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Abbreviations of species used in names of habitat and community types

Abbreviation Species Common name

ABAM Abies amabilis Pacific silver fir

ABLA2 Abies lasiocarpa Subalpine fir

ABPR Abies procera Noble fir

ACTR Achlys triphylla Deerfoot vanillaleaf

ALRU Alnus rubra Red alder

ARUV Arctostaphylos uva-ursi Kinnikinnick

BENE Berberis nervosa Oregongrape

CEVE Ceanothus velutinus Snowbrush ceanothus

CHNO Chamaecyparis nootkatensis Alaska-cedar

ERMO Erythronium montanum Avalanche fawnlily

GASH Gaultheria shallon Salal

HODI Holodiscus discolor Creambush oceanspray

LYAM Lysichitum americanum Skunkcabbage

MEFE Menziesia ferruginea Rustyleaf

OPHO Oplopanax horridum Devilsclub

POMU Polystichum munitum Swordfern

PSME Pseudotsuga menziesii Douglas-fir

RHAL Rhododendron albiflorum Cascades azalea

RULA Rubus lasiococcus Dwarf blackberry

RUSP Rubus spectabilis Salmonberry

TIUN Tiarella unifoliata Western coolwort

TSHE Tsuga heterophylla Western hemlock

TSME Tsuga mertensiana Mountain hemlock

VAAL Vaccinium alaskaense Alaska huckleberry

VAOV Vaccinium ovalifolium Ovalleaf huckleberry

VASI Valeriana sitchensis Sitka valerian

VISE Viola sempervirens Evergreen violet

XETE Xerophyllum tenax Common beargrass
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Frontispiece. Mosaic of forest stands of varying age and composition on Sunrise Ridge,

Mount Rainier National Park.
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Summary

The forests of Mount Rainier National Park are a major natural re-

source. They extend up the mountain slopes to an elevation of about

1800 m (5,800 ft) and occupy 60% of the Park landscape. This phy-

tosociological study, conducted during 1975-80, has provided a de-

tailed description and classification of these forests for the use of park

managers and visitors. The forests lie within three zones based upon

the major climax tree species: Tsuga heterophylla, Abies amabilis, and

Tsuga mertensiana. A total of 14 plant associations and 5 community

types were recognized across the range of environmental conditions

represented within the Park. The moist forest types have rich understo-

ries that include numerous herbaceous species and shrubs such as

Oplopanax horridum. The Abies amabilislVaccinium alaskaense

Association is typical of modal environments and the most extensive

formation within the Park. Dry associations are typified by Gaultheria

shallon- and Berberis /t^rvosa-dominated understories. High-elevation

forest types belong to the cold grouping and are typified by herbaceous

understories on better drained sites and by dense understories of

ericaceous shrubs on wet sites. Forest types show strong relations with

elevation and landform, although details vary in the four Park quad-

rants. Moisture, temperature, and duration of snowpack appear to be

the primary environmental variables. Wildfire has been the major forest

disturbance; approximately 90% of the forests have arisen after fire, 7%
after avalanche, and 2% after lahars. The natural fire rotation was cal-

culated as being 465 years before white settlement of the region. Cli-

matic episodes appear to have been important in creating conditions for

wildfire. Uses of the forest type classification by managers include in-

terpretations of the potential value of sites for development, productiv-

ity and resilience, value for wildlife, and visitor interest. Large color-

keyed maps (Plates 1 and 2) are included on the inside back cover to

show the distribution of the plant associations and major forest age

classes within the Park.



Chapter 1

Introduction

Dense, coniferous forests clothe the lower slopes and valleys of

Mount Rainier National Park (the Park). They surround the lofty vol-

canic centerpiece and provide the locale for much of the visitors' ac-

tivity. The forests are rich and varied—from massive, somber stands of

Pseudotsuga, Tsuga, and Thuja in the valley bottoms to open groves of

Abies lasiocarpa on high ridges. They are, in themselves, a major re-

source of the Park, providing outstanding examples of the virgin forests

that once occupied the mountains and lowlands of western Washington.

The forest ecosystems of Mount Rainier have received little system-

atic study in contrast to the geological features and subalpine meadow
regions. Yet sound management decisions, as well as accurate inter-

pretive programs, require a basic knowledge of the sylvan landscapes.

What kinds of forests are present and how are they distributed over the

landscape? What role have disturbances, such as fire, played in their

formation? In what direction and at what rate are successional changes

taking place? What forest types do various birds and mammals use?

Our phytosociological analysis of the forest communities of Mount
Rainier National Park was conducted from 1975 to 1980. The objec-

tives of this study were to:

1. Develop a classification of the potential natural vegetation and

forest habitat types (sensu Daubenmire 1966);

2. Describe the existing forest vegetation and place it in the context

of the classification; and

3. Relate the forest communities to key environmental factors.

We present the results of our research in this monograph. Fourteen

major plant associations, defined by mature forest stands, are identified

along with five community types representing some distinctive early

stages of forest succession. Each type is described and related to other

types and to environmental conditions. Forest line is the upper bound-



The Forest Communities of Mount Rainier National Park

ary of the study area; the forest patches and tree groups of the sub-

alpine parklands are, therefore, not included in this monograph.

The research had several purposes. First, to provide park managers

with an understanding of the forest patterns. Managers and interpreters

are provided detailed information on the composition and structure of

the forests, as well as a scheme that shows their relationships to each

other and to the landscape. Many management interpretations are ob-

vious and are presented in Chapter 8. Some habitats have exceptional

importance for elk, for example. Second, to provide scientists with a

framework of forest types for their studies of various organisms and

processes, a system that allows results to be extrapolated from one lo-

cale to another. Last, but not least, to provide the visitor with a better

appreciation of the diversity, value, and dynamic nature of these mag-

nificent forests; this monograph is particularly useful in providing de-

tailed background to the narrative "The Forests of Mount Rainier: A
Natural History" (Moir 1986).

A map showing the distribution of habitat types over Mount Rainier

National Park is included as a basic part of this report (Plate 1). This

map is based on extensive ground surveys conducted during the devel-

opment and testing of the classification. A map showing the distribu-

tion of forest age classes is also included (Plate 2). This map is based

on an analysis of forest disturbances during the last 1,000 years; sup-

portive information is provided in Chapter 7 and comprehensively re-

ported by Hemstrom and Franklin (1982).

These forest descriptions and maps are only one step in a systematic

study of the forests at Mount Rainier. Permanent sample plots have

been established in most of the forest types for observation of long-

term changes and are yielding valuable data on the dynamics of these

forests (Chapter 7). Temperature regimes of several forest types have

also been studied (Greene and Klopsch 1985). Studies of the vertebrate

animals characteristic of the old-growth forests are underway. Hence,

this monograph is only one indication of an expanding understanding of

these forests, and we hope it will lead to their greater appreciation and

improved management.



Chapter 2

Physical Setting

Mount Rainier National Park occupies 96,797 ha (241,922 acres) on

the western slopes of the Cascade Range in Washington. The diversity

of climate, geology, and soils found in this rugged mountain region is

outlined in this chapter. Much variability in both vegetation and en-

vironment is related to the geography of the Park, making its division

into four quadrats of major drainage basins (Carbon, Nisqually-

Puyallup, Ohanapecosh-Cowlitz, and White) (Fig. 1) useful in much of

the discussion that follows.

Figure 1. Outline of Mount Rainier National Park showing major features and subdrainages.
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Climate

Mount Rainier is situated within a temperate, maritime climate. A
high pressure region over the north Pacific Ocean shifts southward dur-

ing fall and winter, and warm, moist air moves from a southwesterly

direction into the Cascade Range. Condensation of this cooling air as it

rises along the mountain slopes results in a rainy season during late fall

and winter and continues almost without break until March or April

(Phillips n.d.). At the higher elevations, snow begins accumulating in

early November and builds to depths of 5-7 m (18-23 ft) or more by

March or April. These wet seasons end when high pressure again de-

velops over the region, and July and August are usually comparatively

dry.

Seasonal trends of mean monthly precipitation and temperature are

given in Figure 2. Several climatic zones exist within the forested re-

gion around the massive ice-laden volcano. The mean monthly tem-

peratures are 2-4°C (4-9°F) lower at Paradise (parkland subzone of

Tsuga mertensiana Zone) than at Longmire (Tsuga heterophylla Zone).

In addition to the gradient in temperature with elevation, the precipita-

tion varies both with elevation and with position around the volcanic

cone. Greatest precipitation is recorded at the high-elevation Paradise

station, often in the form of snowfall. Maximum snow accumulation

occurred there in March 1956 when the depth reached 9.3 m (367 in).

At lower elevations, the Parkway station in the White River drainage is

in the driest sector and the Carbon River station is in the wettest sector

(especially during spring and summer months).

Because of the dry summers at low to intermediate elevations and the

forest vegetation's high transpiration rate, soil water supply is low by

August and September; summer months can result in strong contrasts in

soil water supply for various forest types (Zobel et al. 1976). At higher

elevations, however, snow melt, runoff, and shorter growing seasons

considerably lessen the duration and intensity of water stress in forest

vegetation. Also, fog or cloud condensation at elevations below dew-

point further lower the gradient in transpiration during summer months.

Therefore, forests within the climate of the Tsuga mertensiana Zone

appear to be influenced and differentiated by topographic variations in

snow accumulation and duration, soil water drainage, and heat budgets.

Growing seasons are comparatively short, and opportunities for tree

seedling germination and survival are limited by snow depths, low tem-

peratures, and restricted periods of photosynthesis.

Geology

The geology of the Park has been clearly summarized by Crandell

(1969). In the forested landscape, four general geological processes

have influenced forest development: (1) Tertiary volcanism and sedi-
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of Commerce, Weather Bureau, 1965.)
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mentation; (2) Pleistocene and Holocene eruptions that produced the

Rainier volcanic cone and showered the region with volcanic ash;

(3) lahars, landslides, rockfalls, and other mass wasting and removal

processes; and (4) glacial and fluvial events of the Pleistocene and Ho-

locene eras.

