéitioﬁ. | . e - m

e

The qualitatively based cluster aﬁalf§i§ captbe used in conjunction

with the quﬁntitafively‘bésed one to idgntify groups of stands, similar

r camposition and spec1es structure, to provide a basis

in both specids
for classif';% jon. The quantitatively based dendrogram ccntains o
primary CluSterS, Dryas integrifolia-daminated stands on the left, and
the remalﬂdéf.gn the right (Fig. 24). The latter cluster consists of
5 well- seﬂ@rated secondary clusters at the 8-cluster level, including
stands do;inated by Phyllodoce glanduliflora (12, 15), Casstope
tetragana:fi§§?A4, 23), Salix arctica (30, 31), Salix barrattiana (16,

25), andy%hb‘fhsh herb meadows (27, 28). These divisions are not
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clear in the qualitative dendrogram.

The Dryas-dominated stands form 3 secondary clusters at the 8-cluster

Jliﬁﬁ%l. The first (stands 4-5, 7, 8, 10, 17) is very similar to the

[P ¥
&
e . y

-
\
4y

o

rst 2 clusters based on composition (Fig. 23), and thus consists of
floristically and structurally similar Oryas-dominated stands. The
second cluster (6, 18, fl, 22, 24, 20, 29) is campositicnally variable
and requires further examination before assignment t6 a single classif-
ication unit. Stands of the final secondary cluster (9, 11, 19, 26) are
characterized by significant shrub cover. Stand 26 is widely separated
from the other members of this group in the qualitatively based dendro-

o ram, suggesting significant differences in species composition.

ngination

Indirect Brav-Curtis ordination of Prospect stands was vanstructed
using the quantftative data (see METHODS, page 30), but the results
gave little added insight to the vegetation classification. The
ordinations also failed to clearly show the major environmental gradients
along which the stands were placed. Therefore the indirect ordination

results for the Prospect stands alone are not presented in this thesis.

Q}assification

Using the ..uster analyses, similarity matrices and field observ-
ations, the alpine vegetation of Prospect Muntain was classified into
16 community types (ct's) within 5 major groups (Table 6). Of these 5
groups, 4 are those designated by Hrapko and La Roi (1978): Rock Tundra,
Hanhﬂmma,Mmmw'mmhammEmamaiﬂmMa.'mefnwlgmqntmnm

Tundra, includes plant communities dominated by low shrubs such as



Table 6. Classification hierarchy of alpine tundra groups and
L community types for the Prospect Mountain study area.

I. Rock Tundra Grouwp

1. Dryas integm'folia’— Carex rupestris type (1,2,3)*
a. Arctostaphylos uva-ursi subtype (4)

2. Dryas integrifolia - Salix alarensis (islands) type (7)
3. Dryas integrifolia - Salix arctica type (8)

4. Dryas integrif‘olia - Oxytropis podocarpa type (18)
2. Kobresia bellardii subtype (21)
b. sandstane outcrop subtype (5)

5. Dryas integrifolia - Casstope tetragona type (10)
6. Dryas integrifolia - Hedysarwr mackenzii typ€ (17)

I[I. Shrub Tundra Group
A. Shrub Stripe Subgroup
7. ..o integrifolia - Betula glandulosa type (9,11)
a. Dryas - shrub subtype (19)
B. willow Scrub Subgroup
8. Salix arctica - Hedysarwn alpinuwm type (30)
9. Salix spp. - Cassicpe tetragona type (206)

10. Salix barrattiana - Trollius albiflorus (16,25)

I11. Heath Tundra Group

ﬁ% 11. Cassiore tetragona - Uryas vctopetala type (13,14)
< v . . . p - ~
a. Cassiope - Salix nivalis subtype (23)

12. Fhullodoce glanduliflora - Cassiope mertensiaa TYPE (12,15)

IV. Snowbed Tundra Group

13. Salix arctica - Salix nivalis type (31)

V. Meadow Tundra Grouwp
A. Dryas Meadow Subgroup
14. Dryas integrifolia - Hedysarun alpinwm type (6,22,24,29)
a. Salix alaxensis subtype (20)
B. Herb Meadow Subgroup
15. Elymus innovatus - Mertensia paniculata type (27)

R Amsidlamdn Flanocarona (2R)
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Betula glandulosa and Saliz spp.. The partial similarity matrices for
each group are shown in Fig. 25; the camplete matrix is in Appendix II.

The Rock Tundra Group covers the largest area, fénning the matrix
in which the other groups occur. Its communities cover a variéty of
aspects and altitudes, but are found mainly on-exposed ridgetops and
steep slopes. This group is characterized by extensive bare ground, .
rock rubble and large boulders; the mean cover of unvegetated ground 1in
the group is 53%. Associated are numerous periglacial features, such
as polvgons, stripes and terraces. There is virtually no soil develop-
ment; Orthic and Orthic Humic Regosols predominate. All the ct's are
dominated by Dryas integrifolia, often overwhelmingly. Other common
species are Polygonwn viviparum, larex rupestris, Androsace chamaejasme
and Orytropis podocarpa. Lichens are more common than mosses, but both
are low in cover. This group is divided into 6 ct's with 3 subtypes
(st's). It is a homogeneous group with high similarity between 1ts
member stands (x 1S = 48%; Fig. ZS).

The Shrub Tundra Group is a more heterogeneous assemblage, encamp-
assing a variety of cammunities with a single shrub or mixture of shrub
species dominant. Physiognomically it ranges from low (< 20 an) shrub
stripes to scrub thickets of medium height (30 - 150 an). Shrub Tundra

is generally found on gentle slopes with NE or NW exposures, from tree-

line to 2065 m ASL. Soils are Orthic Humic and Cuwmulic Humic Regosols.

There are 2 distinct subgroups, Shrub Stripes and Willow Scrub. The
Shrub Stripes closely resemble many Rock Tundra cammunities. Although
daminated by Dryas integrifolia, shrub species are next in cover and
contribufe strongly to cammnity physiognomy. Bare ground cover 1s

low (x = 8%) but conspiauous rock stripes and terraced topography
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Fig. 25. Similarity matrices for the major community groups.

Rock Tundra stands

1 2 3 4 5 7
1 19 81 89 64 61 3
2 17 21 23 24
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underlie the plant cover. Mosses are significant, especially under the
Betula stripes where their cover equals that of the vascular plants.
This subgroup has 1 ct and 1 st.. Communities'qf the Willow Scrub Subgroup
are dominated by Saliz spp.. They are most ofl%n foﬁnd at the bases of
slopes or in protected sites, fed by me Ptwater, or in deeﬁdénow accumula-
tion hollows. This subgroup is very heterogeneous (i IS = 29%) as u
dominant Salix sp. or spp. vary. The subgroup has 3 ct's.

Heath Tundra communities are mainly restricted to hollows on the
SE and E sides of the mountain. The hollows are surrounded by low
krummholz of Abies lasioecarpa and Picea engelmanii with scattered Salix
vestita. Community placement is in concentric rings and correlated
with snow release date, with Cassiope tetragona in the early release
areas and Phyllodoce glanduliflora and Cassiope mertensiana in areas of
deeper snow accumulation. Two ct's and 1 st are found in this group.
Numerous subalpine species occur here including Aquilegia flavescens,
Moneses uniflora and Erigeron peregrinus. The soils are well developed;
Melanic and Eutric Brunisols are found in association with Orthic
Regosols.

Snowbed communities are few and of limited extent on the mountain.
They occur most commonly on S- or E-facing slopes in depressioﬁs or 1in
the “lee of ridges. They melt out later thanlihe heath hollows, as late
as mid-August in some cases. Because of this, snowbeds are always low
in plant cover and are poorl& developed. Soils are thin Orthic Humic

By -

Regosols. One ct isgéégcribed for this group.

The Meadow Tundra Grbup, characterized by high plént cover with a

continuous or discontinuous layer of tall herbs, occupies large areas
#‘1 NE-facing slopes but is found in smaller patches elsewhere.
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Av heterogeneous group (x IS = 35%), it is divided into 2 subgroups.
/f;;QZi;as Meadow Subgroup consists of 1 ct and 1 st dqﬁinated by Dryas
) integrifolia. Above the continuous Dryas and moss layer, taller herbs
such as Hedysarwn alpinwm, Elymus innovatus and Oxytropis spp. form a
more discontinuous layer. In contrast, the 2 cammunities of the Herb
Meadow Subgroup are dominated by these tall herbs, and Dryas is much
less common. They are found in areas where water is in constant supply.
Soils for the entire group are Orthic and Orthic Humic Regosols. Species
composition is highly variable within the group, with Hedysarwn alpinwm
having the highest constancy.

Figure 26 shows the final classification hierarchy (Table 6) super-
imposed on the cluster fusion hierarchy. The greatest correspdndence
occurs at the lower levels. A few stands appear to be misplaced, though.
Stands 18 and 21 show high similarity to the Dryas Meadow Subgroup,
probably due to the higher herb and total plant cover here than for most
Rock Tundra communities. Stand 26 of the Willow Scrub Subgroup appears
closer to the members of the Shrub Stripe Subgroup. A Possible explan-
gtion is the large number of shrub species present, in addition to
Salix spp., as 1s common 1in the Shrub Stripes. The Salix arctica -

- Hedysarum alpinwn ct (stand 30) clusters more closely to ghe Snowbed
community because of the coincidence of dominant species, although
structurally and compositionally they are quite distinct. The internal
heterogeneity of the Willow Scrub Subgroup and the Meadow Tundra Group
are shown by the separation of their camponent parts at higher fusion

levels in the dendrogram. §
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Community Descriptions

Rock Tundra Group (Table 7)

1. Dryas integrifolia - Carex rupestris community type (stands 1,2,3)

The Dryas integrifblia - Carex rupestris ct Covers a large area,
mostly on N-facing slopes and ridgetops, but on some S-facing slopes as
well. Dryas integrifolia is daminant in all cases and Carex rupestris
1s usually next in importance.‘

On the steeper slopes the plant cover forms vegetation stripes
perpendicular to the contours of the slope. These stripes are very
regular in size with the rock and vegetation bands both .5 - 1 m wide.
]l’ rock stripes are composed mainly of colluvial calcareous material
varyiné in size from pebbles to boulders. Individual vascular plants
do manage to become established in this rock rubble, especially Carex
rupestris, Saxifraga oppositifolia, Pedicularis lanata and Saxifraga
atzoides.

Between the rock stripes Dryas integrifolia forms the matrix of the
vegetation stripes. Polygonum viviparun and Androsace chamaejasme are
common throughoht, but é;e low in cover. Legumes are also significant
with Ozytropis podocarpa more important n N-facing slopes and
0. campestris more so on S-facing slopes. A number of species are
found only i this ct of the Rock Tundra, including Erigeron radicatus,
Braya humiéis, Draba porstldii, Lesquerella arctica and Campanula
rotundifoiia; The genus Draba is particularly rich in this ct with 5 of
the 7 species found in the Rock Tundra.

Not all the stripes are flat. Some are stepped with a sloping

vegetation stripe joining the level rock stripes. At these sites the
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plant cover is thlc}er and dwagk ﬁ}hbs such as Salix arctica and

Arctostaphylos rubra are present " small amounts.
" On the windswept ridgetops the stripe pattern breaks down and plants

exist only as scattered individuals (stand 2). |

Total vascular plant cover for this community type is low (x = 26%).
Although the average number of species per stand is 25, many of these
have low PV's or are simply present. In general, lichen and moss cover
1s low as well.

There is little(soil development under this cammunity . The soils
are Orthic or Orthic 1¢ Regosols with shallow proti.cs, higr »H and
a large percent coarse fractian.

This is the most cammon ct on Prospect and is present orn dll rldges
both as small patches and as large expanses covering entirc slopes.

Although Ozytror<e ; iocarpa has the second highest PV in stand 1,
Sarex rupestrts 1s a close third and is more diagnostic. The placement
of this stand in the Dryas - Carex rupestris Ct 1s reinforced by the
high similarity it exhibits with others of this type: 81% with stand 3,
89% with subtype stand 4. Stand 2 shows low similarity with all

stands, perhaps due to the verv low PV's of all its specles.

la. Arctostaphylos wva-ursi subtype (stand 4

In restricted areas on the S-facing slope of R3, the rock stripes
grade into distinct terraces .2 - 1 m high, daminated by Arctostarh.’ e
wa-urst. The amount of Arctostaphylos varies fram scattered plants on
the lower terraces to continuous mats on the higher ones, but it has a
high PV for the stand. In areas where Arctostaphylos cover is continuous,

individual plants of such species as Zygadenus elegans, Hedysarum



Plate 4.

The Dryas integrifolia - Carex rupestris cammunity (ct 1)
forming slightly banked vegetation stripes.qQn. N-
-facing slope of R2. The old mining road can seen

in the background, as well as a pile of overburden
left from the coal mining operations. (July 6, 1976)

Plate 5.

1Y
Junction of ct's 2 and Sﬁ%la steep scree slope. The
Dryas integrifolia - Salix alaxensis Ct on limestone
scree is in the foreground with its characteristic
Dryas mats. The Dryas integrifolia - Salix arctica Ct,
with more evenly distributed plant cover, is beside it
on the brown sandstone scree. (June 24, 1976)



mackenzii.and Oxytropis campestris grow in the mat.
&
Despite the large amounts of Arctostaphylos, this stand hag)a high
degree of similarity to the other stands of the Dryas - Carexr rupestris
ct. Carer rupestris is still a significant component having the third
highest PV. Androsace chamaeiasme, Polyzonwm viviparwn and Oxytropis
campestris are also important here, as in the other members of the ct.

The Arctostar hyloe st is also found as solid patches in small

depressions elsewhere on the slope.

2. Dryas integrifoliz - Salix alarensis (islands) community type (stand 7)

On a large, steep, NE-tacing lepelof limeétone scree between RZ
and R3, plant cover 1s almost campletely restricted to mat 'islands:
of Dryas irntegrifolia, 10 - 50 an in diameter. any~hats are cente}ed

‘ground gnarled and sprawling plants of Salix zlaxensis, anchored
firmly on the scree slope. Although same of these Saliz plants have
basal diameters of 5 am or more, they rarely exceed 40 cm in height.
The bare scree of small limestone rocks covers more dred (77%) than the
vegetation. Large boulders are rare.

Dryas integrifclic 1s the overwhe lming daminant here. Although
Folygonum viviparwn and Stellariaz longipee have low cover, they have u
reasonably high quadrat trequency, particularly within Dryas mats.
Other species whicﬁlgrow within the mats include Fedicularis capitatu,
Silene acaulis, Oxytropis podocarpa, Saxifraga tricusyidata and
Anemone parviflora. Mosses and a few lichens occur in the Jryas islands
as well.

Between the islands a few individual plants become established,

notably Saueeuréa densa, Pedicularis lanata, Saxifraga oppositifolia



i

and Sme lowskia calycina. Some of these plants have long tenuous root
systems stretching down through the rocks and far into the soil beneath.
A few species appear to be restricted to these scree slopes, e.g. Drabz
macounit, Custopteris fragilis and Saxti fraga caespitosa. "

The slope is unstable with some downslope movement of the surface
material, and the vegetation mats are often bfoken and covered by the
limestone rocks. Beneath the scree layer there is considerable soil,
altnough the profile is still Regosolic. This soil is a silt loam to a
silty clay, lgam 4%}h ;§erage moisture retention. It thus appears that
substrate factorgcézg/ﬁuch less of a factor in preventing continuous
plant cover than is slope instability. ‘ :

This ct is found, with lesser or greater amounts of plant cover,

on a number of steep scree slopes at various altitudes and aspects.

3. Dryas integrifclia - Saliz arctica community type (stand 8)

Although stands 7 and 8 are adjacent and situated on the same scree

slgpe, their differeMces are reflections of a substrate change.

Iy

P23

;;and 8
1s located in an area of sandstone scree as opposed to the limestone
scree of stand 7. Despite the contrast in scree petrology, many of the
soil characteristics, §uch as pH and texture, are similar.

Dryas integrifolia is still dominant but Salir arctica assumes much
greater significance here than in the other Rock Tundra communities.
Astragalus alpinue is the dominant legume and the third most important
species. It is of interest that Carezx rupestris, which had a lew PV on
the limestone scree, is campletely absegi from this stand. oDryae
octopetala occurs here‘an% is*found~;n only one other Reck Tundra ct

b

., v
(stand 5), also on a sandgtone substrage. Other species which are notably

"
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present are Cerastium beeringtanum, Androsace aeptentrionalis, Castilleju
oecidentalis and Erigeron lanatus.

Although bare ground COVET is slightly lower, in general the
relative cover of vascular plants, mosses and lichens is about the. same
in this ct as in the Dryas islands ct on 1hnestoné scree. The number of
species per quadrat (NSQ) and the total number of species 1s, however,
slightly larger. This is the result of the restriction of plant cover
to the Dryas islands™in stand 7 as opposed to stand 8 where the individ-
ual plants are more evenly dispersed over the slope. This contrasting
.pattern makes the 2 areas visually distinct, despite the close similarity
of their species structure (1S5 = 62%) .

This ct is found on all sandstone scree€ slopes. These slopes are,

however, fewer 1n number and smaller in area than the limestone slopes.

4. Dryas integrifolia - Oxytropts podocarpa community type (stand 18)

Large areas of the NE- and NWw-facing slopes of RZ are covered bfxa\ -
relatively mesophytic Dryas - Oxytropis podocarya community. On the
gentler slopes the topography 18 characterized by terraces as high as
1 m. As the slope steepens and/or the altitude increases, the terraces
decrease 1n heigﬁt until they resemble rock stripes. Species composition
of the terrace T1sers and stripes 1S similar with a high cover of both
mosses and vascular plants. The terrace tops, on the other hand, arc.
almost void of plant 1ife. These areas are camposed more of moist
bare soil than rock. where stripes are formed rather than terraces
there 1S algreater percentage of rock. .

Dryas integrifolia and Oxytropis podocarpa have the highest PV's

in this commmnity, but Kobresia bellardit is perhaps the most CONSp1Cuous
g

~



Plate 6.

The Dryas integrifolia - Oxytropis podocarpa
comunity (ct 4) on the N-facing slopg of RZ. The

view is of the lee side of a wide, heavily vegetated

br
which is particularly obvious in the background is
Kobresia bellardii. (July 31, 1976)

stripe. The dominant DJryas is in bloom. The dark
an areas are moss, and the light brown graminoid
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component. This species forms large tufts along the edges of the

terraces and stripes giving a more lush appearance than that exhibited

by other Rock Tundra ct's. Polygonum viviparum, common in most Rock
Tundra communities, has an even higher PV here. Legumes are also signif-
icant , but here the important species ;re Hedysarum alpinwn and
Ozytropis campestris as well as Oxytropis podocarpa. Hedysarwn mackenzii
is completely absent. Species of lesser importance include Androsace
chamaejasme, Carex rupestris, Pedicularis capitata, Salix nivalis,
Smelowskia calycina and Saxifraga tricuspidata. Armica louiseana 1s
found here and ln‘only one oth# site on the mountain.

This ct has the highest species richness and the highest NSQ in the
Rock Tundra Group,, However, vascular plant cover averages only 45%

43 . . -
due to the heavy concentration of plants in the terrace risers and

stripes. Mosses achieve their highest cover value for this ? in
p

this ct,” forming large mats beneath and améngst the vascular plants.
i >

e B
Terricolous lichens are scatterad throughout.

The soil pH, at 7.3, is comparable with that in the other Rock
Tundra types. Soils are thin Orthic Regosols with a large percent
. »/
coarse fraction. w

Although this ct is found on only one ridge of Prospect, its cover

there 1s extensive.

4a. Kobresia bellardii subtype (stand Z21)

On one NW-facing slope of the Dryas integrifolia - Oxytropis
podocarpa ct, Kobresia bellardii becames even more prominent, obscuring
many species of lower stature. Here Kobresia tufts form the basis of

heavily vegetated, continuous and discontinuous, stripes perpendicular

L} e

>
i \’.‘u
LAY
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:to slope contours. Kobresia is restricted to the outer, windward edge
of the stripes. The rest§Bf the vascular species are found in the lee
of the dense sedge clumps, underlain by a thick moss layer. Only a few
species of the ct are restricted to this st, i.e. Gentiana propinqua,
Astragalus vexilliflexus, Poa arctica, P. pattersomii and Draba cana.

Although this stand is very similar in physical (soil) and vegeta-

2
el £

4£? cojjeY .and the subsequent effect on the.grganisation and visual
°F g

tior_lalﬁ,cha%eristics to the type stand (IS = 77%), the increase in

@1 the g%ghd make it more suitable as a separatedst.

4b. Sandstone outcrop subtype (stand 5)
v . o”'ft“h'
Although the species composition and species structure of this

stand are very similar to those of the other stands of the Dryas -

- Oxytropis podocarpa ct, enough differences do occur to warrant a
separate st distinction. This stand js located on an exposed, windswept
sandstone outcrop on R8. Plants are widely separated, individual or in |
clumps, with no discernible patterning.

Dryas integrifolia is dominant followed by Ozytropis podocarpa as
in the other stands in this ct, but both Kobresia bellardii and
Polygonwn viviparwn are absent. The Dryas forms small mats with
Saxifraga tricuspidata.clumps within them. Oxytropis podocarpa 1S most
commonly found growing singly. Grasses, especially Calamagrostis
purpurescens also form clumps apart from the Dryas mats. As the slope
increases down from the ridge the plant cover decreases, and the
indiyidual plants became even more scattered. Where resistant seams

RN
of rock run through the outcrop, unequal weatheringlgés created small

rock ridges, .25 - .5 m high. Sazifraga tricuspidata and Telesonix
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jamesii cover large areas of these ridge faces. Astragalus alpinus,

Carex rupestris and Erigeron compo

commmnity. Species found here wit

situs are also significant in this

h restricted distribution elsewhere

on the mountain include Senecio eanus, Draba paysonigs Botrychiwm

lunaria, Astragalus aboriginum, Eriogonum androsacgen and Telesonix

Jamesit.

-

.

Despite the low mean cover of vascular pLaﬁts,'f8%, and a low NSQ

of 3, the spec1es richness of this

to the other stands in the Dryas -

stand is high at 44 and comparahlg

Ozytropis podocarpa ct. Many species

have low PV's and add little to the total cover but increase the species

richness. Moss and lichen cover are low to negligable here.

Soils in this stand have the

lowest pH of any in the Rock Tundra

Group, 6.8, but they are still Orthic Humic Regosols.

“Q
This Qd is unique and this

single outcrop on R4. Snnllar sit

seem to octur anywhere else on the

5. Dryas inté‘ﬁifolia - CassiOpe t

This ct occurs below the Drya

some gentle NW exp es. The mic

e,

commnity st is found only on this
es of sufficient size to sample do not

mountain.

etragmcowme (stand 10)

s - Carex rupestris roCk stripes on

rotopography includes quite pronounced

\ P )
terraces and very flat rock stripes of small stones, as this ct

occupies the transition between these two pﬁi'blacial features. There

is.less exposed rock surface here

" On the risers of the larger t
tetragona are mixed with Dryas int
Scattered throughout are larger Sa

S. arctica, S. alaxengtis and S. ve

than in the Dryas - Carex ct above it.
erraces large clumps of Cassiope
egrifolia and Arctostaphylos rubra.
iz shrubs, 15 - 30 am high, such as

atita,with occasional small krummholz

g~

%
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Abies lasiocarpa. Common herbs include Polygonwm vipiparum, Oxytropis
Podooarpa, Tofieldia pusilla, Silene acaulis, Carex rupestris and
Saxif?ﬁga oppositifolia, most of which are common on the dry upper
slopes. Floristically as’well as physically this ct 1is situated between
the moister Dryas - Betuld‘élandulosa shrub community (ct 7) and the
drier Dryas - Carex rupestris rock stripe community above, and is equally
similar to both (Appendix 11). .

Total vascular plant and bryophyte cover are higher here than in the
Iruas - Carex ct, but lower than those of the Uryas - Betula shrub
type. Moss carpets are rare but mosses may be locally abundént. Where
Cassiope tetragona dominates, Hylocomi;m splendens is often the under-
story. Terricolous lichens, especially fruticose forms, are scattered
throughout. Sometimes Dryas and Alectoria ochroleuca form a narrow
but distinct band between the Cassiope-dominated areas and thé bare rock
stripes. ’

Total vascular species richness for this commnity is intermediate
between those of the rich Dryas - Betula community and the depaﬁﬁerate
Dryas - Carex commmnity. However, the NSQ more closely resembles that
of the Shrub Stripe stands (Tables 7, 8) .

Soil chafacteristics are also intermediate, but the coarse fraction
and pH do fall within the range shown by the ‘Rock Tundra Group.

This community type covers a small area but occurs on a number of
ridges occupying the same ecological position with respect to aspect,
slopeland altitude. It consistently occurs below the Dryas - Carex

community and-usually above the Dryas - Betula commmity.
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6. Dryas integrifolia - Hedysarum mackenzii cammmnity type (stand 17)

At the base of the large rock faces and screc slopes which lead to
the peak of Prospect Mountain 1s a she’_red, gently sloping site
occupied by the Dryas - Hedysarum mackenzii ct. Large calcareous r0§§5
and piles of gravel, fallen from the rock face, occur in scattered
patches. In spring small streams of meltwater from the upper slopes cut
through the Community’in rocky channels. In times of rapid runoff
gravel and rocks are deposited in the vegetation itself,

In spite of this rocky substrate, Vascﬂijr plant cover is the high-
est for the Rock Tundra Group, due to an almost continuous mat of Dryas
integrifolia. Hedysarum mackenzii ranks second in PV and 1s evenly
scattered amongst the Dryas. Other legumes are rare or absent. Small
sedges, primarily Carex scirpoidea and C. rupestris, form a thin layer
above the Dryas. The only other quantitatively important species are
Polygonum viviparum and Androsace chamaejasme . Vascular species
richness is intermediate for the Rock Tundra Group (32), but of these,
25 species are rare and exist as widely separated individuals. Shrubs
such as Ledum gr .+ mdicum, Salix vestita and Potentilla fruticosa
occur only in the tew shallow depressions.

Bryophyte and lichen cover are low. Mosses occur only in small
patches. The most common 1ichens are foliose and crustose, growing on
the soil.

The soils are thin, Orthic Humic Regosols with a comparatively
small percent coarse fraction.

This ct is found only in this one location on Prospect, between

R3 and R4. In central areas the plant cover is high becaming lower
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towards the edges of the commmnity and continues as clumps and individual
plants uwp the adjacent scree slopes and rock slides. Due to the shelter-
ed nature of this area, and its proximity to escape terrain, mountain

sheep are often seen grazing here.

Shrub Tundra Group (Table 8)

A. Shrub Stripe Subgroup

7. Dryas integrifolia - Betula glandulosa coammmity type (stands 9,11)

The Dryas ~ Betula glandulosa ct extends over a wide range of
altitudes and slopes but is mostly restricted to NW exposures, where
1t can be very localized or cover an entire slope. The topography
varies from flat rock stripes to terraces with risers up to 1 m high. °
Despite the terraced topography, thqie are only small patches of
exposed soil and rock, and in some a;%as the rock stripes are completely
vegetated;

As in other striped and terraced commmities, Dryas integrifoli.
is the dominant vascular plant. Betula glandulosa is next in importance
followed by Arctostaphylos rubra. Salix aretica and S. nivalis are
present in small amounts adding to the shrubby nature of this community's
physiognamy. Notable herbs arv * #Arcsia bellardii, Polyzonum viviparum
and Orytropis podocarpa — species common to all stripe communities.
Stand 9 is located at the base of a slope and is watered by a nearby
stream. Its more mesic environment is reflected by the presence of

rola grandiflora, Senecio lugens, Tofieldia pusilla and Pedicularis

flammea, which are usually found in moist habitats. In stand 11

Elymus innovatus, Poa rupicola, Potentilla fruticoga and Pedicularis
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lanata indicate drier site itions. In spite of these enviraumental

and associated floristic s, the two stands are very similar
in species structure (IS8«

Bryophyte cover 1s: with mosses forming a continuous carpet,

-

as deep as 30 - 40 cm,_.- r the Betula. Hylocomium splendens usually
dominates these came:s.‘ Lichens are less important but still notice-
able in the community with foliose and fruticose lichens, particularly
Stereccaulon, most COmmOn.

The soils are Orthic Humic Regosols with a pH of 6.4 - 6.9. The
drier nature of stand 11 is demonstrated by its lower available
molsture.

