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ABSTRACT

Twenty-three major community types were described from
128 stands in the alpine zone of the North Cascades Range.
These included six snowbed types (Saxifrdga tolmiei-Luzula
wahlenbergit, Eriogonum‘pyrolaefolium-LuzuZa wahlenbergiti,
Carex nigricané, Antennaria lanata, Carex breweri, and Carex
eapitata), two lush herdb types (Lupinus latifolius and
Festuca viridula), eight dwarf shrub types (Cassiope
mertensiana, Phyllodoce empetriformis, Phyllodoce glanduli-
flora, Arctostaphylos uva-ursi, Empetrum nigrum, Salixz
reticulata, Salix cascadensis, and Dryas octopetala), two
dry grass types (Danthonia intermedia and Calamagrostis
purpurascens), and five dry sedge types (Carex spectabilis,
Carex phaeqqe?hala, Carex scirpoidea var. pseudoscirpoidea,
Carex n&rdina, and Kobresiarmyosuroides). Thirty-nine
blockfield stands and 42 krummholz stands were also
examined. Most of the major community types are closely
related to those in the Rocky Mountains, southern Alaska
and the southern Yukon.

Soils in the region include Entisols, Inceptisols,
and Spodosols. Physical properties are quite similar in
most soils. Organic matter, total cation exchange capacity,
and pH generally decrease from west to east while exchange-
able cations and nutrient levels are low throughout the

region.
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Species richness, generai diversity, and equitability
were low in the mildest habitats. Estimates of these
parameters increased with an increase in environmental
rigor and habitat heterogeneity until physical factors once
again rendered the habitat homogeneous. At this point
species richness and general diversity again declined.

A fellfield-dry grass~lush herb environmental gradient
was examined on Grouse Ridge, Mt. Baker. High soil
temperature and lqw séil moisture regimes were typical of
the ridgetop fellfield. During drought periods, on the
vegetated portion of the slope, soil temperatures decreased
and soil moisture stress increased with distance downslope;
a reflection of increased plant cover and greater evapo-
ﬁranspiration towards the base of the slope. Species
exhibiting vigorous growth and high leaf water potential
at the base of the slope had reduced vigor and much lower
leaf water potential upslope. Phenological patterns were
closely related to date of snowmelt and early season

temperature regimes along the gradient.
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INTRODUCTION

Ecologists have focuséd their attention on alpine
environments for many years. These regions with extreme
environments provide an excellent opportunity for the study
of species and community patterns. These patterns are
usually accentuated in alpine regions because of topographic
diversity and often change abruptly due to rapid shifts in
environmental gradients; Several other advantages of alpine
vegetation studies are the relatively small flora, the
dwarfed stature of the plants, and the reduced community
structure (Bliss, 1969).

High mountain vegetation in the Northwest Pacific
Coast region has received attention only recently. The
rugged physiography of the region, its inaccessibility, and
a frequently unfavorable summer climate have all contributed
to this iack of ecological study. Studies have been
completed in the Olympic Mountains of Washington (Bliss,
1969; Fonda and Bliss, 1969; Kuramoto and Bliss, 1970), the
" western North Cascades of Washington (Douglas, 1972), the
southern Coast Range of British Columbia (Archer, 1963;
Brooke et al., 1970), and in the eastern North Cascades of
British Columbia (McLean, 1970). Localized or more general
accounts of the vegetation or flora have been provided for
the Olympic Mountains (Peterson, 1971), the western North

Cascades of Washington (Franklin and Dyrness, 1969;
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Kruckeberg, 1969; Douglas, 1971; Douglas and Ballard, 1971;

Lowery, 1972), the eastern North Cascades of Washington
(Arno and Habeck, 1972), the southern Coast Range of British
Columbia (Brink, 1959), and the Interior Plateau region of
south-central British Columbia (Eady, 1971). A general
phytogeographic survey of northwestern North America has been
presented by Schofield (1969).

This study examines the plant communities of the alpine
zone in the North Cascades of Washington and British
Columbia. The objectives of the study were to 1) obtain
quantitative and qualitative data on the composition,
structure, pattern, and diversity of the alpine plant
commﬁnities of the regionj; 2) ﬁo obtain information on the
soils associated with the major plant communities; 3) to
acquire mesoclimatic data from several localities in the
region; 4) to determine the interrelationships between soils,
climate, and plant communities and hse this to construct a
comprehensive classification or ordination system for the
alpine vegetation of the region; 5) to examine in detail
several communities along an environmental gradient in a
‘16calized aréa (Grouse Ridgé, Mt. Baker).and compare them
with regard to their composition, structure, pattern,
diversity, pedology, microclimate, phenology, physiology
(water relations), and snowmelt pattern and 6) to relate the
distribution of the North Cascadian élpine communities to

other areas in Western North America.



STUDY AREA

Location

The Cascade Range, extending from southern Oregon to
just north of the Washington-British Columbia border, can be
subdivided into a number of ecological provinces on the basis
of geology, soils, topography, climate, and vegetation. The
northernmost of these provinces, the western and eastern
North Cascades provinces (Douglas, 1972), were selected as
the site of this study (Fig. 1). The area extends for about
130 km in a north-south‘direction, encompassing about
18,000 km?2.

The alpine zone, in this study, is defined as that area
above the occurrence of trees in an upright form, and
includes krummholz. The lower limit of the zone ranges from
1750 m on the west side of the range to 2100 m on the east
side. The highest alpine vegetation found on the western
side of the range was at 2176-m. This is probably the high-
est continuous vegetation occurring on the western slopes of
the North Cascades since above this, and often at lpwer
elevations, sheer rocky slopes, snowfields, and glaciers
restrict the establishment of continuous vegetation. The
upper limit of continuous alpine vegetation increases east-

ward, with the highest communities at about 2600 m on the

eastern side of the North Cascades.
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Geology and Geomorphology

The complex geologic history of the North Cascades has
been studied in some detail by Misch (1952, 1966). The old-
est rocks are crystalline basement rocks (mainly gneisses)
which indicate an involved history of numerous igneous and
metamorphic events. They predate the oldest known strata
which consist of sedimentary and volcanic rocks, including
Middle Devonian fossiliferous limestones. During the late
Paleozoic era, depositions of clastic sediments took place
on the floor of a vast shallow sea. These thick deposits
were associated with a geosyncline that extended from Alaska
to California. The clastic sediments include graywacke,
shale, and sandstone. At this time volcanic eruptions also
contributed basaltic and andesitic rocks to the deposition.
These ancient geosynclinal rocks were then metamorphosed
during a period of compression and folding, occurring
simultaneously with the withdrawal of the sea during the
Jurassic. Resulting metamorphic rocks include slate,
phyllite, schist, and greenschist.

A new, smaller geosynclinal trough developed during
early Cretaceous time, within which sedimentaty pocks,
including shale, siltstone, and sandstone were deposited.
During Middle to early-Late Cretaceous time, major orogeny
occurred in the North Cascades.

In the Tertiary further deposition, erosion, volcanism,
and orogeny tgok place. During this time the granites,

diorites, quartz diorites, and granodiorites in the central
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and ecastern parts of the range were formed. Final uplifting
of the North Cascades took place in the Pliocene and sub-
sequent weathering, mass wasting, and erosion contributed to
the deeply dissected landscape of today. Schist, gneiss,
and granite outcrops predominate throughout most of the
range.,

During late Pliocene and early Pleistocene time, the
volcanic cones of Mt. Baker and Glacier Peak (elevations
3712 and 3181 m, respectively) were superimposed on the
existing range (Coombs, 1939; Ford, 1959). Elsewhere in the
Cascade Range the cones of Mt. Rainier, Mt. St. Helens,

Mt. Adams, Mt. Hood, and Mt. Mazama were also being formed.
The present cone of Mt. Baker was preceded by a higher
volcano of which only the ruins (Black Buttes) remain
(Coombs, 1939). These peaks consist mainly of andesite.

Although the period of major volcanic activity appears
to have been at the beginning of the Pleistocene epoch,
there were later eruptions and flows. In the North Cascades,
ash layers originating from Glacier Peak, Mt. Mazama, and
Mt. St. Helens have been recognized. The oldest of these
éshfélls is that from Glacier Peak 12,000‘years ago (Powers
and Wilcox, 1964; Fryxell, 1965). This ash is distributed
into southern British Columbia and east to Alberta and
Montana (Wilcox, 1965; Westgate, pefsonalvcommunication).
One of'the most widespread ash layers, found.from southern
Oregon north to British Columbia and Alberta, and east to

Montana, is that from Mt. Mazama (Wilcox, 1965; Nasmith et



al., 1967; Westgate and Dreimanis, 1967; Westgate et al.,
1969). The date of this eruption has been placed at about
6,600 years B.P. (Rubin and Alexander, 1960; Powers and
Wilcox, 1964; Fryxell, 1965). Mt. St. Helens has erupted
several times in the paét 3,000 years producing ashfalls
that have been dated at 3,000 and 500 years B.P. (Crandell
et al., 1962) and at 160 years B.P. (Mullineaux, 1964).
This ash has an easterly and northerly distribution similar
to that of the Mazama ash (Nasmith et al., 1967; Westgate
and Dreimanis, 1967; Westgate et al., 1969). Mt. Rainier
ash, dated at 2,300 and 2,000 years B.P. (Crandell et al.,
1962), may extend into the North Cascades although it has
yet to be reported.

Although the major features of the North Cascades were
produced prior to the Pleistocene epoch, massive continental
ice sheets that flowed south into Washington, together with
the marked expansion of the alpine glaciers in the local
mountains, greatly modified the landscape. Evidence of this
past glaciation can be seen throughout the range in the form
of cirques, jagged ridges, steep-walled valleys, and the
rounded tops of the lower mountains. Numerous, relatively
small remnants of the once extensive alpine glaciers still
remain in the region, which presently contains more active
glaciers than any other North American region south of
Alaska and Yukon.

The continental ice sheet and the alpine glaciers

advanced and receded twice in the North Cascades during the
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Salmon Springs Blaciztion of the Late Pleistocene (early to
middle Wisconsin) (Crandell, 1965). The broad, U-shaped
valleys of the region were filled with ice during these
advances.

The Fraser Glaciation, beginning with the Evans Creek
Stade about 25,000 years B.P., lasted for approximately
15,000 years (Crandell, 1965) and resulted in the readvance
of the alpine glaciers into the valleys. About 15,000 to
13,000 years B.P., after the alpine glaciers began to
retreat, continental i?e once again flowed into the North
Cascades and reached its maximum development in western
Washington and British Columbia. Toward the end of the
Fraser Glaciation (Sumas Stade) and after a major recession
of the continental ice, a colder climate prevailed once
again with subsequent readvancement of the ice sheets and
renewai of the alpine glaciers (Crandell, 1965). A mild
Hypsithermal Interval followed the Fraser Glaciation during
which time (ca. 10,000 to 5,000 years B.P.) the alpine
glacier; decreased in size and mudflows and fluvial aggrad-
ations ensued throughout the range (Crandell, 1965). This
warm period was followed by the last glaciatioﬁ (Neoglaci-
ation) which had its maximum development in the Cascade
Range at varying times for different glaciers (Porter and
Denton, 1967). Since the middle of the 19th century,
glaciers in the region have generally been retreating, but
around 1950 the Coleman Glacier on Mt. Baker, along with

other glaciers in the range, began to advance (Bengsten,
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Climéte

The climate of the North Cascades varies considerably
from maritime on the western slopes to more continental on
the eastern slopes. This climatic difference, due to the
prevailingAwesterlies from the Pacific Ocean crossing the
large mountain massif, is most noticeable when examining the
annual and summer (June - August) precipitation records
from several weather stations. On the western side, the
Diablo Dam station (elevation 272 m) has annual and summer
averages of 189 and 14 cm, respectively, while annual and
summer averages for the east side Winthrop (elevation 535 m)
are 37 and 6 cm, respectively (U.S. Weather Bureau, no
dates). Temperature records show corresponding differences
(Fig. 2). Since very few weather stations exist in the
region it is very likely, especially at higher elevations,
that precipitation is greater and temperatures lower than
illustrated here. This is evident at the Mt. Baker station
(elevation 1265 m) in the western North Cascades which has
annual and summer precipitation averages of 280 and 28 cm,

respectively, and lower temperatures.
METHODS

Vegetation

A general reconnaisance of the alpine zone of the North
Cascades was made in early summer 1970, as well as during a

previdps study (Douglas, 1972). From this survey tentative
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plant community }ypes were deiimited. Homogeneous stands
representing the types were then selected for sampling. The
term "stand", in this study, refers to a particular example
of vegetation which was sampled, and "community" or "commun-
ity type" to a grouping of similar stands. A total of 208
stands, varying in size from 150 to 1500 m?, were sampled

on 39 mountains in the study area (see Fig. 1). The
community types are represented by -4 to 10 saﬁpled stands.
Rock outcrops and streamsides were not sampled.

For the regional survey, in examining all but the
krummholz stands, twenty 20 X 50 cm quadrats were set out
(perpendicular to the slape contours) by a restricted
random technique (Bliss, 1963). Sampling replications were
repeated three times for each of three stands differing in
comgosition and structure. The'feplications indicated that,
for all.of the most prominent species, sampling was within
* 147 of the mean prominence value for continuous vegetation
and * 267%Z for discontinuous (fellfield) vegetation. The
average coefficient of similarity was ;lso computed for the
replicates using the formula C = 2w / (a + b) x 100
(Kulézynski, 1937), where w is the sum of fhe lowest ﬁromin—
ence values of species common to both stands, and a and b
are the total prominence values of all species in stands a
and b. Stands of continuous vegetation had average similar-
ity coefficients of 0.78 and 0.81 while the average fell-
field similarity coefficient was 0.47. Sampling adequacy

also met the "minimal area" criteria (Cain, 1938), with
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‘plant speéies (except epiphytic and epipetric cryptogams)>
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sampling terminated, in almost all cases, well after the
plateau in the species-area curve was reached. Minimum
stand size was approximately 150 m?.

Since krummholz stands were extremely variable, and
because they were of .secondary importance in this study,

a more simp}ified procedure was necessitated to obtain
general information on their structure and composition.
These stands were examined by a "releve" method. Each

stand was divided into four equal quarters and the crown
cover for all species was estimated by visual observation in
each quarter. Forty-two stands, varying in size from 25 to
100 mz, were treated in this manner.

A third sampling procedﬁre was used for analysis of
species distribution along a 65 x 7 m belt transect on
Grouse Ridge, Mt. Baker. At 2 m intervals down the slope,
five 20 x 50 cm quadrats (from a posible 10), were randomiy
selected and set out at 5 dm intervals along and perpendi-
cular to the slope contours.

Crown cover, using the methods and cover classes of
Daubenmire (1959, 1968), was estimated by strata for all
in each quadrat. All additional rare species, which occur-
red outside the quadrats but within the stand, were also
tallied. Frequency and average cover for each species were
calculated and then converted to prominence values (PV) by
multiplying the average percentage cover by the square root

of the species frequency in each stand. This index has
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been used in previbus vegetation studies by Douglas and
Ballard (1971), van der Valk and Bliss (1971), and Douglas
(1972) and is a modification of the procedure used by Beals
(1960). Similarity coefficients (C = 2w / (a + b) x 100)
between stands were then computed. Species were not adjust-
ed in relation to their maximum values of frequency and
cover as in Bray and Curtis (1957). Dissimilarity values
(1 - C) were then comﬁuted and used for the construction of
two-dimensional ordinations (Bray and Curtis, 1957; Beals,
1960). Several agglomerative hierarchial clustering
techniqueé (Pritchard and Anderson, 1971) were also used for
syntheses of stands.

The ordinations allowed the grouping of stands into
community types that correlated with several environmental
gradients. Although many of the community types, because of
sharp environmental changes, occur as discrete vegetation
units a number of them merge gradually with adjacent
community types. This is reflected, in part, by the degree
of separation between and within these types on the ordin-
ation. Community types are named after the one or two major
dominants.

Cover data were used to compute the Shannon-Wiener

S
general diversity index for each stand, H =& P; loge Pg

=1
(Shannon and Weaver, 1949), where H is the general diversity
(richness and dominance concentration) and Py is the cover

value for each species divided by the total of cover values.

The equitability or evenness index E = H / H max (Pielou,
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1967) was also cbmputéd, wvhere H max = loge S and S is the
number of species in the stand..

Nomenclature, authorities, and taxonomy follows Hitch-
cock and Cronquist (1973) for the vascular plants, Lawton
(1971) for mosses, Schofield (1968) for hepatics, and Hale
and Culberson (1970) for lichens, with the following
exceptions. The treatment of Claytonia lanceolata Pursh
follows Doﬁglas and Taylor (1972), Draba borealis DC. and
D. ruaxes Pays. & St. John follow Mulligan (1970, 1971),
Salix reticulata L. ssp. nivalis (Hook.) Anderss. follows
Love et al. (1971), and Vaceinium uliginosum L. ssp.
ocetidentale (Gray) Hara var. occidéntalé follows Young
(1970). The lichens Cladonia graecilis (L.) Willd. and
Peltigera canina (L.) Willd. were not treated at the variet-
al level since the variants were often indistinguiéhable.
Thamnolia vermicularis (Sw.) Ach. ex Schaer, has been
included with 7. subuliformis (Ehrh.) W. Culb. since they
were indistinguishable in the field. Chemical tests reveal-
ed that 25 percent of all material collected was T. vermi-
cularis. 1In the text only the binomial is used for any
piant having just onervariant in the North Cascades. A full
set of voucher specimens has been placed in the University
of Alberta herbarium (ALéA). Partial sets are in the
Department of Agriculture (Ottawa) (DAO), New York Botanical
Garden (NY), U.S. Forest Service (Edrt Collins, Colo.),
University of Washington (WTU), and Western Washington State

College herbaria.
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Soils

Soil pits were established in 16 different communities
across the North Cascades and composite samples collected
from each described horizon. Seven additional pits were
also established along the environmental gradient at that
study site in the western North Cascades. Samples were also
collected from two additional soil pits opened by Bockheim
(1972). Laboratory analysis of the fine (less than 2 mm)
fraction included: texture by the hydrometer method
(Bouyoucos, 1951); pH using a saturated paste (Doughty,
1941); and organic matter by the Walkley-Black wet oxidation
method (Walkley and Black, 1934). Exchangeable cations were
extracted with neutral N ammonium acetate and determined by
atomic absorption spectroéhotometry. Levels of N, P and K
were determined at the Alberta Soil and Feed Testing
Labofatory. Determination of N was done by the phenoldi-
sulfonic method, P by the combined nitric acid, vanadate,
molybdate colorimetric method, and K was extracted with N
ammonium acetate at pH 7.0 and determined by flame photo-
metry. Soil color was described for moist soil using the

Munsell Color Charts in natural light.