Much of the forested landscape further away from the Rainier vol-

canic cone occurs on ridges of Tertiary rocks radiating from it in

spokelike fashion. Major geologic formations include the Ohanapecosh

(sandstone and breccias), Steven's Ridge (welded ash-flow tuffs), and

Fifes Peak Formations (andesite). Granodiorites intruded the Mount
Rainier area about 12 million years ago; they outcrop in various places

along the White, Carbon, and Nisqually valleys, and include the Ta-

toosh Range. The distribution of these Tertiary formations is shown on

a map by Fiske et al. (1963). Many of our study plots of steep colluvial

slopes or ridges (such as Backbone Ridge) occur on these formations

that predate the Rainier volcanic cone.

Mount Rainier is a complex composite volcano that probably origi-

nated half a million years ago. Ridgetops such as Rampart Ridge and

Klapatche Ridge were formed by andesitic lava flows that moved down
and filled old river valleys. Similar flows, piling on top of one another

through time, built up the central cone until its summit was some thou-

sands of feet higher than Mount Rainier is at present. During Holocene

time (the past 10,000 years), eruptions from Mount Rainier and other

volcanoes, particularly Mount St. Helens, have showered the area with

a variety of pyroclastic deposits (Mullineaux 1974). These deposits are

particularly important because they form part or all of the soil materials

in most forested areas.

Many lahars (volcanic mudflows) originating on Mount Rainier dur-

ing the last 10,000 years have moved down valley floors and buried

them under meters of rock debris. These lahars devastated existing for-

ests and their deposits provided new substrate for primary succession.

Many lahar surfaces on Mount Rainier have been dated (Crandell

1971). Recent lahars occurred in all the valleys, but did not reach

lower, forested areas of the Ohanapecosh and Carbon River valleys. The

Osceola mudflow in the White and West Fork valleys evidently origi-

nated in avalanches of hydrothermally altered rock near the summit of

Mount Rainier about 5,700 years ago. It is one of the largest lahars

known in the world; its tremendous volume might represent the former

summit of Mount Rainier (Crandell 1971). Effects of smaller lahars on

forests are shown by the 1947 Kautz lahar in the Nisqually drainage on

which forests are now in early successional stages (Fig. 3).

Other recent mass wasting processes that start forest succession in-

clude large landslides, and more localized rock debris flows, talus

slides, and floods. Some of the major landslides are ancient relative to



Physical Setting 7

Figure 3. Mudflows have periodically destroyed forests in some of the major river valleys.

Kautz Creek mudflow, pictured here in 1978, occurred in October of 1947 and killed most of the

trees by burying their root systems.

the ages of the oldest forests we studied (Fiske et al. 1963) and are

covered by layers of pyroclastic deposits. On steeper slopes, however,

where colluvial processes are active, soils commonly consist of mix-

tures of volcanic ash and rock fragments. Important, too, are the relief

and drainage features created by these mass wasting or slump processes

on forested slopes (Swanston and Swanson 1976). Slow drainage on

closed depressions (such as benches) and very rapid drainage of taluses

are good examples.

Glacial, glacial-outwash, and alluvial landforms are common at all

forested elevations on Mount Rainier. Rates of forest establishment on

high elevation moraines have been measured by Sigafoos and Hendricks

(1972). Complex interbeddings of alluvial and lahar deposits are found

along the lower valleys (the lahar assemblages of Crandell 1971).

Glacial outburst floods (Richardson 1968) may cut away existing river

terraces and create new ones as substrates for new forest successions.

Surficial deposits of glacial origin include a wide variety of drift mate-

rials (Crandell and Miller 1974). Many of these are buried under recent
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volcanic ash, and are not important as soil substrates. But some of our

forest plots are located in landscapes topographically or edaphically

controlled by these older drifts. At limited locations in the Tsuga mer-

tensiana Zone, more recent drifts (McNeeley and Garda Drifts) are

found, but most of the Holocene deposits are within the subalpine park-

land outside the closed forest region of this study.

Topography

The topography of the forested valleys and slopes around Mount Rai-

nier is very rugged because the landscape is comparatively youthful

(Fig. 4). Steep runoff and erosion gradients exist along the flanks of

this 4394-m (14,410-ft) volcano. The variety of geomorphic processes

shaping the landscape include volcanic, glacial, fluvial, mass wasting,

and other erosion processes described earlier. The resultant topography

exists in scales ranging in magnitude from kilometers (for major land-

form features) to meters (microrelief).

At elevations below 1000 m (3,500 ft), broad valleys radiating from

the volcanic cone are separated by steep to vertical canyon walls.

Nearly flat or very gentle slopes characterize the alluvial and lahar de-

posits on these valley floors, with hummocky microrelief at the smaller

scale. Lower valley sideslopes are of moderate to severe steepness, es-

pecially where glaciers or streams exerted intense, downcutting activity.

Cliffs and ledgy canyon sidewalls are particularly conspicuous, for

example, in the Ohanapecosh drainage. At smaller scales, hillslope ero-

sion and mass wasting have created systems of ridges and depressions

and local, benchy topography on these sideslopes (Swanston and Swan-

son 1976).

The forested midelevations of 1000 to 1350 m (3,500 to 4,500 ft)

present certain topographic contrasts to the lowlands. Streambed gra-

dients of valleys are steeper; in places, spectacular, entrenched rivers

are illustrated by such features as the Box Canyon of the Cowlitz. Val-

ley profiles within major drainages may present more abrupt contrast

between valley flows, narrow toeslopes, and steep sidewalls. Cliffs and

falls are common. The canyon slopes present a complex focal relief of

draws and downsloping ridges, benchy and uneven topography.

The upper elevation forests above 1350 m (4,500 ft) are commonly
found on the upper surfaces of volcanic flows and within cirques of

upper glacial basins. Relief varies from nearly flat (for example, Grand

Park) to gentle, undulating topography. The steep and very steep to-

pography of midelevations is less prevalent. Upper slopes and ridges

are common. Glacial basins and morainal features are dissected by

snowmelt and runoff channels. Other local topographic features include
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Figure 4. Forests typically occupy rugged mountain slopes and ridgetops in Mount Rainier

National Park. A portion of the White River valley.

rock outcrops (along Pinnacle Peak trail in the Tatoosh Range, for ex-

ample), rock avalanche and talus slopes, and rough broken land along

upper valley slopes.

The distribution of topographic relief features according to elevation

determines the shape of the forest-environment diagrams provided in

Chapter 6 (see, e.g., Fig. 34). Upper slopes and ridgetops are more
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characteristic of upper elevations, whereas broad valley bottoms,

streamside terraces, and river bars are most important at the lower. But

each of the major forested drainages around Mount Rainier present dif-

ferences in topography which account for the shape of each diagram.

Soils

The soils of the Park have not been described in published literature.

Franklin (1966) recognized the podzolic nature of many soil profiles

and described numerous buried soil horizons resulting from successive

volcanic ash deposits. Data from similar soils in the northern Wash-

ington Cascade Range indicate that such soils fit all but one criterion

for classification into the Spodosol order (Singer and Ugolini 1974).

The accumulations of surface organic horizons, development of iron

pans, and particle movement from eluvial to illuvial horizons are typ-

ical features of soil profiles (Franklin 1966, Hobson 1976).

All soil parent materials in the Park are of Holocene age. Profiles

have developed in materials of glacial, alluvial, colluvial, or pyroclastic

origin. Topography and geographic locations relative to eruptive

sources of pyroclastic particles are major determinants of soil parent

material composition. The most common soil parent materials are the

pyroclastic deposits (tephras) 1 erupted from Mount Rainier, Mount St.

Helens, and, less commonly, Mount Mazama. Mullineaux (1974) and

Hobson (1976) describe the distribution of these pyroclastics in our

study area and their importance as soil parent materials. Hobson (1976)

classified Mount Rainier soils on the basis of geological origin, relief,

and drainage features. His system was adopted for this report.

Tephra soils can be identified by individual ash layers (Mullineaux

1974) differentiated by color, texture, and presence or absence of lapilli

(Fig. 5). Many possible combinations of ash layers are found in profiles

because of the nature of tephra distribution in this region, the presence

of lithic layers between tephras, and various mixing and local re-

distribution processes associated with topographic relief (Hobson

1976). Furthermore, any particular pyroclastic deposit might bury the

existing forest soil profile in either intact or altered condition. Colluvial

material might also be found within or between various tephra layers,

but generally comprise less than about 2 percent of the soil volume. At

wetter sites internal drainage might be moderately or strongly impeded

by iron pan development. On relatively hot, dry sites drainage is usu-

ally good, and development of podzolic A2-B2 horizon sequences may
be weak.

'Tephra refers to all types of volcanic ejecta (e.g., ash or pumice) that are aerially depos-

ited on the landscape.
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such as the conspicuous tephra W, the whitish deposit, underlain by coarse-textured lapilli of the

tephra C.
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Tephra soils are very common in the forests. The following profiles

indicate typical features of these soils. The first profile was found be-

neath an Abies amabilis IRhododendron albiflorum community near

Narada Falls (Franklin 1966):

Horizon

Depth

(Centimeters) Description

01 9-7 Matted needles, leaves, and twigs; pH 4.7.

02 7-0 Densely matted decomposing and humidified organic matter

with abundant roots; pH 4.2.

A21 0-2 Gray, coarse sand; single grain; 1-7 cm thick; pH 4.2;

abrupt wavy lower boundary.

A22 2-5 Very dark gray, coarse sand; single grain; 1-7 cm thick;

pH 4.4; abrupt wavy lower boundary.

B21 5-15 Very dark brown, gravelly sandy loam; moderate medium

subangular blocky structure; 8-25 cm thick; 26 percent

pumice lapilli; 7.8 percent organic matter; many distinct

mottles of very dark gray brown and few of dark reddish

brown and dark gray; roots, rotting wood, and charcoal

abundant; pH 4.9; clear irregular boundary.

B22 15-20 Very dark gray-brown to gray sandy loam; weak, fine

subangular blocky structure; 1-8 cm thick; 16 percent

pumice lapilli; many fine to coarse indistinct mottles of

very dark brown; charcoal, roots, and rotting wood

common; pH 4.9; abrupt wavy boundary.