The largest stands of thls ct occur near treeline on NW-facing

slopes, in some places forming a band of shrub tundra between the

subalpine forest and tNe'upper alpine slopcs.

7a. Dryags - shrub subtype (stand 19)

The steep E-facing slope of Rl is also dominated by Oryas and
Betula, but other shrub species have an increased relative umportance
here. The combined PV's of Salix arctica, Juniperus communis and
Potentilla fruticosa equal that of Betula. Other low shrubs present
in lesser amounts include Arctostarhylos woa-urei, A. rubra, Juniperus
horizontalis and prostrate Abies lasiocarpa. The shrubs form a layer
30 - 45 am high. Topographically this area is similar to others of the
type, with small terraces blending into rock stripes. Plant coverﬁis
not restricted to the terrace risers, though, and in some places

2

mixtures of shrubs form dense patches 1 - 9 m” in area.

There are other compositional differences besides the increase in

78



shrubs. Linnaea borealis, which has a restricted distribution in the
alpine zane on Prospect, is not anly found here but fom large mats
beneath the shrub thickets. Habenaria viridis, found in no other ct,
is comman here. Graminoids, particularly Elymus innovatus, Bromus
pumpellianus and ‘Kobresia bellardii assume greater significance in this

st, overtopping the shrubs in many places. Legumes also have increased

.
1]

cover and richness in this stand.
Total vascular plant cover is higher than in the ct, but there is

+

less bryophyte and lichen cover (Table 8). Moss still forms a thick
cax})et but it is more patchy here. '
@

Although the soil is an Orthic Humic Regosol, it has a higher pH,

a larger coarse fraction and lower available moisture than the soils of
the type.

Despite its relatively high similarity to the other stands cf this”
ct (x IS = 65%), there are enough significant differences in cormxun{‘
physiognomy and species composition to justify its subtype designatic;1.
Although found in a single location, it covers an entire slope giving

it a large total area.

B. Willow Scrub Subgroup

8. Salix arctica - Hedysarwm alpinwm commmnity type (stand 30)

In a large, concave area in the center of R4 is a serigs of large
solifluction lobes. This 1s a late snow rele&sé“ area and is usually
damp although there is little surface water. The lobe-top plant cover
varies fram rock stripes and Cassiope tetragona commmities to meadow

vegetation. The lobe frants are all similar, though, covered with the
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rich Salixz arctica - Hedysarwr alpinum ‘ct. This community covers a
large total area but its stands are quite small, i.e. the solifluction
riset. fronts. ‘The ct drops out towards the bgttams of the risers
where the Jrpas - Hedysarwm alpinwm meadow ct (ct 14) takes over.

This cammunity is clearly duor\ninaned by Salix arctica, but herbs
such as Hedusarwnm alrinwn give the ct-much of its distinctive character. ’
Less abundant herbs are Astragalus vextilliflexus, A. alpinus, Armica
cordifolia, Artemisia norvegica, Parmaseia fimbriata, Castilleja
occidentdlis and Erigeron reregrinus. Smaller herbs, such as Equisetum
scirpoides, Anténnaria alpina and Polygomum viviparum, ;r’e scattex}ed
beneath and between the larger plants. ’ =t .

Although the NSQ and plant cover are high, the community does not
appear lush. Individual plants are smaller than nommal, rarely form-
ing clumps. There are few mosses or lichens under the vascular plants.

The soil is a Cumulic Regosol due to downslope creep of the
solifluctian lobes. The percent coarse f(ractim 1s small and the soil
is hard and firmly compacted. Towards the base of the lobe risers
the percent coarse fractian increases.’ |

This ¢t is canfined to one area where 1t occurs on, numnerous

\
lobes with different aspectdy and elevatimns.

9. Saliz Spp. - Cassiope tetragona COmMMMity type (stand 26)

(n some lower NW slopes, in the midst of the Oruas - Betula and
Ur s - Cassiope stripes, there are deep snow accumulation hollows.
Soon after meltout these hollows appear to be dominated by Cassiope
tetragona. Later, as the associated deciduous shrubs leaf out, 1t

becomes evident that the ZJalix species have the highest cover. Because
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of its substantial non-heath shnb cover, and similarity to the other
Shrub Tundra cammmities, this ct is placed here rather than in the
Heath Tundra Group.

Cassiope tetragona has ‘the highest 1nd1V1dua1 PVy but several low
shrubs, 30 - 60 an high, follow closely behind — Arctostaphylos rubra,
Betula glandulosa, Saiix vé;titd, S. arctica and S. barrattiana. The
three Salix species ctnbiﬁed have the g;eatest prqminence, both visually
and nmerically,mand are therefore used t6 name the commmity. Salix
reticulata and S. nivalis aré also present in small amounts. In these

.hollows, )mere’Cassiope tetragona is a dghinaxt species, Dryas integrifolia
is present rather than D. ‘oetopetala as 1s found in all other Cassiope
commmnities. Notable herbaceous species are Hedysarwn alpinwi, Seneci.

\ lugens, Linnaea borealis and Pedicularis capitata. Krummholz Abies
lasioearpa is found-occasionally with Parnassic kotzebuel beneath.

This Pamassia, as well as the Ledwm groenlandicun found here, have
very limited distributions in the study area.

Total vascular species richness and NSQ are average. Total
vascular plant cover is high, as is bryophyte Eover, which 1s highest
benéath patches of Cassiope. Terricolous lichen cover is above average
due to large canp> of Stereocaulon sp. and Peltigera ruf escens and to
the fine crustose lichens on the bare soil.

The scils are Orthic Humic Regosols but have the lower pH values
(6.3) associated with heath-filled hollows (Table 9).

This ct 1s found on numerous W to NW slopes, at or slightly above
treeline. Most hollows are small in size, Trarely ngeedlng 100 m2 in
afea, but the large number of these hollows give a significant total

area for this ct.
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The Salixz spp. - Cassiope tetragona community (ct 9)

in a shallow depression on the N-facing slope of R3.

The deep green plant is Cassiope tetragona. The
deciduous shrubs are Salix spp. which are only beginning
to leaf-out at this point. White patches on the

ground are clumps of Stereocaulon sp.. A small Abies
lasiocarpa seedling is visible at right:” (June 24, 1976)

The Salix barrattiana - Trollius albiflorus cammunity
(ct 10) on the lower slope of RZ. ‘The Salix 1S grow-
-ing in depressions .5 - 1 m deep, surrounded by
herb-rich, grassy margins. (Aug. 3, 1976)
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10+ Salix barrattiaia - Trollius albiflorus commmnity type (stands 16,25)

Dense patches of Salix barrattiana, .5 - 1 m tall, grow at the
bases of many. slopes. They flourish in flat areas with a good source
of water and in deep, moist hollows, which may be widely separated or

contiguous. Due to the heavy shading by the Saliz, the ground beneath,
| whether fine textbured or gravel, is quite bare. The Salix barrattiana
cqmmmities can be very rich in species, though, with many tall herbs
growing in or around the SaZ& clups. In particular thé moist walls
and graséy margins of the depressions hold a diverse assemblage of small
herb§ (Plate 8).

Salix barrattiana is dominant with one of the highest individual
PV's found in any community. In the spring, before the willows leaf
out, Trollius albiflorus blooms and seems to carpet the hollows. In
gravelly sites (stand 16) .Trol%ius is absent, ‘bu\t\‘ir}_general it 1s
quite diagnostic for the ct. Later in the season other large herbs
become significant, e.g. Elymus innovatus, Mértensia paniculata, Senecio
triagularis, Artemisia norvegica, Thalictrum oceidentale, Valeriana
sitchensis and Erigeron peregrinus. On the damp walls of the hollows
Ranwnculus eschscholtzii, Epilobiyn hormmanii, Parnassia fimbriata
and Draba aureq are most camnon. Many species occur in only this ct,
including Veratrum eschscholtaii, Streptopus arrrplimlfo.lius, Mitella
nuda and Draba aurea. Additional species are unique to areas wiith a )
gravel substrate (stand 16) such as Deschampsia caespitosa and Pyrola
asarifolia.

Total vascular plant cover is high, approaching 100% in some areas,

A
largely due to the Salix Bushes. There are a few mosses but virtually
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no lichens in the dark moist understory.

Soil conditions are quite variable in the different stands, although

the soils are always Orthic Humic Regosols. In areas of rapid spring
runoff, gravel is scattered over the surface and the soils are shallow.
Deep, dark profiles are mogt common in the moist hollows. The pH range
is 6.0 - 7.4, from the moist to dry sites respectively.

This ct is scattéred aiong the lower slopes of all-of the ridges

as small pockets and large shrubby thickets.

¥
H
%

Heath Tundra Group (Table 9) ..
®

11. Cassiope tetragona - Dryas octopetala community type (stands 13,14)

‘Depressions on N- and NE-facing slopes often contaln heath
communities. In these areas of greater snow accumulatlon and later
snow release, the Cassiope tetragona - Dryas octopetala ct occupies the
outer rims, i.e. the areas first released froﬁ snow. The Phyllodoce
glanduliflora - Cassiope mertensiana ct occuples the deepest central
parts of these hollows. As a result the Casstope tetragonq - Dryas
octopetala Ct 1s situated between the lush Phyllodoce glanduliflora -
- Cassiope mertensiana cammunity and the surrounding dry Rock Tundra °

| comunities. . Several of the species characteristic of the Rock Tundra
C&ﬁmunities, e.g. Kobresia bellardii, Stlene acaulis- and Saxifraga’
oppositifolia, are found in open areas of the community and thus it
has a higher similarity to most of the Rock Tundra communities

(x 1S = 5.7%) than does the PhyZZodoce glanduliflora - Casszopé
mertensiana ct (x IS = 1.3%; see similarity matrix in Appendix II).

Cassiope tetragona forms dense tufts and is the undisputed

L3
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Table 9. Selected site and camunity attributes of stands of the lieath Tundra Group.
Sec Table 6 (page S54) for names of cormunity types.
ct 1 et 12 ]
B stand | stand bostdnd stﬁnd stand
~ 13 14 | 2 15
Date July 25 July 25 July 31 July 28 July 25
Altitule (m) 2054 2018 2091 2021 2030 -
Slope (°©) 24 22 24 20 30
Aspect E NE NE E NE
Soil type*%, O.R. MAR% O.R. M 0.MB.
Surface pH 7.1 Mo 6.8 M 5.7
% coarse fraction 3 M 48 M 5
% available moisturc (< 2 mm) 36 M 25 M 31
No. quadrats 15 15 15 15 15
WWo. vascular spccies 40 37 36 43 39
NFQ 8 9 9 9 €
x cover (%) -
vascular species 62 80 64 * 78 85
MOSSCs 17 4 21 8 14
lichens - saxicolous 1 0.1 1 0.1 0
terricolous 6 5 12 0.4 0.4
bare ground 43 12 S 17 6
PV vascular specics -
Cassiope tetrago:s 267 334 260 + +
Uryas octopctala 91 107 33 0.1 6.2
Carex scirpoid<s 5¢ 4.0 - 13 0.2
Polygonwn vivipardm 12 5.3 8.7 9.9 2.9
5ilene ccaulis + \18 + 2.8 -
Anemone parviflora 3.3 o9 8.5 11 2.9
Artemisia norvceiza . 1.0 13 13 14
Pedicularis capitata 0.2 2.9 7.1 - +
Kobregia bellardii 3.9 - 2.5 - 1.2 4.8
Carex atrcsquama + 2.9 + 0.2 3.5
Custilleja occidentalis 0.4 + 2.1 + -
Androsacze chamaejacrie® 1.7 n.2 0.5 + 0.7
Poa clpina 0.7 .2 1.7 1.4 0.1
Potentilla diversifolza 0.1 0.7 0.2 0.2 0.0
Antennaria alpina 0.2 0.2 + 2.5 0.2
Erigeron humilis 0.1 + .2 © 0.4 0.1
Seleginelia donca 1.7 6.1 - 9.0 5.3
Salix vestita + 5.4 - - -
Pyrola grandifior* 4.4 - - -
Ozytropts podocarpa - 1.7 0.4 - -
Saxifraga aizoidcs 1.2 0.7 - - -
Saxifraga Gppositifolia 0.4 0.7 - 0.1 . -
Tofteldia pusilla 0.7 - - - -
Carer rupestris - 0.7 + - -
Hedysarum mackenzii 0.4 0.2 - - -
Carex nardina + 0.4 - - -
Antennaria monocephala* 0.1 - - - -
Carex scirpiformis 0.1 - - - -
Festuca baffinensis + - + - -
Gryria digyna + + - + -
Abies lastocarpa + - - + -
Armica alpira -, + - - -
Taraxacum tyratum - + - - -
Picea engelnanii + + - - -

i n i il S



Phyllodoce intermedia

*®
disjunct species

~N

*
Soil type: O.R. (Orthic Regosol), O.MB.

REK
no data

1

(Orthic Melanic Brunisol)

.

5
’) L ct 11 S RN S PN
. stand stand stand stand stand
~ 13 ( 14 23 12 15
' Salix nivalis 7.8 13 97 15 3.9
Dryas integrifolia - 6.6 27 - -
Soltdago multiradiata 1.7 3.2 24 1.4 0.7
Astragalus alpirus - - 19 + -
Hedysarum alpimm - - 4.6 + 1.7
Equisetum scirpoides - 1.1 3.9 - 0.5
Elyrmus innovatus - - 1.1 -
Senecio dug s ’ - - 6.7 -
Trisetun spicat.n + - 0.1 - -
Gentianella propingua - - 0.1 - -
Minuartia austromontana - - 0.1 + -
Minuartia rubella - - 0.1 -
Arctostaphylos rubra - - - - -
Myosotis alpestris - 4 + - -
Stellarta longipes - - + + +
Potentilla diversifolia Vvar, - - ot - -
multisecta
Phyllodoce glaniuliflora 8.8 0.4 501 200
Cusstope rertensiana 0.4 - - 204 466
Salix arctica + + 2.6 11 33
Arnica diversifolia - - - 27 9.7
Parnassia fimbriata 0.2 0.4 - 10 0.1
Aquilegia flavescens - - - 13 4.0
Erigeron peregrinus 0.1 0.2 + 9.7 8.8
Stbbaldia procuwnbens - 0.5 - 6.9 1.1
Zygadenus elegans + + - + 3.5
Pedicularis brasteoca - - - 2.5 0.4
Antennaria lana‘a + - - + 0.4
Saxifraga Twallic - - - 0.4 0.2
Ranunuculus eschscholtaii - - - 0.1 0.2
Poa cusickii - - - 0.1 -
Senecto triangularis - - - - 0.1
Veronica alpina - - - + +
Carex physocgrra - - - - +
Moneses wnifiora - - - +
- - - +
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dominant with Dryas octopetala usually next in importance. Dryas
integrifolia is present in lesser amounts at the edge of the community
where it grades into Rock Tundra. Other significant species in this
ct aré Salix nivalis, S. arctiza, Carex scirpoidea, Solidago rultiradiati,
Polygonun viviparum and Anemone parviflora. Selaginella dens. 1s
cammon on patches oﬁ‘ygre ground. Occasional individuals of Aties

-3 ans,
lastocarpa, Pié&&"”anii and Salix ugéaita occur in the heath-filled
hollows; they for:n krummholz around mamcas well. Antennariu
monocephala and Carex scirpiformis are found in this community and |
nowhere else in the study area.

The relative amounts of plant cover and bare ground can vary
considerablv in this type. Large dry patches are more numerous towards
the perimeter. The cover‘of mosses and lichens is generally low.

The soil type grades from Regosolic profiles at the xeric outer
edges of the community to Brunisolic profiles characteristic of the
mesic inner areas. Associated with this is a gradient of pH from 7.1
at the outer edges to 5.7 in areas of greater snow accunulation and

higher plant cover.

1la. Jassiore tetragona - Salix nivalis subtype (stand 23)
g

On the E-facing slope of RZ a ’‘assiope tetragona-dominated «_
community is found on flat, protected sites rather than in depressional
areas. Saliz nivalis ranks second and Dryas cetopetala third in this
st. Solidago multiradiata, Artemisia norvegica, Pedicularis capitatz,
Saliz arctica and Dryas integrifolia all have greater importance here
than in the other stands of the type. Species found here but not in

the other Cassiope tetragona stands include Astragalus alpinus, Elymus
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Plate 9.

A well-developed heath hollow surrounded,by Rock
Tundra on the S-facing slope of R3. The dark brown

Cassiope tetragona - Dryas octopetala community (ct 11)
surrounds the dark green Phyllodoce glandultflora -

- Cassiope mertensigna community (ct 12) which is in
the bottom of the depression and is released fram

snow later. Abies lasiocarpa krummholz are on the

edge of the hollow. (June 24, 1976)
4



inmmovatus and Hedysarwum alpinum. Manyesf the floristic differences of
this st are due to its drier, more open nature as compared to the type.
Consequently it has a higher similarity to the Rock Tundra commmities -
which surround it .(Appendix 1)

Vascular 'plant cover is at the lower end of the range exhibited by
this ct. Moss and terricolous lichen cover, however, are at the upper
end.

The Regosolic soil profile and large coarse fraction reflect the
flat dry slope habitat.

12. Phyllodoc® glanduliflora - Casstiope mertensiana Cammunity type
(stands 12,15)

»-

In the deepest portions of the heath-tilled depressions are
relatively lush camwmunities of Phyllodoce glanduliflora and Cassi ;e
mertensima. Phyllodoce 1s usually dominant but in same areas (e.g.
stand 15) Cassiope mertensiana assumes daminance. Despite the change in
dominants the species compositions of the twotstands are quite similar.
Phyllodoce- and . mertensiana-dominated areas do not seem separated
spatially or ecologically in any way, nor do they cover large areas ot
the landscape individually, therefore a single community type appears

suitable.

e

Phyllodoce glanduliflora and Cassiope mertensiana are usually y,,//’f
mixed together well. Combined in this thick matrix of heaths are lesser
amounts of Saliz arctica and Artemisia norvegica. Species with lower
PV's but still significant include Salix nivalis, Care.r'Scirpoidea,

Anemone parviflora and Polygonuwm viviparum. Emerging above the heath

mat in the deepest depressions are many large-leaf camposites, e.g.
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Amica diversifolia, Senecio triangularis and Erigeron peregrinus. On
the flatter sites Aquilegia flavescens, Hedysarum alpiruam and Castilleja
vecidentalis assume greater importance. Pedicularie bracteosa, Fou
waticki?, Saxrifrag: lyallil, Rownculus eachacholtz?? and Senect
tri mgularis are among those species found in the Phyllodoce - Cassiope
mertensii ct but not in the adjacent, drier Cassiope tetragona -
- Dryas ootopetal: ct. Moneses wniflora is unique to this ct.

vascular plant cover is relatively high with few bare areas.
Bryophvte cover is low and lichens are virtually absent. Total vascular
ﬂfcwsridm&wzmdN&Qanemnhinthemnkrmmeeﬂnbnedbyallﬂw
ct's, and are remarkably consistant for all the lieath Tundra ct's:
36 - 43 and 8 - 9, respectively.

The soils of this community are well developed Melanic Brunisols.
where the slope 1s steep, turbic Melanic Brunisols can occur, caused
by the downslope soil creep. Soil pii 1s the lowest of any measured on
the mountain, 5.9. These soils also differ in having a small turf
laver overlying the A horizon.

The Phullodoze glaniuwlificra - ragsiore mertemsiagn: <t 1s found
in hollows of varving size, on E- and NE-facing slopes ot most ridges,

at a variety of altitudes.

Snowbed Tundra Group (Table 10)

13. Salixr aretica - Jalixz nivalls camunity type (stand 31)

This stand is located in one of the larger snowbeds at the bottom
of a steep SE-facing slope on R3, surrounded by rock stripes and Willow
Scrub cammmities. Snow remains late into the growing season with

final meltout in early August.



Teble 10. Selected site anx! cammumity attributes of the Snowbed Tundra Group

s g e - —— -

Salix arotioa - 5. ntvalis <t
’ stand 31 ’

Date Aug. 14
Altitude (m) 2050
Slope (0) 0
Aspect -
Soil type** O.HR.
Surface pi T /
% coarse fraction 35
% available moisture (< I am) 17
No. quadrats 15
No. vascular species 30
NSQ 17
x cover (%) -
vascular species 37
nOsSses 7
lichens - saxicolous 0.3 .
terricolous 1
bare ground 58
PVY vascular species -
Salir arctica 76
Salix nivaltis 62
Anemone parvt lora 28
Polygonum viviparum 18
Carer scirpoidea 10

Poa alpina .8
Equisetum variegaturm
Saxifraga lyalli:
Sibbaldia procwnbens
Selaginella densa
Fastuca baffinensis
Sii¢ne acaulis

Carex atrosquama
Potentilla diversif. 12
Oraba crassifolia
Erigeron hemlis
Solidage multiradiata
Minuartia austromontana
Castilleja coctdentaiirs
Tofieldia pustilia
Zygadenus elegans
Aquilegia flavescens
Saxifraga aizoides
Dryas integrifolia
Hedysarum alpimaen
Hedysarwn mackenait
Oxytropis campestris
Androsace chamaejasme*
Myoceotis alpestric
Erigeron paregrinus

OO OO Orm— a0

P S T T e i R R R e e Ll A Bl )

L]
disjunct species

ss
Soil type - O.HR. (Orthic Humic Regosol)
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Plate 10.

A Salir arctica - Salix nivalis snowbed (ct 13) on

the S-facing slope of R3. The snowbed Tundra community
is surrounded by examples of the other 4 Tundra Groups.
Behind it are well-developed .ryas inte ri” ‘ia -

- Cirer rupestris Rock Tundra stripes. To the right

of them, in a small depression, 1s a ‘:iss?re tetrag™ma
tieath Tundra community (dark green). In the right
foreground is a Iryas Meadow Tundra community (vellow-
-green), and to the left a Saliz barra:+i m: Shrub

Tundra community. (July 24, 1976)

B e e e,
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Vascular p}ant cover is low (37%), with much bare ground, and the
few plants present are low in stature. Eyen by the late sampling date,
August 14, few species had flowered. Saliz arctica and S. nivalie
co-daminate forming a discontinuous mat. Scattered amongst the dwarf
willows are Anemome parviflora, Polygomwm viviparwn, Carex scirpoidea,
Poa alptina, Equisetuﬁ variegatwn and Saxifraga lyallit. Draba crgssifolia
is restricted to this ct;ﬁ Although there are 30 species in this ct,
most have very low PV's contributing to this stand's depauperate
appearance.

b@§ses are small with low cdver. Terricolous lichens are mostly
crustose, growing directly on the bare soil surface.

Soil is poorly developed with a Regosolic profile and a high pi!
of 7.7. Llarge rocks are spread over the surface.

Snowbeds are found in sheltered areas on a number of slépes, but
they are never large, rarely exceeding dimensions of 15 m X 15 m. The

snowbed community varies considerably but this stand 1s representative.

Meadow Tundra 'ﬁouﬂ (Table 11)

A. Dryas Meadow Subgréup
14. Dryas integrifolia - Hedysarwn alpinwr comunity tvpe (stands 6,22,24,
29
This variable ¢t occurs most comonly on gentle to moderate
N-facing slopes, though occasionally stands are found with southern
exposures. The concept of 4 basic plant assemblage for the type to

which varying numbers of vascular plants are added is particularly well

expressed in this ct. Total vascular species richness ranges from 3]

rd



Table 11. Selected site and community attributes of stands of the Meadow Tundra Group. See lable 6 (page 34) for
names of cammnity tvpes.®

[SENTN ot 15 ct e

. . o 5,8
stand stand stand stand I stand stand ooetand

29 ! - 6 24 . ME N ! N

e ——— - e mmee o mer e e e e L e e e . TP U SR SO S SN et
Date Aug. 13 lulv Julsv & Aug . . July 2w Aug . 1C Aug .
Altitude 2050 Jitd 2067 204w 2036 2029 N
Siop ; 14 St ~ N 12 14 S

Aspedt Nt Nt St A Nw St t

SCi] typet* NNTI . codk. SR cLR COLUHR. Ltk
Surtace T Tl TR Tl 5.8 >t
t loarse tractiu 2l A 58 38 33
Vo oavarlable moistare . o _ I 4k t:
NeLoguadrdts N N 3t 30 30 30
NeLovascular species 4] o1 *l 34 . St
A, . X : 6 . Bl “
NN EY S
LASQUid! spedies "1 N I8 - 5 » o
SIS N ot 4 Ix - &
Lichens SAN Lol ous y i [ ~
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Table 11. (cont.)

. ) ct [ct 16
stand I stand stand | stand ) stand
. ) 22 L o | T |7% 27 28
Miruartia rubella - 0.03 - - - - -
Farvpyrom latiylume - 0.03 - - - . -
leve rlo canus L. - 0.03 - - - -
S2us8wrea densa - - - 0.03 - - -
varifraga o; poeitifolia - - 0.03 - - -
¥irairtia austromontang . . . - - - -
maba poreildii - . . - - .
Foa cusickit . - - - - -
Ficea engelmanii - . - - - - -
:lix vestita - . - - - - -
Minairtia sajamensis - - - - - - -
Lrzba albertina - . - . R - .
reba incerta - . - - - - -
Lryas octoretala - + © - - - . -
Fotentilla wniflora - . - - - - -
Cz83iope tetragona - . - - - i -
Anirigace se;tertriomalis - . - - - A
Ccstillefa occidentalis - . - - - -
crizeron radicatus® - - . - - - .
iriia cana - - - + - - -
Carmpariala wntiflord® - - - - - - -
Sulir alazensis® - - - - 95 - -
(zytropis jordalii® - - 8.3 25 - -
Aconitum delrhinifoliwm 2.8 . - . 7.8 2.2 0.4
Agter aliimeg - 0.3 0.03 - 1.2 . -
Festuca brach.prylla . + . - + 0.4 - -
var.fraga cernua - - - - 0.03 - -
Cerastiwn beeringiauen - - - - . - -
Lraba borealis - - - - . - -
Elumis imovatus - 5.0 . - 16 215 22
Merieénstia paniculata - ¢ - - 79 13
frigaria virginiana - - - - 48 3.2
Aeragaivgfalpinus 5.8 8.3 - - . 27 32
Tiutsetum scirpoides - + - - - 14 0.4
LTulsetm arvense - + - - - 2.1 3.9
Cxiria digyna - - - - . .
Arzhbis dmemondii - + - - . .
Juniiarus horiaomtalis - - - - - gs -
piloblum angustifoliwm - v - - - - 31 -
Jtaago multiradigta 7.3 1.6 2.1 + o+ 18 -
Fotentilia graciite - - - - - 1.2
Fnzicneila amarella - - - - - 0.6
8. trychiwm lunaria - - - - - + -
Jarirerus cowranis - - - - + -
iz festivella - - - - . -
Arctostarhyloe wva-wurst - - - - - . -
Aramcene multifida - - - - - .
Artemata noroestca 10 . - - 3.5 643
liea millefcliwm 0.03 . - 7.3 26
ook lue latifolium - * - . - + 6.2
fotemtdila divereifolia 1.0 0.1 0.03 - 0.4 3.9 6.1
M.ce_ tis aipastrie . 0.1 . . 0.6 0.6 4.7
- - - - - * 4.8
- - - - - . 3.8
“zasum cerutyy horen - - - - - 4 1.7
Sinx phaeocerhila - - - - - . 0.2
Alariegia flavesscrs - - - - - L 156
tastilleya minlata - - - - - - 12
Armicr 2l (na ssp. attenuata® - - - - - 9.1
Eriierom pefvgrinus - - - - - - 8.7
Eorcclewn lanztum - - - - - - S.4
Amica diveret folia - - - - - - 1.4
Foz rratensis - - - - - - 1.3
Rrmurculus cacshacholtsir - - - - - - 0.5
Sithaldia procutcne - - - - - - 0.2

L]
disjunct specics

501l types: O.MR. (OTthic iumic RKegosol), O.R. (Orthic Regposol)



to 71, with the species-rich stands gengrally in moister areas with'a
good source of water all season.

eras integrifolia and Hedysarum alpinwm always rank first and
second in PV. Other species found consistently are Kobresta bellardit,
Polygonum viviparum and Salix arctica. S. =ivalis and Oxytropis
podocarpa are common in many stands. The drier stands (6 and 24) have
some characteriétic species of the Rock Tundra Group, e.g. Erigeron
radicatus, Senecio canus, Saussurea densa, Saxifraga oppositifolddf‘f
Calamagrostis purpurescens and Carex misandra. The more mesic stands
(29 and 22) have Achillea millefoliwm, Artemisia norvegica, Senectc
lugens, Aquilegia flavescens and Mertensia paniculata, all species of
moister habitas.