Climate
Summer mesoclimate (Z.e., temperature, atmospheric
moisture, solar radiation, precipitation, and wind) in the
North Cascades was monitored at five different locations
(see Fig. 1) during 1970, 1971, and 1972. Temperature and

atmospheric moisture were monitored with Belfort and



SRS s s e

16
Lambrecht hygrothermographs placed in white-painted,
louvered shelters with sensors between 5 and 25 cm above the
ground. Solar radiation was measured with Belfort actino-
graphs set with sensors 10 cm above and parallel to the soil
surface. Precipitation was measured with Tru-check rain
gauges set 60 cm above and parallel to the soil surface.
Wind was monitored with Belfort 3-cup totalizing anemo-
meters with cups placed 60 cm above the ground.

Microclimate was monitored during the study period
along the environmental gradient on Grouse Ridge. Four
stations were established at 15 to 25 m intervals for a
distance of 61 m down the slope. Soil and air temperatures
were obtained by use of laboratory-calibrated RCA 1N2326
diodes, set in #3M Scotchcast No. 10 Electrical Resin.

The soil temperature diodes were then placed in 13 mm (0.D.)
aluminum pipe probes, sealed off, and buried horizontally.
at depths of 2, 10, 20, and 30 cm. The air temperature
diodes were placed in double-shielded, open aluminum tubes,
painted white outside and silver inside. These diodes were
located at heights of either 5 and 15 cm or 10 and 20 cm;
the latter heights beihg used for the taller vegetation at
the base of the slope. Temperatures were measured with a
bridge-meter powered by a mercury cell. Field measurements
were precise within * 0.5°C. Coleman soil moisture blocks
(Coleman and Hendrix, 1949) were positioned in the same pits
with the diodes at depths of 10 and 20 cm or 10 and 30 cm.

Soil moisture was also determined periodically with
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gravimetric samples taken at the same depths and within 2 m
of the Coleman blocks. Soil samples from these same depths
were collected and analyzed for percent moisture retention
properties at 0.33 bars and 15 bars on ceramic plate

extractors.

Phenologz

Phenological stations were established at 10 m intervals
along the 70 m belt transect on Grouse Ridge. Phenological
notes were taken on 32 species at weekly intervals during
1971 and bi- to tri-weekly intervals during 1972. Observ-
ations, within a 2 x 2 m plot at each station, included the
following phases: vegetative, flowering, fruiting; seed

dispersal, and dormancy.

Physiology

Leaf water potential (Y) was determined in the field
during 1971 for 10 species on Grouse Ridge. A portable
pressure chamber (Scholander et al., 1964; Scholander et al.,
1965; Boyer, 1967) was used for these measurements. Leafy
stems or leaves cut at the petiole were pﬁt directly into
élastic bags from which‘all ﬁossibie air Qas expfessed.
The bags were sealed, kept at ambient temperature out of
direct sunlight, then measured within 0.5 hr of cutting.
This procedure was found to have little, if any, effect on
leaf y (Hickman, 1970). Measurements were made between
1300 and 1500 hr and at 2400 hr, times of near minimum and

maximum leaf Y, respectively.



e

s Rl i b

o < e L s 35

18

RESULTS

Regional végetation

Two-dimensional ordinations (Bray and Curtis, 1957;
Beals, 1960) were constructed, using prominence values, to
provide an understanding of alpine community relationships
and patterns (Fig. 3). Since high beta diversity, or a high
degree of compositional change between communities along
gradients (Whittaker, 1960), reduces ordination performance
(Gauch and Whittaker, 1972) the North Cascadian communities
have been treated within three separate regions (west,
central, and east). Although the ordinations are based only
upon floristic dissimilarities between samples stands, the
stand groupings or community types do indicate some gemneral
environmental relationships. In this case, time of snow-
melt is the most obvious environmental factor illustrated by
the ordinations (Fig. 3). Twenty-three North Cascadian
alpine community types and several other alpine vegetative
units (krummholz and blockfields) are included in the follow-

ing descriptions.

Snoﬁbéﬂ community types

There are six community types in the North Cascades
that are consistently associated with snowbed habitats.
Several others, which are not restricted exclusively to
snowbeds, but occur in them in at least part of their range,
are discussed within the shrub community types.

a) Saxifraga tolmiei-Luzula wahlenbergii community.



Figure 3.

Ordination of 128 stands in the alpine zone of the

North Cascades. The stands are included in three
ordinations, according to region (west, central,
and east). Lines delimit community types whose
names are derived from the dominant species.
Abbreviations: S-L = Saxifiaga tolmiei-Luzula
wahlenbergii, E-L - Eriogonum pyrolaefolium-
Luzula wahlenbergii, CNI - Carex nigricans,

ANT - Antennaria lanata, CBR - Carex brewert,

CCA - Carex capitata, LUP - Lupinus latifolius,

FES - Festuca vtridula, CAS - Cassfope mertens-

tana, PHE - Phyllodoce empetriformis, PHG -
Phyllodoce glandulifloria, ARC - Arctostaphylos
uva-urst, EMP - Empetrum nigrum, SAR - Salix
reticulata, SAC - Salix cascadensis, DRY - Dryas
octopetala, DAN - Danthonia intermedia, CAL -
Calamagrostis purpurascens, CSP - Carex specta-
bilis, CPH - Carex phaeocephala, CSR - Carex
seirpoidea var. pseudoscirpoidea, CNA - Carex

nardina, KOB - Kobresia myosuroides.
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This community occurs on gentle to moderately steep, mainly
southerly slopes in the western North‘Cascades (Fig. 4).
Snow remains in these habi;ats until late July or early
August. Soils are poorly developed, poor to fairly well
drained, and show indications of surficial movement.

The Saxifraga-Luzula community is characterized by a
low average total plant cover (337%) and an average of only
8 species (18 in total) per stand. Saxifraga tolmiei and
Luzula wahlenbergii are the only constant species with mean
covers of 157 and 7% and frequencies of 787% and 357,
respectively. Other less prominent plants are Carex
pyrenaica, Juncus drummondii, Polytrichum sexangulare, and
Marsupella brevissima.

b) Eriogonum pyrolaefolium-Luzula wahlenbergii
community. In the central North Cascades (Fig. 4) this
community type is most commonly found on slight to moder-
ately steep, northerly slopes. The habitat is similar to
the Saxifraga-Luzula type found farther west. Snowmelt is
late (early to late July) and soil surfaces are unstable.
These sites, in contrast to the Saxifraga-Luzula habitats,
are‘well drained and are more xerié in late summer. | '

This community type, with an average total plant cover
of 17% (Table 1), is the most sparsely vegetated of all the
major alpine ones examined. An average of 15 species per
stand (32 in total) occur in this community. Eriogonum
pyrolaefolium and Luzula wahlenbergii, with low mean covers

(6% and 3%, respectively) and frequencies (68% and 29%,



22

T . . SNOWY SNOWY
4 N . B.C. =+ O MTN B.C. e MTN
- - o o3 en M om o= e 2o wn e @ en ws = e “ @ en W Y. . en W W W e e= e - e e
: WASH. © WASH
: A : £ .
. o151 BRKER s SLATE PEAK PUT: BAKER =’ SLATE PEAK
K . e s [} °
. : TIFFANY] N % IFFANY]
: MTN- S T MTN.
.'-. f e : ® 5
. - STAR PEAK s STAR PEAK
v el y se &
55§t 1 GLACIER PEAK : GLACIER"PEAK
[ R | . L4 "
SCALE
SAXIFRAGA TOLMIEIl=~ ERIOGONUM PYROLAEFOLIUM -
LUZULA WAHLENBERGII LUZULA WAHLENBERGII
. . SNOWY . SNOWY
: _ : ©MTN- : :
Y TR Nt NI © - TR SR L
: WASH. : WASH.” 3 -
* _MT. BAKER . : .
. MT. BAKER : :
. . . *
3 o LATE PEAK ° $ (SLATE PEAK:
" 3 ° 2 ° <
., : TIFFANY : TIEFANY
s MTN. s MTN.

CAREX NIGRICANS

®
GLACIER PEAK

¢ ®STAR PEAK

®STAR PEAK

o .
GLACIE.R° PEAK

ANTENNARIA LANATA

~

CAREX BREWERI eceeee
CAREX CAPITATA ===-

o SNOWY
«C- dOMTN
- e ex e —Bc.:. - e e _:{ R 1
VWASH. a [
MT. BAKER ] e
® SLATE PEAX It
[ ] o ’l:
P \\ 9 2°
o - AJIEEANY
“MTN-
K P
o STAR PEAK
.n P ..-
o GLACIER PEAK

e W o= Ne=m v -

L] l .l
: B8.C 4 ®MTN
R “late 0 - - o
: WASH 1T
. .BAKER | -
L e I SUATE PEAK
% 11
. / * °
“ / &\ TIFFANY
" F < MTN-
L r L X
. , : ° l
P STAR PEAK

LUPINUS LATIFOLIUS +eeeee
FESTUCA VIRIDULA  ==--

FIGURE 4.

Distribution of snowbed and lush herb community
types in the North Casc

ades Range.



Table 1. Mean proninence values of species in the major community types of the alpine zone.

Community types &»b

Species
S-L E-L CNI ANT CBR CCA LUP FES CAS PHE PIG ARC EMP SAR SAC DRY DAN CAL CSP CPH CSR CNA KOM
(4) (4) (&) (5) (5) (5) (6) (&) (B) (5) (5) (&) (7)) (5 (9) (10) (5) (5 (W) () (5) (5 (6)

VASCULAR SPECIES

135
L6 1% 14 2 3 12 1 1 T 2
26 4 2 9
i 12 21 8 1
: ) 733 26 1 7 14 T
e 2 1 4 38 307
CLarez speatabilis 1 2 13 180 10 19 136 4 3 547 1 T
Luctrca pectinata ' 1 261 28 23 102 16 33
Eleraciyz gracile g T 8 T 13 T 2 1 6 1
Vazclafuz deliciosup i T 91 64 68 58 2
Ericgonus prrelaefoliym 3 46
Erligeron aureus 4 1 60 5 T 10 T 3 14 17 5 1 2 1 6 22 7
4aszzas Ardamzzaddd var. drummondif 4 T T T 1 T 2 T 8
Poa sandlergld 2 P T 6 10 2 T 1 8 4 14 19
Xeroaica warzigioldld 1
Anrtennaria lanata 1 31 346 22 14 18 63 43 42 4 9 2 12 2
Arabis 1yalltf 1 2 P T T T 1 T 1 T T 1
vcin streptanthifolius 1
cusireil var., epilis 1 4 P 2
5aldfa procuchens 1 7 7 8 T 1 5 22 8 T T 1 8 3 2 1 1
Carex straniniformis 1
Penstemnn davidsonii var, menziesii T T T
Hagplopappus lyallif T 6 P T T 1 2 T T 12 3 7 4 18
Pirus albicaulis T P r T T T T P
1goserdis glauca var. dasycephala T 359 4 2 2 3 35 22 P T
S-;", ;'- ,1~"w41;'vr1 var, Janceolatum T 5 1 T T 3 1 4 8 10 9 1 2 2 7 1 2
4ina var, brevifolia 7 820 52 3 8 4 22 9 31 43 13 13 40 20 0 52 31 39
P
P 21 15 T T T 8 4 3 30 11 2 18
Deschazpsia atropurpurea 75 T 15 2 T T
krigzeron percygripus var, scaposus 35 A9 4 3 9 3 2
Fpilobium alyinum var alpioum )
Vergnfca cysicnif 2 A 1 8 8] 2 T 1
Viidloducs glandullflors 1 2 1 "3 7352 27 P r v
Potentilla flabellifolla ! 25 58 1

£€¢
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Table 1. (continued)
Community types
Specles
S-L E-L CNI ANT CBR CCA LUP FES CAS PHE PHG ARC EifP SAR SAC DRY DAN CAL CSP CPH CSR CNA KCM
Castilleja parviflora var. albida 1 P 1 2
Salix cascadensis 108 62 19 15 2 246 P 2
Carex scirpoidea var. pggudoscirpoidea 75 25 51 T 14 13 5 T 232 210 80 346 2 120
Arenaria capillaris 18 11 14 60 T 8 12 1 1 7 3 T 104 T 22 31 P T
Arenarfa obtusiloba 21 10 11 1 9 16 12 16 71 100 56 48 30 74
Carex brewerd 20 317 3 67 5
Luzula spicata 11 2 7 1 T T 2 3 2 T 3 10 4 25 30 7 8
Carex phaeocephala : 13 20 28 1 P 2 1 16 2 2 3 19 261 91 15 1
Cassiope rertensiana : 3 4 408 75 2 T
Triserun spicatum 2 6 11 4 3 T 2 1 3 11 9 T 3 10 1 6 14 2 29
Lesirea pygraca i 3 T T T
Stellaria lonzipes ¢ 1 T 11 T 8 3 T 6 5 7 17 T 12
Poa alpina i 1 T 8 T 1 T T 2 1 2 1 13 5
Selaginella dcnsa i 1 9 4 2 23 4 4 31 45 4 21 2415 3
Potentilla diversifolia 3
var, diveraifolia * 2 39 136 15 3 1 T 14 14 5 2 221 85 5 73 105 2 13
Poa cusickii var, cusickii ‘ T 1 2
L:zinus lepidus var. lobbii T 55 T T 26 23 19 5 17 T 58
Dryas octopetala i T T 13 1 14 24 T T 7
Carex pachystachya ¥ P T 40 1 1
Draba stencloda : P
Dant’innia fnterredia 41 1 41 8 559 55 T 27 T
Solidazo multiradiata : 20 76 20 4 6 7 8 1 1 33 14 155 21 14 53
Silene acaulis : 10 1 1 T T 1 5 P 2 6 1 1
Puiox nendersonii i 9 57
Agrostis varfabilis 6 12 11 4 T 1 1 1 1 15
Polyzonum viviparum 4 13 T T 1 11 1 2
Senecfo luzens 3 2 4 1 5 T 5
Acnillea rillefoliun var, alpicola 3 T 2 4 P 8 1: 40 : 113, 1
Carex capitata 2 569 10 4 1
Varciniun cacspitosum 2 2 1 4 2 1
Carez nardina 1 T 10 3 18 T 179 T
= ] 4 3 2 2 2 11 9
| 1 T T T 1 1 3 1
1 10 T 1 A T 29 1
S3léy reticulata 6 16 200 1 T 2 18
Bepetrum iy ‘ T 6 4 1 501 T r
24 3 " T
subadort {
T o 4 T a2
. 1 T 472 4 T
"

X
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Table 1. (continued) :

Species

Community types

S-I. E-L CNI ANT CBR CCA LUP FES CAS PHE PHG ARC EMP SAR SAC DRY DAN CAL CSP CPH CSR CNA KOM

Ox7tropis campestris var. gracilis
Apteanaria u-brinella

CLalazazrostis purpyrascens

Phleun alpinum
Luoir latifolius var. subalpinys '
Pclvroaun bistortoides

Valeriana sitchensis
Phlox diffusa
Ane-one occidentalis 4
Aster follaccus var, follaceus
Juncus parrydi

Angelica sp.

Carex rossif H
Vaced oparium H
Poa cusiciiii var. purpurascens
Ervthroniun grandiflorum

Pedicularis contorta
Aqeserds aurantiaca :
Diipida

ifolia var, gracilis
2anula parcyd

ia norvegica
Arnica rydherpii
um rartoadaled

Erogenun urbellatun var, umbellatum

Arnica parryd
cpe parryi
rinatus var. carinatus
Sp.

Pedizularls racencsa var. racemosa

14

-
L

[ B ] -

622
163
81

46
26
17

—
NNV LN

NN

-

59
24
474

-~

56

N

26

Lo

-

16 36 ? 2 46 105 P 3 1 78
1 6 17 13 1 10 18
1 T 6 2 T 7 T 9 22 3 1
9 T 2 1 5 3
T 3 2 3719 3 P 2 P
T T P 10
1 : 1
1 1 5 3
3 18 4 38
3
9 2 5 2 T 216 33
2
T
5
1 T 1
38 4
T 14
T
T
3
4
4
T -
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Table 1. (continued)

Species

Community types

S-L E-L CNI ANT CBR CCA LUP FES CAS PHE PHG ARC PEMP SAR SAC

DRY

DAN CAL CSP CPH CSR CNA KOM

Lyzopodiuy sitchense
Cassiope tetragona
Arctostaphvlos uva-ursi
Pedicularis ercenlandica
Lzcopodliun alpinum

Picea encelnmannidi
Juaiperus cormunis

Saxifragza bronchialis
Senecio cyvrbalarioides
Gentiana glauca £

Anfes lasiocarpa

Saxifraca ferrupinea var, macounii
Carex alboni
Drasa oli

—_———
Eriogsonun ovalitolium var, nivale

ra
rma

Drabda pavsontd
Taranacun ceraitophorum i
Phacelia sericea
Ca~panula rotundifolia '

Cassiope stelleriana
A e

Axrcstis scabra
Fotentilla villosa

Dodecarhienn pauciflorum var, watsonii

Saxifraca occidentalis var, occidentalis

Penste-on davidsonii var., davidsonii
Poa pracillima

Androsace septrionalis

Arenaria rubdbella

Draba ruaxes

Vacciniun uliginosum var. occidentale

Arctostaphvlos nevadensis
Potentiila uniflora
Potentilla fruticosa

Orzzopsis exipna

Polenoniun elegans

Draba lonchocarpa var. lonchocarpa
Silene douglasiy

Uraba borealis
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Table 1. (continued)

Community types

Species .
S-L E-L CNI ANT CBR CCA LUP FES CAS PHE PHG ARC E'?P SAR SAC DRY DAN CAL CSP CPH CSR CNA KOM

Poa gravana T
ihalictrun sp. T
Fragaria virpginiana 9
Geun triflorunm

Antennaria luzuloides

wwn

=
&

Antennaria microphylla
Arabis hoehboellii var. pendulocarpa : T
Frigeron compositus var. discoideus :

Sprapuca urbelluta var, caudlcifera

Douglasia nivalis

TN

BRYQPHYTES

Polvtrichum sexangulare 10 11 T

Marsupella brevissima : 10

Clizotriclium hiercynicum i 1

Pohlia nutans 1 T 18 1 T T ¢ ¢
1tanum P 2

Dicranum mo

Distichiun capillaceum § P

Polverichun piliferum i 8 4 161 128 4 1 8
Rhacermitrinn canescens var. ericoides 2 T 1
Polvtrizhun junioerinum 1

Polvtrichadelphus lyallii 74 2 22

—

w

=]

o

o

w
NH v o

-

50 44 T 12 9 68 10 20 T 123 53 19 7 2
1 11 T 2 1 1
12 1 19 4 T 39 28 2 20 4 18 35

Klaerla blytetd 36 70 2 5
nraca roullcosa 24 1
Dicrvanum s eun : 14

spad
Bryun cf. angustirete 11
Desmarodon latifolius var. latifolius

18 T 1

[
-

21 2 10 1 37 5 18 22 65 25 96
12

Tortula ruralis
Aulico-nium palustre
Bryun sp.

