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' The seasonal duration of snow cover is a primary
factor influencing the patterns of vegetation in high
subalpine and alpine environments, but little is known
concerning the responses of plant reproduction and
seedling recruitment to gradients of snow-release.
Vegetation patterns of a high subalpine site in the Oregon
High Cascades were described and related to important
environmental factors. Life history stages constraining
reproduction and recruitment of five perennial alpine
species were investigated by monitoring phenology,
reproduction, and the emergence and survival of
experimentally sown seedlings. Abundance of the

persistent buried seed bank was assessed.



Detrended Correspondence Analysis ordination revealed
timing of snow-release to be the primary factor
influencing vegetation patterns on the site. Degree of
soil development was next in importance. Nine community
types were identified, representing shifts in species
dominance in response to these tﬁo gradients. Seven of
these community types are widespread in alpine or high
subalpine areas in the Pacific Northwest.

Reproductive phenologies of four of the five species
were significantly compressed in response to late snow-
release. The short growing season does not limit seed
production in four of the five species; fertilization
failure, fruit abortion, and seed predation did limit seed
production of four species in one year. Seedling
emergence and establishment were extremely low, occurring
almost exclusively in protected microsites away from
mature plants. For all species, the primary loss of
potential offspring occurred between seed dispersal and
seedling emergence, and was attributed to lethal effects
of high soil surface temperatures and drought.

The abundant persistent seed bank was heavily
dominated by two species with very low cover in the
standing vegetation. Even bare soils contained large
numbers of seeds, indicating that the establishment of
vegetation on the site is not limited by availability of
seeds, but of seedling safe sites.

Patterns of reproduction and recruitment explain much



of the existing vegetation patterns on this site. A more
complete explanation would also require an understanding
of the responses of reproduction and recruitment to long-

term environmental fluctuations.
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PLANT REPRODUCTIVE ECOLOGY AND COMMUNITY STRUCTURE ALONG A

SUBALPINE SNOWMELT GRADIENT
CHAPTER I. INTRODUCTION

The dynamics of alpine plant populations and the
influence of population processes on alpine vegetation
patterns are very poorly understood. Because of recent
human impacts on alpine areas, the vegetation patterns of
relatively undisturbed alpine plant communities, the
population dynamics of their component species, and the
influences of population processes on the establishment
and maintenance of alpine végetation have become
increasingly important to understand.

Temperate alpine regions are ecologically unique. A
short growing season, low soil and air temperatures during
the growing season, intense ultraviolet radiation, and
strong winds combine to create a particularly severe
abiotic environment, which places limits on carbon
assimilation and restricts alpine floras to those few
species capable of metabolizing, growing, and reproducing
at low temperatures (Billings and Mooney 1968). This
environment also limits plant growth forms: alpine
vegetation is dominated by dwarf shrubs, cushion- or mat-
forming perennial forbs, and graminoids. The short
growing season places a rigorous time limit on seed

production, and two or more years typically elapse between
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initiation of floral buds and maturation of seeds. It has
been frequently suggested that flowering and seed
production are low or intermittent in alpine species
(e.g., Holway and Ward 1965, Rochow 1970, Bliss 1971,
Jolls 1980a) and that selection pressure for predominantly
vegetative modes of regeneration is strong (e.g., Bliss |
1971, Callaghan and Collins 1976). Giesel (1974),
however, has argued for the advantages of enhanced genetic
diversity in severe, fluctuating environments; thus,
sexual reproduction may be of high selective value in
alpine habitats.

In western North America, alpine and high subalpine
vegetation patterns reflect local differences in
topography and the depth and duration of snow cover, which
interact to form steep gradients of available moisture and
temperature (Billings and Bliss 1959, Billings and Mooney
1968, Billings 1974, Canaday and Fonda 1974, Andersen et
al. 1979, Oberbauer and Billings 1981, Jackson and Bliss
1984, Isard 1986). Exposed windy ridge crests with little
or no winter snow cover provide plants with a relatively
long growing season, but also expose them to winter and
summer desiccation. In contrast, late-lying snowbanks
protect plants during the winter and supply ample moisture
in the summer, but drastically compress the already short
growing season. Between these two extremes, dramatic
shifts in vegetation composition may occur within a few

meters. In this harsh abiotic environment, the vegetation



itself can strongly influence microenvironments; for
example, the presence of vegetation may prevent cryogenic
soil disturbances such as needle ice and reduce daily
fluctuations in soil and air temperatures (e.g., Billings
and Mooney 1968, Fischer and Kuhn 1984).

Alpine regions are also unique from a biogeographical
perspective. Most alpine habitats in western North
America are quite young, due to glaciation or to recent
volcanic origin. Although alpine regions as a whole
support fewer species than any other terrestrial habitat
(Billings and Mooney 1968), floristic divergity varies
considerably among alpine regions, depending on areal
extent of habitat, geographical proximity to other
mountain ranges, and climatic factors. In some alpine
areas, recent origin, small size, and geographical
isolation have combined to result in depauperate floras
that are probably still in flux (Harper et al. 1978, Price
1978).

Oour lack of knowledge of alpine population and
community characteristics has been attributed to
logistical difficulties involved in their study (e.g., del
Moral 1979b), including inaccessibility, the short and
unpredictable growing season, and inclement weather. As
Douglas and Bliss (1977) point out, however, alpine
environments provide an excellent opportunity for the
study of community patterns and processes -- patterns

which are accentuated by great topographic diversity and



steep environmental gradients, a small flora, and simple
community structure. 1In addition, the short alpine
growing season allows examination of population and
community processes throughout the entire season. 1In such
species-poor communities, it may be possible to interpret
vegetation patterns through the study of the population
dynamics of a few major species which make up a large

proportion of the community.



GOALS AND OBJECTIVES

The primary goals of this dissertation research were:

1) to contribute to further understanding of alpine
plant population dynamics through investigation of the
patterns of reproduction and seedling recruitment in
selected alpine plant populations, and

2) to determine whether patterns observed in the
vegetation can be interpreted on the basis of the
population dynamics of individual species.

I identified four specific objectives in support of
these goals:

1) to describe the vegetation of a high subalpine/low
alpine area in the Oregon High Cascades and identify
environmental factors influencing vegetation patterns;

2) to identify which life history stages (flowering,
fruiting, seed production, seedling emergence, and early
seedling survival) constrain recruitment in selected
alpine species;

3) to assess the potential contribution of the
persistent buried seed bank and vegetative propagule bank
to the establishment of vegetation on an alpine site; and

4) to interpret overall patterns in the vegetation
based on patterns of reproduction and recruitment of the

abundant species.



STUDY AREA

The study area is located on Park Ridge (44 45' N,
121 47'W) in Mt. Jefferson Wilderness Area (Willamette and
Mt. Hood National Forests), Marion County, Oregon (Fig. I-
1). Park Ridge lies within the High Cascades
physiographic province (Franklin and Dyrness 1973) and
straddles the crest of the Cascades. Mt. Jefferson lies 5
km south of the study area, Olallie Butte 10 km to the
north.

Elevation in the study area ranges from approximately
1900 meters on the lower part of the ridge to 2160 m at
the crest. Park Ridge is ideal for the study of high
subalpine vegetation patterns and species responses to
local gradients. Its combination of northern and southern
exposures, steep slopes and gentle basins, and wide range
of substrates provide strongly contrasting environments
within a small area. The study area displays extensive
topographic diversity: rock outcrops and fellfields on
exposed crests are often free of snow by early June, while
areas of snow accumulation in basins are not released from
snow until August. Snow may fall at any time during the
growing season, and typically begins to accumulate by
October. Two permanent snowfields occur on the site.