Plant cover is almost complete due to a continuous Dryas mat, but
some of the drier stands have patches of bare ground and rock. In the
more mesic sites bryophvtes may form large mats with Dryas. Lichen
cover is generally low.

Soils are all Orthic or Orthic Humic Regosols with alkaline pH
values. The coarse fraction ranges from 21 - 53%, from mesic to
xero-mesic sites. Areas with high plant cover often have a turf layer
overlying the A horizon. ’

This ct covers large areas on equivalent topographic positidns on
R2 and R4, and as smaller stands in flat arcas. The total extent of

this ct in the study area 1s second only to that of the Druas

integrifolia - Carex rupestris Ct.
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l4a. Salix alaxensis subtype (stand 20)

On NW-facing slopes the Dryas-fledysarum alpinum ct blends into
its st, with Salix alarensis shrubs superimposed on the br‘yas me adow
physiognomy. This st occurs on moderate slopes where sd;surface"
drainage is concentrated. A thick layer of moss (x cover = 85%) under-
lies the entire st.

The sprawling Salix qlaxensis bushes are about 40 cm high. and
randomly dispersed on the Dryas and moss matrix. Oxytropis jordalit
is conman around the‘bases of the Salizx bushes; it is found only here
and 1n the adjacent stands of the ct. In addition to Salix alaxensis,
Saxtifraga cez;nua, Draba borealis and Cerastiwm beeringianwn are found
only in this st and not in the other stands of the type.

The soil is thin and rocky under the thick moss layer, but has

the sufficient moisture supply necessary for this mesophytic commumnity.
B. Herb Meadow Subgroup

15. Elymus innovatus - Mertemsia paniculata cammunity type (St'and 27)

A
On the SE side of R4 is a lush, grassy meadow, bounded on 3 sides

by stable scree slopes. Directly above the meadow is a snow comice
which melts slowly through mogt of the growing season, insuring a
constant supply of water. The meadow itself is very hummocky, with
Juniperus horizontalis, Salix arctica, dnd many herbs in the depress-
ians around the humocks. As the commmnity continues downslope the
amount of Salix in the depressions increases. At still lower altitudes

this stand grades into krummholz islands of the subalpine zone.

Elymus innovatus is the daminant species followed by Mertensia



Plate 11.

The Salix alaxensis st of the Dryas integrifolia -

- Hedysarum alpinwn meadow community (ct 14) on a

flat bench of R2. Both Dryas integrifolia (white) and
Hedysarwum alpinum (pink) are in bloom around the
sprawling Salix alaxensis bushes. (July 24, 1976)

Plate 12.

The colourful, herb-rich Artemisia norvegica - Aquilegia
flavescens community (ct 16) in a drainage channel on '
R4. It is bounded on both sides by the grassy Elymus
innovatus - Mertensia paniculata camunity (ct 15).
Above both communities is the snowbank which supplies
them with water for most of the summer. (July 24, 1976)
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paniculata. Lless important are HNedysarum alpinun, Potentilla gracilis,
Eptlobium angustifolium, Achillea millefolium, Fragaria virginiana
and Solidago nmltiradiata; These tall herbs give a characteristically
lush appearance to the cammmity. In areas lacking taller plants
Dryas integrifolig and Equisetunm scirpoides form the grpmd cover.
Carex festivella is the anly species exclusive to this t:.

The total number of vascular species and NSQ are both high,
indicating relative richrless at both levels.

There are few mosses or lichens, but in moist areas around the
humnocks Peltigera pulverulienta can be found.

The soil is an Orthic Humic Regosol with a large percent coarse
fraction and the secand lowest pH after the Phyllodoce ct.

This grass-dominated conﬁnmity is utilized by a number of animals,
especially Hoary Marmots which have burrows alang its margins. Insect

life is also abundant with numerous amts and grasshoppers.

16. Artemisia norvegica - Aquilegia flavescens commmnity type (stand 28)

Close to the melting edge of the late snowbank above the previous
ct, and in the damp drainage channels runing from it, is another
lush Herb Meadow community. Above it, in areas where snow lies very
late into the summer, there is little or no plant life. This commun-
ity, therefore, is bounded an 2 of 4 sides by the Elymus - Mertensia
Ct, an 1 side by the melting snowbank, and on the other by a hard
scree slope with sparsely scattered Myosotis alpestris, Phacelia
séericea and Amica cordifolia plants. Although adjacent to the Elymus-

- Mertensia ct, 1ts species structure is very different (IS = 11%).

"

99



100
¥ .

The ct is overwhelmingly dominated by Artemisia norvegica (PV = 643),
More obvious collectively, though, are the many showy herbs such as
Aquilegia flavescens, Armica cordifolia, Merténsia paniculata, Erigeron
peregrinus, Potentilla diversifcolia and Castilleja mini%;a. The
giant herb Heracleum lanatum is found in the dampest sites and towers
above the other plants. Shrubs are almost completely absent. Below
the tall species are low herbs, e.g. Astragalus alpinus and Myoscotis
alpestris. Despite the luxuriant and colod;}ul pearance of this
commmnity 1t contains only 35 vascular species.

Vascular plant cover is high (88%) with virtually no bare grouf
visible. There are a few mosses but no lichens.

The soil is very similar to that of the adjacent Elumus 7 Mertonoiz
ct. There is, however, a higher clay content (Table 14, page 111).

This commnity is restricted in habitat to very moist areas with
a constant water supply. Because of these special requirements its

total area is small.

Other Communities

Two plant assemblages were described but not sampled quantitatively.
Examples of these two types were found in restricted areas, and
although habitat conditions seemed relatively constant, species composi-

tion varied greatly.

Drainage Channels

.

Narrow V-shaped channels which collect snow and/or carry runoff
water are found on all ridges. They vary in slope angle, aspect and

total length. Their species composition varies with the steepness, date



of snow release, amount of exposed rock, and the dominant surrounding
vegetation. The commmities are mainly herbaceous but some contain
low  Salic spp..

Arteriisia noroe [.\'uj, Salie arerioa, Aoondtwm delphiniso i,

Erilobiwn lati ol lum, Micsotis alpestris and Farnassia fimbriata are

the most constant species, and #. (z2:t7 2 !7um achieves 1ts highest
cover in these areas. )

Some channels are filled with swiftly flowing water in spring and
after heavy rains, restricting the plant cover to the mesic channel
walls. Artemisia norverica dominates, and Crpriz diguna, Sariira::

leal Ui, Senecto lugiene and Claytonia lanceslata are common on these

walls.

Rock Faces

On steep, exposed rock faces, both of limestore and sandstone, the
plant cover is restricted to isolated individuals estahlished in
cracks and on ledges. Although most of the Rock Tundra species are
found here, cushion plants, e.g. FotentiIlaz wnilora, Ericaome
androsazewr and Saxiraca tricuspidata, and caespitose grasses, e.g.
Festurg baffinensis and Trisetwn spisatwn, are particularly successful
Cystorteris fragiliis, Sarifraza cernua and £, caespircsz are almost
restricted to these outcrops. Telesomir “ameei! 1s notable at the
base of large limestone boulders,

Community cover is always low, but species composition and
richness vary considerably, A single area mav have more than 20
species with none being discernably dominant, or a single species may

prevail. On the sheer E-facing cliffs of R4, Potentilla uniflora is
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virtually the sole colanizer.

On rock faces at higher altitude; the plants are even more
scattered, but this is the main habitat for Pagaver kluanensis. Draba
macownii and D. lonchocarpa continue upward almost to the line of
permanent snow.

Roek faces and outcrops cover small areas on the 4 main ridges

;

but dominate the topography above 2285 m ASL. -

Transect Studies

Transect #1

Transect #1 rus in a N - S direction for 90 m over patterned

ground, both rock stripes and terraces, an the NW face of R3 (Plate 13).

The transect covers a change in altitude of 25 m, from 2034 m to 2059
m ASL. Three main ct's and their intermediates are traversed: a
broad belt of Dryas integrifolia - Betula glandulosa shﬁb stripes,
a small patch of Dryas integrifolia - Cassiope tetragona stripes, and
Dryas integrifolia - Carex rupestris stripes. The 3 stripe ct's inter-
finger, altemate and overlap. The microtopography is characterized
by terraces oriented along the slope contours at the lower end of the
transect, and by rock st{ipes perpendicular to the caontours at the
wper end. The Dryas - Betula ct cantinues downslope from the origin
of the transect for a cansiderable distance, and the Dryas - (Carex
ct does the same upslope.

Cover values for selected species an the transect are contained
in Table 12; the remaining species are in Appendix IV. Dryas

integrifolia dominates all portions of the transect. Other ubiquists

il 4L VTaiin e mmnmma Lt~ Tlaida MTadanan v mnaa b e Asa Jrrmn v an Al s A~
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Table 12. Quantitative values of selected site and community
along Transect #1. Additional species are presented 1in

Appendix TV.

x
Transect Segment

1] 2 3 4 5 6 7 8 910

x slope (9) 23 20 14 24 1318 2217 11 24
altitude (m) 2054 2047 2052
no. vascular spp. 13 15 14 12 13 17 16 12 16 15
x cover (%):
vascular plants 65 54 60 60 82 44 Tt 40 69 &7
mosses ‘ 35 26 25262128 9 2 332
lichens - saxicolous T S S S S
terricolous 4 1513 11 13 15 10 11 13
rock 12216 & + S 134 510
s011 1 6 3 308 21103 1
Pruas integrifolia 44 45 35 48 63 24 48 48 48 10
Jarexr rupestris S T R SR SR S
Kobresia bellardi? -1 1 + 1 + + 1 1 =
Androsace chamae asme T I I G
Salir nivalis 1 + - 1 1 1 2 1 11
Pedicularis caritata 1 + 1 + + + - - + -
Folygonwn viviparw: + o+ 4+ o+ 1+ 1+ 1 ¢
Salixr vestita L T S
Equisdtwrn scirpcides + 1 - - - - -
Picea engelmanii R C - -
Betul!a glanduloez 5 5 318 51 - - -
Anemcone parvifiora R e S
Pyrcla zrandi lor: + 0+ 1 1 + - - 3 - -
Cassiope tetraiond 23 - 3 - -1 - 1.2
Fedysarwm aipinwr 6& 6 51013 615 3 - 5
Arctostaphulcs rubra - 525 - - 3 3 - 3
Sarifraga opresttifelia - - + + - 1 1 o+
OJrutropis podocarra - - 3 o+ 3 3 4 o+ 6 4
Poa aiptina S T S S
Aster sibericus T T
Salixr arctica R - 10
Dryas cetopetala e e S
Hedysarum mackenzi! - - - - - - -1 8 +

25

13

o —
oC N+ O

93]

+ o+ — 4+ + +an

s s OO

attributes

11 12 13 11 15

31 24 24 15
2054
109 11 11
63 59 63 506
211 3
11 -+
20 16 18 15
6 32 8 28
11 1 3 6
59 52 52 50
+ - + ]
+ - + 1
+ o+ +
+ 1 1 +
- + o+
+ o+ + +
- 1
+ - 1 +
13 3 3
-3
3 316+

4 consecutive quadrats (nos. 1-4, 5-8, etc.
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Saltx nitvalis and Polygomwm viviparen.  Saxifraga oppositifolia and
vrytropis podocarpa, though absent fram the dense Betula stripes,
are commen over the rest &f the transect.

The D - Betu!n ¢t (transect segments 1 - 6, Table 12) 1s
characterized by olix veatite, Fquisetwm soimpotdes, Hebysarwm alpinum,
Pyrola gromd? ©lopg and Avetostaphylos md e, ussiope tetragoma mav
be locally abundant. Transect segment 3 traversed a Piceeu engelmomi!
krumholz, hence the high cover for that species there and 1ts absence

elsewhere. Moss cover is particularly high in this transect area.

-
Transect segments 7 - 9 are transitinal between the Iroas -
- Betul: and the iruw - Cussiope ct's, with “wseiore found 1n assoc

ration with Jalic arctiog, He hsarwn xlpine and [reae otopetalc.

The Oryas - arex stripes (segrents 12 - 15) are located in stand
1 (Table 7, page 61), therefore Uxytroris pod-carpa cover 1s high.
Specigs richness 1s lower than in the rest of the transect, shnub«
are few, and the species campositian 1s primarily ubiquists, 1.e.
there are no diagnosti. species. There 1s, however, a small 1ncreasc
in the cover of terricolous lichens.

The legumes show a distinctive distribution pattermn. The ranges
ot Heldysarwn alpinw: and 4. mackenzi! are almost mutuallv exclusive.
. alyinwn 1s found anly an the lower slopes and gives way to =
mackenzit on the wper. They overlap anly slightly in the [r.ow -

- Casstope stripes. Oxytropis podocaryg, 1s comman an most ot the
slope, but 0. campestris, restricted to S-facing slopes, 1s absent.
e [The amounts of bare rock and soil vary stranglv from ane segment

to another, indicative of the pattemed ground. The most heavily
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flite 13, Transect #1 on the N-facing slope of R3. The transect
starts in ruas integrt folts - Ferula 2lmial e

terraces (bright green stripes), travels through o
Spregpifolia - Casstope tetrag i sTUIpes (dark browrn

o0y

stripes) and terminates 1n .ryas ISP CHESERN SIS S S
rup eatpie stripes (light brown stripes: on the upper
slopes. Patches of the Jalixospp. - el e tetrrsovn

community are in the foreground. ulv o3, 1976



vegetated sites are at the lower end of the transect. Both species
richness and total plant cover decrease upward along the transect.

The changes in species camposition and structure observed on this

transect are mainly a reflection of the change in topographic position.

All areas are released trom snow similtaneously, and slope angle does

not increase appreciably with altitude.

[ransect #2

I'ransect #. runs 49 m in an b - W direction 1n a large central
depression on Ri.  Originating at 2080 m, 1t rises less than . m over
1ts entire length tram a flat Druus meadow, through heath commmities
on the sloping edge, and terminating in the rock tundra surrounding
the depression (Plate 141. This transect covers 4 snowmelt gradient,
hut it is not a continuous one tram center to edpe.  The rock tundra
15 released first, meadow areas are second and the sheltered heath
slopes are last.

imlv oa tew ubiquists occur along the entire transedct, notablv

Lol UL 1;‘,11'"& , AnNemome DiIrdt AN a.“d IR SR IS SN
R : -

1S
s
|9
-

sgpcvarroiTable 1300 Jreas Speecrt S iaoand Aedssmer o “niem have
4 bimodal distribution, beiny cammon in the meadow seyment and the
edge of the Tisgife fetry ma COMURLTY where 1t prades inte the
rock tundra. Thev are absent from the fa.. = 1 “e- and most of the
ael pe rerryy ma-daminated quadrats. ufr oarertoo s widespread
across both heath commmities and parts of the meadomw .

The “ruis meadow portion itransect segments 1 - 3, Table 1> 1s
daminated by Iryas integrif iia and dedysarwm 2t {mem with the herb

mgadow components, Astragalus alpinus, kK-bresta re lmrdii and
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Table 13. Quantitative values of selected site and comunity attributes along
Transect #2. Additional species arc presented in Appendix IV ,
s - - — —— T
i ITransect Segments
k&
1 2 3 4 5 6 T 8 9101112131435 1¢ 17 1819 20
x slope (9} 701 2 6 2 7162018 18 2¢ 14 12151213 515 8 ¢
no. vascular species 1520 200 23 27 25 1214 19 19 18 20 21 2117 18 10 13 12 ¢
x cover (%):
vascular plants 66 73 73 69 B8 88 S8 8B BE BR &5 83 T8 TH T8 64 85 48 20 40
mOsS<es 7318 4 5 1 3 214 7153121 4 5 4 1 1 7
lichens - saxicoiou, . - <yl oo 2.
terricolous 223 3 1 1 i3 R Y407 613 6 3 3 ¢
rock SR (U S L -4 -+ 304717
so1l -1 521 + 1 ] +005 5 710 9 73 5 12510
~
M Aercriore P A A L S SR S SRS S B 101+ 4
Polsaene 4 0 5 4 403 + A TS RS U S DR SR
Salixr niv 1 2 82031 1 + 0 5~ 2 X 5 3 7T 3 2 11
Fauisetw Irp e - + 1 o+ o+ 0+ 11 2 A1 o+ ]2 4+ s ] 4
Fediowlorie o rana + 1«1+ ) + 1 1+ 1 1 1 1 + 1 + +
Kromae premp e 107 e A v . L - -
Zvcadenes ¢ i AR S & .
Gentiany ;r siruicy T - R
Acrragalue a'p D + 4 53 : r - -
Helysarar ol; i [ 1 11 & 5
kolyesia Yol il o2 1 1T o2 - : .
Sallloarerio L S U 4 4
Oxutryey L en t N -
Silene arco . + 1 - 1
Castillce, o o liel 0o U B
Apsomiaia s 1o . o< I ST
Erigeron rero oo I3+ v+ ] . Vol
Farwce! o Tivrrn 1 4 =
‘(""A; :' . 7 A" : /. M 7‘ 7, + + + + + 4 l i
P - ]
Moocotre Glresn EE
I3 ORI ] 5 1 4
Kanuricw a0 s sison oo R
Jurnrus droer ol s
Cassiope m ion | o R RS N
Phullod oc olouloir + Tl ER Ot
Aquidlegia fla e + ]
Carmpariala ! y A S -
Selagine I I A 1
Dryes inteami ) la N4 G Ak s + i A B S b
Dryas oot petald - + ok e
casstope telris 45 51 T oan e je
Aconttwr i ! - + e
Festuca brach. - +
Carex nariiv: ’ 4 "
Oxytropis poad + 1 4
Erigeron ooy o +
Smelowskia cxiycir - - +
.
*
- 5 consecutive quadrats (nos. 195, €10, et

%3 consecutive quadrdts (nos. 96 G




Zucadenue elegans. As the meadow grades into the Fhyllodoce - 4

“

Casegiope mertensiana Ct (segments 6 - 14), showy herbs suchgas Erigeron

leja cceidentalis and Artemisia norvegica augment

(S5

rerearinus, Casti
the species composition. As a result the transition zone between

these two ct's is the richest in vascular species.

4

The Fhylloicee - Cassiope meriensiana portion has numerous character

species, e.g. Artemisia ncrvegica, Salix aretiza, Erigerom peregrinus,
Sirballdia procumbens and Farnassia fimkriata.  This ct overlabs the
Tussicpe tetragona - Iruas ociopetrala ct above 1t (segments 11 - 18).
Same species, like Carmpanela lastioecarpa and Selaginelln demsu, afc

restricted to this transition zone. Iryas cetopetala and doonirwr

N

el kA 207w are character species for the Casedope tetrazona Ct.

VS

Finallv, a small area of rock tundra was sampled (segments 18 - 20).
Species richness is low in this lr.ae integri2od - wpre P lo
;  surruoct, but a number of the characteristic rock tundra species
appear here {pr the first time — Jrotrople pooopary o, ares narling,
Fectwor rrachyrhe llu and Erizercr. Pommoeiiiae.

Bare rock cover is significant onlv in the rock tundra segment,
but bare soil 1s found throughout. Mosses achieve thelr greatest
cover in the meadow ¢t with lesser, but still notable, amounts in
parts of the Phyliodoes ¢t Terricolous lichens have their highest
cover in the meadow and In the Cassiope rerrag me Ct.

Since the ends of this transect melt out first, 1t 15 not surprising

that certain species cover values and site characteristics have

bimodal distributions.
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Plate

——

N

109

Transect #2 in a depression on R4. The transect

starts in the center of the depression in a Jryze
integrifolia - Hedysarwn alpinwn meadow (bright green),
crosses a Phyllodoce glawduliflora - Caseio;e
merteneianz community (vellow-green), a Cassiop<
tetragont - Dryas octopetala community (brown ) and
terminates in Dryas integrifolia - Oxytropte podocary
Rock Tundra which surrounds the depression. The actual
Rock Tundra which was sampled is not shown in the

photograph. (Aug. 13,1976)
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Soils

The alpine soils of Prospect Mountain have usually developed on

coarse limestone and dolomite colluvium derived from the mountain'peak.

;
The bedrock of sandstone and shale usually lies only 30 - 50 cm from
the surface and fomms outcrops in some locations. The soils in the
study area are calcareous, characterized by weak horizonation, sandy
loam textures, and high organic matter reflected in dark soil colours.
Physical and chemical properties of the 29 soifprofiles exposed are
presented in Table 14. Only 2 soil orders are represented in this
alpine area. Regosolic soils are predominant, associated.with all but
1 ct. 1In depressional areas with late snow release and heath vegetation,
Brunisolic soils mav occur.

The Regosolics belong to 3 main Subgroups. On steep, rocky, poorly
vegetated slopes, Orthic Regosols are most common (Plate 15). The
horizon sequence varies, consisting of combinations of Ah(k), AC(k) and
C(k) horizons. In some areas with a high cover of Iwruzs Tntegri®i<a,
an H(turf) layer overlies the sandy loam or loamy sand mineral soil.

The Ah horizon, although thin, can be very dark, apparently rich in
organic matter. Coarse fragments (> 2 mm) are numerous, normallv
increasing with depth, and large rocks (> 8 cm diameter) are encountered
throughout the profile. Free carbonates were detected in manyv horj:ons.
Onlv in Orthic Regosols associated with Cassiope tetruionaz-dominated
communities is the pH lower (6.8). Orthic Regosols are widespread in
most Rock Tundra stands and found occasionally in Heath Tundra and

Meadow Tundra as well.

In more mesic areas with higher plant cover, Orthic Humic
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Regosols dominate. Their physical characteristics are similar to
those of the Orthic Regosvls, but the Ah horizon is thicker under

the lusher vegetation, greéter than 60 cm in one site. The pH range
is wider, extending from 5.7 in lush Herb Meadows to 8.0 in some Rock
Tundra stands. Orthic Humic and Orthic Regosols are very similar and

grade into each other, even within a single ct. Orthic Humic Regosols

114

are more common, though, under Shrub Tundra and Meadow Tundra communities.

Cunulic Humic Regosols form the final Regosolic Subgroup. Not of
common occurrence, these soils are found only in solifluction areas,
e.g. ct 8. The deep profiles are built up through deposition of soil
by mass wasting rather than through horizon development into the
parent material. Horizons (Ahl, Ah2, Ah3, etc.) can be differentiated
by the amount of coarse material, bands of unmixed gravel and buried
undecomposed organic matter of aerial origin. Clay content Increases
with depth, as does pH. There is little colour change between the
horizons; all are black to dark grev.

The Brunisolic soils belong to 2 Great Groups, Melanic Brunisols.
and Futric Brunisols, and are found only under vogetﬁtion dominated by
heaths, especially Phyllcdoce glanduliflcra. In depressional arcas

with high plant cover the soils are Orthic Melanic Brunisols. The

horizons are well developed an “i1ted — a thick Ah underlain

by a brown to reddish brown Bm an t-on. There 1s a steep

pH gradient from 5.7 at the « .« Uk horizon. The

coarse fraction also 1ncrease: c e Fuo at the surface to 70%
-

at the base of the profile.
On moist, steep slopes covered with Phyllodoce, downslope soil

movement has caused churning of the soil profile. Ah and Bm horizons
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Plate 15. An Orthic Regosol (Ah, Ck) under Dryas-dominated Rock

Tundra.

Plate 16. A turbic Melanic Brunisol under Phyllodoce-dominated

plant cover. The Bm (orange) and Ah (black) horizons

are mixed by downslope movement. Below them is a Ck
horizon.
\



are mixed but still discernable, forming a turbic Melanic Brunisol
(Plate 16).

In heath-dominated areas with less plant cover, on drier, steeper
slopes, the Ah horizon is thinner and the Orthic Melanic Brunisols
grade into Orthic LEutric Brunisols. This soil change often occurs in
the transition zone between Phyllodore- and Cassiope tetragona-
-dominated comunities. Surface pH values are higher than in the
Melanic Brunisols and there is less of a pH gradient within the soil
protile. The surface coarse fraction 1s also larger. Bm horizons are
dark brown, thin and sometimes discontinuous. The Orthic Eutric
Brunisols form a narrow transition from the Orthic Melanic Brunisols 1n
the deep, snow accumulating, heath hollows to the Orthic Regosols of
the surrounding Rock and Shrub Tundra. This soil tvpe is not character-
istic of any ¢t and was, therefore, not sampled.

In general, soil nutrient concentrations are low (Table 14).
Nitrate (NOSJ concentration is particularly low, often 0 or 1 ppm with
a maximum of 10 ppm in one meadow community. Ammonia (NHJ) values

vary widely, from 0 - 41 ppm. The larger values, for both compounds,

116

are mainly characteristic of the surface horizons. Average concentration

of N03 in Ah or H horizons is 1.6 ppm as camnpared to 0.8 ppm in

subsurface lavers. For NH, the values are 7.8 and 2.0 respectively.

4
The amount of available phosphorus (P) and exchangeable potassium

(K) in the soil is also small; P achieves a maximum of 15 ppm and K

a maximum of 0.12 meq/100 g. The surface horizons have slightly higher

concentrations than the underlying horizons, 4.5 cf. 3.3 ppm for P,

and 0.05 cf. 0.03 meq/100 g for K.
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The amount of water held by the soil at 1/3 and 15 bar tension is

expressed in Table 14 both as a percentage of oven-dry weight of the

2 mm fraction, and of the whole #oil. The very low values for percent
water on a whole soil basis are a result of both low moisture retention
of the < 2 mm fraction and the large coarse fraction present. The
moisture retention of most samples is quite low; high values are
obtained only for the surface horizons rich in organic matter. The
lowest values were recorded for Rock Tundra soils. Combined with
generally steep slopes, this results in dry soil for much of the growing
season and significant leaching in times of rain. Poor moisture
retention is also characteristic of the soils of the Elymus - Mertensiu
and Artemisiu - Aquilegia Herb Meadow communities. In>the tield,
however, these soils are quite moist due to the concave iocal topography
Qe b2 o ciant sunp.ay of Later all summer from a nearby snowbank.
Meadow, Shruabh o Heath Tundra soils usually have higher percent water

values, at both 1/3 and 15 bar tension, than the Rock Tundra soils.

Meteorological Observations

The complex topography of the mountain, the steep ridges and
.\'ulleys with different altitudes and exposures, causes some temperature,
vapour pressure deficit and wind pattern variation in the study area.
The measurements taken at the single meteorological station, therefore,

serve only as an indication of the general macrometeorological

conditions. The study period discussed 1s June 10 to August 28, 1976.
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Temperature

The recording hygrothemmograph gave a continuous record of air
temperature at ground level (sensor at 7 am) ftor the study period. A
max-min thermometer was used to help calibrate the hygrothemograph but,
as the former instrument had to be replaced twice, there were extended
intervals for which no data were available fram it. Therefore the
hvgrothermograph record was used to calculate monthly means of daily
maximon, minimum and mean temperature, which are presented 1n Table 15.

Daily values are shown graphically 1n Figurce 27.

Table 15. Monthly means of daily mean, maximum and minimm temperatures
in ©C on Prospect Mountain for June to August, 1976,

Mean Maximun Min umun
June (10 - 30) 1.0 5.3 -0.5
Julv (1 - 31) 6.0 12.0 3.9
August (1 - 28) T4 10.9 3.9
June - August 6.7 10.6 2.8

There was little difference in mean daily maximum, minimun and
mean temperatures for July and August. June was considerably colder,
however, with a mean minimum for the month below freezing, and a
monthly mean temperature of only 4.0 °C. The maximum temperature for

the summer, 19 OC, ocgurred on July 16, and the minimm of - 4 °C on
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June 25. The only period with sustained high mean daily temperatures

extended fram July 31 to August 15, The mean diumal range was small

(8.3 0y and relatively constant for the study period.

Freering temperatures were recorded on 26 days during the studv

pet Lod; hane had 17 days U ©¢, July had © and August 4.

Vapour Prcssnrc_pcfxgxt

Mpan Jafly vapour pressure detiorts (VPD's), calculated as the

average of VPD at t hour intervals, were low (F1ly. -8, ihe range

10,3 mb with 4 mean of 2.5 mb. The

for the study period was 0

P an mean daly \PD ot 10,3 wds recorded on July 1o, the dav on

. , Q.
which the absolute maxpum temperature of 19 Y0 was attained.  Mimamun

a4 individual measurements and

values of Uomb were noted often, both

daily means, usually Jduring and arter periods ot nreciprtation. ‘m
e Javs, when no vrecipltation fell, fog and heavy Sloud enveloping

the mountain resulted 1n 4 reldrive humtdity of alnost 100% and a Vi'D

VD varies with temperature Juring the dav. Hichest VD read 1ings
{ 1 . £ S

pucur during periods of high temperature and low relative humidity,

usually around midday. The absolute max unum VPD value measured was

14.0 mb, at 1200 hrs on July 16, Night values were characteristically

lower.