Hvloconiua splendens
DPicranun muehlenbeckii 87 4

L B R

Drepanocladus uncinatus : 29 T

Brrum cf. pallens H 15

Ceratodon puroureus 4 5 8 1
Brvun cf. cvclophyllum i 4

Hvpnun revolutunm i T 3 . T 2 2 6

14 1

He -

Tortula norvegica 3
Brachvtheclun starkei 'f

Lophozia hatcherd

Bryun caespiticym

Dicranus fyscescens

)
-
-
w
-
w
~
-
w
Le

37



Table 1. (continued)

Community types

Species ;

S-L E-L CNI ANT CBR CCA LUP FES CAS PHE PHG ARC EMP SAR SAC DRY DAN CAL CSP CPH CSR CONA KM
Dicranella subulata P
Racomitriun sudeticum T T 8
Dicranunm scopacium 33 : i 2 1 12
Encal~pta vulgaris var. rhabdocarpa T
Dicranun tauricun T 10 T
Pleurozun schreberd T
Loghozia lvcopodioidesg P
Brachytheciun albicans ! T T
Brvun cf. pallescens 3
Hetercocladium dimorphum 1 12 T
‘niun dlyeteid 3 . 1 2
Brachvthecium asperrimum i ; ' 8
bartramia ithvphvlla 6 1
Briun weigel il ; ‘ 43
LLCHESS !
Stereoranlon condensatum i 1 T 2 4 T 1 T s 4 1 T T 2 T
Lepraria neclecta ] T 4 69 171 87 T 87 18 48 26 3 9 2 4 T 10
Cladenia gracilis T T 3 4 2 3 T 11 1 1 T T 139 41
Cladonia pyaidata i T 33 26 Y T 4 1 9 2 13 3 23 36 14 43 29 12 59
Clad sp. T 11 1 7 1 1 6 25 2 2 4 10
Cetraria islandica 1 P T 5 35 13 25 1 86 1 41 28 3 10 31 31 12 ¥ T 136
et r 10 8 21 1 T i} 3 10 T 9 6 11 5 S 19 5 29 3 9
s P 4 16 T T T 2 T
Cetraria : T T 1 6 5 3
Cladonia chlevophaea { T 1 T T 1 2 3 T 3 6 3 4 1
Cladon{1 ecnocyna 2 T 8 1 20 5 T 4 4 T 1 T T T T
Stecreccaulon alpinum 1 16 2 3 9 7 16 1 6 20 T T
Lecidea granulosa 15 2 T T 5 34
Cetraria nivalis 1 12 8 3T 16 4 8 5 25 T 3 16 1 2
Thamnolia subuliformis ﬂ T 16 10 T 8 T 8 22 9 11 11 22 12 40 11 33 2
Cornfcularia aculeata, 17 T 3 T 21 9 12 6 44 T 15 8 46 16
Candelariella sp. 3 4 1 T 4 3 2 1
Lecidea rufonigra g 1 T T 2 3 1 11
Cladina citis i 1 6 1 7 T 24 T 5 4 4 T 81 38
Ochrolechia upsaliensis $ T T T 2 T T 3 16 T 1 17 4

8¢
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Table 1. (continued)
Community types
Species .
S-L E-L CNI ANT CBR CCA LUP FES CAS PHE PHG ARC EMP SAR SAC DRY DAN CAL CSP CPH CSR CNA KOM
.Buellia epigaea T 2 1 1 T 2 22 1
Taloplaca totraspora T T 4 T 3 6 T 1 T 6
40 T 13 19 1 T 12 32 54 38 14 1 30
6
Cetraria cucullata 1 T T 26 2 S 55
Cladonfa bellidiflora T 6 11 T
Diploschilstes scruposus T 2 T 1
Claionia subsquanosa 17 T
Clhadenia coccitora 21
Pinodina mniaraea 6 T
Rucllfa zahlhrucknerd 6
Y
T 2 T T 1 T T
T T T T
T
Stereocaulon sp. 1
Candelarfella cf. canadensis T
Pivsconia muscigena 1 T 1
adonia fimbriata 5
Cladonia cariosa 1 6 1
Cladonia phyllophora T
Caloplaca stillicidiorym . T T T
lecilea sp. T
Peltipara sp. T
Lecanora epibryon T
TOLW COVER (X)
Vascular species 29 14 126 82 82 137 192 120 89 76 73 114 81 63 44 40 194 146 149 99 113 57 148
Bryophytes 4 2 18 26 23 35 2 3 4 11 11 2 3 8 10 2 12 6 22 13 19 6 23
Lichens 1 8 29 26 17 3 1 17 8 30 3 14 20 19 9 13 28 39 31 24 20 40
Batcground 21 58 2 4 11 4 9 26 12 12 16 13 19 12 25 19 5 6 16 9 7 26 3
Rocks 56 27 1 5 1 6 7 6 6 1 21 9 41 6 15 10 6 15 8
All plants 33 17 152 137 131 189 197 124 110 95 114 119 98 91 73 51 219 180 210 143 156 §3 211



Table 1. (continued)

Community types

S-L E-L CNI ANT CBR CCA LUP FES CAS PHE PHG ARC EMP SAR SAC DRY DAN CAL CSP CPH CSR CNA KOM

TOTAL NUMBER OF SPECIES

Vascular species 10 21 15 37 46 36 48 39 35 35 51 44 42 51 46 4B 42 44 35 6L 43 44 42
Brynphytes 6 3 6 6 10 14 2 6 9 6 7 5 6 15 11 4 7 6 13 18 13 8 7
Lichens 2 8 7 14 18 20 6 2 12 15 24 10 13 16 22 25 16 14 13 22 23 18 17
All plants ) 18 32 28 57 .74 70 56 47 56 56 82 59 61 82 79 77 65 64 61 101 79 70 66

AVERAGE NUMBER OF SPECIES

Vascular species 5 12 9 15 16 20 17 24 13 1 17 18 12 22 16 17 25 25 18 21 22 20 27

Bryophytes 2 2 2 3 4 6 0 2 3 3 3 2 2 4 3 2 3 4 5 4 4 2 6

Lichens i 1 2 2 7 7 9 1 1 4 6 10 3 4 12 10 10 8 12 7 9 9 .l 12

All plants ] 8 15 14 25 27 35 18 27 20 22 30 23 18 38 28 28 36 41 30 34 35 32 44
$

3sbbreviations: S-L - Saxifrapa tolmiei-Luzula wahlenberpii, E-L = Erioponum pvrolaefolium-Luzula wahlenberpii, CNI - Carex niericans, ANT - Antennaria
lanata, CBR - Carex breweri, CCA - Carex capitata, LUP - Lupinus latifolius, FES = Festuca viridula, CAS - Cassiope mertensiana, PHE = Phvllodoce
e--etriformis, PHG - Phvllodoce glanduliflora, ARC - Arctostaphvlos uva-ursi, E'fP - Empetrum nigrum, SAR - Salix reticulata, SAC - Salix cascadensis, DRY =
Dr-as ocztonetala, DAN = Danthonia intermedia, CAL = Calamacrostis purpurascens, CSP = Carex spectabilis, CPH - Carex Ehaeoceghala, CSR = Carex scirpoidea
var. pseudoscirpoidea, CNA - Carex nardina, KM - Kobresia mvosuroides;l (trace) indicates a mean prominence value of less than 0.5, P (present) indicates
that a species was present but not tallied in the community type. '

byuzber of stands sampled are enclosed in parentheses,

0€
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respectively) are the only constant speciés.

¢) Carex nigricans community. Concave to level, poorly
drained sites are typical of this community throughout its
western to centrai range in the North Cascades (Fig. 4).
This snowbed type has the greatest snow accumulation and
shortest snowfree period of all habitats in the region, with
snow pefsisting until late July or early August, or in years
of high snowfall, early September. Soils are poorly drained
and remain moist for most of the summer.

Carex nigricans forms a low, domihant mat with a high
average cdver (75%) and frequency (95%Z). Twenty-eight
species (average of 14 per stand) are found in this type.
Other prominent species are Luetkea pectinata and Deschamp-
sia atropurpurea (Table 1). Polytrichadelphus lyallit,
~ Kiaeria blyttii, Lescuraea radicosa, and the lichen
Lepraria neglecta are important cryptogams.

d) Antennaria lanata community. Communities of this
type are found from the central to eastern North Cascades
(Fig. 4) in snowbed habitats (Fig. 5) similar to those of
the Carex nigricans type. In the central North Cascades,
where the ranges overlap, the two communities may be found
adjacent to each other. The Antennaria type, however,
becomes snowfree two to four weeks earlier (late June to
late July) and since the soils have better drainage the
sites become drier during late summer.

The total mean plant cover (137%Z) of the Antennaria

community is similar to that of the Carex nigricans



Figure 5.

An Antennaria lanata community in a slight
depression at 2180 m on Crater Mountain,
Washington. The Cassiope merternsiana community

occurs on the adjacent slopes.
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community but a greater contribution is made by mosses and
lichens in the former. The Antennaria community is also
floristically richer with an average of 25 species per stand
and a total of 57. Antennaria lanata, the dominant species
in the type, has a frequency of 1007 and a mean cover of
35%. Carex nigricans and Leutkea pectinata are important
components in the central North Cascades with Salix
cascadensis and Carex scirpoidea var. pseudoscirpoidea
becoming prominent farther east. Polytrichum piliferum and
Lepraria neglecta are common cryptogams throughout the range
while Cetraria islandica becomes important in the eastern
North Cascades.

e) Carex breweri community. This snowbed type occurs
mainly in concave sites in the eastern North Cascades
although several stands were encountered on slight slopes
just south of Glacier Peak (Fig. 4). These sites ére snow-
free by the latter part of July, are well drained, and
become dry during late summer. This is reflected, in part,
by the large number of xerophytic alpine species in the
type (e.g., Carex scirpoidea var. pseudoscirpoidea, C.

’ nardina, etc.).

A total of 74 species and an average of 27 per stand
are found in this community. Carex brewert, the\major
species, has an average cover of 32% and frequency of 92%.
Erigeron aureus, Lupinus lepidus var. lobbii, and Danthonia
tntermedia occur with moderate frequency and relatively low

cover. Prominent cryptogams are Polytrichum piliferunm,



Kiaeria bettii; Lepraria neglecta, and Cetraria
islandica (Table 1).

f) Carex capitata community. This is a common type at
higher elevations (2300 m to 2450 m) in the eastern North
Cascades (Fig. 5). This communify occurs in level to
slightly concave sites that are often dominated by hummocky
topography (Fig. 6). Of all the snowbed types in the
region the Carex capitata community generally has the lowest
snow accumulation and is the first to become snowfree (June)
although soils, due to drainage from upslope, remain moist
well into the summer.

Communities of this type have an average total plant
cover of 1897 including an average bryophyte cover of 357,
the highest of any snowbed community in the region (Table 1).
Seventy species (average of 35 per stand) occur in this
communigy, Carex capitata is the dominant species with a
mean cover éf 57% and a frequency of 100%. Important
vascular plants are Potentilla diversifolia var. diversi-
folia, Solidago multiradiata, Salix cascadensis, Festuca
ovina var. brévifolia and Carex scirpoidea var. pseudo-
scirpoidea (Table 1). Prominent mosses and lichens are
Dieranum muehlenbeckii, Polytrichum junipernum, Cetraria

ericetorum, and Cladonia pyxidata.

Lush herb community types

Two of the North Cascadian alpine communities are
included within the lush herb types. These communities

are characterized by a dense cover of mesophytic herbs and



Figure 6.

A Carex capitata community at 2380 m on Arnold
Peak, Washington. The Carexz scirpoidea var.
pseudoscirpoidea community covers the extensive

slopes in the background.




€3 SRR M

R S

t

S

o

iy

s
R et

-
v

- ‘f“».:r»-\ﬁ,

S Ap—S

8 Ok ot :,.: .
4
i |




38

usually lack a cryptogamic stratum.

a) Lupinus latifolius community. The Lupinus type 1is
found at lower elevations (1750 m to 2150 m) in the western
to central North Cascades (Fig. 4). It occurs most
frequently ¢6n moderate to steep southerly, well drained
slopes (Fig. 7), and is often found adjacent to, 6r just
below stands of krummholz. Snowmelt is relatively early
(late May to early June).

The Lupinus community is characterized by a dense
cover (192%Z) of mesophytic herbs and sedges. An average of
18 speciesv(56 in total) occur in this community. ZLupinus
latifolius var. subalpinus, the most prominent species in
the type, has a frequency of 1007 and a mean cover of 62%.
Carex spectabilis, Polygonum bistorto{des, Vaceinium
deliciosum, Festuca viridula, Erigeron peregrinus var.
scaposus, and Valeriana sitchensis are major associates
(Table 1).

b) Festuca viridula community. This community type is
apparently restricted to lower elevations (1850 m to 2150 m)
on southerly, well drained slopes in the central North |
Cascades. These slopes become free of snow about the same
time as in the Lupinus habitats but soils become drier
during late summer.

This community is closely related to the Lupinus type
with a large number of species common to both (Table 1).
Total vascular plant cover (120%) is much lower, however,

and Lupinus latifolius is replaced by Festuca viridula as



Figure 7. A Lupinus latifolius community at 1980 m on

Glacier Peak, Washington. The Empetrum nigrum

occurs on the adjacent upper slopes.
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the dominant. A total of 47'species and an average of 27

per stand are found in this type. Festuca viridula has a
relatively high average cover and frequency of 487% and 96%,
respectively. Other important plants are Antenndria lanata,
Arenaria capillaris, Agoseris glauca var. dasycephala,
Lupinus latifolius var. subaléinus, Potentilla flabellifolia,

Juncus parryi, and Arnica rydbergii (Table 1).

Dwarf Shrub community types

In the North Cascades eight dwarf shrub community types
occur in a variety of habitats. This group contains five of
the six community types which rahge across the entire North
Cascadian region.

a) Cassiope mertensiana community. This is one of the
most common communities in the western North Cascades. Its
range extends east to the Slate Peak and Glacier Peak areas
in the central part of the range (Fig. 8). Mesic, well
drained, moderately steep to steep, southerly slopes are
typical sites of this type. This community is closely
related to the Phyllodoce empetriformis and P. glanduli-
onra'types (Fig. 3). 1In the subalpine zéne of the western
North Casdadeg, Cassiope mertensiana and Phyllodoce
empetriformis commonly occur together as co-dominants
(Douglas, 1972).

The Cassiope community has an average total plant cover
of 110% and an average of 20 species (56 in total) per
stand. The dominant species is Cassiope mertensiana, which

occurs with 94% frequency and 42% average cover. Luetkea
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pectinata, Phyllodoce glanduliflora, Antennaria lanata, and
Vaceinium deliciosum are important associates; the latter
being restricted mainly to.the western North Cascades. 1In
the central part of the region Phyllodoce empetriformis
becomes prominent. Lepraria neglecta is the major cryptogam
with Cetraria islandica and Polytrichum piliferum occurring
frequently, but with low cover.

b) Phyllodoce empetriformis community. This type is
found on sites that appear quite similar to those of the
Cassiope type, at least in the western and central Cascades
where both are extremely common. At the eastern extent of
its range (Fig. 8) it is restricted to slight snowbed
depressions in the lower alpine zone. Snowmelt in this
drier region of the Cascades occurs at approximately the
same time (early June to early July) as in the more exposed
central and western habitats.

The Phyllodoce community has an average of 22 species
(56 in total) per stand and an average total plant cover of
95%. Phyllodoce empetriformis is the major species with a
mean cover of 34% and a frequency of 82%. Other prominent
species are .Antennaria lanata (occurring across the entire
range), Vaceinium deliciosum and Cassiope mertensiana (both
restricted to the western and central Cascades) and
Vaccinium scoparium (found from the central to eastern
Cascades). Polytrichum piliferum and Leprarié neglecta are
conspicuous cryptogams in most Phyllodoce empetriformis

stands while Dicranum fuscescens is important in the western



44

North Cascades.

c) Phyllodoce glanduliflora community. The more
exposed, upper slopes are typical'sites of this comnunity
type in the western North Cascades. Farther east the type
occurs in more protected habitats although time of snowmelt
is similar (early to late June). This t?pe occurs on all
aspects and soils range from well drained, on straight
slopes, to more poorly drained on hummocky terrain.

Floristicallf, the Phyllodoce glanduliflora community
is the richest of the heéth types with a total of 82 species
and an average of 30 per stand. Average total plant cover
is 114%. The community is dominated by Phyllodoce glanduli-
flora which has a frequency of 89%'and an average cover of
36Z. Vaceintum deliciosum and Leutkea pectinata are
important associates in the western North Cascades while
Antennafia lanata and Salix cascadensis become prominent
components in the eastern stands. Moss and lichen cover
(41%) is the highest of all heath types. Important crypto-
gams throughout the raﬁge are Cetraria islandica, Lepraria
neglecta, and Polytrichum piliferum. In the eastern North
Cascades the moss, Dicranum scoparium becomes conspicuous.

d) Arctostaphylos uva-ursi community. The Arcto-
staphylos community is found mainly on southerly sites where
soils are generally poorly developed, but well drained. It
occurs infrequently throughout the North Cascades. Snowmelt
is moderately early, occurring from late May to mid—JuneT

Arctostaphylos uva-ursi is the sole dominant (mean
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cover 637 and frequency 927%), except in the western North
Cascades where Carex spectabilis is an important associate.
The high cover and dominance of Arctostaphylos limits other
species, and especially cryptogams, to a low prominence in
the type. Fifty-nine species (average of 23 per stand)
occur in this type.

e) Empetrum nigrum community. This community type
occurs on moderately steep, well drained, south to west
slopes at lower elevations‘(l750 m to 2100 m) in the western
to central North Cascades (Fig. 8). Time of snowmelt (late
May to mid-June) is similar to that in the heath types.

Sixty-one species (average of 18 per stand) occur in
the Empetrum community. The major species is Empetrum
nigrum with a high average cover of 52% and frequency of
97%. Phyllodoce glanduliflora, although a common associate,
occurs with low cover and frequency. In the Glacier Peak
area Lupinus lepidus var. lobbii becomes prominent in the
community. Cetraria islandica is the only prominent and
constant cryptogam.

f) Salix reticulata community. Communities of this type
occur throughout the region (Fig. 8) on leveluto moderatély
steep, exposed, southerly slopes. The soils of these types
are extremely rocky and often show indications of frost
action (Z.e., unsorted nets, frost boils). Snowmelt is
relatively early, generally occurring between mid-May and
early June.

The Salix reticulata community has an average of 38



species per stand and a total of 82. The most important
species in this type is Salix reticulata ésp. nivalis with a
mean cover of 31%Z and a frgquency of 92%. Festuca ovina var.
brevifolia and Selaginella densa are constant associates in
all stands (Table 1) while Oxytropis campestris var. gracilis
becomes important in the eastern part of the region. The
lichens, Thamnolia subuliformis, Cornicularia aculeata,
Cetraria islandica, Lepraria néglecta are frequent thfough—
out the range. Polytrichum junipernum and Desmatodon
latifolius are important mosses in the eastern North
Cascades.

g) Salix cascadensis community. In the western North
Cascades this community is found on sites similar to those
of the Salix reticulata community. In the eastern part of
its range, however, the Salix cascadensis type occurs on
gentle slopes or level sites of all aspects and often
occupies snowbed hébitats. Although the latter habitats
become snowfree later (early June) than those on exposed
sites drainage is good and the habitats become quite dry.