IIB23 20-57 Mosaic of yellowish red and dark brown, coarse sand;

moderate medium subangular blocky structure; 12.8 percent

organic matter; charcoal common at top and bottom; roots

occasional; pH 4.9; abrupt smooth boundary.

IIIB24g 57-90 Very dark gray, sandy clay loam; massive breaking to

moderate medium to coarse subangular blocky structure;

8.7 percent organic matter; abundant distinct coarse layers

and mottles of very dusky gray and black (organic matter

and charcoal); few distinct coarse mottles of dark gray

brown or gray; few fine roots in upper 3 cm of horizon;

pH 5.1; abrupt wavy boundary.

IVB3 90-105+ Dark yellowish brown, very rocky loamy sand; massive,

very firm; 85 percent rocks and gravel by volume, rocks

andesitic breccia, subangular to rounded, and up to 35 cm

long; rocks form line at top of horizon; 6 percent organic

matter; many distinct fine to coarse mottles of dark reddish

brown (rotting wood); iron staining around rocks; no roots;

pH 5.3.

This profile, taken from a river terrace along Fryingpan Creek (see

Fig. 5), shows the relationships between pyroclastic deposits

(Mullineaux 1974) and soil horizons in even more detail:
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Pyroclastic deposit

Depth

(Centimeters) Soil horizon

Not applicable

Post W
W
Pre-W

C
C
C + unknown

P + unknown

Unknown + Y

12-0 01 and 02

0-2 A21

2-8 IIA22

8-12 IIIA21b

12-20 IVBirb

20-35 IVClb

35-47 VC2b
47-57 VIC3b

57-77 VIIC4b

Colluvial soils are the dominant soil group in the Park. Hobson

(1976) describes these as unstable soils, rapidly drained, and consisting

of coarse, unconsolidated, mixed parent materials. They are found on

slopes at all elevations, but especially the steeper slopes and south-

facing aspects. Colluvial soils intergrade with tephra soils, but are

identified primarily by the mixing of pyroclastic and nonpyroclastic

materials. The pyroclastic materials are minimally layered, and where

several ash deposits exist they are generally well mixed. Notable excep-

tions occur in colluvial soils having an unmixed tephra W surface layer

or tephra Y sublayer. The following profile was considered by Hobson

(1976) to be representative of colluvial soils in the Park. It is found

under an Abies amabilislXerophyllum tenax community on a steep mid-

slope on Rampart Ridge:

Horizon

Depth

(Centimeters) Description

01 9-7

02 7-0

A21 0-2

IIA22

IIIB

2-5

5-60

Litter

Duff, roots common
Dark gray, fine sand (post-W tephra); loose; roots common;

abrupt smooth boundary with

Mixed gray and yellowish brown, coarse sand (tephra W);

single grained; roots common; abrupt irregular boundary

with

Yellowish brown, gravelly sand; 25 percent lapilli and

angular gravels increasing with depth; loose; roots abundant

at 40 cm grading to few at 50 cm.
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Alluvial soils occur in major river valleys, along lesser streamsides,

on wet benches where fine-textured water-deposited materials are often

mixed or interbedded with tephras, and on alluvial slopes and fans.

Soil materials are often in stratified, water-laid layers on depositional

landforms. Along the floodplains of broader valleys, centuries of depo-

sition and subsequent downcutting by rivers produced terraces well

above the present-day stream channels. Elsewhere, alluvial deposits

have been formed by glacial outburst floods or by ephemeral streams

carrying snowmelt discharge from upper slopes. Depositional sequences

of alluvial materials vary considerably in thickness and textures. Vari-

ous surface or subsurface strata may consist of skeletal, cobbly sands,

coarse undifferentiated sand, and fine or very fine sands. Deposition

may also have resulted in patterns of mounds and depressions, whose

microrelief presents strong contrasts in soil moisture and drainage.

Some alluvial soils exhibit Al horizon, others may have subsurface

gleyed horizons. Many can be classified as Fluvents (Soil Survey Staff

1975). The following example of an alluvial soil is from a Tsuga het-

erophyllalOplopanax horridum community on a river bar at the Grove

of the Patriarchs:

Horizon

Depth

(Centimeters) Description

01/02

Al

IIC

3-0

0-3

3-14

14-65 +

Organic horizons

Very dark brown, fine sand; moderate medium crumb

structure very friable; fine roots common; boundary clear

and smooth with

Dark yellowish brown, fine sand; massive, breaking to

moderate coarse subangular blocky structure; very friable;

fine roots common, few medium roots; boundary smooth

and clear with

Dark gray sand; massive breaking to single grain structure;

few roots; some variation in texture with depth suggests

several alluvial deposits.

Mudflow soils are Hobson's (1976) fourth group. Surface or subsur-

face parent materials within the rooting zone are of laharic origin. The

soils may also contain tephra W or alluvial or colluvial surface depos-

its. In such cases, the presence of rounded rocks or boulders on or

beneath the surface help identify mudflow soils. Soil profiles range

from totally undifferentiated to displaying well-developed horizons, as
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given in the example below. Old lahar surfaces in major valleys often

have surficial alluvial deposits, so that soils may closely resemble the

group of alluvial soils described above. The following profile was

found under an Abies amabilislVaccinium alaskaense community on an

upper slope near Round Pass and belongs to Hobson's group of

mudflow soils:

Horizon

Depth

(Centimeters) Description

01

02

A2

B21ir

B22

9-8

8-0

0-6

6-17

17-36

36-51 +

Litter mat

Compacted humus with abundant roots

Very dark gray, fine loamy sand; medium and fine roots

abundant; boundary wavy and clear with

Dark reddish brown, fine sandy loam; moderate medium

coarse subangular blocky structure, firm or very firm; iron

concretions common; few fine roots, mostly along ped

faces; boundary wavy and clear with

Dark brown, cobbly, gravelly, loamy sand; massive

breaking to weak medium and coarse subangular blocky

structure; very friable; pumice grains about 5 mm diameter

are well weathered; cobbles 15-20 percent; medium and

fine roots common; boundary abrupt and irregular with

Dark gray brown, cobbly, gravelly, loamy sand; massive;

iron-stained concretions about 6-7 mm diameter at

boundary with B22; cobbles plus gravels 50-60 percent by

volume; no roots.

Hobson's classification of soils did not include all the soil types we
encountered in this study. Miscellaneous soils included Entosolic pro-

files of recent moraines and drifts, and occasional peaty or deep humic

soils along streams within the Tsuga mertensiana Zone.



Chapter 3

Biological Features

The diversity of the flora and fauna in Mount Rainier National Park

reflects the Park's great environmental and elevational range. General

features of the vegetation, as understood from past studies, are briefly

reviewed here. Detailed discussions of disturbance and succession are

found in Chapter 7.

Vegetation

Closed coniferous forests and subalpine and alpine meadow commu-
nities are the major plant formations in the Park. The forests occupy

about 60 percent of the Park landscape, extending to elevations of about

1600 m (5,250 ft) on the western and 2000 m (6,000 ft) on the north-

eastern slopes of the volcano. Parklands (mosaics of forest patches, tree

clumps, and meadows) extend above the forest line for another 300 m
(1,000 ft) (Fig. 6). Ice, permanent snowfields, rock, and barren ground

predominate above about 2500 m (8,200 ft).

The forests of the Park are part of the coniferous forest formation of

the world. Regionally, these forests have been described by dominance

of Pseudotsuga menziesii within Tsuga heterophylla-Thuja plicata

climaxes (Franklin and Dyrness 1973), and as being part of the Tsuga

heterophylla and Tsuga mertensiana ecogeographic provinces (Dauben-

mire 1978). These stands are known for their density, productivity,

nearly complete conifer dominance, and the size and longevity of the

dominant tree species. Most coniferous genera find their largest and

often longest lived representatives in these forests, including

Pseudotsuga, Tsuga, Abies, Chamaecyparis, Picea, Pinus, and Thuja

(Fig. 7). Forest productivity and the massive accumulations of wood
relate to the attainable sizes and ages as well as the relatively moderate

winter temperatures and dry summers characteristic of the region (War-

ing and Franklin 1979).

16
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Figure 6. Parkland mosaics of tree stringers and patches and subalpine meadows extend about

300 m (1,000 ft) above forest line with permanent snowfields, rock, and barren ground common
above the parkland. Headwaters of Nickel Creek.
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Figure 7. This massive 1,000-year-old Douglas-fir grows in a stand of the Abies amabilisl

Vaccinium alaskaense habitat type along the upper Ohanapecosh River.
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Variation in the forests of this region relate mainly to three factors:

temperature regime, moisture (including snow) regime, and the length

of time the forest has gone undisturbed. Disturbance will be discussed

in the next section. Temperature is primarily responsible for the strong

changes in forest conditions associated with elevation; these changes

are typically described as belts or zones (see, for example, Zobel et al.

1976). There are three forest zones in the Park: Tsuga heterophylla,

Abies amabilis, and Tsuga mertensiana (Franklin and Bishop 1969).

The Tsuga heterophylla Zone is a part of Daubenmire's (1978) "Tem-

perate Mesophytic Forest Region" and "Tsuga heterophylla Province"

which he describes as having the most luxuriant conifer forest in the

world. The Tsuga mertensiana Zone is a part of the "Subarctic-Sub-

alpine Forest Region" and "Tsuga mertensiana Province" which ex-

tends from California to Alaska (Daubenmire 1978). We consider the

Abies amabilis Zone to be cool temperate rather than subalpine; it is

not explicitly recognized by Daubenmire (1978).

Substantial permanent winter snowpacks are characteristic of both the

Abies amabilis and Tsuga mertensiana Zones, with much greater depths

and durations in the latter. In both zones depth and duration of snow-

pack are important factors differentiating forest community types

(Brooke et al. 1970, Long 1976). Moisture regime during the dry sum-

mer months appears to be the most important factor affecting the forest

patterns in the Tsuga heterophylla Zone (Zobel et al. 1976).