VPD was lower during June with an average of 1.0 mb. Cool

11 for the month contributed to the low

temperatures and high rainfa

values. Dailly means exceeded 2.0 mb on only 3 davs, June 17, 28 and 9.

t 3.8 mb, due to the higher

The mean monthly VPD for July was higher a

mean temperature and higher maxima recorded. The only extended period

o
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with VPD's above average was July 14 to 26 (X VPD = 5.2), which
coincided with ; period without précipitapion. The mean VPD for August,
2.2 mb, 1s intermediate between the values for June’énd July; this was
the wettest month of the 5 but had temperatures equivalent to those in
July. An above average VPD of 4.6 mb was recorded for the dry period

L

of August 11 to 14.

Wind

The wind blew almost constantly in the alpine on Prospect Mountain,
v

usually from the N or N but occasionally from the 5 or s, Mean
weekly wind speeds are plotted in Figure 29. Relatively low wind speeds
occurred in mid-June, mid-July and early August. Tﬁo nean rionthly wind
speed for June was 14.1 km/hr, tor July 12.6 km/hr, and for August
12,1 kv /hr.

Readings were taken every 1 - 3 days and the wind speed over these
intervals calculated.  The highest wind speeds for such an interval
were 3& km/hr oon ulv 27 - 28 and 43 kn/hr oon August 16 - 17

Lach tune the meteorological station was visited the mean wiid
speed over @ 10 minute time span was measured. The highest short
interval reading was 60 km/hr on August 17.  Individual gusts weTe not
measured.  August 14 was the calmest day of the studv period and the
onlv t. the anemometer was observed to be stationary.
Ezggin}tation

A'total of 287 mm of precipitation fell during £ﬁc study period:

72 mm in June, 75 mm in July and 140 mm in August.
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Fig. 29. Mean weekly wind speed, Prospect Mountain, summer 1976.
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Fig. 30. Weekly precipitation, Prospect Mountain, summer 1976.

S - weeks during which snow fell.
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The weekly distribution of precipitation over the summer 1s shown
in Figure 30. The only extended period without rain was July 14 - 26.
The heaviest 2-day rainfall of 55 mm occurred on August 15 - 17,
culminating a period of heavy and sustained precipitation from July 22
to August 16. This caused the spring runoff channels on the mountain
to once égain fill with water. Some erosional damage was caused by
these streams and by Prospect Creek, which became choked with silt.

Snow fell in all 3 months but did not contribute significantly to
precipitation totals. The snowfalls observed on June 12, 25, July 27
and August 17 were light, nocturnal, and soon melted during the day.

A heavy snowfall on June 17 remained on the #%und for 3 days and
impeded access to the study area. Light snow flurries which melted
on impact were camon during the study period.

No exact figures are»available for annual snowfall at Prospect,
but the gen,rea receives more than 20 cm (water equivalent; Atlas
of Alberta 196Y). Despite this large amount, the alpine slopes on
brospect were snow-free by mid-May 1976, as a result of wind action
and the overall eastern‘exposuro. Only the heath hollows and snowbeds
remained covered on this date. Subalpinc areas, however, were not
completely released from snow until mid to late Junc.

The monthly precipitation totals for Grave Flats Lookout, 25 km
to the SE, are very similar to those for Prospect in 1976 (Table 16).
The Grave Flats figures for 1976 are slightly less than the 30-year
calculated means fgf the site. It is tentatively concluded that the
summer precipitation in the study area in 1976 was also slightly

below average.
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Table 16. Summer precipitation totals (mm) for Prospect Mountain
: and Grave Flats Lookout.

Prospect Grave'Flats1 Grave Flats2

1976 1976 1941 - 1970
June 72,23 50.9° . 100.3
July 75.3 77.7 111.0
August 139.8 135.0 K 90.4
Total 287.3 263.6 301.8

1 Alberta Forest Service (unpublished)

o

Environment Canada {1975)

(@3]

June 10 - 30 only
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B. COMPARISON WITH THE ALPINE TUNDRA OF THE MALIGNE RANGE

a

Flora ) -

Floristic Similarity

Meaningful comparison of floristic similarity ;:;;;;;~;1?ine sites
is often complicated by the use of different criteriavfor defining the
_alpine zone. For Prospect Mountain, Bald Hills (Kuchar 1975) and
Signal Mountain (Hrépko 1970), however, the same criteria were used.
The vascular floras of the two Maligne sites have a high percent
similarity (see METHODS, page 24) to each other, 81%, and are equally
dissimilar to that of Prospect Mountain; 58% for Signal and 56% for
Bald Hills.

The floristic similarity of these three sites to other Alberta
Rocky Mountain alpine sites, Snow Creek (Beder 1967), Bow Summit (Broad
1973), Highwood Pass (Trottier 1972), Wilcox Pass (Crack 1977) and Ram
Mountain (Johnson 1975), was also examined (Table 17; Fig. 31). The
floristic similarities generally range from 48% to 59%, indicating 4
regional alpine flora cammon to all. The highest similarittes were
found between Signal and Bald Hills (81%), Prospect and Wilcox Pass
(68%), and Prospect and Ram Mountain (67%). Sites with low floristic
similarity are Bald Hills and Bow Summit (43%), Prospect and bBow Summit
(48%), Ram Mountain and Signal (49%), and Ram Mountain and Bald Hills

(49%).

Distribution Within Families

The vascular plant species found on Prospect Mountain belong to 34

families, as compared to 30 for Signal Mountain and 33 for Bald Hills.
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Table 17. Percent vascular flora similarity* between Alberta Rocky
Mountain alpine study areas. References cited in text;
locations in Figure 31. .

Prospect Signal  Bald Hills
(1) Prospect - 58 56
(2) Signal 58 - 81
(3) Bald Hills 56 81 - |
(4) Ram Mountain 67 49 49 \
(5) Wilcox Pass 68 58 57
(6) Bow Summit 48 55 43
(7) Snow Creek 57 50 59
(8) Highwood Pass 58 52 57

* expressed as 200(species 1n commun/ total species)

Fig. 31. The geographical locations of the study areas for which
floristic similarity was calculated. Reference numbers refer
to Table 17.
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Table 18. Species distribution within families in the Prospect (1),
Signal (S), and Bald Hills (R} study areas.

. No. of Specics $ Total Flora
Family — . ——
P S RH P S B
Ophioglossaceae 0 1 1 0 ) 1
Polypod jaceae 1 1 3 1 1 2
Equisctaceac 3 1 1 2 1 1
Lycopodiaceace 0 4 4 0 3 2
Selaginellaceae 1 1 1 1 1 1
Pinaceac 4 4 4 2 3 2
(+ Cupressaccae)
Gramincac 16 16 20 8 1 10
Cyperaccae 14 14 23 7 9 12
Juncaceac 3 7 0 2 5 3
Liliaceae 4 2 1 2 1 1
Orchidaceac 1 0 0 1 0 0
Salicaccac 9 4 5 5 3 3
Betulaccac 1 1 1 1 1 1
Polygonaccac 4 2 3 2 1 2
Portulacuccae 1 1 1 1 1 1
Caryophyllaceac 7 6 9 4 4 5
Ranunculaceae 9 9 10 5 6 S
Papaveruccae 1 0 1 ] 0 1
Cruciferac 16 6 13 8 4 7
Saxifrapaceae 12 9 11 6 ¢ 6
Rosaceae 10 711 5 5 6
Leguminosac 11 4 5 6 3 5
Crassulaccac 0 1 1 0 1 1
Enpetraccac 0 1 1 0 ] 1
Onagraceac 3 2 6 2 ] 3
Elacagnicece 0 0 1 0 & ]
Umbelliferae 1 0 0 1 0 0
Pyrolaceae 3 4 0 2 3 0
Ericaceae 6 10 10 3 7 5
Caprifoliaceac 1 0 0 ] ] 0
Primulaceae 2 1 1 1 1 ]
Gentianaceae 3 3 3 2 2 2
Hyrophyllaceac 1 0 0 1 0 0
Boraginaceae 2 1 1 2 1 1
Scrophulariaceae 8 8 7 4 5 4
Valerianaceac 1 0 1 ] 0 1
Campanulaceac 3 2 1 2 1 1
Campositae 27 20 30 14 14 15
_Total Species 191 151 197

Total Families 34 307 33




The 4 most important families in terms of species richness are the same
on Prospect and Bald Hills: Compositae, Gramineae, Cruciferae and
Cyperaceae, although the order is different on each. On Signal
Ericaceae replaces Cruciferae and is the fourth largest family.

The actual breakdown of species into families, both numerically
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and as a percentage of the total flora, is presented in Table 18. Although

most families make up a similar percentage of the vascular flora in all
three locations, some important differences should be noted. Prospect
is completely lacking in members of Lycopodiaceae, whereas Signal and
Bald Hills have four species each. Prospect also lacks Crassulaceae
and Empetraceae, families which have one species each at the Maligne
sites. Families present in the alpine on Prospect, although in small
amounts, but absent on Signal and Bald Hills are Orchidaceae,
Umbelliferae, Caprifoliaceae and Hydrophyllaceae. *

Families which are significantly larger at Prospect, both in number
of species and percentage of flora, include Salicaceae, Cruciferae
(cf. Signal only) and especially Leguminosae. Families with the
graminoid growth-form,Graminae, Cyperaceae and Juncaceae, form a smaller
percentage of the Prospect flora. There are also fewer species of

Ericaceae on Prospect, mainly due to the absence of the genus Vaccinium.

Phy togeography

The vascular floras of Signal Mountain and Bald Hills were divided
into phytogeographical classes as was done for Prospect Mountain (page 37).
The class assigned to each species 1s recorded in Appendix I111. The
percentage frequency distributions of the flora in these classes for

the three study areas are compared in Table 19.
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Table 19. Frequency distribution of vascular species from the three
study areas in the major distribution classes. For an
explanation of the distribution types (1 - 9) see page 37.

Distribution Type % Total Flora

Prospect Signal Bald Hills

Arctic-Alpine

North American (1) 14 10 6
Circumpolar (2) 25 30 20
Total 39 40 32
Amphi-Beringian (3) 6 9 9
Cordilleran
Widespread (4) 153 19 18
Northern (5) 5 3 K]
Southern (t) 7 2 11
Total 25 31 311
[ 4
Rocky Mountain Restricted (7] 4 2 5

Low-elevation

) ~ Y
North American (8) 13 5 8
Circumboreal (9) 14 14 14
Total 27 19 22

to

Disjuncts 12 3
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Generally, the frequency distributions are very similar. A
larger percentage of the Prospect flora is made up of low-elevation .
species, mainly North American low-elevation species. The circumboreal
element is constant. For the arctic-alpine classes, there is also a
higher percentage of continentally restricted species on Prospect,
but here the circumolar element is slightly smaller. There are also
fewer Amphi-Beringian species m Prospect.

Overall there are slightly fewer Cordilleran species on Prospect.
Reduced numbers of widespread and souﬂlerly-centered species a'ccount
for this. There is a slightly higher percentage of northerly-centered
Cordilleran species an Prospect.

The greatest difference. between the Prospect and Maligne areas
occurs, not for ane of the nine basic phytogeographical classes, but
in the number of species with disjunct distributions. For Prospect
12% of the flora can be described as disjunct compared to 3% for
Signai and 2% for Bald Hills. The disjunct species found on Signal
are (arex petricosa, Raowmculus gelidus, Pyrola grandiflora, Ca;rrpanuZa
wiiflora and Pedicularis flammea. Bald Hills disjuncts are Carex
mijsandra, Fanoeulus gelidus, Erysimum pallasii and Papaver kluanensis.
Of these disjuncts anly Raomwnculus gelidus and ¥rysimum pallasii
are not found at Prospect. R. gelidus is a Cordilleran species,

scattered throughout its range, and E. pallasii is a circumpolar

arctic-alpine species with isolated southem populatians.
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Species Richness

The total number of vascular species reported for Signal and Bald
Hills, 151 and 197 respectively, are similar to the total for Prospect
at 191.

Species richness can also be examined and compared at both the ct
and quadrat level. The average number of species per ct for each of
the major vegetation groups common to the 3 studv areas are presented
in Table 20. In most cases the Prospect ct's contain a larger number
of vascular species. The Prospect and Signal Rock Tundra communities,
which cover large areas at both locations, have similar species richness
values. The Heath Tundra communities, which are floristically similar
for the 3 study areas (see page 144), are very much richer on Prospect.
The small area covered by each Heath Tundra stand on Prospect results
in a greater—-influx of species characteristic of the surrounding
commnities. However, possible differences in the delineation, size and
sampling intensity of the stands in the 3 study areas must also be
considered when comparing the values in Table 20.

Comparison at the 25 X 25 cm quadrat level 1s less subject to
deviation due to variation in sampling approach of individual workers.
The average number of vascular plants per qgadrat for the major vegeta-
tion groups on Prospect and Signal are presented in Table 21; no data
are available for Bald Hills. The values for the Heath Tundra and
Snowbed Tundra are almost equal for the 2 areas and those for the Rock

Tundra and Meadow Tundra are slightly higher at Signal.



Table 20. Average number of vasculdr species per community type for
the major tundra vegetation groups on Prospect, Signal
and Bald Hills.

Prospect Signal Bald Hills
Rock Tundra 29 51 19
Heath Tundra 39 29 18
Snowbed Tundra 30 20 14
Meadow Tundra 43 30 29

Table 21. Average number of vascular species per quadrat for the

major tundra vegetation groups on Prospect and Signal

Bald Hills data were not available.

Prospect Signal
Rock Tundra 4.1 6.8
Heath Tundra 8.6 8.8
Snowbed Tundra 6.0 6.0

Meadow Tundra 8.0 10.0
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High-Presence Alpine Species

The high-presence species on Signal and Bald Hills are different

.
from those on Prospect (see page 36). On Signal Artemisia norvegica 1S
4
the most widespread species (stand presence = 100%), followed by Salix
aretica, Polugonum viviparwm, Campanuia lastocarpa (92%); Potentilla
diversi folta (83%); Salix nivalis (75%); Pou a'pina, Poa aretica, Dryas
octopetala and Silene scanlie {6751,
On Bald Hills Artemisia ncrvegi +a 1s also the most widespread (80%),

79

followed by Campanwla lasiocarpa (70%); Carexr nigricuans (07%); Antenmnaria
. ’
lanata, Foa arctica, Festuca brachyphylla (63%); Sibbaldiua procumbens,
Luzula spricata (60%); Carex spectabilis and Potentillu diversifolia (53%).
Five of the 10 most widespread species on Bald Hills are graminoids as
campared to 2 for Signal and only 1 tor Prospect. dﬂ :
The species which exhibit the highest average stand presence 1in all

three areas are Julix arotica 71%); Fotentillx liversifolic (07%);

ygomwn pivi; arwm (bb%); Jalix nivalis [04%);
b, ¢ k] >

Artemisiz noregiea, Fo

Poooareriea, Pox alpinag and Silene acawlis (54% ).
Vegetation

Cluster Analysis

To study the relative similarities of stands from the 3 study areas,
their distribution amongst the various clusters of a combined 73-stand
cluster hierarchy was examined, both overall and at the 8-cluster level.
The numbers assigned to the Signal and Bald Hills stands for this
camparative study are presented in Tables 22 and 23. Nomenclature for

the Signal cammunity types from the most recent treatment of the
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Table 22. Stand numbérs assigned to Signal Mountain community types
for camputer analysis. Community type names are from Hrapko
(1970); synonymous names fram Hrapko and La Roi (1978) are
added parenthetically.

.-
! 2 : . , -
Stand No. ct Signal Mountain ct (Hrapko 1970)

32 A Dryas octopetala on scree
(Dryas octopetalg - Oxytropis podocarya)

33 B Dr.. .. ,.:: - graminoid
(a8 Doropet . - Festuca brachyrhullal

34 C T -obresia belilarldii

' “r 1. t: - obrestia bellardi!

35 b Sryae otores . - ..chen
Ora etor.cL - Jalix nivalie

S E NS Lo .- SS
(oo wotoper oo Jedieularis caritata.

37 F casc i terril .o - ryas octupetal
(Case. ‘el owa - Dryas cetorpetila

38 G Druie . "topetualz - Empetrum nigrw.
(I 12 otopetaia - Empetrum nigrwn,

39 H Dryas octopetala - Salix arctica
(Dryas octopetala - Salix arcticu)

40 J Cassiope mertenciama - Phullcdoce ylavduitiflora
(Cassiope mertensiana - Phullodore glanduliflora)

’ 41 K Salix arctica - Artagros:tis arundinac: :

(Salix arctica - Ar-tagroctic arundingoe.

42 L Salix arctica - Antenmnaria landia
(5aiix arctica - Antennaric lariat.i.

43 M Jarex migricane
(Carer nigricans - Luswla wahlenber;!

LY
1

used 1n this thesis

“ used 1n Hrapko (1970) and Hrapko and La Ro1 (197§

#

AW
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Table 23. Stand numbers assigned to Bald Hills community types and ~
subtypes for computer analysis.
Stand No.l : ct2 Bald Hills ct or st name2
46,47,48,49,50 1 Dryas octopetala - lichen ct
45 2 Dryas octopetala - Polytrichwrn piliferw Ct
41 4  Artemisia norvegica - Dryas octopetala Ct
"2, 5 cushion-rosette ct
51,52,53 8  Cassiope tetragona - Drias octopetala <t
54,55 8b Cassiope tetraagona - Fhyllodooo zlanduliflora st
64 8¢ Lepraria neglecta st
57,58,59 9  Fhyllodoce glanduliflora - Casciope mertension ot
e 9b Phyllodoce glandulifleora st
61 9¢ Cassiope mertensiana St
60,62 10 Lustkea pectinata Ct
63,04 11 Artemisia norvegica - Salix arcti:: (U
65 12 Artemisia norvegica - Luzula parwiflora Ct
ot 13 Artemisia norvegica - Anemone océiienta?u ct
67,68 14 Artemisia norvegica - Antennaria Camart: Ot
T0, 7 15 arex nigricans Ct
1

used 11, this thesis
)
“ used in Kuchar (1975); c¢t's 3, 6 and 7 were not sampled quantitatively

.
o % 47
S G



. vegetation (Hrapko and La Roi 1978) are included.

The qualitatively based cluster analysis of the 3 study areas shows
a campositional dichotomy between the Prospect stands and those of the
Maligne Range (Fig. 32). The magnitude of this floristic difference is
1llustrated by the high coefficient (1.629) at which the 2 main clusters
fiha{%y join. The Signal and Bald Hills stands are mixed, however, even
at the lowest fusion levels. The 73 stands have formed 8 clusters at a
coefficient of 0.238. The 31 Prospect stands make up 5 of these clusters
and the 4Z Maligne stands account for the other 3. Of the 5 Maligne
sténd clusters, 1 is composed solely of Signal stands and 2 of both
Bald Hills and Signal,stands.

A similar dichotomy is not obvious in the quantitatively based

fusion hierarchy (Fig. 33). Although there is more mixing of stands,

_‘:“." .

-cluster level (coefficient = 2.317) 3 are composed entire:i
stands. The Dryas integrifolia-dominated stands fram PrOSpec; ciuster
“early and join the other stands-of the 3 study areas only with the final
fusion. The Shrub and Meadow Tundra stands from Prospect also seem very
dissimilar té.any Signal or Bald Hills stands and are separate at the
8-cluster level. The Phyllodoce glanduliflora- and Salix arctica-
-dominated stands from Prospect cluster with their counterparts from
Signal. The Cassiope tetragona-dominated stands from all 3 study areas
Cluster to form a major group at this level. The rest of the Maligne
stands do not cluster with Prospect stands until higher cluster levels.
. Dryas integrifolia, which is so daninant in so many Prospect commun-

ities, is c&hﬁietely absent on Bald Hills and Signal, and the reverse

137
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Fig. 33.

[9]

Cluster dendrogram of Maligne Range and Prospect stands
based on quantitative data.

General camposition of the clusters at the 8-cluster level:

(D
(2)
(3)
(4)

(5)

Prospect — Dryas 1nteartfolza—dan1nated Rock Tundra
stands

Prospect — Dryas integrifolia-dominated Meadow Tundra
and Shrub Tundra stands

Prospect and Signal — Phyllodoce gZanduZionra— and
Salix arctica-dominated stands

Prospect — Salix barrattiana-dominated and Herb Meadow
stands

Signal and Bald Hills — Carex nigricans-dominated
stands

Bald Hills — Phyllodoce glanduliflora- and Luetkea
pectinata-dominated stands

(6)‘Béld Hills — Artemisia norvegica-dominated stands

(7)

(8)

Prospect, Signal and Bald Hills — Cassiope tetragona—
-dominated stands

Signal and Bald Hills — Dryas octopetala-dominated
Rock Tundra stands
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is almost true for Dryas octopetala. To study the influence of the

quantitative contribution of these 2 species on the cluster camposition,

the stands were clustered with them removed (Fig. 34). The greatest

effect is on Rock Tundra stands. Stands of this group from all 3 study

areas now fom a single cluster at the 8-cluster level. However, even

at high‘fusion levels, the Prospect Meadow and Shrub Tundra stands

cluster only with each other. Heath Tundra, Rock Tundra and Snowbed

Tundra stands of Prospect are grouped with similar stands from the

Maligne Range at the 8-cluster level, but they maintain their geographic

integrity at the lower fusion levels and often cause a large increase in

ESS with fusion. For example, Cassiope tetra;;;;:dbm}RQQed stands 10,

13, 14 and 23 of Prospect join the C. tetragona stands ofvéf§ﬁ§% d

Bald Hills at the li-cluster level (coefficiént = 1.705), and Phyllodoce

glanduliflora stands 12 ahd 15 of Prospect join the Signal P. gZanduZ<onra

stands at the high 7-cluster level (coefficient = 2.083). \K\
Therefore, considering species composition and species structure,

with or without Dryas species included, and at all fusion levels, most I

Rock Tundra, Shrub Tundra and Meadow. Tundra stands on Prospect are

very dissimilar to those of the Maligne Range.

Cepparison of Ecologically Equivalent Comunities

Using the quantitative and qualitative ct descriptions in this thesis,
those of Hrapko (1970) and Kuchar (1975), and the cluster analyses of
R ‘eedlng section, equivalent communities were determined for
Prospeot, Signal and Bald Hills (Table 24). The ecologically equivalent
canmunities are of two kinds, floristic and physiognomic equivalents.

The ''floristic equivalents'', i.e. ct's similar in physical habitat,



Fig. 34.

Cluster dendrogram of Maligne Range and Prospect stands
based on quantitative data without Dryas species.

General composition of the clusters at the 8-cluster level:

(1)
(2)

(3)

(4)

(5)
(6)
(7

(8)

Prospect, Signal and Bald Hills — Rock Tundra stands

Prospect, Signal and Bald Hills — Cassiope tetragona-
-dominated stands

Prospect — Dryas integri folia-dominated Meadow and
Shrub Tundra stands

Prospect — Salix barrattiana-dominated and Herb Meadow
stands

Prospect — Phyllodoce glanduliflora-dominated stands
Signal — Heath and Meadow Tundra stands

Signal and Bald Hills — Carex nigricans-dominated stands
Bald Hills — Heath Tundra stands

Bald Hills — Artemisia norvegica-dominated Meadow Tundra

‘stands



143

0]

e

%
09
19
6S
85
43
€9
99
1L
074

8¢

PSR 1 F N LT ,-
uLT |

N — e —
WawWO

f

0%
14
8y
L
[#4
Va4

°A4
69
B

vy

o —
L rﬂlggPEzll

r: U
|

-

+

Y
¥

b

—t

‘ou I31SNT)

STITH pred
Teud1g

30adsouag

2¢9°0
.@@@._
oLe¢
AT
661" Y
Ev8 'S
L88°9
L€6°¢L
SL6°8

020°01L



144

N
X R B s
.t e -
M I i~
UT  AuA -

A S R

P RTIIEe Gen i -

TN
YRS PR BN
Sr wole -

ool

o 1 STTTH pleg

FNTTS PR
M R O

K Brotitumad
- Sou

AT ST P R

Tt Spoe

Wy I

NptuTwass L couds o

i

Spieruoudor s ad

Aot

PREIT T SREEE PN

R L PP S S SR |

BIDUN] PIYAOUS

S
cados sl - w Fragag adoaast T

eIpuN| YyirM

v roar FUEEERE VS URI NI IS S

o1
A oaser - cdds TS 6

WP T weDBPT AN - DORiedl XRIDC g

Mt ot e 1 Jidfelut BTALL

eapuny QU

Jwfesul gl g

rin fudBajus grAL; g
I ravargoy'ey

Pethaidn - ot [ oafeaus epALl cy

PejedT XiTe - Jaafmiul oerdw; g

@it 2ot - ie] Dafauul DAL 7
siuiea Py Tadr -t [ wiBejuy DAL T

rIpun] §0Y

1o adsazy

N 10 AjtIP[TUTS

SUistaopy sodai aunues aBuey ouBriew bl 31qe)



145

physiognomy, species camposition and species structure, may belong to
the same or closely related associations. The "association' as defined
by Flahault and Schroter (1910) and translated by Pavillard (1935) 1s
... a plant community of definite floristic composition, presenting a
uniform physiognomy, and growing in uniform habitat conditions." The
"'physiognomic equivalents', ¢t's similar in physiognomy and physical
habitat but not floristics, may belong to the same or closely related
formation. However, the ''formation', a vegetalion classification unit
defined by physiognomy and structure, particularly growth-form (Beard
1973), is more generally used on a continental scale than the regional
one considered here. To determine the degree of floristic similarity
of these ct's, the quantitative.index of similarity (IS; sef METHODS)
was calculated, with and without Dryas sSpp., for equivalgg; tt‘s between
Prospect and Signal (ISPS) and Prospect and Bald Hills (ISpb) and 1s
presented in Table 24.
Rock Tundra

The Rock Tundra communities of all three study areas are strongly
dominated by Dryas spp., U. integrifolia on Prospect and . octopetalu
on Maligne. Because of the sharp difference in dominant specles, most
Rockipumha comunities are physiognomically but not floristically
equivalent.

The Dryas integrifolia - Carex rupestris ct of Prospect 1s
physiognomically equivalent to the Dryas octopetala - lichen ct's ot
Signal and Bald Hills. All are found on dry, rocky, exposed slopes

and ridgetops, often with patterned ground. ‘Floristically they are very
7

dissimilar, even when the didﬂotomizng effect of the Dryas species 1is
f
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removed (Table 24). The Arctostaphylos uva-urs%ﬁt described for Bald
Hills is similar to the A. wva-ursi St on Prospect, although it is much
less common and lacks the pronounced terraced topography of the latter.

Dryas octopetala forms discrete islands on scree slopes on Signal
and Bald Hills, just as D. integrifolia does on Prospect. These 1islands
were sampled separately on Signal but were included in the Dryas octopetala-
- lichen ct for Bald Hills. However, the other species inhabiting these
Dryas mats are very different in the two areas and the IS between the
Signal Dryas octopetala islands ct and the Prospect Dryas integrifoléa -
- Salir alaxensis i<'ands ct is very low (3% with and 11% without Dryas).

The D(yas in:. iq - Cassiope tetragoma ct on Prospect 1s
physiognf#ically equivalent to the Dryas Wtala - moss Ct on Signal;
no equivalent was described on Bald Hills. ‘Tpe Dryas octopetala - MOSS
¢t is found on rocky solifluction microterracés on Signal which are
comparable to the stone steps and small solifluction terraces of the
Dryas integrifolia - Cassiope tetragona ct. . tetragond and Salix
arctica occupy depressional areas 1in both ct's and mosses are abundant
under the shrubby vascular layers. A low IS of 7% with Dryas 1is increased
to 25% without Dryas as the 2 ct's have many common species.