Salix cascadensis, the dominant species, occurs with
relatively high average cover (35%) and frequency (83%).

An average of 28‘species per stand (79 in total) are found
in this type. Species composition is more variable than in
the Salix reticulata type. Throughout the range Festuca
ovina var. brevifolia and Carex phaeocephalé are character-
istic components. Erigeron aureus and Arenaria obtusiloba

are important in the central and eastern North Cascades. In
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the Glacier Peak area Lupinué lepidus var. lobbii is a
conspicuous associate. The prominent cryptogams in most
stands are Polytrichum piliferum, Cetraria tslandica, and
Lepraria neglecta.

h) Dryas octopetala community. The Dryas type occurs
on slight to moderate slopes of all aspects from the central
to eastern North Cascades (Fig. 8). These sites usually
havé well drained, poorly developed soils (Fig. 9). Snow-
melt is rélatively early (early to late May).

This community has one of the lowest total plant covers
(50%Z) of all types in the region (Table 1). Seventy-seven
species (average of 28 per stand) occur in fhis type. Dryas
octopetala is the major species with a mean cover of 237%
and frequency of 807%7. Typical associates, with low
prominence, are Lupinus lepidus var. lobbii, Arenaria
obtusiloba and Festuca ovina var. brevifolia. Many crypto-
gams occur frequently in this type but all are of low

importance (Table 1).

Dry grass community types

Two communities, both restricted to the eastern North
Cascades, are included in the dry grass types. These
communities are characterized by high total plant cover and
dominance by grass species.

a) Danthonia intermedia community. Communities of this
- type cover large expanses in the lower alpine and subalpine
zones of the eastern North Cascades (Fig. 10). The moderate

to steep slopes are well drained and receive moisture from



Figure 9. A Dryas octopetala community at 2410 m on Windy
‘Peak, Washington. Plant cover is relatively low

on these dry sites.
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upslope for much of ﬁhé sunmer. Snowmelt takes place from
mid-May to early June.

The total average plant cover (219%) in this type is
the highest in the alpine zone. Danthontia intermedia has a
high frequency (99%) and average cover (56%), and it
dominates all stands. Many associates, such as Carex
seirpoidea var. pseudoscirpoidea, Potentilla diversifolia
var. diversifolia, Arenaria capillaris and A. obtusiloba
also have high prominence values (Table 1). An average of
36 species per stand (65 in total) are found in this tvpe.
Common cryptogams are Polytrichuﬁ juniperinum, P. piliferum,
Tortula ruralis, Cetraria islandica and Cladonia pyxidata.

b) Calamagrostis purpurascens community. Small stands
of this community type are frequent at higher elevations
(over 2250 m) in the eastern North Cascades (Fig. 6).

Slopes ére moderate to steep, well drained, and often
rocky. Snow accumulation is slight with snowmelt occurring
relatively early (April to early May).

Calamagrostis purpurascens is the dominant species
(mean cover 38% and frequency 97%) and is common only to
this type. Sixty-four species (average of 41 per stand)
occur in this type. Carex scirpoidea var. pseudoscirpoidea,
Arenaria obtusiloba, Oxytropis campestris var. gracilis, and
Potentilla diversifolia var. diversifolia are prominent
species (Table 1). Cornicularia aculeata, Cladonia pyzidata,
Cetraria ericetorum, and C. i1slandica are the most

conspicuous of the large number of lichens present.
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Polytrichum juniperinum is the only constant moss of

importance.

Dry sedge community types

The dry sedge types are probably the most character-
istic alﬁine communities in the region, especially in the
eastern North Cascades. These types are found on the drier
slopes of their particular ranges. Five dry sedge commun-
ities are recognized in this study.

a) Carex spectabilis community.. This community type
is restricted to drier,‘moderately steep to steep, upper
slopes in the western North Cascades (Fig. 10). Thése
southerly, well drained habitats are free of snow relatively
early (mid-May to early June).

Total average plant cover (210%) is one of the highest
of all the alpine types in the region.- A total of 61 species
and an average of 30 per stand are found in this type.

Carex spectabilis is the sole dominant with a high average
cover of 557 and frequency of 100%Z. Other prominent species
are Solidago muZtirédiata, Valeriana sitchensis and Carex
breweri (Table 1). Cryptogamic cover is high (61%Z) with
Cladonia gracilis, Cladina mitis, Cetraria ericetorum and
PoZytrichuh piliferum being major components.

b) Carex phaeocephala community. This type is common
on moderately steep to steep, well drained, upper slopes in
the western North Cascades. Farther east it becomes less
frequent and often grades into the closely related Carex

scirpoidea var. pseudoscirpoidea community. The Carex
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phaecocephala community occurs mainly on southerly aspects
although several stands in the eastern North Cascades were
encountered on northwest or northeast aspects. In the
western North Cascades this is the first major plant
community to become free of snow while in the eastern part
of the region, although snowmelt is about the same (May),
several other types precede it.

Carex phaeocephala, with a moderately high mean cover
(27%Z) and high frequency (97%), ig thé most prominent species
in the community. Floristically, this is the richest (a
total of 101 species and an average of 34 per stand) and most
variable type in the region. In the weétern stands Phlox
diffusa is a major associate. Lupinus lepidus var. lobbiti
is important only in the central North Cascadés while
Arenaria obtusiloba is common here as well as farther east.
Carex scirpoidea var. pseudoscirpoidea is the most
conspicuous associate in the eastern part of the region.
Prominent lichens, occurring only in the western North
Cascades, are (Cladonia gracilis and Cladina mitis. The moss

Polytrichum piliferum and the lichens Cetraria ericetorum,

Cladonia pyxidata, and Thamnolia subuliformis are prominent

throughout the range (Table 1).

c) Carex scirpoidea var. pseudoscirpoidea community.
In the eastern North Cascades (Fig. 10) this type is
frequently found on dry, well drained slopes at all
elevations and aspects. These sites become snowfree between

mid-April and early May.
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‘This community h&é an average of 35 species per stand
and a total of 79. The dominant species, Carex scirpoidea
var. pseudoscirpoidea, has a high mean cover (36%) and
frequency (94%). This speéies is also one of the most
common and abundant ones in a number of other alpine
communities in the eastern North Cascadeé. Potentilla
diversifolia var. diversifolia, Carex phaeocephala, Festuca
ovina var. brevifolia, and Arenaria obtusiloba occur with
moderate frequency and cover in the type. ' Prominent crypto-
gams are Tortuia ruralis, Bryum weigelii, Cetraria islandica,
and Lecidea granulosd (Table 1).

d) Carex narding community. This community extends
along the eastern flanks of the North Cascades (Fig. 10).

It is restricted to the dry upper slopes of the higher peaks
and shows no aspect preference. Winter snow cover is slight
thus sﬁowmelt is relatively early (late April to early May).

An average of 32 species per stand (70 in total) occur
in this type. Carex nardina, with a high fréquency of 947
and a moderately high cover of 197, is the dominant plant.
Common associates, although with low prominence throughout
the community range, are Festuca ovina var. brevifolia,
Arenaria obtusiloba, and Smelowskia ovalis (Table 1). 1In
the southeastern part of the area (Star Peak) Phlox
hendersonii is an abundant species. Important cryptogams
are Tortula ruralis, Thamnolia subuliformis, and
Cornicularia aculeata.

e) Kobresia myosuroides community.  The Kobresia
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myosuroides type occurs on high (above 2250 m elevation),
well drained, moderately steep to steép, xeric upper
slopes (Fig. 11) in the eastern part of the region (Fig.
10). These exposed habitats remain essentially snowfree
most of the wintef. Shallow snow accumulation is found only
between the tufts of Kobresia myosuroides or among slight
frost hummocks in the type.

Sixty-six species per stand (44 in total) are found
in this community. KXobresia myosuroides is the major
species with a high average cover (43%) and frequency (98%).
Prominent associates are Carex scirpoidea var. pseudoscir-
poidea, Salix reticulata, Oxytropis campestris, Arenaria
obtusiloba, Potentilla diversifolia var. diversifolia, and
Solidago multiradiata. The total cryptogam cover (63%) is
the highest in the North Cascadian alpine. The most

important of the many taxa are Tortula ruralis, Polytrichum

-Juniperinum, Cladonia pyxidata, Cetraria islandica, C.

ericetorum, and C. cucullata.

Blockfields

The level or gently sloping summits of almost every
mountain in the North Cascades have accumulations of coarse
rock detritus or "blockfields" (Embleton and King, 1971).

Since most of these sites remain essentially snowfree all

'winter, frost has caused extensive breaking of the sub-

jacent bedrock. Other frost associated phenomena, such as
sorted and unsorted circles and nets (Washburn, 1956) on

level -surfaces and unsorted stripes (Washburn, 1956) or



Figure 11. A Kobresia myosuroides community at 2400 ; on
Arnold Peak, Washington. Salix reticulata,
Oxytropis campestris, and Arenaria obtusiloba
afe the most prominent plants occurring between

the Kobresia clumps.
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vegetation stripes on slopes, are common to the blockfields.

The blockfields in the North Cascades can arbitrarily
be separated into four general groups (herbfields, vegetation
stripes, boulderfields, ana fellfields) based on amount or
arrangement of vegetative cover or size of rock detritus.

If total vegetative cover is greater than 507 the term
herbfield is used. Vegetation stripes, where the vegetation
is arranged in long parallel strips, 1 to 2 m apart, are a
second group. if rock or boulder cover comprises at least
'50% 6f the ground cover the term boulderfield is appro-
priate. If none of the above criteria are met the site is
then classified as fellfield.

Thirty-nine blockfield stands, containing a total of
94 vascular plants and 38 cryptogams, were sampled and
analyzed. Beta diversity (Whittaker, 1960) was so great in
these stands that most of them plotted in a single, '
undecipherable group in the center of ordinations.
Separation of the stands into the above four classes (Z.e.,
fellfields, herbfields, etc.) or into major geographic

regions did not improve ordination performance. Use of

" several cluster techniques (Pritchard and Anderson, 1971)

illustrated stand relationships more clearly and verified
that beta diversity was extremely high. The cluster
techniques indicated_that no fewer than 24 sets could be
recognized within the 39 sampled stands. These sets had
little, or no, correlation with amount of plant or rock

cover and revealed no regional pattern.
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The blockfield stands throughout the North Cascades
have many major species in common (Table 2). This large
number of common species and their relatively low constancy
and varying abundance results in a continuous vegetational
change within which no divisions can be satisfactorily
made, at least within the community concept used in this
study. It is quite likely that, with more intensive
sampling, reduced plot size, and the inclusion of all
cryptogams, a "community" pattern would emerge, at least
from the fellfields and boulderfields. These stands would
probably bé recognizeable at a micro-community level and
would correspond to microhabitats within‘the fellfields or
boulderfields.

In general, the most notable floristic differences
within the blockfields are due to those species having
restricted tolerance ranges or geographic distributions in
the North Cascades. A number of species (e.g., Solidago
multiradiata, Oxytropis ecampestris var. gracilis, Achillea
millefolium var. alpicola, and Cerastium arvense, although
founﬂ in a number of communities throughout the region,
6ccur only in blockfields of the western North Cascades.
Many species reach their geographical distribution limits in
the North Cascades.  Phlox hendersonii extends north only
to the extreme southeastern part of the study area (Star
Peak), where it is an important blockfield component. Less
importaﬂt species occurring with the latter, and having a

similar northern range limit, are Eritrichum nanum and



TABLE 2. Mean prominence values and constancy of the major plant species in blockfield

stands of four areas in the North Cascades. Ho b
Northwest Northcentral Southeast Northeast
(15) (9) - (9) (5)

Species PVC C PV C PV - C PV c ,
Phlox diffusa _ 63 80 24 66 5 22

Potentilla diversifolia : ;

var. diversifolia 49 93 9 77 12 22 16 80
Solidago multiradiata 40 67

Oxytropis compestris

var. gractlis 40 47

Carex albonigra 21 33 . 4 33 T 20
Achillea millefolium '
var. alpticola ' 17 33

Cerastium arvense : 16 53 _
Selaginella densa ! 15 47 32 66 12 60
Carex phaeocephala 14 53 14 88 25 88 20 60
Poa alpina : 14 47 : P 11 T 20
Festuca ovina i :

var. brevifolia : 13 88 7 88 - 19 88 22 100
Silene acaultis i 11 53 T 22 43 100
Lupinus lepidus {

var. lLobbii 3 53 2 22 53 100 65 40
Sedum lanceolatum

var. lanceolatum 3 40 4 88 18 100 7 60
Luzula spicata 2 40 4 66 9 100 16 100
Antennaria alpina 2 27 3 66 12 77 18 80
Trisetum spicatum 1 47 T 66 10 88 7 100

Erigeron compositus
var. glabratus 1 7 _ 3 55 8 33 12 100
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TABLE 2. Continued.

Northwest Northcentral Southeast Northeast

(18] (9) (9) (5)
Species PVvce C PV C PV C PV C
Penstemon procerus T 20 = 11 27 77 i o 20
Draba incerta T 14 T 22 11 55 T 20
Arenaria obtusiloba T 13 10 77 40 66 53 100
Arenaria capillaris 13 44 53 66
Erigeron aureus 5 55 14 88 3 80
Carex nardina 4 33 15 77 16 60
Phlox hendersonii 72 77
Carex scopulorum 19 22 '
Carex scirpoidea 20 100
var. pseudoscirpoidea

Number of stands sampled are enclosed in parentheses.

bOnly species with a promiﬁence value of 10, or more, in at least one area are included
in this tapble.

CAbbreviations: PV - prominence value, C - constancy.

19
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Douglasia nivalis. Farther west, in the Glacier Peak area,
Collomia debilis var. larsenii reaches its northern limits
and is often abundant in blockfields. Rocky Mountain or
arctic elements, extendingrinto only the northcentral or
northeastern part of the North Cascades are Carex scirpoidea

var. pseudoscirpoidea, Potentilla nivea, and P. uniflora.

Krummholz stands

The overstory composition of krummholz stands changes
markedly from west to east in the North Cascades. On the
west side of the range Abies Zasiocarpa.(Hookl) Nutt. is
the dominant overstory species. Tsuga mertensiana and
Chamaecyparis nootkatensis occur infrequently and rare
occurrences of Abies amabilis were noted. In the central
North Cascades Abies lastocarpa, Picea engelﬁannii, and
Larix lyalliiz Parl. are common. The latter is occasionally
found in a prostrate form, but more often is erect, with
flagged tops, and grows adjacent to the more prostrate
conifers. Pinus albicaulis also occurs in the central North
Cascades but is'less frequent than the previous species.

On the east side of the range Abies lasiocarpa and Larix
lyallii decrease in abundance while Picea engelmannii and
Pinus albicaulis are common.

The understory of the 42 krummholz stands sampled during
the study showed low cover and considerable variation in
composition (Table 3). The use of ordination and cluster
techniques faiied to correlate understory composition with

either overstory composition or geographical region. The



TABLE 3.

Mean prominence values of plant species in four krummholz types in three regions

(west, central, and east) of the North Cascades Range.

Krummholz Dominants

Abties Larix Picea Pinus
lasiocarpa lyallii engelmannii albicaulis,

: West Central Central East Central East Central East
Species (6) (3) (5) (2) (4) (5) (3) (11)
CONIFERS
Abies lastiocarpa 950 885 — —_ — — —_ 3
Pinus albicaulis —_— 10 —_ _— — 1 869 834
Picea engelmannit —t 7 — — 850 963 1 T
Larix lyallit —— . 740 975 - — _ S
VASCULAR PLANTS
Phyllodoce glanduliflora 68 — —_ — e 18 — 90
Carex spectabilis 61 —_— — —_ - — S —
Vaceinium deliciosum : 53 — S — — — _ -
Phyllodoce empetriformis 42 — 6 —_— — - s —
Leutkea pectinata 40 45 —_ — — S s
Cassiope mertensiana 12 103 340 _— — — _— _—
Empetrum nigrum 8 — - — — S - —
Arnica latifolia :

var. gracilis 5 —— S _— — — —— —
Festuca ovina

var. brevistyla 5 i e 9 1 6 1 9
Polygonum bistortoides 4 - —_— — S s — S
Solidago multiradiata 4 e —_ —_— — — — —
Deschampsia atropurpurea 3 S — — —_ —_— —— _
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TABLE 3. Continued.

Krummholz Dominants

Abies

Lasiocarpa

West

Species t (6)

Central

(3)

Larix

lyallii

Central

(5)

East

(2)

Picea

engelmannit

Central

(4)

East

(5)

Pinus

albicaulis

Central

(3)

East
(11)

Lupinus latifolius

var. subalpinus
Hieracium gracile
Potentilla flabellifolia

Lycopodium sitchensis
Salix cascadensis
Polygonum viviparium
Campanula rotundifolia '
Potentilla diversifolia

Luzula wahlenbergii
Veronica wormsjoldit
Erigeron peregrinus
Achillea millefolium
Silene parryt

Antennaria alpina f
Vaceinium scoparium
Penstemon davidsonii

var. davidsonii
Pedicularis racemosa
Poa sandbergit

I H RRRFRHERF RBPRERODOND DD W

Erigeron aureus
Arenaria capillaris
Haplopappus lyalli<
Selagenella densa
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TABLE 3. Continued.

Species

Krummholz Dominants

Abies

lasioecarpa

West

(6)

Central

(3)

Larix

lyallit

Central

(5)

East

(2)

Picea

engelmannit

Central

(4)

East

(5)

Pinus

albicaulis

Central

(3)

East
(11)

Anenome drummondii
var. drummondit
Sedum lanceolata
Antennaria lanata
Castelleja parviflora
Penstemon procerus

.Poa nervosa

Phlox diffusa

Agoseris glauca

Senecio streptanthifolius

Arenaria obtusiloba
Draba incerta
Dryas octapetala
Carex scirpoidea

var. pseudoseirpoidea,
Juniperus communtis

Carex phaeocephala

Polemonium pulcherrimum
var. pulcherrimum

Poa alpina

Juncus parryt

Ledum groenlandicum

Carex rossii
Lupinus lepidius
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TABLE 3. Continued

Krummholz Dominants

Abies Larix Picea Pinus
lasiocarpa Lyallii engelmannit albicaulis
West Central Central East Central East Central East
Species (6) (3) (5) (2) (4) (5) (3) (11)
Antennaria umbrinella — — —_ —_ 1 — — —
Saxifraga broneialis e e — — 1 — — 4
Sibbaldia procumbens —_— — — — — 2 — —
Carex concinnoides — — — — — 1 — 10
Smelowskia ovalis —_ —_ — — — —_— -1 —_—
Trisetum spicatum — —— — — — — 4 1
Poa custickit
var. cusickii — — — e — —_— 1 —
Arabis lyallit
Erigeron compositus
var. glabratus e — e e s e - T
Luzula spicata —_— —— —— P bt i e T

99



67

sparse understory flora appeared to be selected from nearby
communities irrespective of the community type. Regional
separation is not consistent since species such as
Phyllodoce glanduliflora and Festuca ovina var. brevistyla
may be important across the entire range (Table 3). C(Carex
concinnoides and Ledum groenlandicum are the only species
essentialiy réstricted to krummholz stands in the alpine
zone of the North Cascade. Vacecinium scoparium is the only
species that reaches its maximum prominence beneath

krummholz stands.