Park Ridge is part of the Pliocene Minto Formation,
the lavas of which form the bulk of the High Cascades

(Thayer 1939). Park Butte is a volcanic plug, the eroded
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remains of the approximate center of Pliocene Mount Minto.
Park Ridge consists of gabbro overlain with the basalts
and andesites of the Minto lavas. Soils in the general
area are derived primarily from Pliocene-Pleistocene
andesites and basalts, and glacial till (Baldwin 1981).
The ridge itself was probably never buried by the
Pleistocene lavas extruded from Mt. Jefferson and Olallie
Butte (Thayer 1939), aithough pumice deposits are
scattered throughout the study area. The broad plateau
north of Park Ridge was covered by a thick ice sheet
during the Wisconsin glaciation, and glacial striae on
rocks in the study area provide evidence that the ridge
was glaciated as well.

Definitions differentiating "alpine" from "subalpine"
habitats vary among authors (e.g., Love 1970, Douglas
1972, Belsky and del Moral 1982). Billings and Mooney
(1968) define as "alpine" any species growing above
treeline, or with its main distribution above treeline,
and note that the alpine and subalpine vegetation zones
often interdigitate and lack absolute boundaries. Park
Ridge contains a mix of alpine and subalpine species in a
mosaic of alpine and subalpine habitats. The study area
is located well above the distribution of continuous
forest, but small islands of upright trees occur
occasionally. Trees in the upper portion of the area are
restricted to stunted erect and krummholz forms.

Vegetation in the study area includes subalpine parkland



at lower elevations, herb- and shrub-dominated tundra and
Carex meadow, and krummholz (dominated by Abies
lasiocarpa', Pinus albicaulis, and Tsuga mertensiana)
along the ridge crest. Lower in elevation, but adjacent
to the study area, closed subalpine forests are dominated

by Tsuga mertensiana and Abies amabilis and are

interspersed with Carex meadows and heath. While much of

the study area can be considered subalpine in character,
the north slope of the ridge, where studies of phenology
and reproduction were undertaken, is dominated by
herbaceous and shrub vegetation more characteristic of

alpine tundra than of lower elevation subalpine parkland.

'Nomenclature follows Hitchcock and Cronquist (1973).



RATIONALE AND SUMMARY OF CHAPTERS

Chapter II describes the vegetation patterns of the
subalpine/alpine interface of Park Ridge, and relates
those patterns to environmental factors, including the
annual date of snowmelt, exposure, slope, and substrate.
While the alpine and subalpine vegetation of other
mountain ranges in western North America, such as the
Olympic Mountains (e.g., Kuramoto and Bliss 1970, Canaday
and Fonda 1974, del Moral 1983a) and the North Cascades
(e.g. Douglas 1972, Douglas and Bliss 1977) has been well-
described, virtually nothing is known of Oregon alpine and
high subalpine communities or their dominant species
(Franklin and Dyrness 1973). The only available
descriptions of High Cascades vegetation are Van Vechten's
(1960) floristic survey of the Three Sisters area,
Campbell's (1973) description of lower subalpine meadows
in Mt. Jefferson Wilderness, Swedberg's (1961, 1973) and
Schuller's (1978) descriptions of subalpine forest
communities, and Horn's (1968) study of the Pumice Desert
(Crater Lake National Park). None of these studies
addresses general patterns of high subalpine or low alpine
vegetation.

The Oregon High Cascades lack well-developed alpine
vegetation, as most areas above treeline are either
covered with rock, snow or ice, or have been recently

released from snow or glaciation (Franklin and Dyrness
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1973). Floristically, the alpine vegetation of the
central Oregon Cascades hasvcloser affinities with that of
other volcanic peaks in southern Oregon and northern
california (e.g., Mount Shasta and Mount Lassen) than with
the North Cascades of Washington (Taylor 1977) or the
mountain ranges of eastern Oregon (Price 1978). Because
of the small areal extent, geographical isolation, and
recent volcanic origin of alpine areas in the High
Cascades, the vegetation of this region is likely to
differ significantly from that of other, more extensive
high elevation regions in western North America.

Chapter III investigates patterns of, and constraints
on, reproduction and recruitment (including flowering,
fruiting, seed production and seedling establishment) of
five widespread alpine species abundant in the study area.
This portion of the study also examines how reproductive
patterns of each species change along a local
environmental gradient, the annual date of snowmelt.
Previous studies of the population dynamics of alpine
plant species have focused on a single species (e.qg.,
Rochow 1970, Douglas 1981, Jolls 1980b), closely related
species (e.g., Reynolds 1984, Spira and Pollak 1986), or
species with similar life history characteristics
(Marchand and Roach 1980, Roach and Marchand 1984) within
a single habitat or along an elevation gradient. The
reproductive patterns of coexisting alpine species having

different growth forms and life histories have rarely been
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compared on a community-wide basis. In addition,
virtually nothing is known concerning intraspecific
variation in flower, fruit, and seed production of alpine
species along local environmental gradients.

Grime (1979) and others (e.g., Reynolds 1984) propose
that alpine species as a group display "stress-tolerant"”
life history traits characterized by low and intermittent
reproduction and low recruitment rates. Despite these
theoretical predictions, however, very little is actually
known concerning the reproductive patterns of alpine
species. Qualitative observations and limited data
suggest that, for many tundra species, seed production is
low (e.g., Holway and Ward 1965, Rochow 1970, Bliss 1971,
Douglas 1981, Spira and Pollak 1986), and seedling
mortality is high (Griggs 1956, Bonde 1968, Rochow 1970,
Reynolds 1984), resulting in infrequent establishment of
new individuals. Failure to produce seeds has been
attributed variously to late snowmelt (Bliss 1956, Holway
and Ward 1963, Reynolds 1984), drought (Bliss 1956,
Oberbauer and Billings 1981, Reynolds 1984), inadequate
insect pollination (Holway and Ward 1965, Bliss 1971,
Douglas 1981, Spira and Pollak 1986), and fruit or seed
predation (Spira and Pollak 1986).

Little is known concerning rates of, and requirements
for, seedling establishment of alpine species. High
seedling mortality in alpine and subalpine habitats has

been attributed primarily to drought or high soil
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temperatures (Brink 1964, Horn 1968, Ballard 1972) and
soil disturbance by needle ice (e.g., Brink 1964, Bliss
1971, Roach and Marchand 1984, Perez 1987). While biotic
interactions in alpine communities have received little
attention, the results of several studies (Griggs 1956,
Brink 1964, Klikoff 1965, Loneragan and del Moral 1984,
del Moral et al. 1985, Perez 1987, Ratcliffe and
Turkington 1987) have suggested that established
vegetation may facilitate seedling establishment.

However, others (e.g., Bonde 1968, Jolls and Bock 1983)
have suggested that the presence of established vegetation
inhibits seedling establishment.