The Dryas integrifolia - Oxytropis podocarpa -t nhds no equlvalent
on either Maligne study area, but the Kobresia bellardit st can be
considered floristically equivalent to the Jryas octopetala - Kobrestu
bellardii <t of Signal and the described, but not sampled, Kohresia ct
of Bald Hills. The Kobresia bellardii st has a fairly high IS of 40%
(without Dryas) to the Dryas octopetala - Kobresia ct, because of 1its

hidh Kobresia cover; associated species do vary significantly. When all



the stands of the Dryas integrifolia - Uxytropts podocarpa Ct are
considered, however, fiis IS drops to 18%. The Dryas octopetala -

_ Kobresia and Kobresia ct's have characteristically lower species rich-
ness, lower species vital1ty,iand a harsher physical enviromment than
the Kobresia st on Prospect. The Dryas integrifolia - Ozytropis
podocarpa ct as a whole is more mesic, with a higher bryophyte cover,
higher species richness and more heavily vegetated stripes and terraces
than the Maligne Kobresia cammunities.

The Druas integrifolia - Hedysarwn mackenzit Ct on Prospect 1s
physiognamically equivalent to the Dryas octopetala - graminoid ct on
Signal. Both are characterized by an almost continuous Jryas mat with
an open laver of graminoids above. However, the species encountered are
campletely different. On Signal Dryas octopetala 1s found in association
with Festuca brachyrhulla, Agropyron Zatiglwne and Carex petriccsd,
while on Prospect the Dryas integrtfbl1a is m&f?d with *hpzx rupestris,
(. scirpoidea, C. nardina and C. petrtapaa\ As Weii Hedysarum macken31L
which is not found in the Slgnal study area, xs the sdbdomxnant in the
Dryas integrifolia - Hedysarum mackenatl ct. on Prospect The low

floristic similarity: is shewn by the low ISp 1% w1th and 2% without

’

Dryas included. e
The Dryas Lntegrtﬁélza - Saltx arctica (sandstone scree) Ct on
b=

Prospect has no equivalent on Signal or Bald Hills. The lryus octopet=
ala - Polytrichunm %fiif?rum ct of Bald Hills has no alpine equivalent
on Prospect but ipgwas found in the forest tundra zone which was not
sampled on Prospécgi;‘
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Shrub Tundra .

The Dryas integrifolia - Betula glandulosa ct on Prospect has no
floristic equivalent on either Signal or Bald'Hills. The Dryas
octopetala - Bmpetrum nigrum ct occupies small solifluction terraces on
Signal as on Prospect, and is dominated by low shrubs, and as such could
be considered to be physiognomically equivalent. The dominant shrub
species in each ct is absent from the other and indeed E. nigrum 1is
canpletely absent from the Prospect study area. Betula glandulosu-
-daminated conmmnities have not been found in either of the Maligne
study areas, though the species occurs in small patches above timberline
there (G. La Roi pers. camm.). The ISpS of 12% is similar to the IS of
phyvsiognomically equivalent Rock Tundra communities.

The Salix arctica - Hedusarwm alpinwm Ct of&ect 1s similar to
two Maligne ct's. The Druyas octopetala - Salix arctf*a ¢t on Signal .
occtipies the saﬁe habitat, i.e. large solifluction risers, and 1s quite
tloristically similar (ISPS = 30%). The Bald Hills Artemisia morvegica -
- Salix aretica Ct, also similar floristically (Ispb = 33%), 1s generally
found on gentle well-watered slopes, although elements of this ct same-
times occur at the base of solifluction risers. The risers themselves
on Bald Hills are covered with the Artemisia norvegica - Antennartia
lanata ct which is dissimilar in species composition, structure and
physiognomy and was therefore rejected as an equivalent in favour of the
Artemisia - Salix arctica ct. As well as having a high cover of éq;ix
arctica, all three ct's are rich in showy herbs and have a high vascular
plant cover. Hedysarum alpimwn, which is the subdaminant on Prospect,

does not occur in this ct on Signal and was not found in the Bald Hills

akbii o e, int A



study area.

The Salix barrattiana - Trollius albiflorus ct covers significant
areas of alpine streamsides and slopes bases on Prospect, and is
floristically equivalent to the Salix barrattiana scrub ct described for
. Bald Hills, where it is more commonly found below treeline.

The Salix spp. - Cassiope tetragona ct of depressional areas on the

lower alpine slopes of Prospect has no Maligne equivalent.

Heath Tundra

The Heath Tundra Group has floristically equivalent ct's on the
Maligne Range and Prospect. The Cassiope tetragona - I'ryas octopetacu
Cct on Prospeét 1s very similar to the Cassiope tetragona - Druus
octopetala ct's on Signal and Bald Hills, including the Cassiope
tetragona - Phyllodoce glanduliflora st on Bald hi:lls. All are found in
similar habitats and are highly similar 1n species composition and

structure, (IS _-= 68%, IS

ps = 43@).

pb
The Phyllodoce glanduliflora - Cassicpe mertensiwiz ct, of deep

snow accumulation areas on Prospect, 1s floristically equivalent to the

Cassiope mertensiana - Phyllodoce glar.:uliflcra ct, including the

C. mertensiana and F. glanduliFlora st's, on Bald Hills. Although small

patches daminated solely by (. mertensiana or F. glanduliflora were

found on Prospect, they were not sampled separately. The three ¢t's are

474

5pb T

This cammunity is restricted to small depressions on Prospect but covers

= §59%,; 1

similar in species composition and structure (ISPS

extensive areas in the Maligne Range, especially on Bald Hills.
The Luetkea pectinata ct on Bald Hills has no Prospect or Signal

equivalents and Luetkea itself has not been found in the latter two study

149
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for the latter ct, no IS can be calculated. The Lepraria neglecta st of
N .
the Cassiope tetragoma - Dryas octopetala ¢t on Bald Hills is also very

")

similar (ISpb = 41%). Both this st and the Prospect snowbed ct are
found in depressional areas of late snow release, have fine soil covered
by crustose lichens, have Salix arctica as the daminant vascular plant,
and have other common species as well. Therefore they are designated

as floristicaliy equivalent communities.

The most common snowbed cammunity in the Maligne Range 1s the Carex
nigricans ct, which was not found on Prospect Mountain; ~. nigrican’
itself was absent from the stady area. Two minor snowbed types described
bﬁ\ not sampled for Bald Hills, the Luzula and Foz cusicokil <t's, are

also absent on Prospect. -

Meadow Tundra

The Druas integrifolia - Hedysarum alpinwn Ct on Prospect 1s
physiognamically equivalent to the Artemisia norvegica - Lryas octopetala
¢t of bBald Hills. They occur on topographically Simiﬁar sites and have
similar physiognamies —~ d nearly continuous Dryus carpet with an open
herb layer above 1t. Floristically they are dissimilar, though,(lbpb =
4% with, and 7% without Dryas). The Dryas integrifolia - Hedysarum
alpinum ct also differs in having a more mesic habitat, higher bryophyte

cover, and more species-rich herb assemblage. The Prospect ct has been

classified as a Meadow Tundra community in the Dryas Meadow Subgroup,

-



151

but b@ix’it and the Bald Hills ct could also be considered as inter-
mediates bétﬁeen the Rock Tundra and Herb Meadow Groups.
The Ar;emisia norvegica - Aquilegia flavescens ct is physiognamic-
ally equivalent to the Salix arctica - Antennaria lanata ct on Signal
and {loristically equivalent to the Artemisia norvegica - Salix arctica
ct on Bald Hills. Found on gentle slopes with a constant water supply, .
all have lush herb cover and similar species campositions. The Artemisia -
- Salix arctica ct has a hiéher similarity (ISpb = 26% cf. ISpS = 11%)
due t. the high cover of Artemisia. The Artemisia - Salix arctica Ct
was also considered equivalent to the Prospect Salix arctica - Hedysarwr
alpinwn ct on the basis of numerous common subdominant spec;es. ’
The other Artemisia norvegica-dominated ct's on Bald iHills,
Artemisia - Luzula parvirora, Artemisia - Anemone occidentalis and
Artemisia - Antennari. lanata, have no Prospect equivalents. The Signél
Salix arctica - Arctagrostis arundinacea ct, found in mesic-hydric sites,

has no equivalent either.
&

Other Communities

-

Thqgﬂpck outcrop ct described for Prospect is floristically
equivalent to the cushion plant ct described for sandstone rockfaces on
Signal, and the cushion rosette ct sampled on Bald Hills. All have

»

similar habitats, low total plant cover, and similar species campositions.

Indirect Ordination

Stands of the three alpine study areas were ordinated together to
elucidate environmental gradients which may partially account for

differences between cammunities fram Prospect and the Maligne Range.
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*

The coefficient of commmnity (CC; see METHODS page 30) matrix
provided the best separation of stands and was used for the final
ordination (Fig. 35).

Prospect stands, withthe exception of those in the Heath and
Snowbed Tundra groups, are well separated at the bottam of this ordination
(Fig. 36). At the top of the ordination‘field many Bald Hills stands
are also well separated. In the central area, stands from aﬁl three
study areas overlap.

A number of environmental factors were plotted on the ordination,
and of these soil pH and soil moisture retentivity showed the best
correlation. Soil surface pH increases from top to bottom (Fig. 37),
from the Bald Hills stands to those from Prospect. Soil moisture
retention under 15 and 1/3 bar tensions, and % available moisture (1/3 -
15 bar) all incre;se towards the top of the ordination. The ordination
of available moisture values is shown in Figure 38. Unfortunately no
moisture retention values were available for Bald Hills stands.

Avgilable soil nutrients, texture and >2 mm fraction; and total
vascular, bryophyte, and lichen cover were also plotted but showed no
correlation. Comparable snow release dates or field soil moisture
levels were not available from all three sites and therefore could not
be plotted on the ordination.

. Both indirect ordination results and field observations indicate
ﬁthat%soil pH aﬁd moisture content are strongly associated with the
;fdiﬁtribution of stands on the landscape. Available moisture is perhaps

not the best reflection of field soil moisture content. In addition,

missing Bald Hills data make it unsuitable for use as a gradient.
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Fig. 35%
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Fig. 36.
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Bray-Curtis ordination of Prospect
(nos.
coefficient of community (see METHODS,
loci of stands given in Appendix V.

(nos. 1-31), Signal
32-43) and Bald Hills (nos. 44-73) stands using the
page 30) .

BALD HILLS . \
\
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Distribution of Prospect (e), Signal (o) and Bald Hills (a)
the Bray-Curtis indirect ordination.

stand$ on
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37.

X6

=~ 8.0 - 8.0
o 8 $.3 w.‘

ACIDIC

5.6

pH of upper soil horizon on the Bray-Curtis indirect
ordination of Prospect, Signal and Bald Hills stands.
A dash (-) denotes no data available.

<10% °

ilable soil water expressed as a percentage of whole
~n the Bray-Curtis indirect ordination of stands.
h (-) denotes no data available.
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Moisture indices and direct ordination methods provide an alternative
method for examining the placemgnt of stands along coamplete soil pH

and moisture axes.

Direct Ordination

Ordinations using weighted moisture indices (WMI) and unweighted
moisture indices (UMI) as one axis, and soil pH as the other (see
METHODS, page 31) are similar and therefore anly that based on WMI's
is shown (Fig. 39). The stands' WMI's range fram 1.7 to 3.5; there are
no stands at the hydric end of the gradient. (nce again Prospect
stands are almost campletely separated from the others (Fig. 40), mainly
ar the basis of soil pii,

All three study areas have similer ranges along the moisture grad-
lent, but Prospect stands extend a little farther into the driest end
of the scale. WMI increases as soil pH decreases for Prospect stands.
This trend was not cbserved for the Signal or Bald Hills stands, however.
As a resulti the Prospect stands at the mesic end of the gradient-are
situated closer to the Maligne Range stands than are those at the xeric
end. This agrees with the results fram the IS matrix and cluster
analysis which showed the mesic Heath Tundra and Snowbed Tundra camun-
ities to have the greatest similarity between the two main study .areas.

The quantitatively based clusters at the 8-cluster level (Fig. 33,
page 140) separate reasanably well on the ordination (Fig. 40). However

same clusters at the mesic end of t§g.ordination do not form cohesive

b
& ol

groups. In particular stands domy i i f’*;aiqpé tetragona, Phyllodoce

T et
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Fig. 39. Direct ordination of Prospect, signal and Bald Hills stands
in relation to soil pt and weighted molsture index.
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Fig. 40. Distribution of Prospect (e), Signal (o) and %ald Hills (v)
stands on the direct ordinatian, with quantitative clusters

at the 8-cluster level circled and numbered (see Fig. 33,
page 140) .
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glanduliflora and Salix arctica, which show considerable physiognomic
and ecologic similarity in the three areas, are widely separated on the
ordination field. Thus similar ct's do not necessarily have similar WMI
and pH ranges in the three study areas. Therefore these two factors may
not exert as much influence on the distribution of these ct's on the
landscape. Some other environmental factor, €.g. SNOW depth, may be
more closely related.

Individual species distributions are more closely related to these
axes (Fig;. 41 - 44). The direct ordination can be used to determine
the optimun environmental conditions of species. Of particular interest
are the quantig.ively important species which distinguish the two
main areas, i.e. those which are dominant or play an ecologically
signaficant role in one area but not the other. A knowledge of thelir
environmental amplitudes or fundamental niches would help explain thelir
relative abundances in the twoO Tanges.

Uryas integrifolia and D. octopetala are of particular interest as
they characterize SO many Rock Tundra communities 1n each area. /lruuc
integrifolia (Fig. 415 reaches 1ts hfghest prominence on dry, alkaline
sites, but is also found 1n the most mesic sites at ti- higher pti's.
octopetala (Fig. 42) reaches its optimum at a much lower pH and slightly
higher WMI than does D. integrifolia, and is absent fram the mesic sites.
D. octopetala does océﬁr sporadically on some sites with a higher pii.

Artemisia norvegica (Fig. 43), which 1s so common on Signal and
Bald Hills, attains its highest PV's in the middle of the pH gradient
at the mesic end of the ordination, but it 1is widespread at lower PV's.

It is absent only from the drier, high-pH stands.
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Fig. 41. Distribution of Iryas integrifolia coded PV's on the
direct ordination. For PV code see page 29.
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Fig. 42. Distribution of Dryas octopetala coded PV's on the
direct ordination. For PV code see page 29.
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Fig. 43. Distribution of Artemisia norvegica coded PV's on the
direct ordination. For PV code see page 29.

85—
| Salix arctica
§ 15 '
2 -
&
e - e
= &5
[e]
)
3
&
£ R °
8.5+ ' 4 -
o]
3
2
én L] ¢ > 2
4.5+
1 L
1.7 3.0 3.5
XERIC MESIC

WEIGHTED MOISTURE INDEX

Fig. 44. Distribution of Saliz aretica coded PV's on the direct
ordination. For PV code see page 29.
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Salix drctica (Fig. 44) is also widespread and ecologically
significant. It has no obvious optimal area on the ordination, and
achieves high PV's in stands covering most of the sampled range of soil
pH and moisture. It is consistently low in prominence or absent only
fram the driest stands with a high pH. The prevalence of the drier,
‘high-pH stands on Prospect may account for the restricted distribution
of Artemisia and Salix arctica there. <

The distributions of some notably disjunct species are plotted on
the direct ordination to determine if they have Speéific ranges of soil
pH and moisture which might help to explain their’presence on Prospect
Mountain. The disjunct species with narrow distributions on the
ordination, reflecting a narrow ecological tolerance, are of greatest
interest. Figures 45-47 show the distribution of 18 of these speciles
on the ordination.

No single stand contains all or even a large number of these dis-
junct species. Although most of the 18 species are found in the drier,
more basic upper left part of the ordination, and thus overlap over
part of their range 10 2 of them exhibit exactly the same distribution
on the ordination. Carex petricosa has a wide pH range but a nar}ow
moisture range. Pedicularis flammea, Saliz alaxensis, and Orytropis
Jordalii are found at the centre of the moisture gradient in addition
to the xeric end.

Androsace chamaejasme (Fig. 48) and Smelowskia ealycina occur over
the entire'moisture gradient but reach their peak abundance in the drier,
basic stands. Therefore the disjunct species are restricted to, or reach

their maximum prominence, in the drier, more basic sites, although no
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specific stand is favoured. >

Transects

-

Comparing equivalent transects is one method of camparing the inter-
relationships and distribution of’ct's on the landscape in different
study areas. On Prospect two transects were sampled. One traversed’a
series of Dryas integrifolia-dominated communities and the other
followed a snowmelt gradient. Similar transects are described for Bald
Hills by Kuchar (1975). On Signal, however, a single transect was run

\
over the entire mountain from N to S (Hrapko 1970). Segments of this

extensive transect can be examined which correspond to those on Bald
H1117’ and Prospect.
On Prospect thé first transect crosses three main [ryae tntegrifolia-

.

—domfhated gt's with an increase in elevation on a Nw slope: Jlryae
integrifolia - Betula glandulosa, Dryas integrifolia - lasetore
tetragona, and Dryas integrifolia - Carexr rupestris. The Bald Hills
transect crosses only one ct, Dryas octopetacu - lichen, and there 1s
little elevational change. 1As the Rock Tundra communities on Prospect

/
and Bald Hills have been shown to be physiognomically equivalent only,
it is not surprising that there is little correspondence at the transect
level. On Signal it is possible to delin€ate a small transect
travlrsing mainly Rock Tundra gLﬂnunities on an elevational gradient on
-the N slope. 'This transect does not have as great an elevational change
over its length as the Prospect transect (10 cf. 25 m) and starts at a

higher elevation (2190 m ASL cf. 2034 m ASL). These two transects are

campared in Figure 49. The Signal transect originates in the Cassiope
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2059 m
Dryas integrifolia =
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=
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Fig. 49. Comparison of Dryas-dominated transegts on Prospect and

Signal Mountain.
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tetragona - Dryas octopetala ct, Crosses t?e Dryas octopetala - moss Ct,
and ends in the Dryas octopetala - lichen ct. The upper two ct's in the
Signal and Prospect transects are physiogﬁomically equivalent (see Table
24, page 144), but very different floristically. Below these Rock
undra commumities on Signal is Heath Tundra cf. Shrub Tundra on
Prospect. The distribution of the lower two ct's on the Signal transect
is greatly influenced by microtopography as well as elevation. The two

ct's often intergrade with the Dryas octopetala - MOSS commmity on the

-

”
more exposed sites and the Cassiope tetragona - Dryas octopetala Ct in

depressional areas (J.Hrapko pers. comm.). The camplete mountain
transect for Signal shows that Heath Tundra occurs commonly and often
dominates from 2190 m down to 2090 m ASL. On Prospect Shrub Tundra
cs;ers tﬁe zone between the origin of this transect and treeline.

The transect along a snowmelt gradient on Prospect (Fig. 50)
originateé in Dryas integrifolia - Hedysarum alpinum Meadow Tundra,
crosses‘PhyZZodoce glanduliflora- and Cassiope tetragona-dominated Heath
Tundra communities, and terminates in Dryas integrifolia - Oxytropts
podocarpa Rock Tundra. Although the meadow is in the bottom of the
depression, the snéwpack against the walls of the depression melts later
and therefore the heath commmnities are released later. On Bald Hills
a similar transect originates in a Carex nigricans snowbed community,
crosses Luetkea pectinata-, Phyllodoce glanduliflora- and Cassiope
tetragona-dominated Heath Tundra cammnities, and ends in a Dryas
octopetala-lichen Rock Tundra comunity. On Signal a transect out of a
nivation hollow crosses Carex nigricans, Salix arctica - Antennaria
lanata, Cassiope tetragona - Dryas octgpetala and finally Dryas

octopetata - moss commmnities. : 4
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The three transects are s;milar in many ways, with the greatest
difference expressed in the an:wbed communities. In temms of relative
snow release date, cammunities released jater than Heath Tundra are not
represented in the Prospect trF.nsect. These areas contain Carexr nigricans
and Luetkea pectinata camlunit“;les on Bald Hills, and Carex nigricans and
Salixz arctica - Antennaria lanata cammmities on Signal. Areas released
later than the heath cammnitj{es on Prospect are usually occupied by the
Salix arc“ - Salix nivalis jct. This ct is found in deep bowl-shaped
depressions surrounded by Rol:k Tundra or Shrub Tundra and there are no
characteristic coenoclines corresponding to snow release date associated
i’th these snowbeds. o

Heath Tundra components pre siftilar for the three transects.

Although t!i Phyllodoce glandultflora - Cassiope mertemsiana ct does not

occur on this ’Selected""egment of the Signal transect, it does occur Q
infrequently on the snowxﬁelt :coenocllne D‘there. In a‘h“’cases the Casstiope
tetragona - Dryas octopetata ct grades into an earller released Rock

Tundra commmnity. :

The Dryas integrifolia - Hedysarum aZpinum:Mdow at the base of the
snow accumulation hollow on Prospect has no equivalent on either Signal
or Bald Hills. The Salix aretica - Antemnaria ct is unique to the Signal
transect and ecologically equivalent to the Luetkea pectinata Ct On the
Bald Hills transect. Antennaria lanata and Salix arctica are both

significant components of tﬁe Heath communities on Bald Hills. Antennaria

*
lanata was not sampled on the Prospect transect.
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Soils
The soil characteristics for the three areas are campared in Table
25. Prospect soils are more basic than those of the Maligne study areas,
with pH's ranging from 5.6 to 8.1 cf. 3.6 to 5.9 for Bald Hills and 4.5
to 6.5 for Signal. Mean pH values further emphasize this difference;
Prospect soils afgragg.4.2, Signal 4.9 and Bald Hills 5.5. The pH
) Qb .the difference in parent materigls - limestone Y]

Regosolic soils are common to all three areas. Gi;ysols and Humic
‘Gleysols, described for the wettest locations on Signal and Bald Hills,
were not encountered on Prospect. Dystric and Sambric Brunisols, found
on Bald Hills and Signal respectively, are acid and not found on Prospect.
Eutri“d Melanic Brunisols, more basic in nature, are found on Prospect
and Sihgnal, but not on Bald Hills.
™ Mean nitrate c@ncentrations are low and similar for all three study
areas. There is more variation in phosphorus concentration, with Prospect
soils at the lower end of the scale, having the narrowest range and the
lowest mean concentration (3.9 ppm). Bald Hills soils have considerably
higher phosphorus concentrations than either of the Bther two areas, with
a mean concentration of 16 ppm. Potassium totals could not be compared
as available K was measured for the Maligne study areas and exchangeable
K for Prospéct. .

Available moi§ture values were not calculated for the Bald Hills

soils; Prospect and Signal soils have similar available moisture ranges.

Pl

-
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Table 25. Comparison of some characteristics of the soils of Prospect,
Bald Hills (Kuchar 1975), and Signal (Hrapko 1970, Hrapko and
La Roi 1978). 'Means and ranges are for all soil samples anal-
yzed for each-area.

Characteristic Prospect Bald Hills Signa#®
" . <
Main Parent limestone glaciel till bedrock
Material colluvium bedr9ﬁk. .Iglac;al till
shales and s‘ganidstone and

conglomerates ' conglomerates

L

Soil Great “Regosol Regosol ' Regosol °

. . Humic Gleysol Gleysol
“fPUDS Regosol Humic Humic

Eutric Gleysol Gleysol

4 Brunisol Dystric Sombric
Melanic Brunisol Brunisol

Brunisol Eutric
Brunisol

Melanic
Brunisol

HNE U
pH ( in water) Q

range 5.6 - 8.1 3.6 - 5.9 4.5 - 6.5
mean 7.2 4.9 5.5

Nitrate (ppm soil)
range . - 10 0-7 -w
mean 3&1 2 1.6 Ry & .

Phosphorus (ppm soil)

range 0 - 15 1 - 77 0 - 21
mean 3.9 16 _;ﬂ§.7
Available Moisture (mb) p
(% 0.D. <2 mm) &
range 6 - 48 - 4 - 53
19.6

mean 16.3




Meteorological Observations

Some difficulties arise in attempting to compare meteorological
observations from the three areas (Table 26). Prospect data are for
1976 only, and there are no comparable data from Signal or Bald Hills
for that year. In general Signal data are also for a single year, 1967,
which was abnormally wamm and dry (Hrapko 1970). Harter (pefs’ comn. )
has calculated summer precipitation 'normals; for the Signal alpine
based on the relationship between the precipitation totals for Signal
and Jasper townsite for a 3-year period (1973 - 1975) applied to the
30-year precipitation normals for the Jasper townsite. These are
provided for comparison, as an estimate of the amount of precipitation
usually received on Signal. Bald Hills data are the means for a 3-year

period (1968-1970).

The most significant differences are between the summer precipitation

+als for the three sites. Even allowing for yearly fluctuations, -
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. spect clearly receives much more precipitation in July and August than 4

either of the Maligne sites. Comparison of the 1976 Prospect precipitation

totals with long-temm records from the nearby Grave Flats Lookout (Table
16, page 125) indicates that this was not a year of abnormally high
precipitation.

The mean, mean maximum and mean minimum daily temperatures for
July and August on Prospect are intermediate between those of Signal and
Bald Hills. The wam, dry weather on Signal in 1967 1is reflected in the
higher gemperatures recorded there for all three categories.

The abnommally wammer and drier 1967 weather on Signal is reflected

in the higher VPD's there. The mean VPD's for Prospect and Bald Hills
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Table 26. Comparison of July and August meteorological observdtions

for Prospect (1976), Bald Hills (1968-70, Kuchar 1975), and
Signal (1967, Hrapko 1970; calculated nonmals},ﬂarter pers.

comn. ) . a’

Prospect Bald Hills Signal  Signal ‘*;
(1976) (1968-70) (19?7) (calc. norm.)

[ —— . —_—— N

Precipitation (mm)

July % 63 2. 62
August 140 80 9 63
Total 215 143 51 125

Temperature (OC)

mean
July 8.0 7.3 9
August 7.4 6.9 11.7 —
mean max imum -
July 12.0 10.3 13.53
August 10.9 10.4 17.2 —
mean minimum
July 3.9 3.7 4.4
August 3.9 3.4 7.2 R
Vapour Pressure
Deficit (mb)
mean
July 3.8 3.0 5.
August 2.2 3.1 10.0 —
absolute maximum 4 17 22

Mean Wind Speed (km/hr)
July 12.6

il

August <.

p—
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are similar. The maximum VPD measured on Prospect in 1976 (14 mb), however,
is lower than the maxima from either Signal (22 mb) or Bald Hills (17 mb).
Mean monthly wind speeds are higher on Prospect. Bald Hills has
the lowest mean wind speeds about half the velocity of those on
Prospect.
Winter meteorological data are not available for the three study
areas, however a visual comparison of the snowpack present at these sites
on May 18, 1976 showed the snow in the alpine on Prospect to be restrict-
ed to depressional areas, while the alpine areas of both Signal and

Bald Hills were almost campletely covered with snow.
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DISCUSSION .

The vegetation and flora of an area can be said to be products of
environmental and historical factors. In characterizing the vegetation
and flora of Prospect Mountain, and in comparing them to those of
Signal Mountain and Bald Hills, clizitic, edaphic and historical factors
are considered. In order to fully discuss these factors they must be

treated both separately and as an integrated whole.

Climatic Factors

Several climatic factors have been suggested as factors controlling

the distributi ine vegetation in different geographic locations.

B}}ss (1969) ™ nd to be central in controlling vegetation patterns
iﬁ the alpine of New®Zealand, snow to be most” important in the Olympic
Mountains of Washington, and atmospheric moisture in the Presidential
Range of New Hampshire. In the Alberta Rocky Mountains, Beder (1967),
. Hrapko (1970), Broad (1973) and Kuchar (197S) have found snow cover
and snow release date to be the primary factors, while Trottier (1972)
suggests that the disgribution of plant associations at Highwood Pass
is controlled by wind exposure, snow cover, temperature and soil
moisture.

The major difference in the meteorological observations made at
Prospect, Signal and Bald Hills was for precipitation, with Prospect
receiving significantly larger amounts during the summer (Table 26,
page 171), Powell and MacIver (1976) also recognise this trend,
reporting higher summer p;ecipitation values for the foothills area
syrrounding Prospect which decrease steadily towards the Jaspe{ town-

site and the Maligne Range. Increased precipitation levels are reported,
N
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however, for sites west of the Jasper townsité. On Prospect the very
steep slopes and abundant coarse colluvial material promote rapid
drainage. Therefore, the effects of highersﬁmnwr rainfall on the alpine
vegetation are not readily detectable. Indeed the alpine vegetation

of Prospect seems more, not less, xerophytic than that of the Maligne
Range. A measure of field soil moisture levels would be more indicative
of the vegetation's moisture regime than a simple tabulation of summer
precipitation.