Plant Diversity

Alpha diversity measurements (Whittaker, 1970; 1972)
included species richness or number of species in the
sample (S), general diversity or richness and dominance
concentration (H), and equitability or evenness (E). Trends
of S, H, and for the most part, E are similar (Fig. 12).
Although the communities or vegetative units, along the
abscissas of Fig. 12, have been placed arbitrarily they do
represent‘é reasonable gradient (based on both quantitative
and qualitative data) from "mild" to "harsh" environments.
Communities with relatively late snowmelt, adequate summer
soil moisture, hiéh leaf water potentials, and low degree
of exposure (e.g., snowbed communities in the western and
central North Cascades, heath communities and krummholz
stands) have low S, H, and E values and are considered mild
environments. These communities are also those in which

most of t%é lower elevation (mainly subalpine) species
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occuf; thus indicating a milder or more favorable environ-
ment. The diversity values tend to increase with earlier
snowmelt, drier soils, lower leaf water potentials and
greater exposure. The latter conditions represent a more
"harsh" environment and are typical of dry sedge and dry
grass communities, herbfields and vegetation stripes. With
a continued increase in harshness a point is reached at
which § and H begin to decline. These lower values are
éttained iﬁ.;he fellfield, boulderfield, and unstable snow-
bed sites. On these more rigorous sites E declines only
Vslightly{

Although the epipetric and epiphytic mosses were not
included in this study, they are of importance only in
fellfields, boulderfields, streamsides, and rock outcrops.
Their effect on alpha diversity components in fellfields
and boulderfields would be slight since they are usually few
in number and of low abundance, due to frequent disturbance
of the surface strata. In several instances, however,
Umbilicaria, Lecanora, or Lecidea sp. were of high cover,
thus the equitability component would be lower than that

shown in Fig. 12,

Soils

Morphology

Alpine soils are relatively poorly developed and fall
within the Spodosol, Inceptisol, and Entisol Orders. All
but the latter have developed in parent materials that

contain a high pyroclastic component. These pyroclastic



Figure 12.

x f“*l!«*vp b n

Means and standard deviations (vertical lines) of
general diversity, equitability, and species
richness in relation to environmental rigor.
Abbreviations: S-L - Saxifraga tolmiei-Luzula
wahlenbergii, E-L - Eriogonum pyrolaefolium-
Luzula wahlenbergii, CNI - Carexz nigricans, ANT -
Antennaria lanata, CBR - Carex breweri, CCA -
Carex capitata, LUP - Lupinus latifolius, FES -
Festuca viridula, CAS - Cassiope mertensiana,

PHE - Phyllodoce empetriformis, PHG - Phyllodoce
glanduliflora, ARC - Arctostaphylos uva-ursi,

EMP - Empetrum nigrum, SAR - Salix reticulata,
SAC - Salix cascadensis, DRY - Dryas octopetala,
DAN - Danthonia intermedia, CAL - Calamagrostis
purpurascens, CSP .- Carex spectabilis, CPH -
Carex phaeocephala, CSR - Carex scirpoidea var.
pseudoscirpoidea, CNA - Carex nardina, KOM -
Kobresia myosuroides, KRU - Krummholz, HRB =~
Herbfield, VST - Vegetation stripes, FLD - Fell-

field, BLD - Boulderfield.
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depoéits origigéted from a nﬁmber of recent volcanic
eruptions within, and to the south of, the study area
(Bockheim, 1972; wvan Ryswyk, 1969).

The Spodosols of the region occur mainly beneath
krummholz and heath vegetation. The best development occurs
beneath krummholz, especially in the western North Cascades.
These profiles have moderately thick (up to 7 cm) organic
layers, moderatelyAwell'developed eluvial horizons, and
illuvial horizons characterized by high Arganic matter
content. .The following profile (10) is typical of krummholz

stands in the western North Cascades:

Horizon Descfiption

01 7 to 1 cm; fresh coniferous (krummholz)
litter.

02 ‘ 1 to 0 cm; partially humified forest litter.

A2 0 to 7 cm; dark reddish gray (10R 3/1) sandy

loam; ﬁeak, medium subangular blocky

structure; breaking down to moderate fine

crumb# very friable; abundant fine to medium

e i TOOt S extremely acid (pH 4.0); abrupt, wavy
boundary.

‘B21 7 to 19 ém; dark ;eddish brown (2.5 YR 2/4)
loam; weak, medium subangular blocky struc-
ture, breaking down to moderate, fine crumb;
friable; abundant fiﬁe to medium roots;
extremely acid (pH 4.3); abrupt, smooth

boundary.
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Horizon Description
B22 19 to 44 cm; dark browﬁ (7.5 YR 3/2) very
gravelly loam; weak, very fine crumb
structure; friable; few fine roots; very
strongly acid (pH 4.6); abrupt, irregular
boundary.

R 44 to 55 cm +; weathered shale.

Spodosols associated with heath vegetation are
characterized by thin organic horizons (1 cm), absent or
imperceptible albic horizons, and abundant organic matter
in the illuvial horizomns. Profile 9 is typical of heath
communities in the western North Cascades. Detailed
analysis of this profile by Bockheim (1972) showed that in
the B2 horizon the ratio of percent pyrophosphate-extractable
Fe + Al to percent dithionite-extractable Fe + Al exceeds’

0.5, thus placing it within the Spodosol Order.

Horizon Description

01 Trace, fresh plant litter (mainly heath
species). |

62 i to 0 cm; paftiail& humified herbaceous
plant litter.

Al o to 8 cm; dark reddish brown (5 YR 3/3)
fine sandy loam; modérate, fine crumb
structure; very friable; abundant very fine

to medium roots; extremely acid (pH 4.3);

clear, smooth boundary.
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Horizon Description

B21 8 to 16 cm; dark yellowish brown (10 YR 3/4)
fiﬁe sandy loam; moderate, fine crumb
structure; friable; abundant fine to medium
roots; very strongly acid (pH 5.0); gradual,
smooth boundary.

B22 16 to 37 cm; dark yellowish brown (10 YR 4/4)
gravelly sandy loam; weak to moderate,.fine
crumb structure; friable; plentiful very fine
to fine roots; very strongly acid (pH 4.9);
abrupt, smooth boundary.

c 37 to 66 cm +; yellowish brown (10 YR 5/4)
very gravelly sandy'loam; massive; friable;
few'to plentiful fine roots; very strong

acid (pH 4.8).

Most of the communities in the North Cascades have
soils typical of the Inceptisol Order. The Inceptisols are
rather weakly developed, lacking significant illuviation,
eluviation, or éxtreme weathering. These soils have
moderately thick (4 to 10 cm) turfy A horizons and relative-
ly high accumulations of organic matter in the illuvial
horizons. Communities associated wifh the Inceptisols
range from the poorly drained snowbed types to the well
drained dry grass and dry sedge types.

Inceptisols in poorly drained depressions often have
one, or more, ash layers present. Buried A horizons may

also occur below these ash layers. Profile 28 illustrates
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the characteristics of these soils in a Carex nigricans

comnmunity in the central North Cascades.

Horizon

01

02

Al

B21

B22

Cl

c2

c3

Description
Trace; fresh sedge (Carex nigricans) litter.
2 to 0 cm; partially humified sedge litter.
0 to 5 cm; very dark grayish brown (10 YR 3/2)
loam; weak, fine crumb structure; friable;
abundant very fine roots; very strongly acid
(pH 4.7); abrupt, wavy boundary.
5 to 11 cm; dark brown (10 YR 3/3) sandy
loam; weak, fine crumb structure; friable;
plentiful very fine roots; strongly acid
(pH 5.2); gradual, smooth boundary.

11 to 21 cm; dark brown (10 YR 3/3) sandy

" loam; weak, fine crumb structure; friable;

plentiful very fine roots; strongly acid

(pH 5.5); abrupt, wavy boundary.

21 to 24 cm; grayish brown (10 YR 5/2);

sandy loam; weak, fine crumb ééructure; few
very fine roots; strongly acid (pH 5.5);
abrupt, wavy boundary.

24 to 28 cm; dark yellowish brown (10 YR 4/4)
sandy clay loam; weak, fine crumb structure;
few very fine roots; strongly acid (pH 5.5);
abrupt, wavy boundary.

28 to 31 cm; brown (10 YR 4/3) sandy loaim;

weak, fine crumb structure; few very fine



Horizon

C4

C5
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Description

roots; strongly acid (éH 5.5); abrupt, wavy
boundary.
31,t° 34 cm; dark brown (10 YR 3/3) sandy
loam; weak, fine crumb structure; few very
fine roots; strongly acid (pH 5.4); abrupt,
wavy boundary.
34 to 60 cm +; dark yellowish brown (10 YR
3/4) sandy loam; weak, fine crumb structure;

few very fine roots; strongly acid (pH 5.2).

Well drained sites have A-B-C profiles typical of the

Inceptisols.

The following profile (27) occurred beneath

a Kobresia myosuroides community in the eastern North

Cascades:

Horizon

01

02

Al

B21

B22

Description
3 to 2 cm; fresh sedge litter.
2 to 0 cm; partially humified sedge litter.
0 to 9 cm; black (10 YR 2/1) sandy loam;
weak, fine crumb structure; friable; abundant,
Qery fine t§ fine roots; strongly acid
(pH 5.3); gradual, wavy boundary.
9 to 19 cm; very dark brown (10 YR 2/2)
sandy loam; weak, fine crumb structure;
friable; plentiful, very fine roots; medium
acid (pH 5.7); abrupt, wavy boundary.

19 to 24 cm; dark yellowish brown (10 YR 3/4)
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Description

sandy loam; weal, very fine crumb structure;
friable; fgw very fine roots; medium acid
(pH 5.7); abrupt, irregular boundary.
24 to 60 cm +; brown (10 YR 4/3) gravelly
sandy loam; weak, fine crumb structure;
friable; few very fine roots; medium acid

(pH 5.8).

The most poorly developed soils in the region are the

Entisols.

These soils are associated with either unstable

snowbed sites or the high windswept ridges and plateaus.

The latter areas usually support blockfield vegetation

although several of the shrub community types may also occur

on these sites.

The Entisols generally have only thin

surficial A horizons beneath the sparse vegetative cover:

Profile 7 is typical of the Entisols occurring in the block-

fields of the westerh North Cascades.

Horizon

Cl

Cc2

Description
0 to 2 cm; very dark gray>(5 Y 3/1) gravelly
ioam; structureless; friable; no roots; very
strongly acid (pH 4.7); gradual, smooth
boundary.
2 to 18 cm; very dark grayish brown (2.5 Y
3/2) gravelly sandy loam; structureless;
friable; no roots; very strongly acid

(pH 4.6); abrupt, wavy boundary.
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Horizon Description

R 18 cm +; weathered shale.

Physical and chemical progérties

Physical and chemical properties of soil profiles were
determined in a number of the major plant communities across
the North Cascades Range (Table 4). Soil pH varies markedly
both within and between soil profiles, but generally
decreases with depth. The most acid (pH 3.8 to 5.0) are
those associated with krummholz and heath Qegetation in the
western North Cascades. Inceptisols afe also highly acid
(pH 3.9 to 5.1) in-fhe western part of the region. Less
acid (pH 4.7 to 5.9) soils occur in snowbed and fellfield
habitats throughout the range. The least acid (pH 5.2 to
6.0) soils are those associated with Dryas octopetala, dry
grass, and dry sedge communities in the eastern North
Cascades.

All soils become coarser textured with depth. Total
sand generally increases with depth. Maximum clay concentr-
ations usually occur in the upper B horizon. Sand plus
silt to clay ratios are relatively high in all soils,
possibly a reflection of the large amounts of pyroclastic
materials present.

Organic matter is highest in the surface mineral
hofizons (except A2 horizons) and decreases with depth in
the western North Cascades. Farther east organic matter
levels are lower and maximum organic matter concentration

often occurs in the upper B2 horizons.



TABLE 4. Physical and chemical‘properties from 12 soil profiles in the North Cascades.®?

Texture Available Exchangeable cations
. Organic (me /100 g) TEC
Sand Silt Clay matter N P K (me/
Community Profile Horizon pH (%) (%) (%) (%) (ppm) (ppm) (ppm) Na K Ca Mg 100 g)
Carex nigricans 28 Al 4.7 51.0 35.1 13.9 11.2 0.5 7.0 162.5 0.02 0.66 0.25 0.25 26.8
B21 5.2 52,1 30.6 17.3 79 0.0 10.0 45.0 0.20 0.20 0.20 0.00 20.0
B22 5.5 63.4 17.6 19.0 5.9 0.0 4.5 20.0 0.04 0.04 0.25 0.04 16.5
Cl 5.5 - - - - - - - - - - - -
c2 5:5 61.0 17.4 21.6 3.1 0.0 8.0 12.5 0.01 0.02 0.00 0.00 10.1
Cassiope
mertensiana 3 Al 4.1 47.2 43.0 9.8 26.1 1.0 9.0 102.5 0.02 0.38 0.50 0.57 43.3
A2 4.5 46.7 40.2 13.1 - - - - - - - - -
B21 4.9 46.9 40.2 12.9 12.4 1.0 1.0 12.5 0.03 0.03 0.20 0.37 24.5
c 4.8 51.4 30.3 18.3 - e v o ae s - . -
Phyllodoce
glanduliflora 9 Al 4.3 60.8 21.3 17.9 12,7 2.0 10.0 87.5 0.02 0.24 0.25 0.25 29.9
B21 5.0 62.2 20.0 17.8 6.5 1.0 4.0 22.5 0.02 0.03 0.20 0.29 20.2
B22 4.9 58.7 25.6 15.7 4.0 1.0 3.4 15.0 0.02 0.03 0.28 0.08 14.0.
c : 4.8 48.0 36.4 15.6 1.0 - - - - -- -- - -
Empetrum nigrum Co12 Al 4.4 57.4 23.4 19.7 24.3 1.5 13.5 122.5 0.05 0.52 3.25 0.90 44.7
B21 ! 4.9 59.1 20.2 20.7 10.3 0.0 5.5 37.5 0.00 0.07 0.25 0.08 16.7
B22 5.1 58.4 19.6 22.0 11.1 0.0 4.5 22.5 0.00 0.03 0.25 0.04 19.3
C 4.8 4,49.6 36.3 14.1 - - - - - - - s—e —
Carex
gpectabilis 11 Al 4.5 59.2 23.7 .17.1 ~ 10.2 0.5 20.0 75.0 0.13 0.22. 0.22 .12 16.5
B21 4.8 60.0 22.8 17.2 549 0.5 2.5 20.0 0.02 0.03 0.20 0.08 14.8
B22 4.9 58.1 23.8 18.1 3.0 1.0 6.0 0.0 0.01 0.02 0.00 0.00 9.8
c 5.1 51.3 33.3 15.4 - - -- -- - - - == -
Krummholz 10 A2 4.0 57.8 25.5 16.7 11.4 0.5 8.5 55.0 0.28 0.22 0.53 0.25 29.8
B21 4.3 63.3 18.5 18.2 17.8 0.5 3.5 47.5 0.04 0.15 0.75 0.29 54.9
B22 4.6 77 .4 9.8 12.8 9.0 0.5 3.5 20.0 0.02 0.04 0.25 0.04 25.6

8L
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TABLE 4. Continued

. Texture Available Exchangeable cations
Organic (me/100 g) TEC
i Sand Silt Clay matter N P K (me/
Community Profile Horizon  pH (%) (%) (%) (%) - (ppm) (ppm) (ppm) Na K Ca Mg 100 g)
Antennaria v
lanata 29 Al 4.7 61.4 21.9 16.7 10.2 1.0 14,0 217.5 0.01 0.65 0.28 0.25 27.1-
B21 5.3  60.7 23.2 16.1 12.1 0.0 - 5.0 87.5 0.01 0.35 0.28 0.00 32.2
c 5.4 — - - - - - - - - e - i
Festuca viridula 30 Al 4.9 62.4 21.9 15.7 5.8 0.5 14.5 77.5 0.01 0.17 0.25 0.12 19.6
B21 5.3 60.3 22,7 17.0 8.4 0.5 5.5 60.0 0.00 0.13 0.50 0.00 23.8
c 5.4 53.3 31.3 15.4 - — - - - — - - -
Carex capitata 25 AL 4.9  54.1 33.7 12.2 10.9 0.0 12.5 55.0 0.01 0.20 1.50 0.29 26.9
B21 5.6 54.4 29.2 16.4 5.3 0.0 4.5 45.0 0.05 0.08 0.25 0.08 15.0
C 5.9 '68.1 15.0 16.9 - - - - - - - - --
Dryas octopetala 26 Al 9,2 61.2 21.6 17.2 1.0 0.0 9.5 37.5 0.02 0.06 0.70 0.16 11.1
B21 5.7 61.4 23.5 15.1 0.6 0.0 . 17.5 45.0 0.01 0.06 0.25 0.04 6.9
c 5.8 54,3 31.4 14.3 - - -- - - - - -- --
Carex nardina 24 Al 5.7 60.1 23.9 16.0 8.4 0.0 10.0 110.0 0.10 0.27 2.88 0.49 15.5
B21 5.7 60.8 22.4 16.8 9.1 0.0 1.0 82.5 0.05 0.17 1.63 0.29 16.5
B22 5.8 58.1 24.2 17.7 1.4 0.0 10.5 65.0 0.02 0.09 0.50 0.04 10.1
C 6.0 54.0 31.1 14.9 -- - - - -- - - - e
Kobresia
myosuroides : 27 Al 5.3 61.6 21,0 17.2 9.2 0.5 9.5 72.5 0.27 0.18 2.25 0.29 17.2
B21 S ol 57.1 23.1 19.8 9.4 0.0 0.0 42.5 0.02 0.09 1.00 0.00 18.7
B22 5.7 57.4 25.1 17.5 - - - - - - - - -
C 5.8

$5.1. 29.7 15.2 - - - - - == - oo .

8Texture and organic matter for profiles 9 and 10 from Bockheim (1972).
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Total exchange capacity levels are positively
correlated with the organic matfer trends. Exchangeable
cations in soil profiles of the region generally decrease
with depth. Sodium occurs only in small quanitities, except
in the A2 horizons of krummholz stands and Al horizons of
Kobresia bellardii communities. Calcium, magnesium, and
potassium levels are low, but are comparable to those
determined on similar parent materials in other alpine
areas (Klickoff, 1965; Nimlos and McConnell, 1965; Bliss,
1966; Johnson, 1970). In the eastern North Cascades
(British Columbia) van Ryswyk (1969) found much higher
sodium and slightly higher calcium levels in alpine soils.