Chapter IV examines the potential role of the
persisteht buried seed and vegetative propagule banks in
contributing to recruitment of species in this tundra
community, compares the above- and below-ground vegetation
composition of the site, and compares seed bank patterns
with patterns of seedling establishment. Although the
extent of buried seed banks in many temperate vegetation
vtypes has become increasingly well-documented, there have
been few assessments of tundra seed banks. Johnson (1975)
hypothesized that buried seed banks decline with
increasing latitude, and Thompson (1978) proposed a
similar decrease with increasing elevation. Recent
studies in arctic tundra (e.g., McGraw 1980, Freedman et
al. 1982, Ebersole 1989), however, have demonstrated the

existence of relatively large seed banks, comparable to
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those in temperate forests. There have been too few
assessments of alpine seed banks (for examples, see Fox
1983, Archibold 1984, Miller and Cummins 1987, Morin and
Payette 1988) to compare them to those in other habitats.
The seeds of most alpine species appear to lack dormancy
(Amen 1966) and typically germinate in the season
following dispersal, precluding their accumulation in the
soil. On the other hand, seeds of alpine species having
dormancy or narrow germination requirements may accumulate
in the soil, since rates of decay and respiration are low
in the cold soils of high elevation sites (McGraw and
Vavrek 1989).

Finally, Chapter V provides a summary of the results
of the vegetation, reproduction and recruitment, and seed
bank studies, and shows how the population dynamics of the
component species in the vegetation may influence observed
vegetation patterns on the site. Chapter V considers
whether existing vegetation patterns can be interpreted on
the basis of the reproductive dynamics of individual

species.
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Figure I-1. The Park Ridge study area in the Oregon High
Cascades (Mt. Jefferson 7.5 minute quadrangle, U.S.G.S.).
Boundary of vegetation sampling area is marked by a solid
line, and boundary of study area for phenology,

reproduction and seed bank studies is marked by a dashed
line.



Figure I-1.
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CHAPTER II. HIGH SUBALPINE VEGETATION OF

PARK RIDGE, OREGON CASCADES
INTRODUCTION

As Douglas and Bliss (1977) point out, alpine and
subalpine environments provide ideal settings for the
study of vegetation patterns and processes, because of
steep environmental gradients, short growing seasons,
small floras, and reduced community structures. Depth and
duration of snow cover and availability of soil moisture
have been recognized as primary factors determining
patterns of species distribution in alpine and high
subalpine environments (e.g., Billings and Bliss’1§59,
Billings 1988). These and related factors, including
topography, wind exposure, and disturbance from frost
activity, interract to create complex environmental
gradients (e.g., Oberbauer and Billings 1981).

Patterns of alpine and subalpine vegetation and their
relationships with environmental factors have been well
described in some parts of western North America. Studies
have documented community patterns in the North Cascade
Mountains and Coast Ranges of Washington and British
Columbia (e.g., Brink 1959, McLean 1970, Eady 1971,
Douglas and Ballard 1971, Douglas 1972, Hamann 1972,
Henderson 1973, Douglas and Bliss 1977, del Moral 1979b,

Milko and Bell 1986, Ratcliffe and Turkington 1987, Evans
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and Fonda 1990); and the Olympic Mountains of Washington
(e.g., Fonda and Bliss 1969, Kuramoto and Bliss 1970,
Belsky and del Moral 1982, del Moral 1983). Douglas
(1972) provides a general review of the high subalpine
plant communities of the North Cascades. Despite its
geographic extent and floristic diversity, the subalpine
and alpine vegetation of the Sierra Nevada has been
described by relatively few studies (e.g., Smiley 1915,
Hall and Grinnell 1919, Klyver 1931, Klikoff 1965, Pemble
1970, Taylor 1976, Benedict 1983). Similarly, little is
known concerning the high elevation vegetation of the
Siskiyou Mountains and southern Cascade Mountains.

Situated between the North Cascades and Olympic
Mountains to the north and the Siskiyous and Sierra Nevada
to the south, the high elevation vegetation of the Oregon
High Cascades remains virtually ignored. Exceptions
include Van Vechten's (1960) floristic survey of the Three
Sisters region; Campbell's (1973) study of subalpine
meadows in Hunt's Cove, Mt. Jefferson Wilderness; Horn's
(1968) study of the Pumice Desert in Crater Lake National
Park; and Swedberg's (1961, 1973) and Schuller's (1978)
descriptions of forest communities in the central Oregon
High Cascades.

Because of its maritime climate, the alpine and high
subalpine vegetation of the Oregon Cascades Mountains and
other ranges in the Pacific Northwest is considered to be

distinct from that of more continental mountain ranges
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such as the Rocky Mountains (Franklin and Dyrness 1973).
In addition, the peaks of the High Cascades are the
products of Pliocene and Pleistocene volcanism, and the
resulting substrates are both young and unstable.
Suitable habitat for alpine and high subalpine vegetation
lies mostly on the major volcanoes, and is restricted to a
narrow elevational belt between closed subalpine forest
and rock, snow and ice. As a result, alpine habitat in
the High Cascades is fragmented and small in area compared
with the extensive areas above timberline found in the
Sierra Nevada and Rocky Mountains. In the Oregon High
Cascades, subalpine and alpine vegetation is much sparser
than that of the North Cascades, which Franklin and
Dyrness (1973) attribute to the recent origin and unstable
substrates (including extensive areas of cinder and
pumice) of the High Cascades, and to its warmer, drier
climate. Price (1978) considered the low floristic
affinity between the Three Sisters area and the eastern
Oregon mountain ranges to be the result of high cloud
cover and heavy snowfall, long-lasting snow, unstable
soils, and small geographic area in the High Cascades
compared to the other ranges.

The objectives of this study were to describe the
vegetation of a subalpine-alpine transition zone on Park
Ridge, Oregon High Cascades, and to relate patterns in the

vegetation to environmental factors.
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METHODS

Study Area

The study area is located on Park Ridge (44 45' N,
121 47'W) in Mt. Jefferson Wilderness Area (Willamette and
Mt. Hood National Forests), Marion County, Oregon. Park
Ridge lies within the High Cascades physiographid province
(Franklin and Dyrness 1973) and straddles the crest of the
Cascades. Mt. Jefferson lies 5 km south of the study
area, Olallie Butte 10 km to the north. Elevations in the
study area range from approximately 1900 m on the lower
part of the ridge to 2160 m at the crest (Fig. I-1).

No climate data are available for the immediate area;
the nearest weather station, at Santiam Pass, is
approximately 30 km south and 500 m lower in elevation.
However, the study area lies in a region characterized by
27.0 C July mean maximum and =-9.0 C January mean minimum
temperatures (Franklin and Dyrness 1973). Precipitation
along this part of the High Cascades crest averages about
90 cm annually, falling mostly as winter snow. In the
study area, rock outcrops are often free of snow by early
June, while areas of deep snow accumulation in basins are
usually not released from snow until early August. Snow
may fall at any time during the growing season, and

typically begins to accumulate in October. Two permanent
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snowfields occur on the ridge, and small snowbanks often
persist year-to-year, depending on weather conditions.

Park Ridge was selected for the study of vegetation
patterns because it contains extensive physiographic
diversity within a small area and its heterogeneous
patterns of vegetation reflect sharp topographic changes
resulting from steep gradients in exposure, substrate, and
timing of snow release. Plant habitats include rock walls
and outcrops, unstable scree and talus slopes, gentle
benches and slopes, and small ephemeral streams and ponds.
Vegetation of the area consists of herb-dominated
fellfields, meadows, islands of upright trees, and
krummholz. Below 1900 m, the vegetation grades into
subalpine forest dominated by Tsuga mertensiana and Abies
amabilis. Although a heavily-used section of the Pacific
Crest Trail crosses Park Ridge, human-caused disturbances
are localized and most of the study area has not been

affected by human activities.