As noted earlier, snow cover has been singlgd out as the primary
controlling factor in plant commmity distributions in many Alberta
sites. Unfortunately there are no quantitative comparative data on the
amount and duration of snow for Prospect, Signal and Bald Hills. A
visual comparison of spring snowpack for the 3 areas made on May 18, 1976
showed Prospect to have the least amount of snow remaining in the alpine
on that date. This may be due, however, to a 1owér winter snowfall,
higher winter wings, or a difference in exposure or a combination of
these factors. Effects of the difference in snowpack can be noted,
though. Snowbeds are few and festricted in size ongProspect and the
relative paucity of Snowbed Tundra ct's as compared to the Maligne
study areas, particularly Bald Hills, may be a result of this.

wind can also have a profound effect on alpine vegetation, both
directly and through its effect on snow distribution (Wllson 1959

Blise 1960 and 1969). Average wigld. He'

, ”7~{;ﬁ
Prospect were higher than those on S1gﬁa1 and ? |
page 171). The high w1nd speeds around the Moumtain Park area are we}l
known to the local inhabitants. Roberts (1966) states that for Cadomin,

8 km NE of Prospect, the strongest winds usually occur from November
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to January,‘but that heavy winds may C@\‘W time, and winds averag-
ing 72 - 80 km/hr (45 - 50 mi/hr) may days. That these strong.

winter winds affect the vegetation has illustrated by Wells et.al.

(1976) who state that in the winter ¢ 5-76 extensive forest blowdown

-
was reported in the foothills eas:n?tsper, which would correspond

to the Mountain Park area, while -isolated trees were blown over in
Jasper Park itself. Higher wind speeds might also decrease Snow cover
in exposed alpine sites, creating a harsher environment for the plants
and restricting the distribution of plant communities requiring snow
cover protection. On Prospect, microtopography and its interactions
with wind and snow appear to be very important as there is increased
plant cover in even the shallowest depressions, and the lusher plant
commmities are found in only the most protected areas.

Thé combined effects of strong winter winds, which would remove
and redistribute snow, and the rapid drainage loss of meltwater due to
topography and soil parent material, may counteract the high summer

precipitation to produce a physiologically dry environment for the

alpine vegetation on Prospect Mountain.

Edaphic Factors

‘The alpine soils of Prospect Mountain exhibit many of the general-
ized characters described for a 'typical’ alpine soil, such as high
concentrations of organic matter near the surface, granular structure, -
and low clay content (Retzer 1965, Sneddon et al. 1972, Knapik et al.
1973), large amounts of stone and gravel, and excessive drainage
(Retzer 1974). They differ in having generally sandy loam textures as

opposed to the more common silt loam.
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Regosolic soils are dominant in alpine on Prospect with

|

Melanic Brunisols found only in associstion with heath-dominated plant

cover. Wells et al. (1977) have fom'xd\l{lanic'nnmisols to be dominant
or codominiant with Regosols on calcareous, medium-textured colluvial
material in the alpine tundra subzone of Banff‘@ Jasper National Parks .
in Alberta. The very s"teep slopes over much of the study area on
Prospect inhibit profile development and contribute to the predonim;e \
of Regosolic soils there.

. The low nutrient levels (N, P, K) recorded for the Prospect soils

are within the ragge found for other alpine soils in Alberta (Knapik

cs
Rl

et al. 1973, Hrapko 1973, Kuchar 1975). Therefore it can be concluded s
that the alpine soils on Prospect, though weakly developed, are typical
of those previously described for the Alber'ta Rocky Mountains.

Major (1951) stated that vegetation is not a function of soil nor
soil of vegetation, rather both are functions of 'the ecosystem, and ‘o
therefore correlations of vegetation with soil properties may be mean-
ingless. Parent material may be more meaningful as it is independent 7
of the ecosystem properties that determine soils and vegetation for an
area. In the comparison of soils from Prospect, Signal and Bald Hills
the major edaphic difference measured was pH (Table 25, page 169). This
W difference is mainly a reflection of the difference in parent material,
limestone on Prospect, sandstone and conglomerates on Signal, and
" shales and conglomerates on Bald Hills. b )

Thp'effect of differences in parent material, partiCularlyﬂcalcar-
eous and acidic ones, on the vegetation has been examined in a umber
of studies. Mooney et al.(1962) found sandstone sit’es to fxavé a warmer
microclimate than dolomite habitats at equivalent altitudes }n the .Nhite

> - :
, "
- -~ 7 ’ bn‘
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Mowntains of California, and that shrub species extended to hidlef.
altitudes an the sandstane and trees to higher altitudes m the’ dolarmi te.
Bamberg and Major (1968), however, found soil temperatures in limestone-
-derived soil to be significantly higher “than ose .in soils derived
from ignéous rocks, Wh.iftaker and wiering (1968) compared the vegetat'im
a 1'1mest:me~ to that on acid parent materials in the Sanata Catalina
‘Mowntains in Califomia. They fond that vegetation an limestae was
charécterized b)"a reductian in plant stature and canmmity structﬁré
towards the ,lower strata, and that there was elevational divsplac'ement

of species populations in both directidns. A variety of ﬁigh-mountajin
camunities on limestane and dolamité were foumd to be varyingly di.ffer-

| S

ent fram those on acid soil, e.g. often more open, and ustally more
¥ d
3

xeric in physiognomy and flora. .

~Bird (1974a), in a'.ca.“ipariscn ofk calcareous and acic!ic alpine areas
In the Yukan and .orthwest Territories, found the calcareous alpine
areas to have higher species richness — 154 vascujar species as campared
to 64 for otherwise camparable acidic alpine sites. Ninety-five of the
species were restricted to calcareous soils but aly 11 to acidi& solls
tr this area. This does not\necessarily 1mply obligate calcicol;r for
these species, though. In tj}hs‘ér studies of tJ;;e vegetatian associated
with calcareous parent materials in Mantana, Barmberg and Major (1968)
found that only 0.3% of the flora could be classified‘as calcicolous
for the Mantana alpine zmne, and that several of the species changed
their substrate preference further south. They attributed the lack of
calcicoly in the Rocky Mountains to the widespread presence of beds

of calcareous rocks as opposed to isolated blocks, and low summer rain-

fall which reduces the leaching of all alpine soils. Simpsan (1938)
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stressed the importance of interspecific campetition in the determin-
ation of calcicoly and the neéd to séparate direct soil effects from
campetition effects. A plant seemingly confined to one soil type is
generally able to grow on others 1n the absence of. cc‘npetiticn |
(Sahsbury 1920). | | v

Also involved inh the ‘Comparisan of vegetation on calcareous and
acidic substrates is the cancept of "climatic compensation’ (Whittaker

1960). A soil wumder ane set.of climatic conditions may provide a plant

-

environment similar to anothér soil under a different set of cmditims.

Therefore a s‘pecie“s may grow in physically different but biologically

/
equivalent (sensu Cajander‘ 1926) habitats in different parts of 1its
-Is)ange In particular, taxa at the edge of their range often occur an

_non- reglmal stbstrates, e.g. spec1es widespread over most of their

range may be restricted to’calcareous sites at their chstrlbutlmal

limits. Pigott and Walters (1954) have cmcluded that rare or disjunct

plants can occur in a given area where competition is reduced due to
an unusual soil parent material.. Gankin and Major (1964) have summar-
ized numerous examples of the presenoé of endemic or disjunct plants
an pen-regianal soils in England. whittaker (1954) also suggests that
relict species or palecendemics are more likely to survive on, and are
there fore characteristic of, soils high in CaM or MgH, such as those
derived from serpentine, limestane or dolomité. For example, the
disjunct and endemic species of the Gaspé Peninsula, which have been
suggested as biological evidence for a refugium there, occur an nan-
'mgimal.ferrmagnesiun ©Or calcareous roa(s (Fernald 1925, Morﬁ-set"

1971). Physielogical data almne cannot explain their presence there

as some species are present an both the serpentine -and limestone rocks..

o

oo

t
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" Any discussion of the flora and vegetation on calcareous as
‘campared to acidic parent material must take all these factors into

corsideration. ) . -
; hd - ’ 4 ‘
Flora of Prospect Mountain . }

. '

] .
The total number of vascular species reported for Prospect, Bald

Hills gnd Signal are very similar at 191, 197 and 151 respét(évely, and
are of the same magnitude as totals published for other Rocﬁ& ﬁ?untain
alpine areas.” Although a richer alpine flora has been found bebe
associated with\calcareous soils in some places, e.g. Yukon and North-
west Territories (Bird 1974b};the relative ri%hpess of habitats is
probably just as significant in determiniﬁg the fiéhness of flora. Wide
variations in parent material and moisture regime within a stﬁdy area |
make possible a more diverse flora and vegetat{gg.

In terms of species richness, the four mosé important families on
PrdSpect are Compoiitae, éraminae, Cruciferae and Cyperaceae, which are
similar to the most important families in the Maligne study areas
(Table 18, page 128). These results conform to those of'Packé} (1974b),
who found that for a sample of worldwide alpine floras the most species-
-rich families were Compositae, Cyperaceae, Graminae, Scrophulariaceae
and Rosaceae.

There are, however, a»few notable differences in the relative
important of vascular families betweeh Prospect»and the Maligne Rapgé.
Leguminoys species are more important numerically and ecologicallnyp
Prospect. This may be due to sugsfrate differences, as Salisbury.(IQZO)
found the native flora of calcareous soils in England ‘to contain a

high proportion of legumes. Bamberg and Major (1968) describe ani
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alpine meadow commmity from the Caléareomxs Big Snowy Mountains in
Montana unusually rjch in legumes. Some of the legumes found on Prospect
are.most often found.on‘cadcareous‘soils over their ranges, e.8. , ~
Astragalus aboﬂéinum. |

i’rospect is also deficient in graminoids; there are fewer species
an,d they have a lower CO\;er as compared to the Maligne Range. Only '
the Elymus mnovatus Mertensia pamculata ct is dominated by a
graminoid ‘species. In contrastj graminoids are partlcularly w1despread
" in the Bald Hills, contributing 5 of the 10 highest presence species
found there_. Alpine j:ommnities domihated by members of the Cyperaceae
are cammon elsewheré in the Rocky Mountains. For example, Kgbresia
bellandii (Beder 1967, Trottier 1972, Crack 1977) and Carex nardina
(Bryant and Scheinberg 1970) commmnities are found on dry windswept
‘ridges. It is difficult to say why these xero%, sedge-dominated
cammunities are not prevalent on Prospect. The calcareous natu;‘e‘of
-the soil is probably not a sigqifi-cant factor in the reduced gliaminoid_
richness., as grasses are notably well equipped to live in dry, calcar-
eous soils, such as are often encounteréd in prairie situations.
Some of the graminoid deficiency ‘could be explained by the lack of
extensive mesic and snowbed habitats on Prospect,.which would reduce
the number of Juncus, Luzula, Eriophorum, Carex and grass species
_conmonIy associaped with these habitats. For example, the snowbed
species Carex nigricans and the wetland Arctagrostis arundunacea lack
suitable habitats on Prospect and are not found in the stt;dy area.

The lower number of Ericaceous species on Prospect is almost
certainl;' a direct result»ef/tﬂfavmrable edlp;hic cqnditions. The

genus Vacciniwm, commonly gssociated with acidic soils, is absent on
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‘Prospect but has 3 species on Bald Hills %and 2 on Signal. Vaccinium
vitis-idaea acts as a gréund cover in.same Signal cammmities, a niche
filled by Saliz nivalis on Prospect. Kalmia poi«;foz«;g, most oftén‘
associated with acidic soj.ls, is -also absent on Prospect.

Therefore, mpst differences in the species richness of vascular plant

families are a result of edaphic differences between Prospect and the

' Maligne Range. Ih some cases the absence or reduced extent of some

habitats—reduces the number of species in families commonly associated
with ‘that habitat.. ‘

The alpine flora 31:? Prospect shows the greatest similarity to those
of Ram Mountain and Wilcox Pass (Ffable 17, page 127).. Ram Mou;tain, also

a calcareous Front Range mountain, has also been proposed as a nunatak

. (Williams and Bayrock 1966) and therefore its high floristic similarity

is to be expected. Although Wilcox Pass is well within the Main Ranges,
it also has a calcareous substrate which might explain its high degree
of similarity. However, Highwood Pass and Snow Creek, which alsp have
calcareous substrates within their study areas, do- not display as high
;1 floristic similarity. It is possible that in these two ‘Cases latitud-
inal differences overcome edaphic similarities. Wiiqpx Pass‘does
deserve closer phytogeographical examination, though, with its high
floristic similarity to the suspected refugial sites of Prospect and
Ram Mountain, and the presence‘ there of such disjunct species as

Pedicularis ﬂamnea and Braya purpurescens (Crack 1977).

)

)

181



182

\ Phytogeographical Considerations

-
.

- In comparing fhc phytogeography of the 3 study areas, Prospect's
flpfa was found to have a higher proportion of North American arctic-
-agpine anq low-elevation, espécially North American’low-elévation,
species, and to have fewer Amphi-Beringian species. The Maliéne study

| area floras have a slightly higher proportidauof ci;cumpolar arctic-
-alpine; Amphi-Beringian and widespread Cordilleran species, 1i.e. widely
dispersed speciesvwhiéh would be expected to inhabit newly opened areas
after glacigl ret}eat. ‘The Prospect dﬁ}a are in direct contrast tg
those of Bird (1974b) who, in his comparison of,glaciated and unglaciated
calcareous alpine areas in Yukon and Nnrthwesf Territories, found ynglac-
jated areas to have fewer low-elevation species, and more North American
arctic-alpine and‘Amphi-Befingian species. Comparisons by the same
author of unglaciated calcareWgs anci glaciated silicate alpine areas
revealed the same trend. -

The largest difference in distributioqgl fypeg between the Prospect

and Maligne study areas was in the number o’f disjun‘cf species. The 4

distribution disjunﬁtions exhibited by these spécies may be the result
of historical factors or a reflection of.habitat disjunétioﬁ, or both.
The distripptions of such speciés as Androsace chamaejasme (Fig. 15,
page 46), Campanula wuniflora (Fig. 16, page 46) , Kobfésia simpliciuscula,
Carex franklinii and C. petricosa, which have all been described as
inhabiting primarily calcareou; substrates (Porsild 1973, Hultén 1968),
are composed in part or entirely of narrow disjunctions.and are probably

the result of habitat disjunctions. Kobresia 3impliéiuscula occurs as

disjunct populations on calcareous moraines in England, a distribution

¥
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Q?Q‘Q?nd.walters (1954) attribute to post glacidl restriction by growth

?ijs ;?tuhas been- suggested that Campanula wuniflora survived in

-

inavia (Dahl 1955, GJaerevoll 1963) and Iceland
(Steln rsson 1963). Ia the Alberta Rocky Mountains, however, Campanula
unszora is scattered throughout the mountains and not cIearly assoc-

jated with suspected refug1a1 areas. ? Furthér work on the d15tr1but10n

of this species in Alberta might shed som?rtigﬁfﬁoz\1ts m1grat1onal
history. . } ‘ '

,
Pyrola grandifilora is also scattered in the mourjtains but has-a

disjunct population in boreal NE Alberta, which suggests possible habitat
disjunction. Papaver kluanensis is w1despread the arctic but 1is -
restricted to ‘isolated, high mountain peaks in the Rorky Mountains,
producing a disjunct distribution. -

The dlStleUthﬂS of the remaining-14 disjunct species are better -
explained as the result of historical rather than habitat factors, and
are therefore of far greater phytogeographical significance. " Packer
and Vitt (1974) have discussed tﬁe historical implicatioos of the
'disjunct populations of Braya purpurescens, Caret misandra, Qggicuzaris

—— \(‘Zaxrmea, Telesonix jamesii and Smelowskia calycina, and have concluded

that these populations are best explalned by persistence in glac-

A

jated area. Some'of these species have been found in sus
refugia in other argas as well. In Scandinavia Dahl\(l 6) regards
B. purpurescens as a typical "tundra refugee', a species which surviv;dA
the glaciations in refugia withAtundra végetation. Dahl (1946) and
Gjaerevoll (1963) have also found P. flammea and C. migandra associated

with possible refugial areas in Scandinavia. Ryvarden (1974) has found
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P. flammea to have a low reproductive capacity which may account for

its restricted distribution. Therefore-if this species was associated
wiéh past nunataks, it may not have spread extensively since then and
would be located close to these nunatak sites. S. calycina has been
found on a present-day nunatak in the Yukon, grow%ng on high scree slopes
which have probably nexgg been glaciated (D. Murray pers. comm.).

>

Oxytropis J s found in 1isola populations in the mountains
4 \

of Alaska, Yukon and Northwest Territ3}1. the Nbuntgin Park
area (Fig. 21, page 48). On Prospect O.>jordalii is found in a single
ct, the Dryas integrifolia - Hedysarwm alpinwm ct, in a number of
locations.

Salix alaxensis 1s a widespread arctic willow and collections at
Prospect and in the Nordegg Lrea appear to be disjunetions, but may
simply represent the southern limit for this species. On Prospect
S. alaxensis is a gnarled, sprawling shrub, rarely exceeding 0.5 ﬁ in
height as compared to the 2 - 4 m tree found on river terraces in the
arctic. It plays an important ecological role, especially on scree
slopes, where it often provides stability and an anchor for the small
Dryas mats which form the main base of the plant cover. In areas with
substantial subsurface drainage S. alaxensis becomes a significant
component of the Dryas integrifolia - Hedysarum alpinum Ct. ~

Salix reticulata is common in the arctic and in the mountains south
to Pine Pass, British Columbia. A disjunct population has been found
at Muntain Park where it is mixed with tﬁe more southerly speciés
St nivalis (G. Argus pers. comm.). S. reticulata has been found on

present-day nunataks in the Kaskawuléh&Tnacier in SW Yukon, although -

these are not areas of persistence (D. Miurray pers. comm.). On Prospect
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it is found in cambination with other Salix species in moist Shrub
Tundra comminities. ‘

Lesquerella arctica is primarily arctic in distribution but there
are a few disjunct populations in the Northwest Teryitoriesfand Alberta,
the latter at Mountain Park, Wilmore Wilderness, Kananaskis, Ram
Muntain and the Bighorn Mountains near Nordegg (Packer unpubl.). On
Prospect this species is found occasionally in the Dryae integrifolia -
- Carex rupestris ct. \

Armica louiseana is cammon in Alaska but is more scattered further 1\
south in the Rocky Mountains and the Qilf of St. Lawrence (Fig. 18, -
page 46). In Alberta populations have been reported from Lake Louise, *
Banff townsite, Bald Hills, Crowspest Pass, Waterton Park and Prospect
(Packer unpubl.). On Ptgigggt it 1s re€stricted to a siﬁgle N-facing

\'\_
slope covered with the Dryas integrifolia - Oxytropts podocarra Ct.
This species has a number of poorly understood subspecies which, on
further examination, might yield valuable information on its persist-
ence in the Rocky Mountains during periods of glaciation.

Antennaria monocephala has a mainly ar;tic aistribution but has
disjunct Alberta populations at Mountain Pafk, Bald Hills, Whistler
Muntain, Wilcox/Pass and Waterton Park (Packer unp&bl.). On Prospect
it is very rare; only one specimen was collected, from a cassiore
tetragona-daninated hollow.

Rumex alpestris, Draba macounii and Agnica alpina ssp. attenuata
appear to have disjunct populations at Prospect, but taxonamic

ambiguities complicate the interpretation of the species distributions

and further work is required before these species should be considered

Vi

valid disjuncts. R. alpeetris has b?en\included in the taxon \
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R. acetosa (Hitchcock and Cronquigt 1973), treated as a subspecies of

. R. acetosa (}-{xlte’n 1968), and as a species in its own right (Moss 1959),
and therefore its distribution is not clear. Subspecific designations

ten ignored in the reporting and mapping of Armica alpina;

re it is difficult to say if the Mountain Park population of

: ;Zpina ssp. attenuata is as disjunct as the maps of Hulten k1968)
indicate. Previous taxonamic confusion in the genus Draba make it
difficult to interpret earlier records of this genus and therefore Draba
macounii should be considered to be a disjunct only tentatively.

Erigeron radicatus 1s a rare endemic known only from a few locaﬁ%ons,
including Prospect.Mountain. It was first collected by Drummond around
1840 near Jasper Lakes but no plants have been collected in the area
since. Recent collec[ions have been made at Prospect, Ram Mountain and
nearby Shunda Muntain, and in the Saskatchewan part of the Cypress
Hills. On Prospect E. radicatus may be locally abundant on dry,
exposed, rocky slopes. The Alberta distribution of this species in
suspected refugial areas (Packer 1977) suggests its survival on nunataks
and its extinction over the rest of its range during Pleistocene
glaciation. .

The presence of most of these final 14 disjunct species on Prospect,
therefore, is best explained by-sUrvival in situ in a glacial refugium.
Habitat disjunctions, especially edaphic ones, do not satisfactorily
explain the disjunctions. Before dismissing edaphic disjunction in all
cases, however, the concept of climatic canpensaéion must be recalled.

These disjunct species are at the extreme limits of their distribution

in most cases, and although they may be found on a number of substrates
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over the majority of tleir range, it is conceivable that they may

‘become more Trestricted at these limits, i.e. became calcicoles. Seeming-
ly suitable calcareous alpine sites are, however, not as uncommon as

the species themselves.

-

Alternative explanations to that of a single isolated refugium
can be suggested for the large mumber of arctic disjunc:s. First, many
of these disjunctions occur between northern Britiéh Columbia and the
Mountain Park area in Alberta, a rugged mountainous interval which
has been poorly collected. Mre camprehensive coverage of this interven-

ing area, in particular the Front Range,‘may reveal the presence of
;some of these arctic species. This raises the question as to whether
the Mountain Park populations of these arctic species rgP;;sent the
southern limit of survival or the southern edge of ;;;;;asion by these
species since glacial retreat. Many of these arctic disjuncts are
found in the same community on Prospect, i.e. the Dryas integrifolia -
- Carex rupestris ct. Polunin (1948) reports the presence of these same
species, Braya purpurescensg, Carezx m‘is.andr'&, Pedicularis flammea and
Lesquerella arctica in a similar cammunity dominated by D. integrifolia
and C. rupestris in the arctic. The envirommental suitability of the
Rocky Mountain Front Ranges for D. integrifolia and D. integrifblia-
-dominated cammmities would explain the restriction of these species
to the Pront Ranges. Other arctic species, which do not have not;bly
disjunct distributions, such as Sazifraga tricuspidata and Dryas
integrifolia itself, also reach their southern limits in the Front
Ranges in the Mountain Park - Nordegg area.

Secoﬁdly, it is possible that a series of glacial refugia existed

in the Pront Ranges north of Prospect during the Wisconsin glaciation. 1
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The climatic and geographic factors which would have pramoted the
creation of an ice-free area near Mountain Park could also have operated
in a simila ~r over the entire lenggh of the Pront Ranges. The
two ideas (ﬂ:e or less continuous distribution of the arctic
species along the Front Ranges, and 5 series Of glacial refuges there,
are not mutually exclusive. A discontinuous line of survival centers
would aid in post-glacial dispersal of thede species to adjacent areas
in the egvironmentally suitable Front Ranges.

However, not all of the disjuncts on Prospect are arctic species
-of this type. The presence of Telesonix jameaii, which has a primarily
southern distribution, and Smelowskia calycina, which has a bimodal
distribution north and south of Prospect, reinforces the hypothesis of
existence of a glacial refugium here. The éo—occurrence of so many

species which are largely absent fram surrounding areas adds further

weight to the refugial explanation for their presence (Packer and Vitt

»
1974). ’

These proposed refugial spelies show very restricted distributions
in the Alberta Rockies, although widespread in other parts of their
ranges, demonstrating poor dispersal ability for these southern
populations. A small population which had survived in a glacial
refugium might have became depleied of genetic variability and therefore
less able to adapt and to spread (Stebbins 1942). The very nature of
the present Alberta distribution of these species and the lack of
post-glacial dispersal suggests survival in small populations. Isola- |

tion may also permit morphological differentiation but this is not

readily observable in the Prospect plant populations. Pike (1978),

¢ i B . o A A T



studying the more rapidly evolving butterflies, has found a morpholog-
ically distinct population of the alpine butterfly Bolaria improba

restriqfed io Prospect Mauntain.

The recognized refugial species are widespread on Prospect, ocauyr-
ing in a2 mmber of habitats. This is not inconsistent with the ilea of
survival in a refugium. Although mmataks have been charactemized as
forbidding, barren, rocky islands, D. Murray (pers. camm.) has studied
present-day nunataks in SW Yukon which support a mmmber of different
habitats and commmities, despite the severe envirommental conditioms.

Few of the refugial species on Prospect are important ecologically,
and most are rare. Salix alaxensis is a notable exception and plays
an important ecological role in 2 ct's, the Dryas integrifolia - Salix
alaxensis (islands) ct and the Dryas integrifolia - Hedyearwm alpinum
Ct (S. alaxensis st). It does not replace another species found in
these commmnities elsewhere. Dryas islands are not uncommon, but
- nowhere else has the cambination of these with Salix, or any other low
shrub, been described. Since the Oruce integrifollia - Hedaysarun alpinum
ct has not been previously described, S. z1lazensis cannot be considered
to be replacing another species in it. Carezx misandra is widespread
in the Dryas integrifolia - Carex rupestris ct both on Prospect and
over its extensive arctic range. No refugial species can be said to
be occupying a niche in a Prospect cammunity that is occupied by
another species in glaciated areas. Therefore the refugial species do
not greatly influence the commnity composition and vegetation patterns.

They serve only to enrich the flora to a small degree.
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Vegetatipn of Prospect ‘Mountain 4 )

The alpine vegetatlon on Prospect is daminated by Dryas integrifolia
Rock Tundra. Of the 6 ct's in this group, the Dryas - Carez rupestms
ct has ﬁhe greatest areal extent. Shrub Tundra, daminated by Betula
glandulosa and Salz'.x(vspecies, fofms a discontinuous zone of variable *
.width between the _Rock Tundra and subalpine zone. Heath Tundra and
Snowbed Tundra are restr1cted to small, 1solated snow accumulation
hollows. Mzadow Tundra is also limited in extent and lush Herb Meadows
are very rare. Dryas Meadows, which are more comnon, are intermediate
';m composition and habitat between the dry Rock Tundra and the lush
n l‘;e'rbwlvbadows .
Based on the comparison of the vegetation in general and ct's
partlcular fram Prospect, Signal and Bald Hills (see RESULTS page 144)
a number of conclusions can be drawn. The ct's of the Heath Tundra
and Snowbed Tundra Groups from the 3 areas show the greatest similarity
although both groups have a very restricted distribution on Prospect.
On Signal and Bald Hills the Heath Tundra covers {arge areas of the )
lower N-facing alpine slopes and continues into the subaipine zone '
among the krummholz is‘iands. This is certainly not the case on Prospect
where Shrub Tundra communitles fulfil this role, and Heath Tundra
communities are restricted to bowl-shaped depressions. The Shrub
- Tundra Group, which has not been designated as a separate entity fer
either Signal or Bald Hills, has limited similarity to ct's in the
Maligne Range; only the Salix arctica-and S. ba.rrat;{tiana-daninated e
commmities Have floristic equivalents. Meadow Tundra’'is less important

on Prospect than in the Maligne study areas and lacks a 'binding species'

¢




such as was noted for the other 2 areas — Salix arctic& on Signai and
Artemisia norvegica on Bald Hills.

Transect studies reinforced these conclusions. Comparable transects
over patterned ground on N-facghg slopes on Signal and Prospect show
the replacement of Heath Tundra by Shrub Tundra on Prospect over an
altitudinal gradient. Transects along snowmelt gradients show similar
relationships between snow release date and Rock Tundra and Heath Tundra
comunities in the 3 areas. Hewever, the Prospect Mountain transect
lacked a true snowbed cogmunity such as the Carex nigricans and Luetkea

communities of the Miligne Range.

.,

Previous ecological studies make it possible to compare the
Prospect ct's withvthose from many areas in the Alberta Rocky Mwuntains.
Study areas used for comparison of'most ct's are Snow Creek (Beder 1967),
Highwood Pass (Trottier 1972), Bow Creek (Broéd 1973), Sunshine (Knapik
et al. 1973), Ram Muntain (Johnson 1973), Wilcox Pass (Crack 1977),
Signal Mountain (Hrapko 1970) and Bald Hills (Kuchar 1975).

Discussion so far has been of ct's, distinct piant assemblages
described\from specific areas. w1§£ a knowledge of alpine vegetation
from a larger geographical area, syntaxonamically formalized plant
associations similar in habitat, physiognamy and species camposition
can be determined. Ogilvie (1967) propoéed'{? alpine plant associations
for the Alberta Rocky Mountains which were lafer revised to 13 (1976).
Six and possibly 7 of the Prospect ct's can be assigned to one of the
latter 13 associations.