Available phosphorus generally decreases with depth in
contrast to some alpine soils which increase (Nimlos and
McConnell, 1965). Kuramoto and Bliss‘(1970) also found
phosphorus decreased with depth in the Olympic Mountains,
Washington. Potassium levels also decrease with depth and
have their highest levels (162.5 to 217.5 meq/100 g) in
Carex nigricans and Antennaria lanata snowbed communites.
Available nitrogen levels are low throughout the region.
Nimlos et al. (1965) also reported low nitrate-nitrogen
levels in alpine soils in Montana, although "total" nitrogen
was high. 1In the eastern North Cascades van Ryswyk (1969)
reported low nitrogen values while in the western North

Cascades Bockheim (1972) reported higher nitrogen values.



Mesoclimate

Precipitation

Long-range climatic data for the few permanent weather
stations show a decreasing summer rainfall pattern from
west to east (U.S. Weather Bureau, no dates). This pattern
may be broken during individual summers, such as 1972 when
precipitation on Chopaka Mountain (east) exceeded that on
Grouse Ridge (west) (Table 5). Length of the intervals
between rainfall fluctuates greatly. The summer of 1970
was characterized by frequent storms while lengthly periods
without precipitation occurred during the summers of 1971

and 1972.

Temperature

The long-term summer temperature patterns show higher
temperatures in the eastern Cascades and lower temperatures
in the western Cascades (U.S. Weather Bureau, no dates).
During 1970, when storm frequency was high, temperature
varied greatly. Periods of continuous, relatively high
-~ temperatures were common during 1971 and 1972. Highs of
26.7 to 28.3°C were reached in the last week of July 1971
and the first week of August 1972 on Grouse Ridge. The
highest temperatures (30.6°C) recorded on Slate Peak occurred
during the last week of July 1971. At the Chopaka Mountain
~weather station highs of 32.2 to 35.6°C were attained in the
first week of August 1972. Temperatures below 0°C may

occur at any time during the summer, although lows of 5 to



TABLE 5. Environmental data for five weather stations in the North Cascades Range.

Temperature
(°c)
Solar Precip-
radiation Mean Mean Wind VPD itation
a (langley/ daily Mean daily (m/sec) (cm Hg) (cm)
Date Station day) 15 cm minimum daily maximum 60 cm 15 cm 60 cm
1970 b .
6/13-7/5 Grouse . 515 6.8 12.2 16.9 1.9 .09 2.57
7/6-8/2 c Grouse 484 6.1 11.0 15.9 1.4 .12 8.39
8/3-8/29 Grouse 475 6.7 11.2 15.8 1.4 .12 1.65
1971
6/30—8/1d Grouse 567 4.8 10.3 15.8 1.7 .12 2,67
8/2-8/30 Grouse 528 6.2 11.3 17.1 2.0 +10 2,20
1972 . ’
6/30-7/30 Grouse - 5.8 11.8 17.5 2.0 .11 8.07
8/7-8/22 Grouse - 5.5 10.2 16.4 - 11 -
1971
7/21-7/29 Slate - 11.5 17.9 25.2 2.8 .17 0.00
7/30-9/3f Slate 641 7.2 13.1 19.8 2.9 .14 3.31
1972
7/23-8/15g Slate | 734 6.4 12.6 20.6 2.3 S - 3.07
1970
8/6-8/30 Sourdough - 2.8 9.4 18.0 - .10 0.54
8/31-9/13 Sourdough - - - - - - 5:25
1970
7/4-7/30 Sahale - - - : - 4.5 - 8.76
7/31-8/30 Sahale - - - - 4.2 - 2.27

Z8



TABLE 5. Continued.

Temperature
(°c)
Solar Precip-
radiation Mean Mean Wind VPD itation
(langley/ daily Mean daily (m/sec) (cm Hg) (cm)
Date Station day) 15 cm minimum daily maximum 60 cm 15 cm 60 cm
1972 h
6/6-6/25 Chopaka 773 0.1 2d 6.3 - .03 11 .05
6/26-7/16i Chopaka - 1.0 5.7 11.1 3.7 .08 1.06
7/17-8/16 Chopaka 573 6.5 14.0 23.5 3.2 .24 5.27
a

b

Weather station locations appear on Figure 1.

Temperature, VPD, and solar radiation based on 18, 18, and 13 days data, respectively.

CTemperature and VPD based on 19 days data.

dTemperature, VPD, and solar radiation based on 24, 21, and 20 days data, respectively.

eTemperature and VPD based on 22 days data.

fSolar radiation based on 18 days data.

EyPD and solar radiation based on 13 and 9 days data, respectively.

Solar radiation based on 7 days data.
i

VPD and solar radiation based on 20 and 10 days data, respectively.

£8
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10°C are most common.

Atmospheric moisture

Average vapor-pressure deficits (VPD) are relatively
low across the entire North Cascades Range (Table 5).
Maximum VPD at Grouse Ridge during the three summers of
this study.was 0.58 cm Hg on June 20, 1970. At Slate Peak
VPD reached 0.90 and 0.88 cm Hg on July 30 and 31, 1971.
The highest VPD (1.15 cm Hg) recorded during the study
occurred on Chopaka Mountain on August 5, 1972. 1In general,
the data indicate that evaporation is highest in the

eastern Cascades and lowest in the western Cascades.

Solar radiation

Summer solar radiation patterns fluctuate markedly
from year to year in the North Cascadéé. In general,
average recorded values increase from west to east (Table 5)
due to the increased cloudiness in the western North
Cascades. The highest recorded value (818 langleys/day)
occurred several times during‘1972 on Chopaka Mountain. 1In
the central North Cascades (Slate Peak) é high of 762
langleys/day was reached on August 5, 1971 and on several
occasions during 1972 highs of 755 to 760 langleys/day were
reached. At Grouse Ridge highs were typically between 660
and 680 langleys/day although 790 langleys/day was recorded

on July 7, 1971.

Wind

Wind speeds are lower in the western North Cascades
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and slightly higher in the central and eastern North

Cascades (Table 5). Maximum average Qelocity (2.4 m/sec)

at Grouse Ridge occurred during a 24-hour stormy period in
early August 1971. Average maximum velocities at Sahale
Mountain were the highest (5.3 m/sec over 7 days during mid-
August 1970) during the study period but this is likely due
to its ridgetop location at the headwaters of two large
drainage systems. The average maximum velocities reached

at Slate Peak and Chopaka Mountain were 3.0 and 4.5 m/sec
respectively, during 1972. Wind speeds in the eastern North
Cascades and on exposed ridges in the ceﬁtral North Cascades
(e.g., Sahale Mountain) are comparable to those recorded on
Mt. Washington, New Hampshire (Bliss, 1966) and the Olympic

Mountains, Washington (Bliss, 1969).

Environmental Gradient

Vegetation

An alpine slope at 1790 m elevation on Grouse Ridge,
Mt. Baker, was selected for an intensive environmental
gradient study. This slope provided an opportunity to
studf the responses of plant species to an environmental
gradient in a region where abrupt topographic discontinuities
usuaily result in a mosaic of segregated plant community
types (Fig. 13). The changes in species composition and
structure along this continuum are, for the most part,
gradual (Table 6, figs. 14 and 15).

At the top of the ridge, where the slope angle is
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Table 6. Mean prominence values for all species along an environmental gradient on Grouse Ridge, Mt, Baker.‘

Distance downslope (m)

Species
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 . 39 41 43 45 47 49 51 52 55 57 59 61 63 65
Phlox diffusa 106 2166 6 69 31 31 63 69 63 166 120 145 139 86 95 150 63 126 148 6 2 2
Festuca ovina 14 P 12 18 2 2 2 6
Solidago multiradiata P P 69 22126 103 40 50 285 86 105 108 108 86 63 12 12 31 18 86 50
Silene parryi P P 66 14 38 2 2 P 2 2 14 12 2
Carex phaeocephala P 2 14 22 50 69 6 195120 22 195 125 195 100 240 125 50
Canpanula rotundifolia P P 6 6 6 12 12 6 12 18 50 50 40 14 2 6 40 40 12 31
Penstemon wenziesii -
var. menziesi{ P P
Saxifraga bronchialis P P P
Lupinus lepidus P
§ibbaldl$ procumbens P P P 14 85 31 2125170 63 31 69 22100 2
Selaginella densa 22 6 12
Cerastium arvense 2 6 2 6 \
Luzula spicata P P 6 2 6 P 63 40 6 40 2 2 2 2
Phleum alpinum P 2 2 2 ' P
Trisetum spicatum P P 2 2 P P P 2 6 2 31 22 6
Polygonum bistortoides P 2 12 31 75 63105 150 63 125 240 125 150 240 240 150 135 285 480 625 525 475 665 525 470 475 575 715 715 715 805
Larex gpectabilis 14 38 66 50 189 177 40 150 195 104 189 31 12 126 170 285 170 525 600 525 525 625 665 855 855 628 785 785 465 691
Pote a diversifolia
var. diversifolia P P 6 2 2 P 2 2
" Aatennaris uabrinells P 2 2 P 6 2 2

L8



Table 6 (continued)

e e i s,

Species

Distance downslope (m)

11

13

15 17 19 21

23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65

Achillea millefolium

var. alpicola
Vaccinium caespitosum
Agrostis scabra
Saxifraga ferruginea
Lupinus latifolinn

var, subalpinus
Eriperon peregrinug
Potentilla flabellifolia

Danthenfa intermedia

Aster foliaceous

_Agoseris aurantiaca

Deschampsia atropurpurea

Carex pachvstachya
BRYOPHYTES

Polytichum piliferum

fleterocladfium dimorphym
Tortula ruralis

Pol hum _funiperinum

34

22

90

2

14 31 50 14

69

75 75 75285 12

6

12 63

12

63 2

18 50

22

22

31

14 108

31 22 22

38 86 126 14

6

31

66 65 120 170 256 335 310 230 290 540 475 305 165 310 430 235 135 395 200

2

2 2 14 50 38 38 22
14 415 385 385 545 370 63 165 38

125 148 86 120 63
P

P

14

2

2

2
P 38 137 50

88



- Table § (continued)
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Distance downslope (m)

ERSE 5 9 11 13 '15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65
LICHENS
‘Cegtraria ericetorum P 22 31 40 150 105 100 50 170 100 195 195 50 75 25 75 50 6 6
Thamnolia subuliformis P 22 18 12 12 2 2 2
Cladina mitis P 22 63 40 305 380 335 240 290 335 430 575 380 18 75 50 31 2
Cladonia sp. 2 2 6 6 18 2 6 18 6 6 2 2
Peledsera canina P 2 2 12 6 2 2
Cornicularia aculeata 6 12 6 2
Cladonia gracilis, 2 18 40 25 75 25 25 120 86 285 170 240 125 150 195 165 63 22
Stereocaulon alpinum 2 22 2 31126 25 31 14 14 2
Cetraria subalpina
Lecidea sp. 2 6
Lgcanora sp. 6
a

P indicates that the species was present but not

tallied in the plots.
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Figure 14.

Distribution and abundance of major plant species

along an environmental gradient on Grouse Ridge,
Mt. Baker, Washington.



Figure 15.

Vegetation along an environmental gradient at

1900 m on Grouse Ridge, Washington. The fell-

field (upper) is characterized by a sparse plant

cover. Farther do&nslope (middle) the Carex
phaeocephala, é. spectabtilie, and Cladina mitis
are prominent species. At the base of the
slope (lower) Polygonum bistortoides and Carex
spectabilis are dominants. Air temperature
sensors are located at +5 and +15 cm at the
upper and middle stations and +10 and +20 cm at

the lower station.
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slight (less than 11%Z), the vegetation occurs in patches

(total cover 2 to 60%) among the frost-shattered rocks.
Phlox diffusa, Solidago multiradiata, Silene parryi, and the
lichen Cladina mitis are the most prominent plants in this
fellfield habitat (Table 6).

Farther downslope (11 to 13 m) the slope angle
increases to 27% and thevvegetation is essentially continu-
ous. Total cover is higher (85 to 1127%) with Phlox diffusa,
Solidago multiradiata, Carex phaeocephala, Carex spectabilis,
and Polygonum bistortoidgs dominating the vegetation.
Cladina mitis, Cetraria ericetorum, Cladonia gracilis, and
Polytrichum piliferum are important cryptogams in the under-
story.

Total cover continues to increase downslope reaching a
maximum of 156 to 2177 at the base of fhe slope where the -
slope angle is near level. From about 41 m downslope Carex
spectabilis, Polygonum bistortoides, Lupinus latifolius var.
subalpinus, and Potentilla flabellifolia become the major
dominants, while other vascular plants and cryptogams are
of low prominence. Claytonia lanceolata, although absent
at the time of the vegetation survey, had a mean cover of
29% and a frequency of 100%Z at the base of the slope during

early July.

Plant diversity

Alpha diversity measurements were applied to slope
contour samples at 2 m intervals along the enviromnmental

gradient. Trends of richness (S5) and general diversity (E)
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are similar (Fig. 16). They are relatively low (S = 14,
H = 1.29) in the fellfield and increase to a high (S = 29,
H = 2.83) in the ecotonal area between the fellfield and
the continuous vegetation. With increasing distance down-
slope S and H decline, reaching minimum S(4) and H (1.02)
values near the base of the gradient.

Equitability (F) trends are not readily evident (Fig.
16). The lowest E (0.48) occurs in the fellfield whefe a
single species (Phlox diffusa) dominates the site. The

remainder of the gradient has F values fluctuating between

0.66 and 0.93.

Soils

The soils of the environmental gradient vary markedly
from the poorly developed Entisols in the fellfield to the
relatively better developed Inceptisols found on the
remainder of the slope (Fig. 13). The fellfield soils
show no profile development except for thin, surficial A
horizons beneath the scattered clumps of vegetation.
Profile 8 illustrates the characteristics of these soils

under vegetation.

Horizbn - ﬁescription

Al 0 to 5 cm; black (10 YR 2/1) gravelly sandy
loam; structureless single grain; friable;
abundant very fine to medium roots; very
strongly acid (pH 4.8); clear, wavy boundary.

C 5 to 18 cm; dark brown (7.5 YR 3/2) gravelly
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general diversity (#), and equitability (E)
along an environmental gradient on Grouse
Ridge, Mt. Baker, Washington.
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Horiéon Description
sandy loam; structureless single grain;
friable; abundant very fine to medium roots;
very strongly acid (pH 4.7); abrupt, wavy
boundary.

R 18 to 25 cm +; weathered shale.

The major portion of the gradient is characterized by
Inceptisols beneath continuous vegetation. The horizons,
except for increased thickness‘downslope, show only slight
morphological variation. The profile (20) below is typical

of soils near the top of the slope.

Horizon : " Description

01 3 to 2 cm; fresh herbaceous litter.

02 ) 2 to 0 cm; partially humified herbaceous
litter.

Al 0 to 7 cm; dark reddish brown (5 YR 2/2)

sandy loam; structureless, single grain; very
friable; abundant very fine roots; very
strongly acid (pH 4.5); gradual, smooth
boundary.

B21 7 fo 17 cm§ very dark grayish brown (10 YR
3/2) sandy loam; weak, very fine crumb
structure; friable; abundant very fine to fine

_roots; very strongly acid (pH 4.9); gradual,
smooth boundary.

B22 17 to 28 cm; very dark grayish brown (10 YR
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Horizon. Description
3/2) sandy loam; weak,‘fine crumb structure;
friable; plentiful very fine roots; very
strongly acid (pH 5.C); abrupt, wavy
boundary.

C ) 28 to 40 cm; dark yellowish brown (10 YR 3/4)
sandy loam; weak, fine crumb structure;
friable; very few very fine roots; strongly
acid (pH 5.2); abrupt, smooth boundary.

R 40 to 45 cm +; weathered shale.

Soils reach their greatest depths at the base of the
slope. The following profile (4) characterizes the lower

slope soils:

Horizon Description

01 5 to 4 cm; fresh herbaceous litter.

02 -4 to 0 cm; partially humidified herbaceous
litter.

Al 0 to 8 cmj; black (10 YR‘2/1) sandy loam;

structureless, very friablé; abundant, very
fiﬁe to medium roots; extremely acid (pH 3.9);
gradual, wavy boundary.

B21 8 to 18 cm; dark reddish brown (5 YR 2/2)
sandy loam; weak crumb structure; friable;
abundant, very fine to fine roots; extremely
acid (pH 4.0); gradual, wavy boundary.

B22 18 to 50 cm; dark reddish brown (5 YR 2/2)
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Horizon Description
sandy loam; weak, very fine crumb structure;
friable; plenfiful very fine to fine roots;
very strongly acid (pH 4.5); gradual, smooth
boundary.

c 50 to 70 cm +; dark yellowish brown (10 YR
3/4) gravelly sandy loam; very fine crumb
structure; friable; few very fine to fine

roots; very strongly acid (pH 4.8).

Physical and chemical properties were determined for

seven profiles along the environmental gradient (Table 7).

All properties were comparable to those found in similar

communities in the western North Cascades. Organic matter,
total exchanée capacity, exchangeable cations, available
phosphorus and potassium were highest, while pH was lowest,
at the base of the slope (Table 7). Sand/silt to clay ratios

are relatively high throughout the gradient.

Mesoclimate

The general environmental data for Grouse Ridge were
preéentéd in a previous section (Table 5). A more detailed
account of the mesoclimate appears in Fig. 17. Patterns of
temperature, VPD, solar radiation, and precipitation
fluctuate markedly, both during -and between summers, in this

maritime type alpine region.



TABLE 7. Physical and chemical properties from seven soil profiles along an alpine environmental gradient, Grouse

Ridge, Mt. Baker, Washington.