Vegetation Sampling

The vegetation was sampled during July and August of
1987 and 1988, in an area approximately 2.5 km? along the
crest and slopes of Park Ridge. The area sampled was cut
off at either 1900 m elevation or at the upper edge of

subalpine forest. A cluster sampling scheme (Steele and
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Torrie 1980) was used to overcome the difficulty of
traversing the area's rugged terrain. Sixty 10 x 10 m
clusters were selected at random from a grid of 100-m?
cells laid over a topographic map of the study area.
These clusters were then located in the field by distance
and aspect from landmarks easily recognizable both on the
map and on the site. Four clusters, on very steep and
unstable slopes, were eliminated from the sampling for
safety reasons. Fifteen 1-m? plots were located at random
within each cluster, except for three clusters having only
10 plots each. The small plot size was selected to detect
small-scale pattern in the vegetation. A total of 825 1-

me

quadrats in 56 clusters were sampled.

The following characteristics were recorded in each
100-m? cluster: topographic location (ridge crest, upper
slope, lower slope, bench, and snowmelt basin), elevation,
slope, aspect, and relative date of snow-release. Based
on observations of snowmelt in 1987, snow-release date was
scaled from 1 - 5 as follows: 1 = melt-off in mid-June or
earlier, 2 = late June - early July, 3 = mid - late July,
4 = early - mid August, and 5 = late August. Aspect (in
degrees) was later converted to a scale of 1 = 346.6 -
58.5° (NNE), 2 = 58.6 - 94.5°, 310.6 - 346.5°, 3 = 94.6 -
130.5°, 274.6 - 310.5°, 4 = 130.6 - 166.5°, 238.6 - 274.5°,
and 5 = 166.6 - 238.5° (SSW).

2

In each 1-m° quadrat, cover of each vascular plant

species, and mosses as a group, was estimated visually,
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and the type of surface and degree of substrate
development were recorded. The type of surface and dégree
of substrate development was scaled from 1 - 5 as follows:
1 = talus or scree, 2 = shallow, undifferentiated sand or
gravel, 3 = deeper, undifferentiated or poorly-
differentiated sand or gravel, 4 = soils showing profile
development, low in organic matter, and 5 = soils with

well-developed profile, high in organic matter.

Analysis

Detrended Correspondence Analysis (DCA) (Hill 1979,
Hill and Gauch 1980) was used to order the samples and
species along axes of changing vegetation composition.
Correlation analysis (Spearman Rank Correlation) of axis 1
and 2 ordination scores with environmental factors
(aspect, slope, snow release, and substrate type) was used
to identify factors likely to influence vegetation
patterns.

Based on the results obtained from DCA, the
vegetation samples were manually grouped into community
types. Environmental and vegetation characteristics were
summarized for each of the resulting community types.
Differences in environmental variables among community
types was analyzed by Fisher's Protected Least Significant

Difference test (FPLSD).
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RESULTS AND DISCUSSION

Vegetation Characteristics

Eighty-two percent of the sample plots were
vegetated. Fifty-six vascular plant species were were
recorded overall. Most non-vegetated plots were on talus
slopes or permanent snow, and thus did not provide
suitable substrates for vegetation. The 16 most abundant
species in the study area accounted for three-fourths of
the overall cover (Table II-1). Cover is shown»both as
percent of the entire study area (all plots), and as
percent of colonizable area (excluding rock and permanent

snow). Carex nigricans was the most abundant species

overall, and all species were herbaceous or woody
perennials. Tree cover (of Tsuga mertensiana, Abies

lasiocarpa, and Pinus albicaulis) constituted about 15% of

the vegetation cover, and occurred both as islands of

upright trees and as krummholz (on the ridge crest).

Environmental Gradients

The results of Detrended Correspondence Analysis
described species and sample distributions along two axes
of changing vegetation composition. Two axes were

selected because the eigenvalues of the third and higher
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axes were considerably lower than those of axis 1 and axis
72, and because relationships of species and sample
distributions with the environmental factors examined were
not interpretable on these higher axes. Snow release date
was the environmental factor most strongly correlated with
axis 1 ordination scores (Table II-2). Snow on plots with
high axis 1 scores melted off early in the season. Plots
with low scores were located in late snow-melt flats and
basins, particularly on northern exposures.

Aspect and slope also showed significant, though much
weaker, correlations with axis 1 scores. These
relationships are not surprising. Aspect clearly affects
the timing of snow release, as south-facing slopes are
generally released early in the growing season; however,
some south-facing sites are not released until middle or
even late summer, while rock outcrops on northern
exposures may be free of snow by early June. Topography
also affects patterns of snow duration: steep slopes
typically accumulate less snow than do flats and basins,
and are thus likely to become snow-free earlier in the
season.

The degree of soil development was strongly
negatively correlated (-.55) with ordination scores on
axis 2. Plots with the highest axis 2 scores were located
in shallow pockets of sand or gravel on bedrock outcrops,
while plots in stands of trees or on mesic sedge or heath

meadows, on relatively well-developed soils high in
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organic matter, had the lowest axis 2 scores. Slope and
aspect were significantly, but weakly, correlated with
axis 2 scores. Slope and soil development were themselves
related: substrates on steep slopes were generally less
stable and had poorer soil development than on gentle
slopes and flats, and supported lower vegetation cover.

The degree of soil development was strongly and
significantly correlated with vegetation characteristics:
better-developed soils supported higher total cover and
more species than did poorly-developed soils (Table II-3).
Aspect and date of snow-release had weak but significant
effects on vegetation characteristics: plots released
early (or located on southern exposures) supported higher
cover than did those released late or on northern
exposures. Plots on steep slopes or northern exposures
had fewer species than did plots on gentle slopes and
flats or southern exposures.

These results show that, on Park Ridge, the timing of
snow release is the major cause of vegetation pattern.
Duration of snow cover has been widely recognized as a
primary factor influencing species distributions in
subalpine and alpine habitats (Billings and Bliss 1959,
Johnson and Billings 1962, Holway and Ward 1965, Canaday
and Fonda 1974, Douglas 1977, del Moral 1979b, Oberbauer
and Billings 1981, Isard 1986, Billings 1988, Evans and
Fonda 1990). Timing of snow release may affect soil

moisture availability, particularly in summer-dry
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climates, so that vegetation in locations released early
in the growing season.may be limited by moisture
availability by mid-summer (e.g., Ehleringer and Miller,
1975, Oberbauer and Billings 1981). Late-release
locations may be supplied with ample moisture, but their
dramatically compressed growing seasons influence
vegetation composition. In the Cascades, however,
subsurface soils generally remain moist throughout the
summer. Soil moisture availability may not affect the
growth of established plants, but may influence vegetation
patterns through effects on seedling establishment (Horn
1968, Chapin and Bliss 1988). Duration of snow cover also
affects soil temperature, with cold soils potentially
inhibiting plant growth on late snowmelt sites (Holway and
Ward 1963, Day et al. 1989, Evans and Fonda 1990), and
high surface temperatures inhibiting seedling
establishment on sites released early in the season (e.g.,
Brink 1964). Differential physiological and phenological
responses to soil moisture availability, soil
temperatures, and length of the growing season (e.g.,
Ehleringer and Miller 1975, Andersen et al. 1979, Peterson
and Billings 1982, Jackson and Bliss 1984) are translated
into shifting patterns of vegetation along the snow
release gradient on Park Ridge, as has been recognized in
other subalpine areas (e.g., Kuramoto and Bliss 1970,
Douglas 1972, Canaday and Fonda 1974, Douglas and Bliss