Forests in the Park have been the subject of numerous general ac-

counts, including those of Plummer (1900), Foster (1911), Brockman

(1933, 1947, and 1949), and Franklin and Bishop (1969). Brockman

(1931) also did a classification of forest cover types and a map of the

Park. Most of these accounts cover only the broad patterns of tree spe-

cies occurrence. The major tree species in the Park are Abies amabilis,

Abies grandis, Abies lasiocarpa, Abies procera, Chamaecyparis
nootkatensis, Picea engelmannii, Pinus albicaulis, Pinus contorta,

Pinus monticola, Pseudotsuga mensiesii, Tsuga heterophylla, Tsuga

mertensiana, and Thuja plicata. Rare tree species include Picea sit-

chensis in the Carbon River drainage and Pinus ponderosa on the east

side of the Park.

In addition, several detailed studies have examined the vegetation in

areas adjacent to the Park. Franklin (1966) provides a general forest-

association-habitat type classification for the southern Washington-

northern Oregon Cascade Range, including Mount Rainier. Thornburgh

(1969) includes considerable autecological study of tree species as well

as information on stand ages and dynamics. Long (1976) reports the

forest communities found in the Cedar River drainage thirty miles

north of the Park. Henderson and Peter (1981) and Brockway et al.

(1983) provide comprehensive classifications of the plant associations
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and habitat types in the White River drainage and on the Gifford

Pinchot National Forest, respectively, both locales bordering the Park.

All five of these papers include considerations of forest succession,

especially the climax role of Abies amabilis and its relation of succes-

sion to other tree species. Other papers of interest include Higinbotham

and Higinbotham (1954) on forest mosses; del Moral et al. (1976) and

del Moral and Watson (1978) on the central Washington Cascade Range

community mosaic; and Kotor (1972) on the ecological relationships of

Abies amabilis.

The subalpine and alpine meadow vegetation is well known for its

diversity and aesthetic qualities. Scientific studies include those of

Henderson (1973) and Hamann (1972) on the plant community types,

Franklin et al. (1967) on meadow invasion by trees, and Edwards

(1980) on visitor impacts in alpine regions. Major categories of sub-

alpine meadows are (1) Heather-huckleberry (Phyllodoce-Cassiope-Vac-

cinium), (2) Black sedge (Carex nigricans), (3) Green fescue (Festuca

viridula), lush herbaceous (Valeriana-Veratrum), and "rawmark" or

early successional community (Saxifraga tolmei). The distributional

patterns of these communities are determined largely by the depth and

duration of snowpack.

Disturbances to Vegetation

Elapsed time since the last major disturbance largely determines

stage of vegetational succession and is the third important factor influ-

encing the composition and structure of the existing forests in the Park.

Agents that disturb or destroy forests include wildfire, snow and rock

avalanches, volcanic eruptions, mudflows, floods, and wind. Following

a severe disturbance, a site is typically occupied by a series of non-

forested communities (for example, herb- and shrub-dominated types)

before forest cover is reestablished. The initial or pioneer forest often

includes, and may be dominated by, shade-intolerant tree species such

as Pseudotsuga menziesii and Pinus spp. With time, such light-requir-

ing species are gradually replaced by shade-tolerant species that can

reproduce in the understory of a closed-canopy forest. Tsuga hetero-

phylla and Abies amabilis are examples of shade-tolerant species capa-

ble of forming self-perpetuating or climax types that remain constant in

composition.

The history of disturbance to forests in the Park has been recon-

structed by Hemstrom (1979) and Hemstrom and Franklin (1982); a

map showing the major forest age classes in the Park is included as

Plate 2. Wildfire has been the most important forest-destroying agent

near Mount Rainier and has affected all but a small fraction of the

forest area during the last 1,000 years. Some of the wildfires appear to
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have been very large (> 10,000 ha) and affected several quadrats of the

Park. The fire history is discussed in detail in Chapter 7.

In recent times, portions of the Ohanapecosh drainage burned in

1803 and much of the Cowlitz drainage burned in 1856 and again in

1866 (Plummer 1900). Burns occurred on Crystal Mountain and Sour-

dough Mountain in 1858, in Sunset Park in 1930, and at Shriner Peak

in 1934. A long natural fire rotation (around 465 years) is indicated for

the Park, although the expected fire frequency ranges widely with local

site conditions (Hemstrom 1982). There are correlations between major

episodes of fire and periods of prolonged drought.

The rate of revegetation following wildfires is highly variable and

depends on many factors, including availability of seed source and lo-

cal site conditions. Single wildfires often regenerate rapidly from re-

sidual trees, but forests are often slow to reclaim areas burned two or

more times within a few decades (Franklin and Dyrness 1973). Both

residual and peripheral seed sources are lost in reburns, along with any

existing regeneration. Sites with harsh environments, such as droughty

south slopes or cold, snowy habitats, typically regenerate more slowly

than sites with favorable moisture and temperature conditions (Fig. 8).

Lahars and mudflows have occasionally devastated forests along

lower slopes and alluvial flats (Crandell 1971). The Kautz lahar of 1947

is a conspicuous example (see Fig. 3). Mortality of large old-growth

trees resulted from both physical uprooting and suffocation following

root burial. Succession proceeds from initial stands of Alnus rubra,

Alnus sitchensis (at higher elevations), Salix spp. , Pteridiwn aquilinum,

Epilobium angustifolium, and Anaphalis margaritacea to mature forests

of various types. An example of old forests developed on lahar material

can be seen at Cougar Rocks campground, where some pioneering

Pseudotsuga menziesii have reached 1,000 years of age on a lahar de-

posit of about the same age (Crandell 1971, Hemstrom 1979).

Avalanches cause extensive forest disturbance (Fig. 9), especially at

high and intermediate elevations where slope angle, anchoring vegeta-

tion, and snow accumulation patterns are susceptible (Luckman 1978).

Avalanche tracks stand out on aerial photographs as their boundaries

contrast sharply with the less regular fire boundaries. Avalanches rank

second to fire in terms of forest area disturbed in the Park. Vegetation

communities and successional dynamics on avalanche tracks have been

the subject of dedicated study by Cushman (1981).

Windthrow may be extensive in some areas, but it is difficult to iso-

late from other disturbances. It leaves no distinguishing boundaries and

only occasionally destroys whole stands. Other factors, such as insect

kills and root rot pockets, may seriously weaken trees which then blow

down. Since its effects separate poorly from those of other events, the

total impact of windthrow is difficult to estimate.
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Figure 8. Forest reestablishment is typically slow on harsh sites and following multiple wild-

fires; both conditions exist on this site near Louise Lake, which is still only partially forested

almost 100 years after it burned (in 1886 or 1887).

Other types of disturbance include glacial advances, and river ac-

tivities such as flooding and terrace cutting.

Some venerable forests in the Park have survived centuries of hazard

to attain ages of more than 1 ,000 years (see Plate 2). Large trees over

1,000 years old (mostly Pseudotsuga menziesii and Chamaecyparis

nootkatensis) sit in antiquity where portions of the Ohanapecosh, Cow-
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Figure 9. Snow avalanches are second only to wildfire as an agent of forest destruction; tracits

may be kept clear of forest by annual avalanches or eliminate forests developed on less frequently

affected tracks such as this one near Spray Park.

litz, Nisqually, and Carbon drainages have been protected from distur-

bance. The Park's oldest trees are Chamaecyparis, over 1,200 years old

in the Ipsut Creek valley.

As mentioned, tree species differ in their successional roles and

those have been well described for the montane forests of the Cascade

Range (see, for example, Franklin 1966, Thornburgh 1969, Kotor
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1972, and Long 1976). A brief overview is provided here; a more com-

prehensive discussion is in Chapter 6. The very shade-tolerant Abies

amabilis and Tsuga heterophylla are the major climax species. The
Abies generally replaces the Tsuga at higher elevations (over 1000 m or

3,300 ft) with several proposed explanations (see, e.g., Thornburgh

1969, Long 1976). Pseudotsuga menziesii, Pinus monticola, Pinus con-

torta, Abies procera, and Abies lasiocarpa are considered serai or pi-

oneer species, subject to successional replacement. Thuja plicata,

Chamaecyparis nootkatensis, Tsuga mertensiana, and Picea engelman-

nii are usually considered to be of intermediate status, perhaps capable

of playing some climax role in the forest mosaic in the Park. It is

important to note that almost any species can appear in early succes-

sional forests provided seed source is available. Pioneer forests on

many sites can be composed of Abies amabilis or Tsuga heterophylla as

well as Pseudotsuga mensiesii or Abies procera.
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Methods

Our general methodology was essentially the same as that widely

applied in forest classification in the western United States (Pfister and

Arno 1980) and in the USDA Forest Service Area Ecology Program

(see, e.g., Henderson and Peter 1981). More comprehensive discus-

sions of the philosophy underlying such studies can be found in these

and related references.

Field Sampling

Our sampling was designed to cover the full range of forest types in

all sectors of the Park and throughout each forest zone. Stands were

sampled, therefore, by a reconnaissance technique modified from Dyr-

ness et al. (1974). The field crew traveled a slope, trail, road segment,

or path through the forested landscape and established a sequence of

sample plots that revealed both typical and changing forest patterns.

Whenever major changes in dominance relationships of tree or under-

story vegetation were observed along these routes, the crew would look

for a forest stand of sufficient size and homogeneity to establish a sam-

ple plot. The plots were usually circular and 500 or 1000 m2 (0.125 or

0.25 acre) in size, depending on the densities of the larger sized trees.

Additional plots from Franklin's (1966) earlier study were included.

Stands ranged in age from about 70 years to over 1,000 years since

major disturbance, but all presented essentially a forest environment

mostly characterized by a closed or semiclosed tree canopy. In some
places, especially at higher elevations or on more exposed sites, the

field crew sampled more open forests if understory vegetation generally

resembled that of closed forests. A total of 518 plots provided the basis

for the classification presented here.

In each circular plot, all tree stems exceeding 1.4 m (4.5 ft) in

height were tallied by species and diameter at breast height (d.b.h.) by

diameter classes of 1-dm (4-in) intervals. We defined "established

25
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seedlings" as trees between 1 and 14 dm (4 and 55 in) in height, and

counted these in either a 50-m2 (545-ft2
) circular plot at the center of

the larger plot or at four 12.5-m2 (136-ft2
) circular plots in each quad-

rant of the larger plot.