Texture Available Exchangeable cations

Organic (me/100 g) TEC
Downslope . Sand §ilt Clay  matter N P K (me/ ’
distance (m) Profile Horizon pH (%) (%) (%) (%) (ppm) (ppm) (ppm) Na K Ca Mg 100 g)
4 7 Ccl 4.7 47.0 40.1 13.9 2.9 - - - 0.05 0.12 0.25 0.20 14.3

Cc2 4.6 53.8 39.6 6.6 - - - - - - - - -
6 8 Al 4.8 49.2 47.0 3.8 1.4 2.5 40.0 115.0 0.04 0.19 1.25 0.70 14.5
Cl 4.7 65.1 27.8 y £ 0.8 2.5 13.0 75.0 0.00 0.14 0.73 0.37 17.5
12 20 Al 4.5 60.2 22.8 17.0 18.1 1.0 1.5 115.0 0.05 0.28 0.75 0.49 30.6
B21 4.9 61.1 20.5 18.4 11.9 0.0 1.0 525 0.11 0.11 0.28 0.20 27.4
B22 5.0 58.7 24,0 17.3 7.9 0.0 1.0 30.0 0.02 0.05 0.25 0.08 25.1

C 5.2 64.1 25.9 10.3 - - - - - - - - -
21 21 Al 4.3 61.0 22.6 16.4 20.4 0.5 3.0 87.5 0.00 0.24 0.70 0.45 38.8
B21 4.8 60.8 20.1 18.1 10.4 0.0 3.0 27.5 0.11 0.05 0.20 0.08 27.6
B22 4.9 59.7 22.1 18.2 7wl 0.0 4.5 12.5 0.02 0.03 0.25 0.04 19.8

C 5l 66.1 22.4 11.5 - - C- - - - - - -
38 ' 22 Al 4.3 60.3 22.5 17.2 20.4 1.0 17.5 110.0 - 0.00 0.33 1.00 0.70 36.7
B21 4.9 62.3 19.8 17.9 10.6 0.0 2.5 40.0 0.02.0.07 0.25 0.04 26.2
B22 5.0 61.7 20.5 17.8 6.7 0.0 6.0 15.0 0.00 0.03 0.00 0.00 18.7

¢ 5.1 71.2 18.4 10.4 - - - - - - - - -
62 23 Al 4.4 60.5 21.7 17.8 17.9 3.5 45.5 177.5 0.00 0.51 1.88 0.94 30.1
B21 4.6 61.7 19.8 18.5 10.0 1.5 14.5 75.5 0.02 0.17 0.25 0.16 22.3
B22 4.9 60.2 21.9 17.9 7.6 0.5 7.5 35.5 0.01 0.06 0.20 0.08 23.1

C 5.1 65.1 24.8 10,1 - - - - - - - - -
69 4 Al 3.9 61.2 21.7 17.1 21.6 1.0 60.0 201.5 0.10 1.14 8.00 2.95 40.5
B21 4.0 61.3 20.5 18.2 9.8 3.5 49,0 132.5 0.02 0.33 0.45 0.08 21.7
"B22 4.5 59.8 24.3 16.9 7.0 5.0 35.0 72.5 0.03 0.17 0.28 0.08 19.3

c 4.8 67.0 22.3 10.7 - - - - - - - - -

66



Figure 17.

Séasonal variation in temperature, VPD, solar
rédiation, and precipitation at the Grouse Ridge
weather station during 1970, 1971, and 1972.
Vertical lines adjacent to the précipitation
bars represent the period over which the

precipitation reading was accumulated.
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Figure 18.

Seasonal variations in soil and air temperature

profiles at various heights (cm) and depths (cm)

along an environmental gradient on Grouse Ridge,
Mt. Baker, Washington during 1971. The dotted

line represents the daily maximum air temperature

.at an adjacent weather station. Temperature

profile data are for readings taken between 1300

and 1500 hr. Soil temperatures in the fellfield
(4 m downslope) were monitored on both non-

vegetated (NV) and vegetated (V) sites.
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Micréclimate

To obtain information on the microclimate of the
environmental gradient air temperatures (+5 and +15 cm at 4,
19, and 36 m downslope and +10 and +20 cm at 61 m downslope),
soil profile temperatures (-2 and -10 cm on both vegetated
and non-vegetated sites at 4 m downslope and -10, -20, and
-30 cm at 19, 36, and 61 m downslope) , and soil moisture
regimes (-5 ém on both vegetated and non-vegetated sites at
4 m downslobe, -10 and -20 cm at 19 and 36 m downslope, and
-10 and -30 cm at 61 m downslope) were monitored along the
transect. These stations were located‘at 4, 19, 36, and
61 m downslope.

Seasonal temperature profiles along the transect vary
considerably from the top of the ridge to the base of the
slope although all stations have the same increasing
seasonal pattern (Figs. 18 and 19). Fellfield air (+5 and
+15 cm) temperatures at the top of the transect, in contrast
to those on the remainder of the slope, were usually lower
thén temperatures at subsurface depths. Highs of near 35°C
were reached several times during 1971 and 1972 at -2 cm.
These high subsurface temperatures are due mainly to a high-
er surface albedo and the low heat capacity of the moisture-
poor substratum. Maximum near-surface temperatures of 49°C
have been reported in other high elevation studies in
western North America (Bamberg and ﬁajor, 1968; Ballard,
1972) . Tempefatures beneath vegetation were generally 2

to 3° higher than for adjacent non-vegetated sites. Average
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Figure 19.

Seasonal variations in soil and air temperature
profiles at various heights (cm) and depths (cm)

along an environmental gradient on Grouse Ridge,

-Mt. Baker, Washington during 1972. The dotted

line represents the daily maximum air temper-
ature at an édjacent weather station. Temper-
ature profile data are for readings taken between
1300 and 1500 hr. Soil temperatures in the

fellfield (4 m downslope) were monitored on both

- non-vegetated (NV) and vegetated (V) sites.
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temperatures at -10 cm in the fellfield are about 7 to 8°C
less than that at -2 cm.

Subsurface temperatures along the remainder of the
transect show sharp vertical gradients over relatively
short distances. The steepest gradients are between the
éurface and -10 cm 1eve1.v These profile temperature
gradients remain relatively constant throughout the summer
except during periods of réﬁidly decreasing air temperatures.
Temperatures at -10 to -30 cm decrease slightly (2 to 4°C)
with distance downslope. This reflects the insulation
afforded by the greater degree of vegetative cover.

Soil moisture élong the environmental gradient closely

‘'parallels the summer precipitation pattern. This was

especially evident in 1970 (Fig. 20) when frequency of
summer rainfall was high (Fig. 17) and soil moisture
regimes fluctuated accordingly. Soil moisture declined
steadily throughout the summers of 1971 and 1972 due to low
precipitation. The increase in soil moisture immediately

after the 6.6 cm of precipitation during the latter part of

July 1972 (Fig. 17) is not reflected in Fig. 20 due to

reading dates. The use of the -15 bar soil water potential
to estimate the permanent wilting percentage is somewhat
questionable'(Slatyer, 1967), especially since it is based
on information from crop plants. This field soil parameter
is still useful, however, when used with caution. Soil
moisture usually remains well above =15 bars until mid-

August, except in the fellfield where levels often fall



Figure 20.

Soil moisture regimes along an environmental
gradient on Grouse Ridge, Mt. Baker, Washington
during 1970, 1971, and 1972. Distance (m)
downslope and depth (cm) appear on each graph.
The -1/3 and -15 bar tensions for the soil are

indicated by the horizontal dashed 1lines.
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below -15 bars by mid-July. Soil moisture stress increases
slightly, with distance, down the continuously vegetated
portion of the transect during drought periods. This is
likely due to the greater transpiration losses associated
with increased plant cover (or increased total leaf area)

downslope. -

Physiology

Leaf water potentials (V) of eight plant species along
the environmental gfadient, and two other nearby species,
were measured dufing and after a drought period in 1971
(fable 8). The readings for each species at each site were
relatively consistent with standard deviations varying
betweégﬂaléﬁggaﬂi;S bars. The first measurements were taken
on July 20 .after a one-week period without precipitation.
The lowest leaf Y (-13.8 to -15.0 bars) were obtained 20 ﬁ
downslope, an area that had been snow-free for 4 to 5 weeks.
Réﬁdings'in the fellfield and at 40 to 43 m downslope were
also‘relatively low (-11.8 to 13.8 bars). Higher leaf VY
of -5.0 to -5.1 were recorded at the base of the slope, an
area that had been snow-free for only three weeks.

Measurements taken 24 days later showed only slightly
lower leaf Y although soil Y had markedly decreased (Fig.
20). The lowest leaf Y for most species was recorded at
this time. Lupinus latifolius (at 21 m downslope) and
Phyllodoce empetriformis (adjacent ;; ;he“tr;ﬁsect-at about

25 m downslope) reached lows of -27.4 and -22.1 bars,

respectively. The Lupinus plants were wilted at this time



TABLE 8. Seasonal leaf water potential (bars) of 10 plant species along an
environmental gradient on Grouse Ridge, Mt. Baker, Washington
during 1971. Data are means of at least three readings taken
between 1300 and 1500 hr; except those in parentheses which were
taken at 2400 hr.

Downslope ' Date
distance :

Species (m) July 20 August 13. August 30
Lupinus lepidus 1 -13.8
Solidago multiradiata 5 =15.2
Solidago multiradiata 7 -11.9 -13.1
Polygonum bistortoides 7 -17.9
Polygonum bistortoides 9 -13.8 -15.5
Solidago multiradiata 19 -15.0 -15.9 -15.1
Polygonum bistortoides . 19 . =15.0 . =17.9 -15.2 (-4.5)
Lupinus latifolius , 19 o ~-27.4
Vaceinium caespitosum ' 21 -13.8 -14.1 -17.0 (-7.9)
Erigeron peregrinus 21 ' ‘ -17.2
Polygonum bistortoides 36 -11.8 -12.4
Lupinus latifolius 36 -12.0 -12.9
Aster foliaceous 43 -11.0 (=5.5)
Polygonum bistortoides 61 -5.1 -5.2 -5.8 (-2.1)
Lupinus Latifolius - _ 61 -5.0 -5.5
Lupinus latifolius 63 -7.6 -9.2 (-3.4)
Castillega miniata Not on

transect -16.2
Vaceinium deliciosum Not on

transect -10.2 -12.4 -8.3 (-6.5)
Phyllodoce empetriformis Not on '

transect -15.6 -22.1 -21.9

TTT
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and died back several days léter. The Phyllodoce empetri-
formis piants appeared normal.-vOther species reached lows
of —12.4 to ;17.9 bars. At this time soil VY was about -14
bars at 19 m downslope and -14 to =17 bars at 36 m down-
slope. Similar lows have been reported from the Olympic
Mountains by Kuramoto and Bliss (1970) and Peterson (1971).
A third set of readings was obtained on August 30,
seven days after a light rain (2.2 cm). Most plants were
dispersing seeds at this time. Leaf y, except for Vaceinium
caespitosum, were slightly higher for species near the top
of the slope. The iowest leaf ¢ for species at the base of
the slope were geached at this time. These leaf Y were still
much higher than those attained by the same species upslope.
Readings showed high diurnal amplitudes with species increas-
ing by as much as 10.7 bars at 2400 hr from their afternoon
lows. Therefore, the plants could, in fact, spend part of
the day at a lower leaf ¥ and still be photosynthetically
active in the morning. Kuramoto and Bliss (1970), working
in the Olympic Mountains, Washington, found that at a soil
VY of -15 bars, Festuca, Lupinus,'and Ertophyllum sp. still
1ﬁaintain a photosynthetic rate approximately 407 that at

-0.3 bars.

Phenology

Plant phenology can often be helpfui in describing
microenvironmental differences between various habitats
(Bliss, 1962) as well as long environmental gradients.

During Ehe summers of 1971 and 1972, 32 species were
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observed at 10 m intervals along the transect.

Phenological phases varied considerably among species
along the gradient (Fig. 21). Length of a given phenologic-
al phase was relatively consistent within species, regard-
less of the year or position on the slope.

Snow release took place at about the same time in both
1971 and 1972. The upper part of the slope was free of snow
by June 18 and at the base by June 28. The much higher
temperatures in late June and early July during 1972, how-
ever, resulted in ﬁore vigorous vegetative growth and an
earlier flowering for most species. This was especially
notable in the upper part of the gradient. Silene parryt,
in the fellfield, and Potentilla flabellifolia, at the base
of the transect; were exceptions to this pattern.

At any given point on the environmental gradient most
of the species have similar flawering phases, an.indicati;n
that local microenvironments govern phenological development
(Bliss, 1956). The most notable exceptions to this were
the late develbpment of Aster foZiaceoué and the early
development of Claytonia lanceolata. In general most
épeciesvflowered 14 t0724 days after initiation of growth.>
They remained in flower for 8 to 20 days before entering

a 10 to 24 day fruiting stage prior to seed dispersal.



Figure 21. Phenologiéal patterns of 12 plant species on
Grouse Ridge, Mt. Baker, Washington during 1971
(upper bar) and 1972 (lower bar).‘ Distance (m)
downslope appears on the ordinafe axis; month
and day are on the abscissa.
Symbols are: v - vegetative growth, solid bar -
in flower, f - in fruit, s - seed dispersal, X -

signs of dormancy.
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DISCUSSION

Community Pattern

Distribution of alpine plant communities in the North
Cascades is a response to complex environmental factors and
environmental gradients. When environmental gradients are
steep, abrupt changes in species composition occur, creating
a mosaic of plant communities on the landscape. If these
gradients are geﬁtle then more gradual changes create a
continuum. In the North Cascades the mosiac pattern is
more common, especially in the western aﬁd central portions
of the range. This is due to the more complex topography
and.greater snowfall which results in variable snow release
times and a broad range of summer soil moisture regimes.
These environmental factors are also of prime importance'
in the eastern North Caséades, but to a lesser extent. In
the eastern North Cascades the more gentle topography, lower
snowfall, and shorter range of snow release times result in
a more gradual shift in community pattern.

The importance of snowmelt time is demonstrated by the
two-dimensional ordiﬁations (Fig. 3) of the major community
types. These ordinations illustrate the relationships
between the community types and their correlation with snow-
melt time. The d#te,of snowmelt also determines the summer
soill moisture regime, at least for the earlier, and probably
the most important part of the growing season.

In the western North Cascades a distinct mosaic appears
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repeatedly on the landscape. Snow depth and snowmelt time
varies considerably. In snowbank sites communities are
dominated by Carex nigricans unless the soils are unstable,
in which case the Saxifragé tolmiet-Luzula wahlenbergii
community occurs. |

On better drained habitats where snowmelt is earlier,
the heath communities, dominated by either Cassiope mertens-
tana, Phyllodoce empetriformis, P. glanduliflora, Arcto-
staphylos uva-ursi, or Empetrum nigrum, are common. The
latter is most frequently found on exposed or northerly
aspects. ExposedASites with slightly earlier snowmelt
times are dominated by Salizx cascédensisror S. reticulata.

Communities on warm, moist southerly slopes are
dominated by the Lupinusllatifolius type. The closely
related Carex spectabilis community occurs on similar, but
slightly drier slopes. Where the earliest snowmelt occurs
the sites become relatively dry by mid-summer and are
dominated by Carex phaeocephala.

On ridgetops, which remain snow-free most of the winter,
blockfields are typical. These sites may be occupied by a
variety of species, either in Clumps, where tﬁe surface is-
stable, or in vegetation stripes where slow downslope creep
takes place. Prominent plants in these habitats are Phlox
diffusa, Potentilla diversifolia var. diversifolia, Solidago
multiradiata, Oxytro?is campestris var. gracilis, and Carex
albonigra.

Changes in macroclimate in an easterly direction
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result in gradu;l changes in‘the vegetation pattern. Lower
snow accumulation, slightly earlier snowmelt, and somewhat
drier and warmer summers in the central North Cascades
result in the absence of some communities and the appearance
of others. Late melting snowbanks are still occupied by
Carex nigricans but snow accumulation sites that become
snow-free earlier are dominated by Antennaria lanata or
Carex breweri. Antennaria lanata communities often occur in
close proximity to the Carex nigricans. type, but the former
are better drained and become drier in late summer. This
segregation of communities within an alpine snowbank site
was also noted in the Presidential Range of New Hampshire
(Bliss, 1963), the Rocky Mountains (Billings and Bliss,
1959; Johnson and Billings, 1962) and the Olympic Mountains
of Washington (Bliss, 1969). 1In unstable snow accumulation
areas in the central North Cascades the Eriogonum pyrolae-
folium-Luzula wahlenbergii community replaces the Saxifraga
tolmiet-Luzula wahlenbergi? community.

The same ﬁeath communities found to the west again

occupy similar habitats in the central region. Communities

dominated by Salix cascadensis or S. reticulata also occupy

drier exposed slopes. The driest of these exposed slopés,
and some of the ridgetops, are characterized by extensive
mats of Dryas octopetala.

Warm, moist southerly slopes afe again occupied by
Lupinus Zatifoiiﬁs but the closely related Carex spectabilis

community is apparently replaced on drier central region
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sites.by Festuc; viridula. éarem phaecocephala again
dominates sites that are snowfree earlier, but on the most
exposed upper slopes Carex nardina becomes the most prominent
species.

The blockfields in this region are also extremely
variable in plant and rock cover, and species composition.
Important plants are Selaginella densa, Phlox diffusa, Carex
phaeocephala, and Avenaria ecapillaris, and farther south,
Phloz hendersonii and Lupinus lepidus var. lobbit.

The dry, warm summers and lower winter snowfall in the
eastern North Cascades provide community patterns that are
in marked contrast to those in the western North Cascades.
Although moxaic patterns are still common, many extensive
slopes show gradual changes in species cdmposition in
response to more gentle environmental gradients.

Numerous snowbank communities occur in this region.
Carex nigricans is essentially restricted to the subalpine
zone with Antennaria lanata or Carexz breweri dominating the

alpine sites where snow accumulation is greatest. Snowbed

sites that open slightly earlier are occupied by Phyllodoce

empetriformis, P. glandulflora, or Salix cascadensis. At
higher elevations level areas or depressions, which receive
moisture for much of the summer from upslope, are dominated
by Carex capitata.

On well drained habitats where'snowmelt is earlier,
communities m;y be dominated by Carex phaecocephala, Arcto-

staphylos uva-ursi, Salix cascadensis, S. reticulata, or



S 120

-

Dryaé octopetala, with the lﬁtter ﬁwo occupying the driest
sites. At lower elevations in the alpine and subalpine
zones of the eastern region, where soil moisture levels are
greater, broad expanses are dominated by Danthonia inter-
media. Upslope, this community often grqdes into the Carex
scirpoidea var. pseudoscirpoidea type, another extensive
community.

The driest of the major alpine communities occur on the
higher slopes and summits. These are dominated by Carex
nardina, Calamagrostis purpurascens, or Kobresia myosuroides.
The topographical position of the Kobresia myosuroides
community suggests that these sites are essentially free of -
snow with ephemeral microdrifts occurring during the winter,
such as Bell (1973) reports for this type in the Rocky
Mountains of Colorado. The Calamagrostis purpurascens
stands often occur in rocky sites within larger Kobresia
communities. These rocky sites may provide slightly better
protection during the winter.

The blockfields, which occupy the driest, snowfree
ridgetops, vary considerably in composition. Lupinus
lepidus var. lobbii, Arenaria obtusiloba, and Fesﬁuca obiﬁa
var. brevifolia are prominent spécies.

The overstory composition of krummholz stands changes
markedly across the North Cascades. In the western part of
the range Abies lasiocarpa predominétes. The latter species,
along with Piéea engelmannii and Larix lyallii, is common

in the central North Cascades. Farther east Picea engelmanit
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and Pinus albicaulis dominate the krummholz stands.

Regional separation on the basis of understory composition
is inconsistent due to considerable variation in composition
and the distribution of several important species across

the entire range (Table 3).

Community-soil relationships

Jenny (1941) related tﬁat any soil property is a
function of the regional climate, parent materials, topo-
graphy, biota, and time. The vegetation of a region is also
a function of these factors (Major, 1951). 1In the North
Caécades all of these factors, with the exéeption of the
parent materials, vary considerably. This relatively uniform
parent material is due, in large part, to the extensive
pyroclastic deposits present in the region. These deposits,
mixed with the residuum of the various>geologic strata,
modify the residuum to such an extent that they have no
detectable influence on the regional alpine vegetation and
soil patterns. This is in contrast to many regions where
ultramafic (Kruckeberg, 1954, 1969; Whittaker, 1954),
sandstone-dolomite (Mooney et al., 1962), or calcareous
(Bamberg and Major, 1968) parent materials have marked.
effects on vegetation and soil patterns.