1977, Belsky and del Moral 1982).
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The relationship between soil development and

vegetation patterns forms a complex interaction, because
not only do soil characteristics influence vegetation
pattern, but vegetation characteristics also influence
soil development. The soil - vegetation complex of high
elevation environments is determined by interrelated
factors of moisture availability, depth of snow, and
length of the growing season (French 1986). Soil
characteristics have been examined in several studies of
subalpine and alpine vegetation (e.g., Klikoff 1965,
Kuramoto and Bliss 1970, Belsky and del Moral 1982,
Ratcliffe and Turkington 1987), but, in general, soil
development has not been interpreted as an environmental
gradient influencing vegetation patterns. On Vancouver
Islénd, however, Milko and Bell (1986) found patterns of
subalpine meadow vegetation to be influenced by the degree
of soil development (ranging from talus to well-developed
humic soils) and interpreted this as a successional
gradient as well. 1In addition, Douglas (1972)
differentiated communities on "rawmark" (chronically
disturbed and having little or no soil development) from
those on "residual" (well-developed) soils. He concluded
that soil development was strongly correlated with the
duration of snow cover, with late snowmelt sites having
poorly developed soils in comparison with sites released
early in the season. This relationship does not appear to

hold on Park Ridge, since the degree of soil development
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was not correlated with the date of snow release
(correlation coefficient = +.07, Spearman Rank Correlation
test). On this site, some early snowmelt plots had very
poorly-developed substrates, and some plots released in
mid-season were located on well-developed soils.

Better-developed soils on Park Ridge also supported
higher vegetation cover and greater species richness than
did poorly-developed soils (Table II-3). Although the
relationship between soil development and vegetation cover
is a two-way interaction (as vegetation aids in the
development of soil), the degree of soil development
probably strongly influences species richness on this
site. Bare, poorly-developed substrates on Park Ridge
have higher surface temperatures, lower surface moisture
availability, and higher rates of needle ice disturbance
than do better-developed, vegetated soils. These factors
are likely to inhibit seedling establishment of many
species that are able to establish in better-developed

soils, and result in lower species richness.

Communities

The distribution of plots (Fig. II-1) and species
(Fig. II-2) along the first and second DCA axes and
patterns of differential species dominance were used to

identify 9 community types (Fig. II-3). These types
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actually represent phases of vegetation changing gradually
along environmental gradients. The classification into
community types is used simply to facilitate comparison of
the results of this study with other descriptions of
subalpine vegetation in the Pacific Northwest. The types
were named for dominant or co-dominant species, except in
the case of the HERB community type, in which several
herbaceous species dominated different plots. Table II-4
summarizes species cover, composition, and diversity of
each community type. Environmental factors characterizing
each type are summarized in Table II-S5.

The Penstemon davidsonii (PEDA) community type was
widely separated from all others in ordination space,
occurring on poorly-developed soils in the middle range of
snow release dates (Fig. II-3). It was found on bedrock
outcrops on the crest and upper slopes of Park Ridge, on
sites which were released from snow in mid-June to early
July (Table II-5). Plants were rooted in shallow pockets
of sand and gravel on these outcrops. The vegetation was
characterized solely by P. davidsonii, and only small

amounts of a few other species, primarily Carex

spectabilis, were occasionally present. Vegetation cover
(18%) and diversity (1.6) were the lowest of any cbmmunity
(Table II-4).

The herb (HERB) community type, located at the early
end of the snow release gradient, spanned a wide range of

soil development (Fig. II-3). This type occurred on
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gentle to moderate slopes in the lower part of the study
area, almost exclusively on southern exposures releaséd
from snow during June. Overall, Lupinus latifolius and
Polygonum newberryi were the dominant species, but some
plots were dominated by Spraguea umbellata, Lomatium
martindalei, or Arenaria capillaris. Better-developed
soils on shallow slopes were typically dominated by L.
latifolius. This community type was low in total cover
(24%) and species diversity (1.9).

The Juniperus communis - Pinus albicaulis (JUCO -
PIAL) community type, released slightly later than the
herb community, also spanned a wide range of soil
development (Fig. II-3). This type was found on steep
upper slopes and along the crest of Park Ridge, mostly on
southern and western exposures. Snow release ranged from
mid-June to early July. Deeper, better-developed soils

were generally dominated by P. albicaulis, with J.

communis dominating coarser, shallower soils. Small

shrubs and herbs included Penstemon davidsonii, Lupinus

latifolius, Lomatium martindalei, and Arenaria capillaris,

all characteristic of open sites, and Vaccinium scouleri

and Vaccinium deliciosum, generally found under partial

tree canopy and at forest edges. Total cover (56%) and
diversity (2.1) were higher than in the very open and
depauperate PEDA and HERB community types.

The Abies lasiocarpa - Tsuga mertensiana (ABLA -

TSME) community type occupied a narrow middle range on the
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snow release gradient and spanned a moderate range of soil
development (Fig. II-3). This community was released from
snow between mid-June and early July, but slightly later
than the JUCO-PIAL type. This community type occurred
both along the ridge crest and occasionally as islands of
upright trees on both north and south slopes. On the

ridgecrest, both Abies lasiocarpa and Tsuga mertensiana

occurred either as krummholz or as upright but stunted
forms. Vaccinium deliciosum, characteristic of the edges
of subalpine forest, and Luetkea pectinata were the most
abundant understory species. Overall cover was high
(85%), due to the pértial tree canopy and well-developed
understory. Because of the presence of both subalpine
understory species (including Luzula hitchcockii,
Pedicularis racemosa, Sorbus sitchensis, and Arnica
latifolia) and open site species (such as Lomatium

martindalei, Nothocalais alpestris, Penstemon davidsonii,

Polygonum newberryi, Spraguea umbellata, and Antennaria

alpina), the TSME - ABLA community type was one of the
most diverse in the study area.

The group of plots located on the late end of the
snow release gradient and covering a middle range of soil
development was separated into five types, each
representing a center of dominance by a different species
(Fig. II-3). The Saxifraga tolmiei (SATO) community type
occurred at the latest end of the snow release gradient,

on relatively poorly-developed soils. This type was found
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on sites released from snow in late July to mid-August,
almost exclusively on north-facing aspects (Tabie II-5).
Many of these plots were in steep gullies with coarse,
erodable soils, which generally remained moist throughout
the growing season. Saxifraga tolmiei was the only

abundant species. Small amounts of Carex spectabilis,

Carex nigricans, Cardamine bellidifolia, Juncus
drummondii, and mosses occasionally occurred. Because of
the extremely short growing season and poor soil, the SATO
community was very low in total cover (22%) and species
diversity (1.9) (Table II-4).

The Carex spectabilis (CASP) community type was
located adjacent to the SATO community in the ordinafion,
with siightly earlier release from snow (Fig. II-3),
ranging from mid-June to late July (Table II-5). Like the
SATO type, it was found primarily on coarse, poorly-
developed soils on northern (but occasionally on southern)
exposures. Besides C. spectabilis, small amounts of
several other species occurred frequently, including

Antennaria alpina, Cardamine bellidifolia, Carex

nigricans, Juncus drummondii, Luetkea pectinata,

Phyllodoce empetriformis, and Saxifraga tolmiei. Overall

cover (29%) and diversity (2.1) were slightly higher than
in the SATO community (Table II-4).

The Carex nigricans (CANI) community type was located

adjacent to the SATO type in the ordination, with slightly

earlier snow release and better developed soils (Fig. II-
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3). This community occurred on both northern and southern
exposures, on gentle slopes and in basins where snowmelt
water often ponded in early summer. Soils were very well-
developed, but poorly drained. The vegetation was heavily
dominated by C. nigricans, and mosses were abundant.