Understory herbs and shrubs were recorded by the extent of their

canopy coverage; this was estimated visually over the entire plot to the

nearest percent for species with less than 10 percent cover, and to the

nearest 5 or 10 percent for those with over 10 percent cover.

Soil types (Hobson 1976) and general morphological features were

described from small pits (usually one per plot) located in areas of

typical understory vegetation. Other environmental data collected at

each plot included: elevation, exposure, slope, landform, position in

landscape (lower, middle, upper slope, bench, ridge, valley), and loca-

tion on a U.S. Geological Survey topographic map. Conspicuous or

unusual features of forest stands were described as notes or remarks.

These included evidence of fire, influence of animals, windthrow, mo-
saics, and ecotones with other forest types.

Stand ages were estimated from increment cores of dominant trees

judged to be among the first wave of regeneration after disturbance.

Rings from cored trees were counted in the field. Age was estimated

from the ring count plus corrections for center and age-to-core height.

Generally, the older trees of a cohort were sought in order to determine

a time limit for whatever disturbance gave the opportunity to establish

that cohort. When available, ring and age data from stumps or cut sec-

tions of tree falls along trails were also useful for estimating cohort

ages.

Data Analysis

Our classification of the forests at Mount Rainier was an interactive

procedure between plot sorting based on field judgments and data anal-

yses and displays from a computer (Franklin et al. 1970, Pfister and

Arno 1980). The first 400 plots were used in steps 1 through 10. Spe-

cific steps were as follows:

1. Initial synthesis tables were developed by manual sorting. At the

end of each field season, plots were organized into tables ac-

cording to dominant, diagnostic features of tree, shrub, and herb

vegetation (Shimwell 1972). The major features we used were

tree species present in seedling and sapling size classes and

dominant shrub and herb species.

2. Data were coded, edited, and verified for computer processing.

The entire data set was too massive for computer handling, so

we simplified it for the initial analysis. For example, minor spe-

cies (those that occurred in less than 1 or 2 percent of the plots)

were excluded. Certain more common species not thought to
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have classificatory significance were also excluded. These were

species with a wide ecological amplitude and low site indicator

value, such as Epilobium angustifolium and Goodyera repens.

Environmental plot groupings were developed. Plots were as-

signed into four groups approximating the major environmental

regimes of the forests at Mount Rainier (moist, modal, dry, and

cold). Each group contained up to 125 plots, and doubtful plots

were assigned to more than one group. Each group was subject

to the similarity and principal component analyses described be-

low.

Similarity matrices were computed for all plots for each environ-

mental group. The index of similarity was that of program SI-

MORD (Dyrness et al. 1974)—a percentage similarity (Soren-

sen's index) based on dominance of selected tree and understory

species. Species chosen for similarity computations were

thought, in our judgment, to have possible classificatory signifi-

cance by their restricted distributions. Different sets of species

were used in each of the four groups.

Initial plot clusters were extracted. Highly similar plots repre-

senting typal communities (Daubenmire 1966) were sought from

each group similarity matrix. Our field judgment and the initial

groups (step 1) were necessary for the initial discrimination of

these clusters of "modal plots." Generally the plot similarities

within the initial clusters exceeded 30 and sometimes 40 per-

cent.

Diagnostic vegetative and environmental features of the modal

plot clusters were identified and incorporated into abstracts of

each tentative type.

Plot clusters were expanded. The modal plots of step 5 did not

contain the full range of variation of forest vegetation or en-

vironments. The similarity matrix was further examined for un-

assigned plots having mostly intermediate similarities (20- to 30-

percent) to plots of the modal clusters. The unassigned plots

were classified into a forest grouping whenever the diagnostic or

environmental features of the appropriate modal cluster (step 6)

were satisfied. This step involved considerable ecological judg-

ment for those plots having only weak expressions of the diag-

nostic criteria.

The reduced similarity matrix for ungrouped plots were exam-
ined for further typal communities. Steps 5-7 were repeated un-

til a small residue of unassigned plots remained; these were con-

sidered intergrades or unclassifiable as unique stands.

Revised synthesis tables were constructed for the emerging sim-

ilarity groupings. The similarity matrix was reorganized to dis-

play similarities in intergroupings and intragroupings. The stand
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tables and reorganized similarity matrix were then used to check

for anomalous or misclassified plots and possible reassignment

(Franklin et al. 1970, Pfister and Arno 1980). Again, field expe-

rience and subjective judgments were sometimes needed to con-

firm or change the assignment of plots difficult to classify. Plots

that were typically difficult to assign were stands with depaupe-

rate understories as a result of dense tree canopies.

10. Principal component analysis (PCA) was carried out with species

correlation matrices (R-matrix) computed within each environ-

mental group (step 3) using the same classifier species charac-

teristics employed for similarity analysis. The R-matrix was used

for the axis extraction procedures of PCA (Cooley and Lohnes

1971).

11. Discriminant analysis was performed on 19 forest groups defined

after step 9 was completed. Discriminating variables were se-

lected among those species that had high values of importance in

the initial stand tables of step 1; 39 species were used. Discrimi-

nant functions were computed by procedures described in the

"Statistical Package for the Social Sciences" (Nie et al. 1975) to

optimize separation of the 19 groups in multivariate space. To

provide an independent test of the classification, over 100 addi-

tional plots (plot nos. 401-518), which had never been used in

the analysis to this point, were classified according to the dis-

criminant functions. In an additional test, all of the plots already

assigned to forest groups by similarity procedures (step 9) were

subjected to discriminant analysis. This reexamination revealed

less than 5 percent of the plots had a high probability of mis-

classification. Such plots were reexamined and, when warranted

by ecological judgment based on information not used in dis-

criminant analysis (such as soil type), were either reassigned to

another forest type, kept in the assigned type, or not classified.

12. Once step 11 was completed, the final synthesis and summary
tables were prepared using all 518 plots. Synthesis tables were

printed by computer for the full set of data for each forest type.

The printouts also tabulated slope-corrected densities for estab-

lished seedlings, saplings (0-20 cm or 0-8 in d.b.h.), poles

(20-50 cm or 8-20 in d.b.h.), and standards (d.b.h. over 50 cm
or 20 in). Tree densities by 10-cm (4-in) d.b.h. size classes and

basal area were also printed for every plot within each forest

type (trees over 120 cm or about 50 in d.b.h. were printed indi-

vidually). Canopy coverage of understory shrubs and herbs (ar-

ranged alphabetically) were tabulated by plot. These tables are

on file at the Forestry Sciences Laboratory, Corvallis, Oregon,

and at the headquarters of Mount Rainier National Park.
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We also prepared a directory of plots and summary tables for each

forest type, except for several minor types. The directory tabulates lo-

cation and environmental data for each plot and provides a listing of

plots within each forest type. The summary tables contain data aver-

aged over all plots within each forest type. Summaries for trees include

slope-corrected densities and basal areas. Summaries for major or de-

scriptive shrubs or herbs (106 taxa are tabulated) include Constance (the

percentage of plots containing a taxon) and percent canopy cover (aver-

aged over all the plots within each forest type and not just over plots on

which it occurred). Total shrub and total herb cover percents are the

sums of the average cover percent for tabulated shrub and herb species

(the nontabulated understory plants contribute little average cover to the

forest types).

The entire plot data set is available at cost on magnetic tapes from

the Forestry Sciences Data Bank, Forest Science Department, Oregon

State University, Corvallis, Oregon 97331.

Terminology and Nomenclature

Our classification uses terms now standardized in the western United

States (Daubenmire and Daubenmire 1968, Pfister et al. 1977, Pfister

and Arno 1980, Layser and Schubert 1979, Henderson and Peter 1981).

This discussion of the vegetative classification hierarchy is taken

largely from Henderson and Peter (1981). The major units of interest to

us are plant community type, plant association, plant series , and hab-

itat type (Fig. 10). Plant community types are aggregations of plant

communities (the actual stands observed and sampled in the landscape)

that are judged to be very similar based upon analyses of the type

outlined in the previous section. When a plant community type is based

upon mature or old-growth stands and emphasizes the stable or poten-

tial climax components, it is termed a plant association . The plant as-

sociation is, then, a special type of plant community, i.e., a climax

plant community. Plant associations can be aggregrated into plant series

(Fig. 10) which, in forests of the western United States, turn out to be

groupings of plant associations with the same dominant climax tree

species. Geographic varieties of a major plant association are some-

times recognized as phases . The plant association characterizes a par-

ticular kind of environment and can therefore be used as a basis for

distinguishing land areas of differing environments and biological po-

tential. All of the land area capable of supporting the same plant asso-

ciation or climax vegetation is called a habitat type (Fig. 10). The hab-

itat type is named for its potential vegetation, a practice which
sometimes leads to a confusion between something which is a plant

community type (association) and an actual land area which may or
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1

may not currently be occupied by that vegetation. A zone has the same

relation to habitat type that series has to plant association.

The final synthesis tables (see step 12 in the previous section) pro-

vide the basis for identifying the major forest communities in Mount

Rainier National Park. Fourteen of these communities are plant associa-

tions based upon mature and old-growth forest stands. We considered

mature forests to be 200 years or more in age and in which (1) tree

population structures suggest the ultimate climax species composition

and (2) the understory is relatively stable, at least in dominance rela-

tionships among the major species. Associations are sometimes divided

into phases to reflect minor but consistent geographic, environmental,

and floristic variations in the basic type. Obviously, a plant association

can be used to distinguish land areas of similar ecologic potential, i.e.

a habitat type , and, as mentioned, the habitat type is named for its

distinguishing (but sometimes absent) plant association.

Some early successional or young stands could not readily be related

floristically or environmentally to plant associations. Consequently,

five community types are identified in our Mount Rainier classifica-

tion. These types represent the most general level in the hierarchy (Fig.

10); they are immature, unstable communities and are expected to

evolve into one or more of the plant associations over time. The value

of these communities as environmental indicators is obviously limited

and they do not distinguish a habitat type.