The Salix barrattiana - Trollius albiflorus Cct belongs to the

Saliz barrattiana association of Ogilvie, which was also found .at

191
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Bald Hills, Wilcox Pass, Snow Creek, Highwood Pass, Bow Sumnit, and
.Sunshine, but with variabie composition. The Cassiope tetragoqa -

- Dryas octopetala and Phyllodoce glanduliflora - -Cassiope mertensiana
ct's belong to the Cassiope tetiagona and Phyllodoce glanduliflora
associations, respectively. Both associations are widespread in the
Alberta Rockies and have been described fram Signal, Bald Hills, Snow
Creek, Highwood Pass, Bow Summit and Sunéhine. The Salix arctica -

-~ Salix nivalis ct of Prospect,uyith further examination, might be

r

VIR

,assigned to the Salix nivalis - Salix arctibuiassociation. Si
ct's were found on Signal, Bald Hills, Snow Creek, Highwood Pass,
Wilcox Pass and Sunshine, althougb-ségzies camposition varied greatly.
The Elymus innovatus - Mertensia panicula;a ct belongs to the Elymus
innovatus association reported from Snow Creek. The Artemisia
norvegica - Aquilegia flaveséens\ct on Prospect closely resembles the
seepage variant of the Elymus assdgiation described by Ogilvie (1976).
The Dryas integrifolia - Betula glandulosa’ct on Prospect is a
possible candidate for tﬁé Bétula glandulosa association, however it
might be better described as a variant as Dryas integrifolia, which is
codominant with Betula in the Prospect :ct, is not listed as a membér of
the Betula association of Ogilvie. A Betula - Dryas Shrub Tundra
| community similar to that on Prospect has been found in the alpine zone
of Nahanni National Park, Northwest Territories, where it covers
significant areas in an equivalent position just ébové treeline
(S. Talbot pers. camn.).
The rest of the ct's on Prospect do not conform to any of the
associations proposed by Ogilvie (1976). Alpine assemblages which are

common in the other study areas and notably absent on Prospect include
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the Carez nigricans associatiorl, the Dryas hookeriana (octopetala) -
- Oxytroptis podocarpa association, and the Kobresfa myosuroides
(bellardii) association. Both Dryas octopetala and Kobresia bellardii
are pf%sent on Prospect, but they do not clearly dominate any communities
there. The Dryas oetopetaih ct's of the Dryas octopetala - Ozytropis
po&ocarpa association have physiognomic equivalents in the D;;as .
integrifolia-dominated communities®%rom Prospect, but the difference’in
dominant species is an importent one and should not be ignored. As °
well, even with the dominant Dryas species removed there is little
correlation between the associated spec1es of D. octopetala and
D. zntegrzfolza They belong to separate aSSOC1at10ns//'The Carex
nigricans ct, 2?1ch is so notably absent on PrOSpect has been described
for Signal, Bald Hills, Highwopd Pass, Snow Creek and Bow Summit.

Only 2 ct's not dominated"by Dryae integrifolia are not in one of
. the associations described by Ogilvie. The Salix arctica - Hedysarum
alpinuwn ct resembles the Salix ;Lctiéa—dominated communities on Signal,
Bald Hills, Wilcox Pass and Highwood Pass. The Salix spp. - Cassiope
tetragona ct has no equivalent ct described elsewhere in the Alberta
Rocky Mountains. However, similar plant assemblages have been found
in the alpine zone g? Nahanni National Park, Northwest Territories
(S. Talbot pers. Can;.).

The rest of the Prospect ct's are dominated by Dryas integrifolia.
Of all the alpine study areas in the Alberta Rockies, only Ram Mountain
is dominated by D. integrifolia as opposed to D. octopetala, and
might possess similar D. integrifolia-dominated communities. However,
the D. integrifolia-daminated communities on Ram are evidently neither

as rich nor as diverse as those on Prospect. Spotted tundra of
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D. integrifolia, possibly equivalent to the Dryas integrifolia - Saliz
alaxensis ct on Prospect, and a Diyaa - Kobresia ct somewhat similér

to the Prospect Kobresia st of the Dryas integrifolida’ - Oxytropis
podocarpa ct:'have been described from Ram. No other Prospect commmit-
ies have'equivélents there.

The rest of the Dryag integrifolia-dominated communities, thérefore,
either have no equivalent camunity described in the literature exaﬁinegt> ,
or the closest equivalent 1is north or south of the Alberta.Rockies. The
Dryas integrifolia - Hedysarum alpimum Meadow Tundra commmity and the
Dryas integrifolia - Oxytropis podocarpa and Dryas integrifolia - éalix A
arctica\Roék Tundra communities have had no equivalent descCribed for
any location;

Arctic communities similar to the Dryas integrifolia - Cassiope
tetragona ct of Prospect have been described from Devon Island, Northwest
Territories (Mic and Bliss 1977), the SW Mackenzie, Northwest Territories
(Raup 1947), and eastern Greenland (Elkington 1965), althbugh all are
more species-poar than the Prospectécanmunity:- ‘ ’ _

The Dryas integrifolia - Carex rupestris Ct, which covers the //j
largest area on Prospect,.has the most interesting geographical reLation;
ships. The closest florist?c equivalent is the Dryas integrifolia -

- Carex rupestrié cammunity widespread in the Big Snowy Range of -
Montana (Bamberg and Major 31968)' Importa{lt species associyted with \\
the Dryas and Carex in Montana are Polygonum viviparum, Andfosace

chamaejasme and Saxifraga oppositifolia which are all significant. in

the Prospect ct. The ct in Montana forms sbotted tundra as on Prospect

and combines with Arctostaphylos wva-ursi in a manner similar to that

of the A. uva-urei st described for Prospect. A Dryas integrifolia -

/TN



_ Carex rupestric ct is widespread in the alpine of Nahamni National
“Park (S. Talbot pers. comn.). It is rich in lichens, especially
“Cetraria spp., as is the Prospect ct. A Dryae integrifolia - “Carex
rupestris ct rich in lichens has also been described for western \\‘~
Greenland by Geltingv (1955) which has the same associated splecies as ‘
on Prospect, Polygonum viviparum, Carex nardina, Pedicularisilanata,
Silene acaulie and Saxif?qga oppositifolia.
A depauperatev}onm of the Dryas integiifolia - Carex rupestris Ct
covers large areas in the North Amefican arctic. Polunin (1948) has

described such commnities fram the eastern arctic islands Pf Devon,

Baffin, Ellesmere and Dorset and from northern Quebec. Barrett (1972),

Svoboda (1974) Muc and Bliss (1977) have also described similar
;ommunikie on Devon island, with high lichen and bryophyte cover. In
the arctif a core assembiage of Dryas integrifolia, Carex rupestris,

Polygomuy viviparum, Saxifraga oppositifolia, and often Carex nardina

and C. wisandra, is augmented by such species as Cassiope - tetragona,

L)

The Dryas integrifolia ~ Carex rupestris ct on Prospect can be
desribed as consisting of the basic arctic Dryas - Carex ct to which
numerous alpine species have been ;Aded. Since a number of the disjunct
refugial species are found in this ct on Prospect Mountain, the relative
distributions of Dryas integrifolia, Dryas octopetala and vegetation

dominated by each, and therefore species associated with each, are of

particular interest.
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Dryas octopetala is an arctic—;lpine speéﬁes with a discontinuous
Fircumpolar distribution. It is wideépread in\¢he Furasian ﬁrctic put
absent from the North American High Arctic (Hultén 1968). In North
America it is‘found over much of the western Cordillera and has been
considered to be the most important plapt spec1es in the Caggdian RoCkles
\\TKuchar 1975) Dryas Lntegrtfblza, in contrast, is a w1despreéd North
American arctic-alpine and«nor;hern boreal species and has been consider-
ed Fhe most characteristic species ;f the Polar Semi-desert (Svoboda
1974). The ranges of the two Spec1es overlap in many places and, when
they occur in close praxnnlty, hybrids may be found (Hultén 1959,
Elklngton 1965, Bamberg and Nhgor 1968, Crack 1977).

Although distribution maps of D. integrifolia and D. octopetala
in Alberta show both species to be camon in the mountains north of
51° latitude tCrack 1977, Packer unpubl.), patterns of dominance show
definite geographical separatiéz. One Dryas species is always domipnant
in areas of co-occurrence. On Prospect, where both are found,

D. integrifolia is clearly dominant and D. octopetala is restricted tO
specific mesic habitats. Conversely, at Wilcox Pass D. octopetala
daminates while D. integrifolia is found only in localized patches
(Crack 1977). |

Differentiation of the ecological requirements of the two
species is not always clear. Kuchar (1975) states that D. octgpetala
throughout its range occupies sites which have gravelly, poorly devel-
oped soils low in nutrients and water, high wind exposure, .lack of

winter snow cover and extreme diurnal femperatures. The habitat of

D. integrifolia has been characterized as including sites with low

- )
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available soil nutrients and moisture, and hjgh soil SUrface temperatur®s
(Svoboda 1974) At one extreme it has been suggeSted that D. octopetal?
is restrlcted to acidic soils and D. integrifolia tO Calcareous ones
(kuchar 1975, See 1978), and at the other that their ecological require”
ments are the same (Elkington 1965, BambeTg and Major 1968). In

Norway D. octopetala is almost exclusively calcicolous (Coambe and

white 1951, Gjaerevoll 1963). Although found on acidlc soils it reaches
its greatest dominance and luxuriance on €alcareous SOils. In Montana
Bamberg and Major (1968) use D. octopetala as an indiCatér species foT
calcareous soils. At Wilcox Pass in Jasper National Park D. octopetald
dominates the primarily calcareous substrate, although p. integrifolid

is also encountered there (Crack 1977). In the southem Alberta Rockies,
at and beyond the limits of the range of 2. integrifolia, D. octopetala
_is the dominant species in most calcareous alpine sites. Therefore the
degree of calcicoly of D. octopetgla dep€hds on its Beographic location
and the competing species.

It now appears that alpine areas domingted by D+ integri fol%'a

in Alberta are restricted to specific locations in the generally drier
Pront Ranges above 1 latitude. Svoboda (1974) describes morpholog”
1ca1 and Hartgerink (1975) physlologlcal adaptdtions of D. integrifolicz
Adhich engble it to grow in sterile calcaTreous substrates that are
relatively warm and dry- It is possible that in the Alberta Rocky
Mpmtains, where the ranges of the two Drygs species overlap,

D. integpifolia can outcompete D. octop€tala in thé drier calcaresus
Front Ranges. Further south, where D. integrifolia does not occur,

D. octopetala occupies these sites exclusively-: In the Yukon, See (1978)

has also noted that D. integrifolia is More prevalént in the mountains
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east of the Continental Divide. A more camprehensive study is required,
not only of the relative distribution of these species, but also the
distribution of areas dominated by each.

However this is an ecological intergfetation of the present
distribution, and historical factors must also be considered. Hulten
(1959) suggested that D. integrifolia once covered areas in the Rockx
Mountains south of its present distribution. Since the retreat of the
continental and cordilieran ice sheets, D. integrifolia has re-occupied
the northern part of the area which was once covered by Wisconsin
glaciation (Porsild 1947). Of phytogeographical interest therefore is
a disjunct population of D. integrifolia which occurs in the Big Snowy
Mountains of Montana (Bamberg and Major 1968). This is not simply a
case of habitat disjunction, as numerous suitable calcareous locations
in the Front and Main Ranges exist between this population and the more
numerous Alberta populations. The Montana area is of particular
interest as the D. integrifolia-dominated communities there showed the
greatest similarity to the Prospect D. integrifolia-dominated cammunities,.
Indeed there is é great deal of similarity between the floras of the
two areas as an index of similarity of 42% for the two studyvafeas has t
beeﬁ calculated, despite the large difference in latitude. Assuming.

a wider distribution of D. integrifdlia in the past, it is pogsible
that the D. integrifolia in the Big Snowy Mountains, which have never
been glaciated (Bahberg and Major 1968), has pérsiétedntheré as"a

rgmant of the earlier wider distribution. R

\ - ‘ .
the existence of both D. integrifolia and D. octopetala in

unglaciated areas of Alaska and Yukon has -allowed the development of

geographically distinct races or subspecies (Hultén 1959). Although



this phenomenon is better known and documented for D. octopetala,

the examination of D. integrifolia populations in isolated areas such
as the Big Snowy Mountains and the southernmost Alberta sites might
reveal swbspecific variation, and aid in the determination of whether
these populations_ane products of persistence or represent the present
limits of reinvasion of this species. Environmental conditians which
are restricting the distribution of D. integrifolia now might also be

restricting the distribution of other arctic species associated with i1t.

Integration

The various environmental and historical factors which influence
the vegetation and flora of Prospect interact on several levels to
produce its contemporary vegetation. Therefore, having examined
the various faétors separately, they must now be treated together.

The camparison of Prospect and the two Maligne study areas
showed that edaphic factors, in particular parent material and pH,
are of greatest importance in differentiating the vegetation and flora
of the two areas. The effects of sumer climatic differences are
obscurred by this edaphic difference. Although Prospect receives
mo\ne sumer precipitatian, its steep topography and coarse limestone
colluvium promote rapid cirajnage and create a dry environment for £he
alpine plants. Strong winter winds at Prospeﬁct and’ their effect an
snow distribution must al3o be important, but snow accumulation and
release could not be precisely campared for the three areas

Ordination \merhods were used ‘to try termine the environment-
al gradients Whl(;l might be causing thg/separation of ct's within and

amng study areas. The results were disappointing. It is possible
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that the complexity of envirommental confrols for stands fram the three
areas could not be clearly described using only two axes, and ordinations
using more axes might have been more .successful. Snow release date
would be an obvious choice for an additional axis, but the necessary
data were not available so 1t could not be constructed. The ordinations,
both direct and indirect, did show soil pt to be important in separating
comunities from the two majoT study areas. However, within each study
area relative snow cover and release are probably more impértant in
determining ct distribution than edaphic factors. Therefore similar

ct's in similar positions on a snowmelt coenocline remained sgparated

on the ordination field due to edaphic differeﬁces.

Retween the Prospect and Maligne study areaé the greatest differen-
ces in vegetation result from differences in the dominant, and therefore
associated, species. Most of these differences, 1n turm, aye the result §
of edaphic conditions. For example, D. integrifolia outcampetes
D. octopetala on the calcareous Prospect Mountain, dominating over half ;
of the ct's and contributing greatly to the distinctive nature of the
vegetation there. Legumes, which are notably more species’rich on
calcareous sites (Salisbury 1920), are both numerically and ecologically
jmportant on Prospect. Differénces in the relative extent and richness
of heath comumities might also be related to edaphic differences, as
many members of the heath family are acidophilous.

The combined ehvironmental factors of high winds, 1ow snowfall,
steep topography and coarse, calcareous parent material on Prospect
severely 1imit the extent of snowbed habitats and preclude the occurrence
of true wetland habitats, thus reducing the diversity of ct's and

species which are normally associated with these habitats. It is still
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difficult, however, to account for the camplete absence of Carex
nigrioans. Snowbeds, altholgh very few and very small, are present and
seem to provide suitable habitats but Carez nigricans does not inhabit
them. Closer examination of the ecwiology of this species might
reveal answers to this problem.

/

The Pleistocene history of the Prospect area does not"appear to
affect the character of the vegetation as a whole, since the refugial
species are mostly rare, insignificant ecologically, and account for
only 9 - 18% of the flora. History has, however, affected the camposi-
tion of the flora to same degree and possibly the relative proportions
of various phytogeographizal distribution types within the flora.

The substrate difference between Prospect and the Maljgne study
areas makes comparison of the effects of glacial history on the
vegetation very difficult. Bird (1974a) encountered similar problems
in establishing the existence of a refugium in the Plains of Abraham
area, Northwest Territories, as the nearby glaciated Mt. Clark has an
exposed bedrock of substantially different type. It would be best if
the edaphic 'treatment' could be constant in future studies in both
regions,

In Alberta the nature of the cordilleran and continental ice sheet
advance and coalescence confines most suspected refugia to the generally
calcareous Front Ranges. The more heavily glaciated Main Ranges are
camposed of a variety of bedrock types, incluMing calcareous ones, but
the differences in climate, especially precipitation, would likely
camplicate a camparative study with the Front Ranges. ThereforeAperhaps
the best comparison would be of geographically close, glaciated and

unglaciated areas, on similar substrates within the Front Ranges.



SUMMARY AND OONCLUSIONS

1. Prospect Muntain is located in the Front Ranges of the Rocky
Muntains of Alberta (52° 55' N; 117° 22' W), 86 km SSW of Edson and

7 kn W of the razed mining town of Mountain Park. There is considerable
biological and geological evidence that this area was a glacial refugium
during the Wisconsin glaciation. The study area includes the alpine
zone on Prospect Mountain, defined as the zone above the growth of '

trees with supran}yal leaders. >

/

2. The obje;tT;es of the study were to characterize, quantitatiQely and
qﬁalitatively, the alpine vascular flora and vegetation of Prospect
Mountafn, 1n a suspected glacial refugium, and to campare them with

“ those of the heavily glaciated Signal Mountain and Bald Hills, and to-
determine the relative roles of climate, seoils and glacial history

in accounting for the observed differences.

3. Prospect Mountain is composed of 4 near-parallel ridges of Lower
Cretaceous sanéstone and shale, étretching to the NE and separated by
steep-g}ded valleys. Most slopes are covered with coarse limestone
colluvédm derived from the peak of Paleozoic 1imestone and dolomite.
Patterned ground is common, especially wind- and slope-oriented vegeta-

tion stripes, small solifluction and turf-banked terraces and spotted

,tundra.

4. The soils are mainly derived fram the limestone colluvium. Profiles
are generally shallow and poorly developed, with'sandy loam textures.

Regosols dominate most of the study area and Melanic Brunisols are
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localized and associated with hesth-daminated vegetation. Soil pH |
ranges from 5.6 to 8.1, sveraging 7.2 for the 29 profiles exposed.
Available nitrate, ammonium and phosphorus, and exchangeable potassium
concentrations are all low, with slightly higher concentrations in the
surface horizons. Available moisture values (moisture held between 1/3
and 15 bars) of the <2 mm fractions are low for most samples and range

fram 6 to 48% on an oven-dry basis.

' 5. Meteorological observations were made at one main station 1in June,
July and August of 1976. June had the coolest mean temperature of

4 OC, while July and August were similar at 8.0 and 7.4 °c respectively.
A total of 287 mm of precipitation Yell during the study period: 72 mm
in June, 75 mm in July and 140 mm in August. Vapour pressure deficits
rang;d fram 0 to 10 mb with a mean of 2.5 mb for the summer.' The wind
blew almost constantly and mean monthly wind speeds were 14.1 km/hr

for June, 12.6 km/hr for July and 12.1 km/hr for August.

6. The alkipe vascular flora of Prospect Mountain consists of 191 species
in 34 families. The most species?r;ch families are Campositae,
Gramineae, Cruciferae and Cyperaceae. The high-presence species are
Androsace chamae,jasme', rDryas integrifolia and Polygomam viviparwm.

The flora was divided into 9 main distribution types; the most species-
-rich types are tircumpolar arctic-alpine (25% of flora), North American
arctic-alpine (14%), ciramboreal (14%), widespread Cordilleran (13%)

and North American low-elevation (13%). Twenty-one species have popula-
tions on Prospect which are notably disjunct from their major centers

of distribution. The types of disjunct distributions exhibited by

these species are described.
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7. Using clﬁster anaiysis, similarity matrices and field observations,

the 31 stands sampled quantitatively on Prospect were classified into.

16 community types\(ct;'s) v'vithin 5 major groups. o

a) Rock Tundra Group — This group covers the largest area and is -
characterized by extensive bare ground and rock’ rubble, pattern-
ed ground, Regosolic soils and low species richness. All 6 ct's
of the group are dominated by\Dryas integrifolia, and PoZ,ygonum
viviparwm, Carex rupestris, Androsa® chamaejasme and Oxytropis
podqcarpa are common. (;qnnwﬁ/ty types in this group are the
Dryas integrifolia —;Chrex rupestr{s ct, the Dryas integrifolid -
- Salizx alaxen3£§ (islands) ct, the Dryas intggrifolia - Salix /
arctica ct, the bryas integr;folia - Oxytropgs podocarpa ct, the
Dryas integrifolia - Cassiope tetragona Ct, and the Drya

" ntegrifolia - Hedysarum mackenzii Ct.

b) Shrub Tundra Group — This group 1is composed of 2 subgroups: the
Shrub Stripe Subgroup, consisting of the Dryas integrifolia -
- Betula. glanduloéa ct, and the Willow Scrub Subgroup consisting
of the Saliz arctica - Hedysarum alpinwm ct, the Saliz sSpp. -

- Casstiope tetraggna ct, and the Salix barrattiana - Trollius

albiflorus ct. It is a heterogeneous group, characterized by

cfaninant shrub, speciés, m sic_héb,itaté), +high bryophyte cover

\‘ N ///

and Regosolic soils. — 9

’

c) Heath Tundra Group — Th;ase communities are restricted to small
‘hollows on the S and SE slopes, surrounded by'krunmho/lz of
Abies lasiocarpa. The 2 ct's of this group are characterized

by dominant heath species, high plant‘ cover, numerous subalpine
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d)

e)
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species, late snow release and Melanic and Eutric Brunisols,
The 2 ct's are the Cassiope tetragona - Dryas octopetala ct, at

»
the edges of the hollows in areas of earlier snow release, and

-

the Phyllodoce glanduliflora - Cassiope mertemsiana Ct in

areas of later snow release.

Snowbed Tundra Group —-Spowbeds are small and few in number;gand
melt out later than the heath hollows. Snowbeds are low in

total plant cover, have relatively high lichen cover and Regosols.
Only 1 ct, the Salix arctica - Sqlifsnivalis ct, is described

for this group.

[

Meadow Tundra Group — This heterogeneous group is composed of
2 subgroups, Drygs Meadows and Herb Meadows. All ct's have high
plant cover with a continuous or discOntinuous layer of showy

herbs, a good source of water all season, and Regosolic soil

although the profiles may be deep. The Dryas Meadow Subgroup
Nas 1 ct, tpe Dryas integrifolia - Hedysarwn alpinum Ct, which,
with its continuous layer of Dryas and rich herb assemblage, is
intermediate between the Rock Tundr; Group and the Herb Meadow
Subgroup. The Elymus innévatus-; Mertensia paniculata ct and
Artemisia norvegica - Aquilegia flavescens ct of khe Herb
Meadow Subgroup have very high plant cover and occur in shelter-

ed locations.: &

8. Two transects were sampled. The first followed an altitudinal

¥ oz

gradient over communities dominated by Dryas integrifolia. One Shrub

§ .
Tundra and 2 Rock Tundra ct's were traversed. The lower section of the

transect had terraced topography, high moss cover and high shrub cover.

\



The upper end of the transect had vegetation stripes, lower plant cover,
lower species richness, fewer shrubs and §light1y higher lichen cover.
‘Hedysarum alpinwm was found only at the lower end of the transect and
Hedysarwn mackenzii at the upper. The second transect covered 4 distinct
ct's élong a snowmelt gradient in a large depression. Rock Tundra
camunities wer2 released first, Meadow Tundra next, and Heath Tundra
L

last. There were no Snowbed Tundra communities. Highest species rich-

ness occurred in transition zones, and the lowest in Rock Tundra ct's.

9. In comparing the soils of Prospect with those of Signal and Bald
Hills in the Maligne Range, the major measured diffe}éhce is in soif
pti. The pH of the Prospect soils is higher, a reflect%pn of the differ-
ence in parent material between the 2 ranges. Soil types, nutrient

concentrations, and available moisture were all found to be similar in

the 3 study areas.

an

10. The major difference in meteorological observations taken at Prospect
and the Maligne study areas 1s in precipitation; Prospect has significant-
ly higher total summer prec1pita§i0n. Comparison with long-temm records
from nearby Grave Flats indicate that 1976 was not a year of abnormallf
high rainfall. Average wind speeds for the summer of 1976 on Prospect
were higher than those from the Maligne sites in other years. Reports
from the literature show that the Prospéct area often experiences high
wind speeds, especially in winter. No l;;gk)differences were noted in

air temperature Or vapour pressufe defici£.

No quantitative winter

meteorological data were available for camparison.

c
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11. Prospect and Signal have a vascular floristic similarity of 58%.
Between Prospect and Bald Hills it is 56%, and between Signal and Bald
Hills it is 81%. The total number of species recorded in each study
area is similar at 191, 197 and 151 for Prospect, Bald Hills and Signal
respectively. Although the most important families in the 3 areas are
also similar, there are somé notable differences. Families which are
significantly larger on'Prospect include Salicaceae, Legumindsaé and
Cruciferae (cf. Signal only). Families with the graminoid growth-form,
i.e. Gramineae, Cyperaceae and Junaceae, are less important on Prospect,
as are gricaceous species. The alpine flora of Prospect is camposed of

a higher percentage of North American low-elevation and North American e
arctic-alpine species, and fewer Amphi-Beringian species. A significant-
ly larger proportion of the Prospect flora is made up of species with

disjunct distributions.

12. Cluster analysis was performed on stands from all 3 study areas.
Qualitatively based cluster analysis showéd the Prospect stands to be
“compositionally distinct. Of the final 2 clusters formed in the fysion
hierarchy, 1 was composed entirely of Prospect stands and the other of
Maligne Range stands. The quantitatively based cluster analysi;, which
weights the species by their abundance, showed most Rock Tundra, Shrub
Tundra and Meadow Tundra stands from Prospect to be structurally and
compositionally distinct from all Maligne &tands at all cl;ster levels.
Similar results were obtained when the two dominant Dryas species were
removed, demostrating the dissimilarity of the subdaminant and associated
species in the stands in these 3 vegetation groups. Snowbed Tundra

and Heath Tundra communities fram the 3 areas were more homogeneous.
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13. Communities from the Maligne Range ‘which were equivalent floristic-

ally or physiognomically to those of Prospect were designated. Floristic

equivalents could be as

communities on Prospect.

physiognomic equivalent

signed to all Heath Tundra and Snowbed Tundra
Most Rock Tundra cammunities, however, are

s only, while Shrub and Meadow Tundra communities

have equivalents of both types. Some Prospett communities have no

known equivalents of ei

ther type.

14. A comparison of transect studies from the 3 areas illustrates the

replacement on Prospect

al gradient. Snowmelt

of Heath Tundra by Shrub Tundra on a elevation-

transects also showed the lack of a true snowbed

community on the Prospect transect; Heath Tundra often occupies the

sites with the latest snowmelt.

15. Alpine plant commun

Mountains were compared

jties from other sites in the Alberta Rocky

to those on Prospect. Prospect was found to

possess members of the Saqlix barrattiana, Cassiope, Phyllodoce, Elymus,

Salix ntvalzs - Salix arctica and possibly the Betula gZanduZosa

associations, all widespread in the Alberta Rocky Mountains. The Carex

nigricans and Kobresia

associations were notably absent on Prospect.

Dryas integrifolia-dominated cammunities, especially the Dryas

integrifolia - Carex rupestris ct, show greatest similarity to communit-

ies on the Big Snowy Mountains, E of the Divide in Montana, and to those

of the North American arctic.

16. Disjunct species found on Prospect were found to be of 2 types:

those whose presence 1s

those for which a histo

best explained by habitat disjunction; and

rical explanation is most reasonable. The latter
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species, which have possibly survived in a glacial refugium in the area,
have major centers of distribution both north and south of Prospect.
Refugial species were found to be generally low in cover and to occur in
*number of habitats ericompassing a large range of soil pH values and
soil mois?ure regimes. Many of the arctic species with disjunct popula-
tions on Prospect are found in the Dryas integrifolia - Carex ruﬁestris
ct, as they are in the arctic. Only Salix alaxensis and Carex misandra
are important ecologically, and no refugial species replaces another

species found in the same ct in a heavily glaciated area.

M17. Indirect and direct ordination techniques were used to try to
determine what environmental factors have contributed to the different-
iation of communities between the 2 main study areas. Of all the

. edaphic and climatic factors plotted, soil pH showed the greatest
correlation with community placement on the indirect ordination field,
and therefore it was used as an axis in the direct ordinatioﬁ. Plotting
the stand groups formed by cluster analysis showed differentiation
along the pH gradient of stands with a high degree of compositional and
structural similarity. Snow depth and release date are probably more
important than soil pH or moisture in determining the placement of
Heath and Snowbed Tundra cammunities on the landscape. No camparable

snow data were available to be plotted.