While Carex spectabilis dropped to a minor component, many

associates of the CASP community type occurred here, with

the addition of Aster alpigenus and Cassiope mertensiana.

Dodecatheon jeffreyi, Tofieldia glutinosa, Mimulus
tilingii, Ccaltha biflora, and Gentiana calycosa were
common along a small stream on the south side of the
ridge. Vegetation cover (62%) of the CANI type was much
higher than that of the CASP or SATO communities.

The Phyllodoce empetriformis (PHEM) community type,

located adjacent to the CANI community in the ordination,
was typically found on hummocks adjacent to CANI meadows,
on sites released from snow slightly earlier. Soils were
well-developed, but better-drained than those of the CANI
community. Phyllodoce empetriformis had the highest
cover, but Cassiope mertensiana and Luetkea pectinata were
also important species, and mosses were abundant (Table
II-4). Other species characteristic of this community

type were Aster alpigenus, Carex nigricans, and Vaccinium

deliciosum, and a number of other species occurred in

small amounts. Vegetation cover was high (62%), and along
with the ABLA - TSME community, the PHEM type was the most

diverse in the study area.
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The Luetkea pectinata (LUPE) community type was

located in close proximity to the PHEM community, both in
ordination space (Fig. II-3) and in the study area. The
two types were released from snow at about the same time
(early to mid-July), but the LUPE community occurred on
slightly coarser, better-drained and less-developed soils.
Species composition of the two types was similar, except
that, in the LUPE community, ericaceous shrubs, mosses,

and Carex nigricans were reduced to minor components, and

the cover of Carex spectabilis increased. Both overall

plant cover (27%) and species diversity were much lower as

_ well.

Comparison With Other Subalpine Vegetation

in the Pacific Northwest

Several communities identified on Park Ridge show
strong similarities with others described in high
subalpine and low alpine areas in the Pacific Northwest.
The SATO, PHEM, LUPE, CANI, and CASP communities on the
northern exposure of Park Ridge are arrayed along the
gradient of snow release in a manner highly similar to
vegetation patterns in the western North Cascades (Evans
and Fonda 1990).

The high subalpine and low alpine Phyllodoce

empetriformis -~ Cassiope mertensiana community type,
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occurring on well-developed, well-drained soils on mid- to
late-snowmelt sites, is widespread throughout the Pacific
Northwest. It has been described in the Coast Range of
British Columbia (e.g., Brink 1959, Brooke et al. 1970),
in the western (e.g., Douglas and Bliss 1977, Evans and
Fonda 1990), as well as the drier east-central North
Cascades (del Moral 1979b), and in central Oregon
(Campbell 1973). 1In all descriptions, Luetkea pectinata
and Vaccinium deliciosum are the major associates of the
dominant heath species. Campbell's (1973) lower elevation

Phyllodoce empetriformis - Cassiope mertensiana community

in the same area is much poorer in species, particularly
forbs, than the type on Park Ridge. A Vaccinium
deliciosum community lying between this heath community
and Tsuga - Abies forest, has been recognized in several
studies (Brooke et al. 1970, Douglas 1972, Campbell 1973).
On Park Ridge, Vaccinium deliciosum was an important

component of the Tsuga mertensiana - Abies lasiocarpa

community, but of minor importance in the Phyllodoce
community (Table II-4), and the separation of a Vaccinium
type from these others did not seem justified.

A second widespread high subalpine or low alpine

community type in the Pacific Northwest is the Carex

nigricans meadow, variations of which are found as far
north as southeast Alaska (Douglas 1972). It has been
described by Douglas (1972), Henderson (1974), Douglas and

Bliss (1977), and Evans and Fonda (1990) in the North
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Cascades and by Brink (1959) in British Columbia.
Campbell (1973) recognized two variants of the C.
nigricans community at lower elevations in Hunt's Cove: C.

nigricans - Aster alpigenus and C. nigricans -

Polytrichum, on very late snowmelt sites. Throughout the
Pacific Northwest, most Carex nigricans communities are
distinguished by high cover of the sole dominant, with

Luetkea pectinata typically of secondary importance.

Elsewhere, as on Park Ridge, these "short-sedge" meadows
occur in poorly-drained depressions, such as old pond
basins, where alluvium accumulates. Snowmelt in the sedge
meadow is slightly later than in the heath community,
which generally occurs on the higher margins of C.
nigricans meadows.

Saxifraga tolmiei-dominated communities similar to

the one recognized on Park Ridge have been described in

the North Cascades by Douglas (1972), Henderson (1974),
Douglas and Bliss (1977), and Evans and Fonda (1990).

They are always found on north-facing slopes at high
elevation, with very late snowmelt and very poorly-
developed, chronically disturbed soils. This community
has not been recognized in the Olympic Mountains or in the
dry east-central North Cascades. In Oregon, it appears to
be restricted to high subalpine and alpine sites (e.g.,
Van Vechten 1960), probably because of the earlier

snowmelt and longer growing season at lower elevations.



37

The Carex spectabilis community described in this

study is not widely recognized and appears to be far more
variable in habitat and species composition than the types
previously discussed. According to Franklin (1988), C.
spectabilis is a dominant species in a lush herbaceous
community type widespread throughout the Pacific
Northwest, and a C. gspectabilis community has been
described in lower subalpine sites with early snowmelt
(Douglas 1972, Evans and Fonda 1990). Douglas and Bliss

(1977) described a Carex spectabilis community, similar to

those of Douglas (1972) and Evans and Fonda (1990), at
high elevations. Neither type corresponds in habitat or
species composition to the Carex spectabilis community
type on Park Ridge. On the basis of habitat and species
composition, the CASP community type on Park Ridge most
closely resembles del Moral's (1979a,b) sparsely vegetated

Carex spectabilis - dominated communities on late snowmelt

sites at high elevations in the North Cascades.

Luetkea pectinata is a common and widespread
component of many subalpine plant associations, but it has
rarely been recognized as a community dominant. A Luetkea
pectinata community comparable to that on Park Ridge
occurs in the Olympic Mountains (Evans and Fonda 1990).

In the North Cascades, Douglas (1972) also described a L.
pectinata community similar to that on Park Ridge,
occurring on poorly-developed, well-drained soils on

moderate-steep north~facing slopes. Such sites have a
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slightly longer growing season than those dominated by
Saxifraga tolmiei and the vegetation contains elements of
both the Saxifrada tolmiei and Phyllodoce empetriformis
communities.

The Abies lasiocarpa - Tsuga mertensiana community on
Park Ridge corresponds closely with Schuller's (1978) T.
mertensiana / Luzula hitchcockii community type in the
highest portion of the mountain hemlock zone on the east
slope of the High Cascades. In the North Cascades,
Douglas and Ballard (1971) described alpine krummholz
vegetation dominated by A. lasiocarpa and T. mertensiana,

with an understory (e.g., Phyllodoce empetriformis,

Vaccinium deliciosum, Luetkea pectinata, Arnica latifolia,

and Pedicularis racemosa) quite similar to that of the
Park Ridge community type. The ABLA - TSME community type
also resembles Douglas' (1972) T. mertensiana - Abies
amabilis (immature) community, which both invades and is
closely associated with heath and Vaccinium meadows.