The emphasis on older forest stands and potential vegetation ( plant

associations ) is because of their value as indicators of environmental

conditions. Early successional species, including serai tree species, are

commonly generalists with broad ecological amplitudes. Later succes-

sional species tend to be much more attuned to local environmental

conditions and have, therefore, much greater value in locating oneself

on an environmental field (see, e.g., Zobel et al. 1976).

Nomenclature of each plant association is typically a binomial. The

first name consists of a leading climax tree or sometimes a leading

associated late serai or co-climax tree. The tree portion of the name is

followed by a slash, then by a major, diagnostic understory species.

Community types were named by the leading serai tree, followed next

by a slash, then by a major diagnostic understory species. In many
illustrations and tables we have used abbreviations for the species that

comprise the names of habitat and community types. These abbrevia-

tions are defined on the inside front cover.



Chapter 5

Forest Classification

Our classification consists of 14 plant associations and 5 community
types in Mount Rainier National Park (Table 1). Several of these have

phases to identify subtypes. In addition, separate data are provided for

serai groupings (consisting mostly of immature forest stands) of plots

representative of several associations. Several minor forest communities

are recognized which occur on special soils or landforms or which have

restricted distribution in the Park.

We must remind readers that our plant associations are regarded as

vegetational expressions of particular environments or habitat types (see

previous chapter). The location of 14 of the associations within an ide-

alized environmental field is illustrated in Figure 1 1 . Correspondence

Table 1. Classification of forests in Mount Rainier National Park.

Association, community type 1

, or phase No. of plots

and abbreviation sampled Forest zone 2

1. Tsuga heterophyllalAchlys triphylla Association

(TSHE/ACTR) 9 TSHE
2. Tsuga heterophyllalPolystichum munitum Association

(TSHE/POMU)
a. Tsuga heterophylla phase 12 TSHE
b. Abies amabilis phase 10 ABAM

3. Tsuga heterophyllalOplopanax horridum Association

(TSHE/OPHO) 26 TSHE
4. Alnus rubralRubus spectabilis Community Type

(ALRU/RUSP) 4 TSHE, ABAM
5. Abies amabilislOplopanax horridum Association

(ABAM/OPHO)
a. Valley phase 19 ABAM
b. Slope phase 14 ABAM

32
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Table 1 . Continued

Association, community type 1

, or phase

and abbreviation

No. of plots

sampled Forest zone-

6. Abies amabilislTiarella unifoliata Association

(ABAM/TIUN)
a. Climax phase

b. Serai phase

7. Abies amabilislVaccinium alaskaense Association

(ABAM/VAAL)
a. Vaccinium alaskaense phase

b. Berberis nervosa phase

c. Rubus pedatus phase

d. Chamaeeyparis nootkatensis phase

8. Tsuga heterophylla/Gaultheria shallon Association

(TSHE/GASH)
9. Pseudotsuga menziesiilCeanothus velutinus Community

Type

(PSME/CEVE)
10. Pseudotsuga menziesiilXerophyllum tenax Community Type

(PSME/XETE)
11. Pseudotsuga menziesiilViola sempervirens Community Type

(PSME/VISE)

12. Abies amabilislGaultheria shallon Association

(ABAM/GASH)
13. Abies amabilislBerberis nervosa Association

(ABAM/BENE)
14. Abies amabilislXerophyllum tenax Association

(ABAM/XETE)
a. Tsuga heterophylla phase

b. Tsuga mertensiana phase

c. Serai phase

15. Abies amabilislRubus lasiococcus Association

(ABAM/RULA)
a. Rubus lasiococcus phase

b. Erythronium montanum phase

16. Abies lasiocarpa/Valeriana sitchensis Community Type

(ABLA2/VASI)

17. Abies amabilislRhododendron albiflorum Association

(ABAM/RHAL)
18. Chamaeeyparis nootkatensis/Vaccinium ovalifolium

Association

(CHNO/VAOV)
19. Abies amabilis/Menziesia ferruginea Association

(ABAM/MEFE)
a. Climax phase

b. Serai phase

32 ABAM
7 ABAM

43 ABAM
19 ABAM
19 ABAM
6 ABAM

17

15

20

7

TSHE

6 TSHE, ABAM

17 ABAM

18 ABAM

15 ABAM

38 ABAM

14 ABAM
11 TSME
7 ABAM

27 ABAM. TSME
24 TSME

21 TSME

25 TSME

TSME

ABAM. TSME
ABAM. TSME

Stands less than 200 years old.
! ABAM = Abies amabilis, TSHE = Tsuga heterophylla. TSME = Tsuga mertensiana.
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COLD
DRY

Tsuga mertensiana

ZONE

Abies amabilis

ZONE

Tsuga heterophylla

ZONE

WARM
DRY

Figure 11. Generalized distribution of habitat types in relation to an idealized two-dimensional

environmental field. The horizontal axis represents a moisture gradient and the vertical axis a

temperature gradient that is correlated to elevation and forest zones. Because the moisture span

may not be as broad at high elevations as it is at low, the rectangular shape of the environmental

field is merely for visual convenience (see Fig. 34 for detailed example). Diagonal boundaries

between habitat types suggest general effects of slope; for example, the warm, dry environment of

a habitat type may be found at higher elevations on southerly slopes, and cool, wet environment

of a habitat type at lower'elevations on northerly slopes. Minor forest types are not shown except

for localized swamp forests on wettest sites at low and intermediate elevations. The Tsuga het-

erophyllalBerberis nervosa and Pseudotsuga menziesiilHolodiscus discolor habitat types

have not been found within the Park but occur on adjacent forest lands. Abbreviations are

defined on the inside front cover.

between the associations and traditional forest zones is also shown in

Figure 1 1 and Table 1 . The patterns of plant association distribution

over elevational and topographic gradients will be discussed in more
detail in Chapter 6.

Each of the forest associations and community types (collectively re-

ferred to hereafter as forest types) is discussed in this chapter. Descrip-

tions of each forest type include general environmental conditions, geo-

graphic range within the Park, and tree and understory composition.

Successional patterns are considered primarily in Chapter 7. Manage-
ment implications are considered in Chapter 8. Tables 2 through 10

summarize quantitative details for each forest type. The appendix con-

tains keys to and a brief synopsis of each forest type. The general
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geography and importance of the forest associations is illustrated by

Plate 1. A directory of the individual plots, their locations, and charac-

teristics is available on request from Dr. Jerry F. Franklin, College of

Forest Resources, AR-10, University of Washington, Seattle, WA
98195.

In the discussions of each forest type, we point out relationships to

other forest types both within the Park and on a broader geographic

basis. We regard forest types to be related by several criteria. They

may share many, though not all, dominance relationships among tree

and understory species. Hence there is a high degree of floristic sim-

ilarity, especially among the species important in characterizing the for-

est types being compared. Secondly, the forest types being compared

on a broad geographic basis may share many environmental features,

although we usually lack data to make precise comparisons or to ana-

lyze compensating environmental features at different locations. On a

narrower geographic basis (for example, within Mount Rainier National

Park), forest types can be related by either of these criteria, but we
have the additional advantage of being able to observe ecotones or to

firm up the relationship by identifying plots which are gradational in

either floristic or environmental characteristics.

Forest types are arbitrarily grouped into five categories so that

closely related types are together (Table 1); the association and stand

tables are also organized by these groups. Types could sometimes have

been assigned to either of two groups (e.g., Abies amabilisIXe-

rophyllum tenax to either the dry or cold group); such types are in-

cluded in both appropriate association tables for the reader's conveni-

ence in comparing related types. All three of the Pseudotsuga menziesii

communities are included in the dry group so that they can be dis-

cussed together.

Moist Forest Ecosystems

Five associations and one community type are included in the wet to

moist group of forest communities (Table 1). These types occupy hab-

itats where trees rarely encounter significant moisture stress and repre-

sent a moderate elevational gradient (Fig. 11). Understories are typ-

ically lush, which may reflect the favorable moisture conditions.

Extremely wet forests or swamps are briefly discussed in the section on

"Other Forest Communities."

Tree data (average size class distributions, percent presence, and

average basal area) are presented for this group of forest communities

in Tables 2 and 3. Presence and average cover of shrubs and herbs in

the wet habitat group are presented in Table 4.
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Tsuga heterophyllalAchlys triphylla Association

The Tsuga heterophyllalAchlys triphylla Association (TSHE/ACTR)
is confined to low elevations on the east side of the Park. Most of our

sample plots are located in the Ohanapecosh Valley, but the type also

occurs in the White River drainage. Elevation of the plots ranges from

550 to 1080 m (1,815 to 2,900 ft) and nearly all plots are on gentle,

lower slopes or sites on valley bottoms. Soils are consistently weakly

developed podzols in tephra deposits (typically tephra W over C).

Mature forests are quite dense and strongly dominated by Pseudo-

tsuga menziesii (Fig. 12 and Table 3), with Tsuga heterophylla and

Thuja plicata as major associates, although this characterization proba-

bly reflects the preponderance of samples in the 250-year-old stands of

the lower Ohanapecosh Valley. Abies amabilis is a minor species.

Tsuga heterophylla invariably makes up most of the seedlings and sap-

lings.

Three-layered understories are typical of TSHE/ACTR Association

(Table 4). A tall shrub layer of Berberis nervosa, Vaccinium par-

vifolium, V. alaskaense, Rosa gymnocarpa, and Gaultheria shallon

provide a total average shrub cover of 57 percent. The well-developed

herb layer (see Fig. 12) (average cover 56 'percent) is rich in species.

Achlys triphylla, Viola sempervirens, Linnaea borealis, Cornus cana-

densis, and Tiarella unifoliata dominate. Rubus ursinus, Smilacina

stellata, Trillium ovatum, Chimaphila umbellata, Disporum oreganum,

Rubus lasiococcus, R. nivalis, R. pedatus, Pteridium aquilinum, and

Polystichum munitum are other common herbaceous species.

No young stands were sampled on this habitat. Pseudotsuga is ob-

viously a major dominant in young stands. We suspect that some of the

stands assigned to the Pseudotsuga menziesii/Viola sempervirens

community type are representative of early stages of forest development

of the TSHE/ACTR type.