18. Differences in parent material and soil pH have the largest effect
in producing differences in vegetation and flora between Prospec£ and

the Maligne Range study areas. The edaphic differences exert a select-
ive influence on the local‘vascular flora due to the differing environ-

mental requirements and optima of numerous species in the regional



e

flora. The difference in parent materials affects the Telative species

richness and ecological importance of same families, notably the
Leguminosae and Ericaceae, which affects both the camposition of the
flora and the vegetation patterns. Edaphic differences between study
areas effect changes in the dominant species, mostly due to differences
in optimal pH, e.g. Dryas integrifolia cf. D. octopetala. This differ-
ence in dominant species, along with differences in associated species
and, therefore, in the communities themselves, accounts for the lack of
floristically equivalent communities on some similar habitats on

Prospect, Signal and Bald Hills.

19. The greatest measured climatic difference between the 2 main study
areas was summer precipitation. However the higher precipitation on
Prospect is counteracted by higher wind speeds, steeper slopes, and

more rapid drainage which produce a xeric enviromment for alpine plants.

YPerhaps the greatest unmeasured climatic effects on the vegetation are

from winter wind and snow and their interactions. Higher winter wind
speeds on Prospect would remove and redistribute snow creating more
exposed sites, accounting for the larger extent of Rock Tundra there.

It would ﬁermit fewer snowbed habitats and perhaps explains the lower
diversity of snowbed comumities and species. Similarly, it would
create fewer sites suitable for Heath Tundra which is therefore restrict-
ed to small hollows. Consequently,Shrub Tundra is important on the
lower alpine slopes where Heath Tundra might otherwise be expecped to

dominate.
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20. Of the 3 major factors, glacial history has had the smallest

influence on the vegetation and flora of Prospect. It accounts for
the presence of certain disjunct, refugial species which enrich and
differentiate the flora slightly. It may have had an effect on the
relative species richness of the phytogeographical ‘tategories which
m ake up the floras in the 3 study areas, In general, however, it

has had a minimal effect an the vegetation.
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APPENDIX I — List of vascular species found in the alpine zone on Prospect Muntain.

OPHIOGLOSSACFAE
Botrychium lunaria (L.) Sw.

POLYPODIACEAE
Cystopteris fragilis (L.) Bernh.

SELAGINELLACEAE
Selaginella densa Rydb.

FQUISETACFAE
Equisetum arvense L.
Equisetum scirpoides Michx.

Equisetwn variegatum Schleich.

PINACTAE
Abies lasiocarpa (Hook.) Nutt.

Juniperus communis L.
Juniperus horizontalis Moench.
Picea engelmannii Parry

GRAMINEAE

¥

Carex petricosa Dewey
Carex phaeocephala Piper
Carex physocarpa Presl.
Carex raymondii Calder
‘Carex rupestris All.

* Carex scirpiformis Mack. ) ~
Carex scirpoidea Michx. )
Carez spectabilis Dewey =
Kobresta bellardii (All.) Degl.
Kobresia simpliciuscula (Wahlenb.) Mack.

JUNCACEAE
Juncus drummondii E. Meyer
Luzula parvifilora (Ehrh.) Desv.
Lusula ei)icata (L.) DC.

LILIACEAE
Streptopus amplexifolius (L.) DC.
Tofieldia pusilla (Michx.) Pers.
Veratrum eschscholtzii A. Gray
2ygadenus elegans Pursh.

Agropyron latiglume (Scribn. & Smith) Rydb.

Agropyron smithii Rydb.

Bromus pumpellianus Scribn.
Calamagrostis purpurascens R.Br.
Deschapsia caespitosa (L.) Beauv.
Elymus innovatus Beal

Festuca baffinensis Polunin
Festuca brachyphylla Shultes
Phlewn alpinuwm L.

Poa alpina L.

Poa arctica R.Br.

Poa cusickii Vasey

Poa pattersonii Vasey

Poa pratensis L.

Poa rupicoia Nash

Trisetun gpicatwn (L.) Richt.

CYPERACEAE
Carer arrosquarc Mack.
Carex festivella Mack.
Carer franklinii Boott
Carer giscndra R.BT.

Carex nardina Fries

ORCHIDACEAE
Habenaria viridis (L.) R.Br.

*  SALICACEAE .
Saliz alarensis (Anderss.) Coville
Salir arbusculoides Anderss.
Salix arctica Pall.
Salix barrattiana Hook.
Salix drummondiana Barratt
Salix glauca L.
Salix nivalis Hook.
Saliz reticulata L.
Salix vestita Pursh.

BETULACEAE
Betula glandulosa Michx.

POLYGCNACEAE
Eriogomum androsacewm Benth.
Oxyria digyna (L.) Hill
Polygomem viviparon L.
Rumex alpestrie (Scop.) Love
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PORTULACACEAE Parnassia kotzebuci Cham. & Schlect. :
Claytonia lanceolata Pursh Ribes oxycanthoides L. K
Sarifraga adcendens L. -
CARYOPHYLLACEAL Saxifrage aitzotdes L.
Cerastiun beeringianwm Cham. & Schlect. Sarifraga caespitosa L.
Lychnis apetala . Saxifraga cerriua L.
Minuartia austromomtana Wolf & Packer " Saxifraga ZyaZ'Zii Engler
Minuartia rubella (Wahlenb.) J.E. Smith Saxifraga oppositifolic L.
Minuartia sajanensis Willd. ’ Saxifraga tricuspidata Rottb. -
Silene acaulis L. var exscara (All.) DC. Telesonix jumesii (Torr.) Raf. €
Stellaria monantha Hultén Q
ROSACFAE °’
RANUNCULACLAE Dryas intcgrifolia M. Vahl.
« Aconitum delphinifolium IC. Dryas octopetala L. &
Anemone drwmmondii S. Wats. Fragaria virginiana Duschesnc A
Anemone multifida Poir. Potentilla diversifcolia lehm. ";
Anemone parviflora Michx. Potentilla diversifnolia var multisecta ;
Aquilegia flavescens S. Wats. (S. Wats) Rydb. .
Delphinium glaucum S. Wats. Potentilla fruticosa L. 5
Ranunculus eschscholtzii Schlecht. Potentilla gracilis Dougl. 1
Thalictrum occidentale A. Gray Potentilla nivea L. 1
Trollius albiflorue (A. Gray) Rydb. Potentilla uniflora ledeb.
f Sibbaldia procunlers L.
PAPAVERACEAE
Papaver kluanensis D. Lbve LEGUMINOSAE
Astragalus aboriginwm Richards
CRUCIITRAE Astragalus alpinus L.
Arabis drummondii A. Gray Astragalus occidertalis {S. wats.) M.E.Joncs
Eraya hwmilie (C.A. Mey.) Robins Astragalus vexilliflezus Shcld.

Braya purpurescens (R.Br.) Bunge Hedysarum alpinam L.

Draba albertina Grecne Hedysarwn boreale Nutt.

Draba aurea M. Vahl. Hedysarum mackenzii Richards

; Oxytropis camestrig (L.) DC. var cwstckii
praba borelic DC. ?-’ (Greene) Barneby
Draba cana Rydb.

Draba crassifolia Grah.

Draba tincerta Payson

Oxytropis jordalii Pors.
Oxytropis podocarra A. Gray

Oxytropis splendens Dougl.
Draba lonchocarpa Rydb. var lorchocarpa .

Draba macownit O.E. Shultz
Draba oligosperma Hook.

ONAGRACEAE
Epilobiwn angustijoltwn L. ‘
Epilobium horwmanii Reichenb.
Epilobiwn latifoliwn L.

Draba paysonvii Macbr.
Dreba porsildii G.A. Mulligan
Lesquerella arctica (Wormskj.) Wats.

Smelowekia calycina (Stephan) C.A. Mey. UMBELLTFERAL

. Heraclewn lanatum Michx.
SAX1FRAGACEAE

Mitella nuda L.

Purnassia fimbriata Konig.



PYROLACEAE VALERIANACEAE

Monensis wniflora (L.) A. Gray
Pyrola asarifolia Michx.

Valeriana sitchensis Bong.

Pyrola grandiflora Radius CAMPANULACEAE

ERICACEAE
Arctostaphylos rubra (Rehder & Wils.) Fern.
Arctostaphy los wva-ursi (L.) Spreng. ’

Campanula lasiocarpa Cham.
Campanula rotundifolia L.
Campanula wuniflora L.

Cassiope mertensiana (Bong.) D. Don COMPOSITAE

Caseiope tetragona (L.) D. Don

Ledum groenlandicum Oeder

rhyllodoce glanduliflora (Hook.) Coville
X Phyllodoce intermedia {(Hook.) Camp

PRIMULACEAE
Androsace chamaejasme Hosé
Androsace septentrionalis L.
GENT TANACEAE
Gentiana prostrata Haenke
Gentianella amarella (L.) Bormer
Gentianella propinqua (Richards) J.M.Gillett

HYDROPHYLLACFAE
Phacelia sericea (Graham) A. Gray

BORAGINACEAE
Mertenmsia paniculata (Ait.) G. Don
Mycsotis alpestrig Schmidt

SCHROPHJLARIACEAL
Castilleja mintata Dougl.
Castilleja occidentalis chn'r.
Euphrasia disjuncta Fermn. & Wieg.
Pedicularis bractecsa Benth.
Pedicularis capitata Adams
Pedicularis flamea L.
Pedicularie lanata Cham. § Schlect.

Veronica alpina L. var wialaschensis C & S

CAPRIFOLIACEAL

Linnaea borealis L.

Achillea millefolium L.
Antennaria alpina (L.) Gaertn.
Antenmaria lanata (Hook.) Greene
Antennaria monocephala DC.
Armieca alpina (L.} Olin

Arnica alpina (L.) Olin ssp attenucta
(Greene) Maguirc

Arnica cordifolia Hook.
Armica diversifolia Greene
Arnica louiseana Farr
Artemisia norvegica Fries
Aster alpinus L.

Aster sibericus L.

Crepis nana Richards
Erigeron compositus Pursh
Erigeron grandiflorus Hook.
Erigeron humilis Grah.
Erigeron lanatus Hook.
Erigeron peregrinus (Pursh.) Greene

Erigeron radicatus Hook.

Petasites frigidus (L.) Fries var nivalis

{Greene) Crongq.
Saussurea densa (Hook.) Rvdb.
Senecio canus Hook.
Senecio lugens Richards
Senecio triangularis HOOK.
Solidago multiradidta Ait.
Taraxacum ceratophorum (Ledeb.) DC.
Tararacum lyratum (Ledeb.) DC.
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: i i i spect, Signal and
APPENDIX 11 mtszi‘ljsT15?02222?&&%?3})&?’?)ozezr;agi 3"7. argxd for
moisture index (MI) see page 31.
‘ - T M
OPHIOGLOSSACEAL v ‘ «
Botrychium tunaria (L.) Swartz 9 ' 3.0
POLYPODIACEAF ‘
Cystopteris fragilis (L.} Bgmh, 9 1.0 ¢, ,
Gymocarpiwn dryopteris (L{) Newm. 9 - , ,!»
Polystichwn lonchitis (L.) Roth. 2 - : i
" EQUISETACEAE ;
Equigetum arvense L. ) 9 4.0 !
Equisetum gcirpoides Michx. 9 3.0 :
Equigetwn variegatwn Schleich . 3 3.5,
i
LYCOPODIACEAE
Lyoopodiun alpinm L. 2 3.5
Lycopodium annotinun L. 9 -
Lycopodium clavatum L. 9 -
Lycopodium selago L. 2 3.0
SELAGINELLACEAE |
Selaginella densa Rydb. 4 2.0 ' ;
PINACEAE
. Abies lasiocarpa (Hook.) Nutt. 4 .5
Juniperis commais L. g .5
Jwriperis horisontalis Moench. 8 5 p
Pioea mgabnamli Parry 4i
Pinus contorta Loudon var latifolia Engelm. 4 -
GRAMINEAE
Agropy ron latiglome (Scribn. & Smith) Rydb. g 3.0
Agropy ron gm thit Rydb. g8 4.0
Agrostise vartabilis Rydb. 6 - 3.0
Arctagrostis arnadinaceaa (Trin.) Beal 3 5.0
Bromus pumpellianus Scribn. 3 3.0
Calamagrostis irexpansa A. Gray . 3 3.0 s
Calamagros tis purpurascens R.Br. 3 2.0
Danthonia intermedia Vasey 8 -
Desoharpsia atropurpurea (Wahlenb.) Scheele 9 3.5
Deschampeia oaespitoea (L.) Beauv. < 9 4.0
Elymus irmnovatus Beal . . g8 3.0
Fes tuca baffinensis Polunin 1 2.0
Fes tuca brachyphylla Schultes 2 2.5
HBierochloe alptna R. & S. 2 2.0
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T M
Phlewn alpinum L. 4.0
Poa alpina L. 2 2.5
Poa arctica R. Br. 2 25
Poa cusickii Vasey 6 3.5
Poa interior Rydb. 8 -
Poa lettermanii Vasey 6 -
Poa pattereonii Vasey 7 2.0
Poa pratensis L. 9 4.0
Poa rupicola Nash 4 2.0
Poa scabrella (Thurb.) Benth. ex Vasey 4 -
Trisetum spicatum (L.) Richter 2 2.5

CYPERACEAE
Carex alboonigra Mack. 4 1.0
_Carez atrata L. 9 4.0
Carex atrosquama Mack. 4 3.0
Carez bipartita All. 9 -
Carex brevipes Boott 4 -
Carex brunnesocens (Pers.) Poir. 9 3.0
Carex eleusinoides Turcz. 3 -
Carex festivella Mack. 8 4.0
Carex franklinii Boott 2 1.5°
Carex glacialis Mack. 2 -
Carex haydeniana Olney 6 - )
Carex tnourviformis !fack. 7 -
Carex macrochaeta C.A. Mey. N 3 -
Carex microglochin Wahlenb. 2 4.0
Carex misandra R. Br. 2 2.0
Carex nardina Fries 1 1.5
Carex nigricans C.A. Mey. 4 3.5
Carez pawperoula Michx. 9 -
Carex paysonis Clokey 6 -
Carex petricosa Dewey S 1.8
Carex phaeocephala Piper 4 3.0
Carex pyrenaica Wahlenb. : 2 -
\"‘\\

Carex raymondii Calder 8 \7
Carex mpestris All. 2 1.5 -
Carex scirpiformis Mack. 6 2.0 J
Carex scirpoidea Machx. 3 2.5
Carex spectabiiis Dewey 3 3.5
Eriophorum polystachion L. 2 -
Eriophorum scheuchzeri Hoppe 2 5.0
Eriophormm viridioarinatum Fem. 8 -
Xobresia bellardii (All.) Degl. 2 2.5
Xobresia simpliciuscula (Wahlenb.) Mack. 2 2.0



JUNCACEAE

Jincus biglumis L.

Jwnous oastaneus Sm.

Jwnous drmemondii E. Meyer
Juwnous mertensianus Bong.
Luzula arcuata (Wahlenb.) Sw,
Luaula parviflora (Ehrh.) Desv.
Lusula spicata (L.) DC.

Lusula wahienbergii Ruwpr,

LILIACEAE

Streptopus arplexifolius (L.) DC.
Tofieldia pusilla (Michx.) Pers.
Veratmsn eschscholtaii A. Gray
Zygadenus e legans Pursh.

ORCHI DACEAE

Habenaria viridis (L.) R. Br.

SALICACEAE

Salix alaxensis (Anderss.) Coville
Salix arbusculoides Anderss.
Salix arctica Pall.

Salix barrattiaia Hook.

Salix drummondiana Hook.

Saliz glauca L.

Saliz nivalis HOux.

Salix reticulata L.

Salix vestita Pu.sh.

BETULACEAE

Betula glanduloga Michx.

POLYGONACEAE

Eriogonwn androsaceuwn Benth.
. Oxyria digyna (L.) Hill

Po lygomum viviparm L.

Rumex alpestris (Scop.) Love

PORTULACACEAE

Claytomia lancsolata Pursh,

CARYOPHYLLACEAE

Cerastim beeringi@um Cham. § Schlect.
Iyohnis apetala L.
Minuartia austromontana Wolf and Packer
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Minuartia obtustiloba (Ryéh.) Femn
Ninuartia rmbellq (Wahlenb.) J.E. swmith
Minuartia #ajonensis Wrlidg,
Sagina sagin.ii, 5 (L.} Brite,
Stlere acaulis | . “ .
Stellaria colycantha (Ledeb ) Bong . 9

Stellaria longipes Goldie 9

NN'-‘NMS

RANUNQUL ACEAL
Aconitim del;,hi’u'foliuv. DC.
Anemore drmmondt i %Ats.
Anemone multifid, Poir.

Ananone occidentalig hd;S .
Anemone paruvi flopg Michx,
Aquilegia flavescang S.Wats.
Caltia leptosepetalq DC.

Delphiniun glaucim S. Wats. b

Ranunculus eschseh i1z Schlecht,

Ranwiculus gelidis Kar., § kir.

Ranuneculus nivalis ||

Ranunculus pygmacus Wahlcnb,

Thailictrum ceridentale A, Gray

whNNAumho>—-o~m&u

Trolliue alliflorus (A. Gray) Rydb.

PAPAVLRACLAY
Papaver kluammensis 2

CRUCITERAE
Arabie drmemondii Gray 8
Arabis 1yallii waes . 6
Arabis lyrata |, 3
Braya i lis (C.A. Mey.) Robins 2
Braya purpurescegs (R, Br.) Bunge 2
Cardamine bellidifolia L. 2
Cardamine oligospermg Nutt. 3
Draba albertina Greene S
Draba aurea M. Vah]. 1
Draba borealis e . 3
Draba cana Rydb. 9
Drabd cra.saifolta Grah, 1
Drada incertq Payson 4
Draba lomchocorpa Rydhb, 4
DOraba macownii p g. Shultz S

Draba nivalis Liljebl. p

Draba oligosperma Hook , 4
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Draba paysonii Macbr.

Draba porsildit G.A. Mulligan

Draba praealta Greenc

Erysiwn pallasii (Pursh) Fern.
Lesguerella cretica (\\'6mskj .) Wats.

Smelowskia calycina (Stephan) C.A. Mey.

CRASSULACEAE Y

Sedun lanceolatwn Torr.

SAXIFRAGACEAE
Leptarrhena pyrolifolia (D.Ixii) R. Br. ex Ser.

Nitella nuda L.

Parnassia fimbriz: Konig.
Parnassia koizoh Thare k Schl,
Ribes oxycanthe. oo,

Saxifraga adcer:i-ns L.

Sarifraga atzoiizs L.

Saxifraga bronch.. -: 1.

Sarxifraga caespit.

Sarifraga
Saxifraga
Saxif: r&ga
Sartfraga
Saxifraga
Saxifraga
Saxt fraga
Saxifraga

Telesonix

ROSACEAE

cernua L.

lyallit kngl
oceidentul is W
oppcsitifolia L.
pwmetata L.
rhomboideﬁ Greenc
rivularts L.
tricuspidzta Rotth.
Jamesit (Torr.) Raf.

Dryas integrifclia M. Vahl.

Dryas octopetala L.

Fragaria virginiana Duchesne

Luetkea pectinata (Pursh) Kuntze

Potentilla diversifolia Lchm.

Potentilla diversifolia Lehm. var. multisecta

Potentilla fruticosa L.

k3

(S. Wats.) Rydb.

Potentilla gracilis Dougl.

Potentilla hypcrorctica Malte

Potentilla

nivea l. S

Potentilla uniflora Ledeb.
Potentilla villdf Pall. ex Pursh

Rosa a

' Lindl.

Rubus idaeus L.
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DT Ml
Sibbaldia procwribens L. 2 3.5
LEGIMINOSAE
Astragalus aboriginwm Richards 1 .S
Astragaius alpinus L. 2 2.5
Astragalus occidentalis (S. Wats.) M.C. Jones 8 .
Astragalus vexilliflexus Sheld. 4 2.5
Hedysarwm alpinwn L. 9 2.5
Hedysarum boreale Nutt. 8 -
Hedysariwm mackenzii Richards 1 2.0
Qxytropis campestris (L.) DC. 9 2.0
Oxytropis jordalii Pors. 1 3.0
OQxytropis podocarpa A. Gray 1 1.5
Oxytropis splendens bPougl. 8 -
EMPETRACEAL
Ewmpe trum nigrum L. g 2.0
ELEAGNACEAL
Shepherdia canadensis 8 -
ONAGRACEAL
Epilobiwn alpinum L. 2 4.0
EpiLobiwn angustifoliwn L. 9 3.0
Epilobiwn clavatwn Trel. 6, S
Epi Lobiwn hormenmanii Reichenh. 5 4.0
Epilobium lactiflorw Hausskn. 2 -
Epilobiwn latifolium L. 2 2.5
UMBELLIFERAL
Heraclewn lanatwn Michx. 8 4.0
PYROLACEAL
Monensis wuniflora (1..) A. Giay g 3.0
Pyrola asarifolia Michx. g 3.0
Pyrola grandifiora Radius 2 2.0
Pyrola minor L, 9 -
Pyrola secwida L. 9 4.0
ERICACLAE
Arctostaphyles rubra (Rehder & Wils.) Fern. 2 2.5
Arctostaphyles uva-ursi (L.) Spreng. g 2.0 ¢ P
Cassiope mertensiana (Bong.) D. Do 4 3.0 )
Cassiope tetragona (L.) D. Don ' 2 2.5
Kalmia polifolié Wang var. microphylid’ (tiook. ) Rchd.b:,.u -
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Ledum groenlandicum Oeder

Phyllodoce glanduliflora Coville
Phyllodoce empetriformie (Smith) D.Don
Vaccinium caespitosun Michx.

Vacciniwn seoparium Leiberg

Vaceintiwm vitis-idaea L, var. minus Lodd.

PRIMULACEAE
Androgsaczs chamaejasnie Host
Androsace septentirionalis L,

CAPRIFOLIACEAL

Linnaea borealis L.

GENTIANACEAE
Gentiana glauce Pallas

Gentiwia prostrata Haenke var, americana Engl.

Gentiarella amarella (L.) Borner

- Gentianella propinqua (Richards) J.M. Gillett

HYDROPAHY LLACEAE

-Phacelia sericea (Graham) A. Gray

BORA GINACEAE
Mertensia paniculata (Ait.) G. Don
Myosotis alpestris Schmidt

SCROPHULARIACEAE
Castilleja miniata Dougl.
Caetihleja occidentalis Torr.
Custilleja rhexijolia Pydb.

" Euphrasia diajwt{:ta Fern. § Wieg.
Pedicularis arctica R. Br,
Pedicularis bracteosa Bentl,.
Pedi.cularia capitata Adams
Pedicularis flamea |,

Pedicularis groenlandicium Retz.
Pedicularis ‘lanata Chan § Schlecht
Penstemon ellipticus Coult. § Fish.

Veronica alpina L. var. wralaschensis C. & S.

VALERIANACEAE )
Valeriana eitchensis Bong.
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CAMPANULACEAE

Capanula lasiocarpa Chanm. : 3 2.5
Campanula rotwidifolia L, -9 2.0
Campanula uniflora 1., 1 1.5

[

COMPOSITAL

Achillea miilefolium L. 9 4.0
Agoseris auranticesa (Hook.) Greene 4 4.0
Antennaria alpina (L.) Gaertn. 9 2.0
Anternaria lanata (Hook.) Greene 6 3.0
Anternaria monocephala (. 1 2.0
Antemnaria wmbrirella Rydb, 8 -
Arnica alpina (L.) Olin 2 2.5
Arnica alpina (L.) Olin SSp. attenuata (Greenc) Mag.l 3 g
Arnica cordifclia liook. 4 4.0
Armica diversifelic Creene 6 3.5
Arnica latifolia Bong. 4 4.0
Armica louiseana Fyrr 1 2.0
Arnica mollis ook, 6 4.0
Arnica rydbergii Greene 6 4.0
Artcmisia michawricna Bess 4 -
Artemisia norvegica Fries w\ 8 35
Aster alpinus L, . : 2 2.45
Aster sibericus L. ‘ 3 3.0
Crepis nuna Rich. 2 1.0
"Erigeron acris L. var. debilis Gray 4 -
Erigeron aureus Greene 6 2.5
Erigeron compositus Pursh 2.0 o
Erigeron grandiflorus Hook. 1 3.5
Erigeron hunilis Grah, 1 3.0
Erigeron lanatus Hook, 7 1.0
Erigeron pallens Crong. 7 - L
Erigeron peregrinus (Pursh) Greenc 4 3.5
Erigeron radicatus Hook. 7 1.0
Hieractum gracile Mook, 4 4.0
Petasites frigidus (L.) Fries 2 4.5
Saussurea densa (Hook.) Rydb. 7 1.5
Senacto canus ook, 4 2.0
Senecio cymbalaf'ioides Nutt. N s 4 -
Senecic freemontii T, § G. 6 -
Senecio lugens Richards 8 3.0
Senecto pauciflorus Fyrsh 4 35
Senecio triangularis Hook. 4 4.0
Solidago multiradiatg Ait. 8 2.5
Taraxacum ceratophorum (Ledeb.) DC. 2 2.5
Tarazacum lyratwnm (Ledeb.) DC. 1 1.5




APPENDIX IV. Mean cover of

Transcect #1

X cover

some additionaNpec‘ies

/

\

\

along Transects # 1 and 12,

13

14

15

" Stellaria longipes
Carex misandra
Silene acaulis
Saussurea densa

Solidago mul tirad{a ta

®
mean of 4 consecutive quadrats (1-4, 5-8, etc.)

Transect #2

X cover 1

E-3

Segment*

12

13

15

—
>

17

Arnica alpina

Solidago multiradiata -
Potentilla diversifolia -
Carex scirpoidea -
Gentianella propinqua -
Poa alpina

Androsace chamaejasme +
Euphrasta digjuncta

Erigeron humilis -
Trigetun spishtuom -
Antennaria alpina -
Carer atrosquama - -
Poa arctica * - - -
Phleum alpinum ' - - -
Carex misandra - -k
Petasites frigidus - = -
Veronica alpina - - -
Elymus innovatus - - -
Aster alpinus - - -
Stellaria longipes - - -
Pyrola asartifoiia - - -
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APPENDIX V. Relativized X and Y coordinates of the Prospect, Signal and
Bald Hills stands on the Bray-Curtis indirect ordination.
Index of similarity is the coefficient of community. Endpoint
stands for the X-axis are 28 and 17, and for the Y-axis 21

and 49.
X Y
Stand Coordinate Coordinate

1 97.1 19.4
2 85.9 16.0
3 91.0 31.6
4 95.7 31.9 P
S 49.5 22.5
6 65.3 13.9
7 85.0 16.6
8 55.7 25.7
9 54.3 18.7
10 85.7 40.2
11 57.7 11.3
12 46.3 51.9
13 68.0 48.1
14 61.5 39.8
15 41.0 43.4
16 33.8 23.0
17 100.0 20.2
18 62.6 5.0
19 46.2 22.6
20 37.7 20.8
21 50.2 0.0
22 47.0 14.4 ¢
23 42.8 20,7
24 74.4 17.6 N
25 29.2 11.1
26 40.9 17.8
27 29.1 9.2
28 0.0 20.4
29 47.7 14.9
30 38.2 24.3
31 54.7 52.2
32 42.2 36.9
33 . 34.3 43.6
34 48.3 38.9
35 49.2 38.7
36 57.5 52.6
37 53.4 46.7
38 45.5 73.1
39 40.1 37.3
40 40.0 42.7
41 28.2 48.4

El 42 34.3 38.3
43 25.0 37.2
44 35.6 75.1
45 40.9 73.7
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X Y

Stand Coordinate Coordinate-
46 43.8 81.9
47 50.0 87.6
48 51.4 81.1
49 . 50.0 100.0
50 58.2 77.4
51 37.3 84.5
52 28.0 70.6
53 41.0 73.0
54 45.8 .74.4
55 45.8 79.3
56 32.1 62.3
s7 42.4 42.5
58 37.3 53.8
59 50.0 50.0
60 35.0 47.7
61 36.2 43,1
62 42.9 50.0
63 24.5 60.3
64 22.4 51.1
65 20.0 60.8
66 25.5 52.4
67 18.3 61.7
68 ' 17.6 52.4
69. 32.5 76.6
70 27.9 61.3
71 40.5 50.0
72 19.1 61.7
73 16.0 67.6