Abies amabilis is a major species of the subalpine Tsuga
mertensiana zone in Washington, but decreases in
importance in Oregon (Franklin and Dyrness 1973), and is

replaced by A. lasiocarpa on cold, dry sites at high

elevation. These two community types have a number of
understory species in common, including Vaccinium

deliciosum, Luetkea pectinata, Cassiope mertensiana,

Phyllodoce empetriformis, and Sorbus sitchensis.
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Pinus albicaulis - dominated communities occur
elsewhere in the High Cascades, generally along dry,
windswept ridges. on Bachelor Butte, as on Park Ridge, P.
albicaulis grows in a wide range of soils, from thin, very
rocky soil to well-developed loam in older groves (Lueck

1980) . The Juniperus communis - Pinus albicaulis

community type on Park Ridge resembles the P. albicaulis -
Juniperus communis - Penstemon davidsonii community, which
occurs on ridges and knolls in the eastern North Cascades
(del Moral 1979b). As this community type occurs on dry,
exposed sites, it may not be a major component of the
vegetation in the cooler, moister western North Cascades.
A Penstemon davidsonii community type has not been
recognized elsewhere, and P. davidsonii is characterized
as a major component of the J. communis - P. albicaulis
community described by del Moral (1979) in the eastern
North Cascades. On Park Ridge, P. davidsonii is
frequently associated with the understory of, or rocky
areas adjacent to, the JUCO - PIAL community.

The HERB community type on Park Ridge lacks a close
analog in the North Cascades, although Lupinus latifolius
communities have been described there (Henderson 1974,
Douglas and Bliss 1977), and the community on Park Ridge
bears some resemblance to Kuramoto and Bliss' (1970)
"mesic grass type" on early snow-melt sites in the Olympic
Mountains. On Park Ridge, however, Festuca idahoensis is

lacking as a major associate, and Polygonum nhewberryi,
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important on Park Ridge, is absent from the sites in the
Olympics. The herbaceous communities of the North
Cascades have higher vegetation cover and species richness
than does the HERB type on Park Ridge. Several major
components of the Park Ridge HERB community type -- e.qg.,
Polygonum newberryi, Lomatium martindalei, and Arenaria
capillaris -- are widespread components of dry subalpine
communities on volcanic soils elsewhere in the Northwest
(del Moral 197%a, 1979b; Belsky and del Moral 1982,
Douglas and Bliss 1977).

These comparisons with other studies show that the
vegetation of Park Ridge in the Oregon High Cascades has
some distinct similarities with that of the North Cascades
and Olympic Mountains. The lack of subalpine vegetation
studies in the Siskiyou Mountains and northern California
Cascades and Sierra Nevada precludes evaluation of the
relative affinities among the vegetations of these areas.
While many of the dominant species in the communities
described on Park Ridge are also found in the Sierra

Nevada (e.g., Carex nigricans, Carex spectabilis,

Saxifraga tolmiei, Tsuga mertensiana, Juniperus communis,

and Pinus albicaulis) (Munz 1968), there is a lack of
detailed information on high elevation vegetation in this
large and diverse mountain range, and no close analogs of
the community types discussed here appear to have been

described in the Sierra Nevada. Carex meadows in the

Sierra Nevada are primarily dominated by species other
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than Carex nigqricans, although Pemble (1970) recognized a
Carex nigricans - Vaccinium meadow type, and Pinus |
albicaulis and Tsuga mertensiana are important components
of mixed subalpine conifer forest in the northern portion
of the range (Barbour 1988).

The mesic late-snowmelt communities on Park Ridge --
Carex nigricans, Phvllodoce empetriformis, Saxifraga
tolmiei, and Luetkea pectinata —-- are examples of
widespread, apparently rather consistent high subalpine-
low alpine community types in the Pacific Northwest. The
Juniperus communis - Pinus albicaulis, Penstemon

davidsonii, and Abies lasiocarpa-Tsuga mertensiana

communities are also probably closely related to
communities in drier portions of the North Cascades. The
other communities on Park Ridge (CASP and HERB types) are
less widespread and show greater site-to-site variation in
habitat and species composition. The lush herbaceous
communities described in most studies of subalpine
vegetation in the North Cascades (e.g., Henderson 1974)
are lacking on Park Ridge. In the vicinity of the study
area, these lush herb communities are restricted to lower
elevations, occurring primarily in gaps in the subalpine
forest.

Del Moral (1979b) suggests that it is difficult to
extrapolate vegetation patterns and community types much
beyond a specific area, because species behave

individually in response to environmental gradients, and
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species associations will therefore change with differing
environmental conditions among sites. However, despite
the individuality of species behavior, and despite the
fact that the floristic affinities of the Oregon High
Cascades appear to be closer to the Siskiyou Mountains and
northern California Cascade peaks than to the North
Cascade and Olympic Mountains (Taylor 1977), several of
the community types on Park Ridge show strong similarities
to those described elsewhere in the Pacific Northwest.
That these community types form a rather predictable
sequence of vegetation change is not surprising, given the
large pool of species common to both the North Cascades
and Oregon High Cascades subalpine vegetation,
individualistic species responses to environmental
gradients, and the overwhelming influence of a major
environmental gradient, duration of snow cover, throughout

the Pacific Northwest.
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Table II-1. Cover of the 16 most abundant species in the
- study area. "Overall" value is for entire study area (825
1-m? plots); "Vegetated plots" includes all those plots
not completely covered by talus or permanent snow (676 1-
m? plots). Species with less than 0.1% total cover were
grouped as "all other species".

Cover (%)

Species Overall Vegetated Plots

Carex nigricans
Luetkea pectinata
Mosses

Phyllodoce empetriformis
Vaccinium deliciosum
Cassiope mertensiana
Carex spectabilis
Tsuga mertensiana
Abies lasiocarpa
Juniperus communis
Pinus albicaulis
Saxifraga tolmiei
Vaccinium scoparium
Polygonum newberryi
Juncus drummondii

Aster alpigenus
All other species (40)
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Table II-2. Relationship between DCA sample scores on
axes 1 and 2 and environmental factors. Values shown are
Spearman rank correlation coefficients and P-values (in
parentheses). Aspect, snow release date, and soil
development were scaled factors. Aspect ranged from 1 =
NNE to 5 = SSW. Snow release date ranged from 1 = mid-
June to 5 = late August. Soil development ranged from 1 =
talus and scree to 5 = well-developed soil profile, high
in organic matter.

Factor Axis 1 Score Axis 2 Score
Elevation (m) + .05 (.172) + .04 (.297)
Aspect + .20 (.000) - .12 (.001)
Slope (degrees) + .09 (.019) - .08 (.045)
Snow Release Date - .46 (.000) + .07 (.069)

Soil Development - .03 (.451) - .55 (.000)
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Table II-3. Relationships between vegetation
characteristics and the environmental factors that were
significantly correlated with ordination scores. Values
shown are Spearman rank correlation coefficients and P~
values (in parentheses). Aspect, snow release date, and
soil development were scaled factors. Aspect ranged from
1 = NNE to 5 = SSW. Snow release date ranged from 1 =
mid-June to 5 = late August. Soil development ranged from
1 = talus and scree to 5 = well-developed soil profile,
high in organic matter.

Vegetation Species
Cover Richness
Snow Release Date - .15 (.000) - .05 (.219)
Soil Development + .63 (.000) + .56 (.000)
Aspect + .19 (.000) + .12 (.002)

Slope (degrees) - .04 (.311) - .12 (.002)
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Table II-4. Mean percent cover of species found in 9
community types on Park Ridge. A " + " indicates species
mean cover was less than 0.5 %. Community types are as
follows: PEDA = Penstemon davidsonii, HERB = herbaceous,
JUCO - PIAL = Juniperus communis - Pinus albicaulis,

ABLA - TSME = Abies lasiocarpa - Tsuga mertensiana, SATO =
Saxifraga tolmiei, CASP = Carex spectabilis, CANI = Carex
nigricans, PHEM = Phyllodoce empetriformis, LUPE = Luetkea
pectinata. Diversity measure is Simpson's Index (defined
as the inverse of the sum of the squares of the
proportional cover values).