The dense, middle-aged stands of Pseudotsuga are an outstanding

feature of this forest type. It is not particularly resilient under heavy

use because most understory plants are quite susceptible to trampling

and soil compaction; much of Ohanapecosh Campground occurs in this

habitat type.

The TSHE/ACTR type is related geographically and floristically to

the Berberis nervosa phase of the Abies amabilis/Vaccinium alaskaense

and, to a lesser degree, the Tsuga heterophyllalGaultheria shallon and

Abies amabilislBerberis nervosa associations. The low elevation and

sparsity of Abies amabilis distinguishes TSHE/ACTR from the Abies

amabilis Series. The rich herb cover and low cover of Gaultheria

distinguish TSHE/ACTR from Tsuga heterophyllalGaultheria shallon.

Comparable forest types have not been described elsewhere in the

Cascade and Coast Ranges. Indeed, the geographic limitation of TSHE/
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Figure 12. Mature 250-year-old Pseudotsuga menziesii forest in Tsuga heterophyllalAchlys

triphylla habitat type; the herbaceous understory is unusually dense in this stand located

near the Ohanapecosh Ranger Station.

ACTR type in the Park and the occurrence of most plots in a 250-year-

old age class raise questions as to its validity as an association. Similar

stands on the eastern slopes of the Cascade Range indicate that it is, at

least, a widespread forest community if not climax type. The TSHE/
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ACTR is similar to the Tsuga heterophyllalClintonia uniflora

Association of the northern Rocky Mountains (Daubenmire and

Daubenmire 1968, Pfister et al. 1977) and to Franklin's (1966) Abies

amabilislAchlys triphylla Association of the Mount Adams region.

Tsuga heterophyHalPolystichum munitum Association

The Tsuga heterophyllalPolystichum munitum Association (TSHE/

POMU) and its Abies amabilis phase is a moist hillslope association

confined to the western third of the Park where precipitation is higher.

The typical TSHE/POMU type is found at elevations up to about 850 m
(2,800 ft) in the Carbon, Mowich, Puyallup, and Nisqually drainages.

It generally occupies moderate to steep lower slopes or sloping benches

with southerly aspects, although three plots were on flat valley floors.

Soils are developed in alluvium, colluvium, lahar, and tephra deposits

and are frequently stony.

Mature stands in the TSHE/POMU type often have high densities of

large trees (Fig. 13 and Table 3). Pseudotsuga menziesii, Tsuga hetero-

phylla, and Thuja plicata are essentially the only species present except

for a scattering of small Abies amabilis. Tree reproduction is over 90

percent Tsuga heterophylla, assuring it of climax status. Thuja

reproduction is usually present but only in small numbers.

The understories of stands belonging to the TSHE/POMU Associa-

tion are moderately developed with cumulative shrub cover of 22 per-

cent and herb cover of 59 percent in the Tsuga heterophylla phase

(Table 4). Berberis nervosa is the major shrub with Acer circinatum

second. Polystichum munitum is the conspicuous dominant and major

understory herb (see Fig. 13). Typical associated herbs are Tiarella uni-

foliata, Gymnocarpium dryopteris, Achlys triphylla, Viola sempervirens
,

and Trillium ovatum. Taxus brevifolia occurs in about half the plots of

this forest type and averages 3 percent cover (but may be as high as 25

percent).

The Abies amabilis phase of this association can be weakly differen-

tiated by the increased importance of the fir in regeneration and pole

densities (Table 3). In the understory, the fern Blechnum spicant may
dominate the herb assemblage or be codominant with Polystichum mu-
nitum (Table 4). There are no consistent site differences between plots

of the Abies amabilis phase and those of the more typical Tsuga hetero-

phylla phase, although the 10 plots of the former averaged about 106 m
(350 ft) higher in elevation than the 12 plots of the latter.

No young stands were sampled on this TSHE/POMU habitat type.

We suspect that brushfields would develop early in succession follow-

ing a disturbance, followed by either stands of conifers (Tsuga,

Pseudotsuga, and Thuja) or hardwoods (Alnus rubra). Perhaps the

Pseudotsuga menziesii/'Polystichum munitum and Alnus rubralPoly-
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Figure 13. High densities of large trees are characteristic of mature stands in the Tsuga het-

erophyllai Polystichum munitum habitat type. Pseudotsuga menziesii and Thuja plicata are

visible in this stand along the Chenuis Falls trail.

stichum munitum community types of del Moral and Long (1977) sug-

gest the structure and floristics of young stands in the Park.

The TSHE/POMU is a very limited type in the Park. Its outstanding

features include the fine stands of large old-growth Pseudotsuga men-
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ziesii, which have very high biomasses. We suspect the TSHE/POMU
habitat type is the most productive in the Park since it occupies low

elevation, well watered sites with warm southerly aspects. Similar for-

est communities are common on both the Snoqualmie (Henderson and

Peter 1981) and Gifford Pinchot (Topik et al. 1985) National Forests.

Tsuga heterophyllalOplopanax horridum Association

The luxuriant and often massive forests of the Tsuga heterophyllal

Oplopanax horridum Association (TSHE/OPHO) occur in all the major

valleys of the Park. This association occupies wet benches, terraces,

and lower slopes at low elevations. TSHE/OPHO sites extend to about

690 m (2,280 ft) in the Carbon River drainage and 970 m (3,200 ft) in

the Nisqually-Ohanapecosh drainage. Alluvial soils lacking distinctive

horizons are most common. Because most sample plots are on essen-

tially flat ground, the aspects vary widely and are insignificant.

Mature forests are typically impressive, high volume stands of

Pseudotsuga menziesii, Thuja plicata, and Tsuga heterophylla (Table

3). Tsuga is by far the most numerous, but large specimens of

Pseudotsuga and Thuja contribute disproportionately to the basal area.

Picea sitchensis is found in this association near the Carbon River en-

trance and in several plots in the Federation Forest State Park along the

lower White River. Abies grandis occurs in the Nisqually and White

River drainages. Scattered Alnus rubra and Populus trichocarpa provide

a minor hardwood component. Tsuga heterophylla dominates the re-

production with some Thuja plicata and Abies amabilis seedlings and

saplings (Table 3). There are many stands where reproduction of any

tree species is rare, possibly due to the dense vegetative competition.

Understories in the TSHE/OPHO Association have luxuriant herb-

aceous layers (summed, their average cover is 116 percent) (Fig. 14)

and shrub layers that vary from essentially absent to very dense (aver-

age cover 35 percent) (Table 4). Major shrub species are Acer cir-

cinatum and Oplopanax horridum, but their cover ranges from a trace

up to 90 and 40 percent, respectively. Herb dominants include

Gymnocarpium dryopteris, Achlys triphylla, Tiarella unifoliata, Poly-

stichum munitum, Athyrium filix-femina, Galium triflorum, and

Smilacina stellata. Several other distinctive species occasionally occur

in this association and some, such as Oxalis oregana, can have sub-

stantial coverage; their presence is low, however. In fact, none of the

dominant herbs are present in all stands (Table 4). Substantial shifts in

herb dominants take place between stands, and considerable patchiness

is often present within a stand. For example, coverage of

Gymnocarpium dryopteris, Oxalis oregana, and Achlys triphylla in dif-

ferent plots of TSHE/OPHO Association range from zero to 80, 80, and

60 percent, respectively.
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Figure 14. Luxuriant herbaceous understories are typical of forests comprising the Tsuga het-

erophyllalOplopanax horridum habitat type, although substantial shifts in the herb domi-

nants take place within and between stands.

Few young stands were sampled in this habitat type. Several of these

were grouped in the Alnus rubralRubus spectabilis community type

which appears to be a major successional forest on the TSHE/OPHO
habitat type. Young conifer forests, typically composed of Tsuga het-

erophylla, Pseudotsuga menziesii, Thuja plicata, and Abies grandis,

can also be expected following disturbances, along with Populus tri-

chocarpa, provided they can get established before the Alnus.

The TSHE/OPHO Association characterizes one of the habitats that

supports the massive valley forests encountered by visitors entering the

Park's entrances. The rich understory provides diversity as well as for-

age for deer and especially for elk (Cervus elaphus). Ponds, seeps, and

streams associated with this habitat make it a prime site for amphibi-

ans. The sometimes wet soils, high water tables, and above average

windthrow are considerations when planning physical developments in

this habitat type.

The TSHE/OPHO Association may border or form ecotones with a

variety of Tsuga heterophylla and Abies amabilis forest types at lower
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elevations. The most common contact is probably with the slightly

drier TSHE/POMU Association in the western half and the TSHE/
ACTR Association in the eastern half of the Park.

Park associations most closely related to the TSHE/OPHO are Abies

amabilislOplopanax horridum, TSHE/POMU, and TSHE/ACTR asso-

ciations. The TSHE/OPHO grades into the Abies amabilislOplopanax

horridum with increasing elevation and differs mainly in the abundance

of Abies amabilis. The TSHE/POMU Association is generally found on

slopes and contains neither as rich an herbaceous cover nor diversity of

species as does TSHE/OPHO. The TSHE/ACTR occupies substantially

drier uplands and is much poorer in species than the TSHE/OPHO As-

sociation.

Communities related to TSHE/OPHO Association have been reported

from several other locales throughout the Pacific Northwest. It is

closely related to the Western Hemlock/Devil's Club/Swordfern Asso-

ciation on the Gifford Pinchot National Forest (Topik et al. 1985).

Some stands of Thuja plicata found in the valley bottoms of North

Cascades National Park are of this habitat type. 2 Comparable stands

occur in coastal British Columbia (Krajina 1965). The Thuja plicata/

Oplopanax horridum habitat type of northern Idaho (Daubenmire and

Daubenmire 1968) and western Montana (Pfister et al. 1977) also ap-

pears to be comparable.

Alnus rubralRubus spectabilis Community Type

The Alnus rubralRubus spectabilis community type (ALRU/RUSP)
identifies the serai Alnus rubra stands that develop on the TSHE/
OPHO, low elevation Abies amabilislOplopanax horridum, and per-

haps, TSHE/POMU habitat types following disturbance. The ALRU/
RUSP community type can occur in any of the Park's valleys, but our

sampled stands were in the Cowlitz and Nisqually River drainages.