The pattern of alpine soil types in the North Cascades
generally corresponds to the vegetation pattern. Beneath
krummholz and heath vegetation cheluviation is a common
process. This process is most intense in the western North

Cascades where leached A2 horizons and iron-rich B horizons
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are typical. Spodosols have been studied in detail in the
North Cascades (van Ryswyk, 1969; Bockheim, 1972) and have
been reported from a number of ofher alpine areas (Bliss and
Woodwell, 1965; Kuramoto and Bliss, 1970; and others).

Inceptisols are typical of many of the community types
in the North Cascades, especially in the eastern part of the
range. The most notable differences within the Inceptisols
are the chemical characteristics, which vary markedly from
west to east. The western soils usually have higher organic
matter, cation exchange capacity, and nutrient levels, and
are more acidic.

Sites that are unstable and sparsely vegetated are
characterized by Entisols. These soils usually have only
shallow A-C profiles beneath vegetation and have low organic

matter, cation exchange capacity, and nutrient levels.

Alpine plant diversity patterns

The response of various components of species diversity
is dependent on biotal, historical, and physical factors.
In the alpine zone of the North Cascades these components
.(S; E, and E) show corresponding responses at both a
regional and local (environmental gradient) level (Figs. 12
and 16). Commuéit& fypes ar vegetative units with a "mild"
environment have low‘S, E, and F values. These indices
increase with environmental "harshness" to a point where
physical factors inhibit plant establishment, and S and H
again decline.

These data support the hypothesis of del Moral (1972)
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regarding species diversity-regulation within terrestrial
plant communities. This hypothesis states that diversity
reaches a maximum at that_degree of environmental rigor

which prevents a closed canopy but still permits considerable
specialization. Thus in the "mildest" or "harshest"
habitats, which are rendered homogeneous by their physical

or biotic factors, fewer species'can be sustained.

In the alpine zone of the North Cascades the mildest
habitats, with 1éte snowmelt, adequate summer soil moisture,
high leaf Y, and low degree of exposure, are homogeneous
and dominated by a few species (average of 14 to 26 species
per stand) exhibiting high crown cover. AA significant
control over the composition and structure of the community
is exerted either by the plants themselves (through
competition) or by the exclusion of potential competitors
due to the short growing season. As the alpine environment
becomes more rigorous (Z.e., higher moisture séress and
lower leaf V), dominance by any single species declines and
allows considerable habitat heterogeneity. This allows a
multitude of plants (average of 28 to 44 species per stand)
go t;ke advantage of the resulting microhabitats. Habitat
homogeneity (average of 8 to 15 species per stand) is once
again reached as physical harshness renders the habitat
relatively inhospitable.

Recent studies indicate similér diversity responses to
canopy structures (Goff and Zedler, 1968; Auclair and Goff,

1971; Douglas and Ballard, 1971; del Moral, 1972, 1973).
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That is, after an initial increase, diversity declines with

canopy closure or community stability.

Response of species to an environmental gradient

The environmental gradient on Grouse Ridge provided
an opportunity to examine the response of various species
to gradual-changes in microenvironment along an alpine
slope. Plant community data collected along the transect
also indicate a gradual, but notable, change in structure
and composition. The fellfield is characterized by sparse
clumps of vegetation (total average cover of 21%), few
species (average of 20 species) and low general diversity
(average H of 2.31). Near its edge, iﬁ the eéotonal area
between discontinuous and continuous vegetation, species
richness and general diversity reach a maximum (S§ = 29, H =
2.8). Total plant cover increases to 217% while species
richness and general diversity decrease (S = 4, H = 1.02)
downslope. |

Soil temperature and soil moisture measurements
monitored for two years indicated that high soil temperature
and low soil moisture regimes are typical of the ridgetop
fellfield while lower temperatures and higher moisture
levels occur downslope. Soil temperature decreases slightly,
while soil moisture stress increases, with distance down the
vegetated portion of the slope during drought periods. The
pattern of these environmental parameters is likely due to
the increased vegetative cover and greater evapotranspir-

ation rates at the base of the slope.
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Measurements of leaf Y also indicate varying responses
to slope environmental gradients. Leaf Y generally increases
with distance downslope. Measurements obtained on the upper
slope (at 21 m) were generally between about -14 and -18
bars, except in the case of Lupinus latifolius with a low of
-27.4 bars. The plants, from which the latter values were
obtained, died back within several days indicating that L.
latifolius probably cannot tolerate leaf Y much lower than
that attained intPoZygonum bistortoides (-15 to.-18 bars).
The highest leaf Y (-5.2 to -9.2 bars) were measured at the
base of thé slope. These higher valueé indicate that the
bulk of the water requirements of the plants are being
sufficiently met from near the -30 cm level where soil
moisture stress is seldom, if ever, critical (Fig. 20).

The leaf V¢ valﬁes may explain the distribution pattern
and relative abundance of_Lupinus latifolius, Polygonum
bistortoides, and Carex spectabilis along the gradient. At
the base of the slope, where leaf Yy was never critically
low (Table 8), Lupinus Llatifolius, PoZygonum bistortoides,
and Carex spectabilis reach their lushest and most
vigorous gréwth, excluding almost all othér plants.

Farther upslope, where leaf Yy become lqwer; these three
plants are still able to grow, but with reduced vigor.
Habitat heterogeneity thus increases resulting in increas-
ing species richness and general diversity.

The plants occurring in the fellfield are adapted to

an entirely different set of environmental factors than
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those downslope. Polygonum bistortoides and Carex
spectabilis occur only near the edge of the fellfield in
large (1 to 2 m?) clumps. These clumps are probably not
snow—-free during the winter, thus these plants do not have
to endure the high winds, low temperatures, and frequent
frost cycles common to.the rest of the fellfield. The fell-
field species (Lupinus lepidus, Saxifraga bronchialis, and
Penstemon davidsonii var. menziesii) are also adapted to
adverse summer cohditions. Soil temperatures and soil
moisture stress are high and possibly might exclude other»
plants even though they may be able to endure winter
conditions.

Observations showed that phenological phases are close-
ly related to time of snowmelt and early season temperature
regimes. The ability of Claytonia lanceolata to flower
within séverai days after snowmelt and complete its life
cycle just before the vegeta;ive canopy closes, at the base
of the slope, 1is dﬁe in large part to its ability to
initiate growth beneath the snow during fall or winter.
Douglas and Taylor (1972), also working on Grouse Ridge,
found C. lanceolata relatively well developed and in bud
under 2 m of snow. Kimball et al. (1972) found new apical
growth in early fall in Rocky Mountain populations of C.
lanceolata. Other workers have also noted the ability of
this and other alpine species to initiate growth at near
freezing tempe?atures beneath snow (Billings and Bliss,

1959; Mooney and Billings, 1961; Halleck and Wiens, 1966;
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Spomer and Salisbury, 1968). The fellfield species also
show early phenological development eﬁabling them to
complete much of their seasonal growth before conditions

become unfavorable.

Distribution of major alpine community types in western

North America

The numerous floristic works dealing with various
regions of North'América document the geogfaphic range of
most alpine vascular plant taxa adequately. An exception
to this has been 0ur‘knqwledge of tﬁe North Cascadian flora.
Recent collections have resulted in significantly new range
extensions for 20 alpine species in western North America
(Douglas and Taylor, 1970; Douglas‘et al., 1973; Taylor et
al., 1973). The total known vascular flora for the alpine
zone of the North Céscades consists of 250 séecies of which
165 occurred within the sampled stands.

This alpine flora appears to be much richer than that
reported in alpiné areas of Montana where Bamberg and Major
(1968) report 120 to 185 species from three regions and
Johnson and Billings (1962) report 191 from the Beartooth
Plateau. Johnsdn (1970) recorded 129 species farther south
in the San Juan Mountains of Colorado. The richer North
Cascadian alpine flora may be due, in part, to the greater
climatic diversity in the region and to the close proximity
of these mountains to other ranges, both east and west as
well as north and south.

The alpine flora of the North Cascades has floristic
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affinities with many regions. The strongest affinities

are with the arctic and cordilleran regions to the north
and east. A smaller segment of the flora is restricted to
the Pacific Coast, ranging from British Columbia to north-
ern California. The Cascadian endemic element that ranges
into the North Cascades consists of only a few species.

In contrast-to_our knowledge of plant ranges,
information on the abundance of a taxa in a particulaf
region is conspiéuously poor. A number of papers,
although describing the general vegetation of various
regions, usually fail to document the relative abundance of
the taxa thus making it difficult to recognize vegetation
types for comparative purposes. The-following discussion
is based on the few studies that do allow comparisons with
the North Cascadian communities. Future work will surely
increase the geographic ranges of the communities presented
here.

The ranges of the alpine plant communities are not
necessarily restricted to the alpine zone. A number of
them have subalpine-alpine distributions both in the North
Cascades (Table 9) and elsewhere. Table 9 lends support for
the inclusion of krummholz within the alpine z&ne, at least
in the North Cascades, siﬂce more of the communities and a
larger segment of the flora associated with krummholz occur
in the alpine tuﬁdra above.

A number of community types may be restricted to the

North Cascades. These include the Calamagrostis purpurascens,
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TABLE 9. Numbers of alpine plant communities associated

with the three vegetation belts or bands at

upper elevations in the North Cascades Range.

Region
Western Central Eastern Entire

Vegetation belts North North North North

or bands Cascades Cascades Cascades Cascades
Alpine tundra 0 2 6 6
Alpine tundra-

krummholz 5 6 5 6
Alpine tundra-

krummholz-tree

clump/meadow 6 7 4 10
Krummholz-tree

clump/meadow 1 1 0 1
Total 12 16 15 23
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Eriogonum pyrolaefolium-Luzula wahlenbergii, Danthonia
intermedia, Carex breweri, and C. capftata types.

0f the snowbed communities the Carex nigricans type
appears to be the most widespread. It occurs in both the
subalpine and alpine zones in the Cascades of Oregon (Van
Vechten, 1960) and central Washington (Meredith, 1972), the
Olympic Mountains of Washington (Bliss, 1969; Kuramoto and
Bliss, 1970), southern BritiSh Columbia (Archer, 1963;
Brooke et al., 1970; Eady, 1971), north to southern Alaska
(Cooper, 1942), and east to the Canadian_Rockies (Beder,
1967; Hrapko, 1970). The Antennaria lanata community,
which also occurs iﬁ the subalpine zone of the eastern
Cascades, is found in the Olympics (Bliss, 1969) and the
Canadian Rockies (Beder, 1967; Hrapko, 1970). The
Eriogonum pyrolaefolium-Luzula wahlenbergii community may be
restricted to the North Cascades although similar, but
drier, communities dominated by Eriogonum pyrolaefolium (but
lacking Luzula) have been reported from Oregon (Van Vechten,
1960). The Saxifraga tolmiei-Luzula wahlenbergii type
occurs only in the subalpine and alpine zones of the North
Caséadés and the nearby Coast Range of British Columbia
(McAvoy, 1931; Brooke et al., 1970).

Lush herb communities dominated by Festuca viridula
and Lupinus latifolius are found in the subalpine‘and alpine
zones in, and south of, the North Cascades. Festuca
virtdula-Lupinus latifolius (Franklin and Dyfness, 1969;

Franklin et al., 1971) and Lupinus latifolius (Meredith,
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1972) types have been reported on Mount Rainier, Washington.
These types have also been documented in the Three Sisters
(Van Vechten, 1960) and Mt. Jefferson (Swedberg, 1961) areas
in Oregon. Farther east, in the Wallow Mountains, Strickler
(1961) has studied communities dominated by Festuca
viridula. A similar Festuca (F. idahoensis) type occurs in
the subalégg; zone of the Olympic Mountains (Kuramoto and
Bliss, 1970).

Several of fhe North Cascadian shrub types have wide
ge&graphic ranges. Dryas octopetala, a circumpolar species,
occurs as a major dominant north to Alaska and the Yukon
(Hansen, 1951; Price, 1971), east to thaz Rocky Mountains of
Alberta (Beder, 1967; Bryant and Scheinberg, 1970; Hrapko,
1970) and south in the Rockies to Colorado (Johnson and
Billings, 1962; Holoway and Ward, 1965; Marr, 1967; Bamberg
and Major, 1968). The several heath types are also widely
distributed in both the subalpine and alpine zones. They
occur in the Olympics (Kuramoto and Bliss, 1970), the Cas-
cades of Oregon (Van Vechten, 1960) and central Washington
(Franklin et al., 1971; Meredith, 1972), north to northern
British Columbia (McAvoy, 1931; Archer, 1963; Brooke et al.,
1970; Eady, 1971; Welsh and Rigby, 1971) and the south-
western Yukon (Douglas, unpublished), and in the Rocky
Mountains of Alberta (Heusser, 1956; Beder, 1967; Hrapko,
1970) and Montana (Bamberg and Major, 1968). Casstiope
tetragona, found maihly in small clumps and mainly on north

aspects in the eastern North Cascades, becomes a recognizable
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type farther north (northwestern British Columbia and the
southwestern Yukon) and east (Rocky Mountains of Alberta)
(Hrapko, 1970; Welsh and Rigby, 1971; Douglas, unpublished).
Empetrum nigrum, a circumpolar species, occurs as a commun-
ity type in Alberta, the southwestern Yukon, and northern
Alaska (Bliss, 1956; Hrapko, 1970; Douglas, unpublished).
The circumpolar species, Salix reticulata has been reported
elsewhere as a major dominant only from the southwestern
Yukon (Price, 1971) and western Montana (Bamberg and Major,
1968). The Salixz cascadensis community is also rare in the
literature, being documented only from Wyoming (Billings
and Bliss, 1959). The Arctostaphylos uva-ursi type has
been reported from western Montana.by Bamberg and Major
(1968).

Kobresia myosuroides, a wide ranging circumpolar
species, has been reported as a dominant in many regions.
This type has been described from Colorado to Alberta in
the Rocky Mountains (Cox, 1933; Marr, 1967; Bamberg and
Major, 1968; Hrapko, 1970; Bell, 1973) and north to the
Kluane Ranges of the southwestern Yukon (Douglas,

Wuﬁpublished) and Mt. McKinley in Alaska (Hanson, 1951). It
also occurs in the Sierra Nevada Mountains of California
where it is a disjunct species (Major and Bamberg, 1963).
Reports of other North Cascadian sedge types are sparse.
Carex scirpotidea var. pseudoscirpoidéa stands have been
recorded in the Snowy Mountains of central Montana (Bamberg

and Major, 1968) and the Sierra Nevada Mountains in
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California (Major and Bamberg, 1963). Carex nardina is
reported as a dominant in southwestern Alberta (Bryant and
Scheinberg, 1970). The Carex spectabilis community appears
to be mainly restricted to the subalpine and alpine zones
of northwestern Washington and southern British Columbia
(Kuramoto and Bliss, 1970; Eady, 1971; Doﬁglas, 1972)
although it alsé occurs as a snowpatch community in the
Sierra Nevada Mountains (J. Major, personal éommﬁnication).

-In general,-the communities restricted to the western
or central North Cascades have closer affinities to coastal
areas both to the north and south. Those communities
restricted to the eastern North Cascades show closer
affinities to Rocky Mountain and far northern areas.

The large number of community types recognized in the
North Cascades Range is probably due, in large part, to
the marked differenceé in climate across the range. Few
other studies, at least in western North America, have
included such a large geographic area or such a wide

macroclimatic range, thus comparisons with other mountain

‘regions is difficult.

SUMMARY

1. Alpine plant communities of the §orth Cascades Range,
Washington and British 6olumbia were studied on 39 mountains
in an area encompassing about 18,000 km?.

2. The climate varies from maritime on the western slopeé to

more continental on the eastern slopes. This change in
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macroclimate has a profound affect on regional vegetation
patterns. |

3. Twenty-three major community types were described from
128 stands. Thes¢ included six snowbed types (Saxifraga
tolmiei-Luzula wahlenbergii, Eriogonum pyrolaefolium-Luzula
wahlenbergit, Carex nigricans, Antennaria lanata, Carex
breweri, and Carex capitata), two lush herb types (Lupinus
Zatifoliys ;nd Festuca viridula), eight dwarf shrub types
(Casstope mertensiana, Phyllodoce empetriformis, Phyllodoce
glanduliflora, Arctostaphylos uva-ursi, Empetrum nigrum,
Salix reticulata, Salix cascadensis, and Dryas octopetala),
two dry grass types (Danthonia intermedia and Calamagrostis
purpurascens), and five dry sedge types (Carex spectabilis,
Carex phaeocephala, Carex scirpoidea var. pseudoscirpoidea,
Carex nardina, and Kobresia myosuroides). Thirty-nine
blockfield stands and 42 krummholz stands were also

examined.

4, Soils in thg region include poorly developed Entisols,
weakly developed Inceptisols, and better developed Spodosols.
The latter two soil types have developed in parent materials
containing a high pyroclastic component. Physical propert-
ies are quite similar in most soils. Organic matter, total
exchange capacity, and pH usually decrease from west to east.
Exchangeable cations and nutrient levels are generally low
throughout the region.

5. Alpha diversity measurements were applied to the 208

sampled stands. These measurements included species richness
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or number of species (S), general diversity or richness and
dominance concentration (#), and equitability or evenness
(E). 1In the mildest habitats (snowbeds and moist lower
slopes) S, H, and E were low due to dominance, through
competition, by a few species.. All measurements increased
with increasing environmental rigor; a reflection of greater
habitat heterogeneity. 1In the harshest habitats (upper
ridges and bloékfields), where physical factors render the
habitat homogeneéué (and relatively inhospitable), S and H
once again decline.

6. A fellfield-dry grass-lush herb environmeﬁt gradient,

65 m in length, was examined on Grouse Ridge, Mt. Baker.
High soil temperature and low soil moisture regimes were
typical of the ridgetop fellfield while more moderate
regimes occurred downslope. Soil temperatures decreased
slightly, while soil moisture stress increased, with
distance down the vegetated portion of the slope during
drought periods. This is due to higher plant cover and
greater evapotrénspiration towards the base of the slope.
Measurements of leaf Y showed increases with distance down-
slope. Species exhibiting vigorous growth and high leaf
at the base of the slope had reduced vigor and much lower
leaf VY fa?ther upslope. Phenological patterns were closely
related to time of snowmelt and eariy season temperature
regimes along the gradient.

7. The ranges of alpine plant communities in western North

America are poorly documented. Several of the community
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type; appear restricted to the North Cascades Range, or

the nearby Olympic Mountains of Washington or the Coast
Range of southern British Columbia. A few of the types

range south along the Cascade Range of central Oregon.

Most of the community types range east to the Rocky Mountains

and north to southern Alaska and the southern Yukon.
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