Community Type

Species PEDA HERB JUCO ABLA SATO CASP CANI PHEM LUPE
PIAL TSME

Abies lasiocarpa + 15
Agrostis

variabilis + +
Antennaria alpina + + 1 + +
Arenaria

capillaris 2 2 + + +
Arnica latifolia +
Aster alpigenus + 1 + o+ 2 2 +
Caltha biflora +
Cardamine

bellidifolia + + + 1
Carex nigricans + 4
Carex phaeocephala
Carex spectabilis 3 + 2 1
Carex sp. 2
Cassiope

mertensiana 5 + 1 12 1

Castilleja
parviflora 1 + + + 1

Cryptogramma

acrostichoides +
Deschampsia

atropurpurea +
Dodecatheon

jeffreyi + 1 + +
Epilobium alpinum + + +

Erigeron
peregrinus +
Gaultheria
humifusa +
Gentiana calycosa + 1 + +

o+ N
W
B~

o+ o+
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Species

Community Type

PEDA HERB JUCO ABLA SATO CASP CANI PHEM LUPE

PIAL TSME

Hieraceum gracile
Hieraceum scouleri
Juncus drummondii
Juncus
mertensianus
Juniperus communis
Kalmia microphylla
Ligusticum grayii
Lomatium
martindalei
Luetkea pectinata
Lupinus latifolius
Luzula hitchcockii
Lycopodium
sitchense
Mimulus tilingii
Nothocalais
alpestris
Penstemon
davidsonii
Pedicularis
racemosa

Phyllodoce
empetriformis
Phyllodoce

glanduliflora
Pinus albicaulis

Poa cusickii
Polygonum
newberryi
Saxifraga
ferruginea
Saxifraga tolmiei

Selaginella densa
Senecio fremontii

Sitanion hystrix
Sorbus sitchensis

Spraguea
umbellata

13

~ +

21 +

+ N0+
O

18 3

11

++ + +

15
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Community Type

Species PEDA HERB JUCO ABLA SATO CASP CANI PHEM LUPE
PIAL TSME

Tofieldia

glutinosa +
Isuga

mertensiana + + + 16 + 2 2
Vaccinium

deliciosum 3 21 + + 3 1
Vaccinium

scoparium 6 3 +
Mosses + 1 1 3 14 7 1
Total Cover 18 24 56 85 22 29 62 62 27
Diversity 1.6 1.9 2.1 2.8 1.9 2.1 2.1 2.8 2.2
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Table II-5. Environmental characteristics of community
types on Park Ridge. Different letters indicate factors
differing among types at the 95% level (Fisher's Protected
LSD). Aspect, snow release date, and soil development
were scaled factors. Aspect ranged from 1 = NNE to 5
SSW. Snow release date ranged from 1 = mid-June to 5
late August. Soil development ranged from 1 = talus and
scree to 5 = well-developed soil profile, high in organic
matter. Community types are as follows: PEDA = Penstemon
davidsonii, HERB = herbaceous, JUCO - PIAL = Juniperus
communis - Pinus albicaulis, ABLA - TSME = Abies
lasiocarpa - Tsuga mertensiana, SATO = Saxifraga tolmiei,
CASP = Carex spectabilis, CANI = Carex nigricans, PHEM =
Phyllodoce empetriformis, LUPE = Luetkea pectinata.

Community Type

Factor PEDA HERB JUCO ABLA SATO CASP CANI PHEM LUPE
PIAL TSME

Elevation

(m) 2043ab 1983e 2068a 2043ab 2042ab 2022c¢ 1999d 201l6¢c 2014cd

Slope

(degrees) 8e 12de 20a 15bc 16bc 1l1de 10de 1llde 13cd

Snow

Release

Date 1.4d 1.0d 1.44 1.6d 3.5a 2.5¢ 3.0b 2.4c 2.4c

Aspect 3.0cd 3.,7ab 3.9a 3.lcd 1.8f 2,84 3.4ab 3.0cd 2.7d

Soil

Develop-

ment 2,2d 3.6b 3.7b 4.5a 3.1lc 3.5b 4,5a 4.,5a 3.6b




Figure II-1. Detrended Correspondence Analysis (DCA) of
high subalpine vegetation on Park Ridge showing the 676
vegetated sample plots in ordination space. A high axis
score indicates early date of snow-release (June); a low
score indicates late snow-release (August). A high axis
score indicates poorly-developed substrates (talus and
scree); a low score indicates well-developed soil.

50
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Figure II-2. Detrended Correspondence Analysis (DCA) of
high subalpine vegetation on Park Ridge showing the major
species in ordination space. A high axis 1 score
indicates early date of snow-release (June); a low score
indicates late snow-release (August). A high axis 2 score
indicates poorly-developed substrates (talus and scree); a
low score indicates well-developed soil. Species codes
are as follows: ABLA = Abies lasiocarpa, ARCA = Arenaria
capillaris, ASAL = Aster alpigenus, CABE = Cardamine
bellidifolia, CANI = Carex nigricans, CASP = Carex
spectabilis, CAME = Cassiope mertensiana, JUDR = Juncus
drummondii, JUCO = Juniperus communis, LOMA = Lomatium
martindalei, LUPE = Luetkea pectinata, LULA = Lupinus
latifolius, MOSS = mosses, PEDA = Penstemon davidsonii,
PHEM = Phyllodoce empetriformis, PIAL = Pinus albicaulis,
PONE = Polygonum newberrvi, SATO = Saxifraga tolmiei, SPUM
= Spraquea umbellata, TSME = Tsuga mertensiana, VADE =
Vaccinium deliciosum, VASC = Vaccinium scoparium.
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Figure II-3. Detrended Correspondence Analysis (DCA) of
high subalpine vegetation on Park Ridge showing division
into 9 community types based on differential dominance and

shifts in
indicates
indicates
indicates
low score
are named
Penstemon

species composition. A high axis 1 score

early date of snow-release (June); a low score
late snow-release (August). A high axis 2 score
poorly-developed substrates (talus and scree); a
indicates well-developed soil. Community types
after dominant species, as follows: PEDA =

davidsonii, HERB = Lupinus latifolius, Polygonum

newberryii or other herbaceous species; JUCO-PIAL =

Juniperus

communis - Pinus albicaulis, ABLA-TSME = Abies

lasiocarpa - Tsuga mertensiana, SATO = Saxifraga tolmiei,
CASP = Carex spectabilis, CANI = Carex nigricans, PHEM =

Phyllodoce empetriformis, and LUPE = Luetkea pectinata.
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CHAPTER III. ALPINE PLANT PHENOLOGY, REPRODUCTION, AND

RECRUITMENT ALONG A LOCAL SNOWMELT GRADIENT

INTRODUCTION

The short growing season of alpine and high subalpine
habitats is widely believed to severely restrict plant
reproduction (e.g., Callaghan and Collins 1976, Jolls and
Bock 1983), and perennial species typically require the
entire growing season to mature fruits and seeds (Jackson
and Bliss 1984). It has been widely assumed that, because
of the low probability of seedling establishment in tundra
environments, vegetative regeneration is the primary means
of recruitment in most populations (e.g., C