Range in elevation is up to at least 810 m (2,650 ft). Flat or gently

sloping benches on valley bottoms and terraces with alluvial soils are

typical.

Stands of the ALRU/RUSP type are, by definition, dominated by

Alnus rubra (Fig. 15 and Table 3). Conifer associates may be absent,

few, or codominant—depending mostly on stand history. Associates

can include Tsuga heterophylla, Thuja plicata, Pseudotsuga menziesii,

and Abies amabilis. Tree reproduction is typically absent or, at best,

sparse; it often consists of seedling or sapling Tsuga or Thuja which

were overtopped by Alnus early in the stand's history but have per-

2 Unpublished report, "Phytosociological reconnaissance of western redcedar stands in four valleys

of the North Cascades Park Complex," by Joseph W. Miller and Margaret M. Miller, 50 p., Dec.

1970. On file at Forestry Sciences Laboratory, Corvallis, Oregon.
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Figure 15. The Alnus rubra/Rubus spectabilis community type is a serai community oc-

curring on the Tsuga heterophyllalOplopanax horridum and Abies amabilislOplopanax hor-

ridum habitat types; Alnus rubra dominates the tree layer, and there is a dense shrubby

understory which is a favorite habitat for elk. In this stand along Tahoma Creek,

Oplopanax horridum is conspicuous in the understory.

sisted. The absence of substantial tree reproduction by any species have

led some ecologists to hypothesize that such stands turn into shrub-

fields of Rubus spectabilis as the short-lived Alnus dies out (Franklin

and Dyrness 1973).

The understory in ALRU/RUSP stands has luxuriant shrub and herb

layers (Table 4). Rubus spectabilis is the major shrub, although many
others such as Oplopanax horridum, Sambucus, Rubus parviflorus, and

Ribes bracteosum may be present in substantial amounts. Herbaceous

cover is always high and highly varied in composition; typical impor-

tant species include Athyrium filix-femina, Achlys triphylla, Circaea al-

pinum, Tiarella unifoliata, Pteridium aquilinum, Gymnocarpium dryop-

teris, Viola glabella, Rubus lasiococcus, and China latifolia.

This community appears to be important wildlife habitat. Several

stands were sampled in The Burn in the Cowlitz River drainage (where

it is most extensive) and all were being heavily used by elk. Such com-

munities are prime habitat for rodents such as mountain beaver.
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Communities similar to the ALRU/RUSP are widespread on cutover

and burned-over forest lands in western Washington and Oregon
(Franklin and Dyrness 1973, Henderson 1978). The successional devel-

opment of these stands is not understood, although it appears that both

shrubfields and conifer stands are alternatives, depending on circum-

stances. In western Oregon, Henderson (1978) found little evidence of

conifers replacing 64 years of alder dominance despite a declining

crown closure in the alder overstory as the sere progressed. The ALRU/
RUSP community does deter conifer development. Extensive examples

of the type are seen on cutover lands along all the highways approach-

ing the Park from the west, including the Mowich Lake road. Many
such stands on private lands are being converted to conifer forest by

felling, burning, and planting.

Abies amabilislOplopanax horridum Association

The primary TSHE/OPHO Association on wet valley bottom

benches, terraces, and lower slopes gradually changes with higher ele-

vations to the Abies amabilislOplopanax horridum Association (ABAM/
OPHO). Stands are still richly vegetated but have Abies amabilis as a

regular component. The overall elevational range of the 33 study plots

is from 650 to 1190 m (2,145 to 3,900 ft) for stands on the valley

bottoms and 810 to 1460 m (2,670 to 4,820 ft) for those on mountain

slopes. The transitional elevation from TSHE/OPHO to ABAM/OPHO
is lowest in the Carbon River drainage (about 650 m or 2,150 ft), inter-

mediate in the Nisqually and Ohanapecosh drainages (around 750 m or

2,500 ft), and highest in the White River drainage (around 900 m or

3,000 ft). Stands of the ABAM/OPHO Association on valley bottoms

occupy gentle (0 to 20 percent slope) terraces and benches with varying

aspects. High-elevation stands are most commonly found on steep (23

to 75 percent), lower slopes with northerly aspects but may occur on

south aspects (especially near the upper limits of the habitat type) and

on midslopes or even upper slopes. Soils in valley bottom stands are

generally developing on alluvium and lahar surfaces. They vary widely

in morphology from deep, nondescript layers of gray sand to distinctive

podzolic profiles. Soils of slope stands have stony colluvial (most com-

mon), alluvial, and tephra parent materials (Hobson 1976).

Mature forests of valley bottoms typically are impressive with mas-

sive specimens of Thuja plicata and Pseudotsuga menziesii mingled

with more numerous Abies amabilis and Tsuga heterophylla (Fig. 16

and Table 3). Other species encountered in minor quantities are Picea

engelmannii, Abies procera, and Chamaecyparis nootkatensis. Taking

all stands into consideration, seedlings of Abies amabilis and Tsuga

heterophylla are about equally abundant whereas Abies amabilis has

clear superiority in saplings. In fact, there is wide variation in both the
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Figure 16. This stand in the Abies amabilislOplopanax horridum habitat type has a very

dense layer of Oplopanax horridum; a well-developed herb layer is also present. Along
lower Chinook Creek.

total amount and species composition of tree reproduction which is at

least partially related to the severe competition from shrubs and herbs.

Abies amabilis dominates mature stands on slopes with Tsuga hetero-

phylla as the major associate. Large specimens of Thuja plicata, Abies

procera, or Picea engelmannii are occasionally encountered. One stand

at a very high elevation contained considerable Tsuga mertensiana. Re-

production in stands of ABAM/OPHO on slopes is more uniformly

abundant than on the valley bottom. Abies amabilis dominates although

Tsuga heterophylla is still important, suggesting it has at least a minor

climax role.

The understory of the ABAM/OPHO Association is always luxuriant

on valley bottoms and, as with the TSHE/OPHO, is rich in species

(Table 4). The composition and structure vary widely, however. Some
stands have a continuous carpet of herbs with essentially no shrub

layer, whereas others have a dense tangle of Oplopanax horridum,

Rubus spectabilis, and Vaccinium spp. (see Fig. 16). The shrub layer

averages 32 percent in valley bottom stands with Oplopanax, Vaccinium
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alaskaense, Vaccinium ovalifolium, and Rubus spectabilis the most

important species. The dense herb layer (average cover 79 percent) has

Gymnocarpium dryopteris, Achlys triphylla, Tiarella unifoliata, Rubus

pedatus, Streptopus roseus, and Athyrium filix-femina as important spe-

cies. There is, however, substantial patchiness within stands and shifts

in the herb dominants between stands; for example, Gymnocarpium
varies from to 90 percent cover.

The understory of ABAM/OPHO stands on slopes is similar to that of

valley bottom stands, with 35 percent shrub and 93 percent herb cov-

ers. Ribes lacustre has more importance on slopes than on valley bot-

toms. Acer circinatum is not common, but, as on the valley bottom,

may have considerable coverage when present. Tiarella unifoliata

increases in importance, essentially replacing Tiarella trifoliata. More
typical mountain slope species, such as Rubus lasiococcus and Viola

glabella, are also more common; but Gymnocarpium dryopteris, Achlys

triphylla, Streptopus roseus, and Athyrium filix-femina remain impor-

tant.

Few young stands were sampled on the ABAM/OPHO Habitat Type.

It appears that valley bottom sites can develop stands partially or

wholly dominated by Alnus rubra following disturbance, at least at the

lowest elevations. These forests belong to the ALRU/RUSP community

type discussed earlier. Young conifer stands of highly variable composi-

tion can also develop immediately following disturbance. These are as

likely to be dominated by shade-tolerant species such as Abies amabilis

and especially Tsuga heterophylla as they are by so-called pioneer spe-

cies such as Pseudotsuga menziesii or Abies procera. Early stages in

succession will generally have dense shrub covers of Rubus spectabilis,

R. parviflorus, Sambucus, and Salix spp.

The special features of the ABAM/OPHO Association are much the

same as those of the TSHE/OPHO. It is a rich and productive environ-

ment where the most massive forests and largest individual trees in the

Park are encountered. Most of the very old stands (800 years or more

in age) known in the Park belong to the ABAM/OPHO Association. It

provides important wildlife habitat and is heavily used by elk except

when covered by snow.

The ABAM/OPHO Association usually has ecotones to Abies

amabilislTiarella unifoliata and Abies amabilis/Vaccinium alaskaense

types. One common pattern involves islands of the Abies amabilis/

Tiarella unifoliata Association on raised ground within a matrix of

ABAM/OPHO on lower, more poorly drained microrelief. On steeper

slopes, ABAM/OPHO forests occur along drainages otherwise within

the drier Abies amabilislTiarella unifoliata Association. Similar mosa-

ics controlled by microrelief may occur between ABAM/OPHO and

drier associations such as Abies amabilis/Vaccinium alaskaense and

Abies amabilis/Gaultheria shallon. Within any of these drier forest hab-
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itat types, inclusions of ABAM/OPHO forests can be found on wet

branches, seeps, or drainages.

The ABAM/OPHO Association is environmentally and floristically

related to both the TSHE/OPHO and Abies amabilislTiarella unifoliata

Associations. Both Oplopanax horridum types are arbitrary divisions of

a floristic continuum that extends from lower valleys and drainages to

midelevation valleys and wet slopes. The general absence of Oplopanax

horridum and several herb species on somewhat drier (and probably

warmer) sites serves to distinguish Abies amabilislTiarella unifoliata

from the ABAM/OPHO Association.

Communities comparable to our ABAM/OPHO type have been de-

scribed from many other locales in the Cascade Range, British Colum-

bia, and the northern Rocky Mountains. Franklin's (1966) Abies

amabilislOplopanax horridum association in the southern Washington

Cascade Range is essentially identical, as is that described by Brock-

way et al. (1983). We have sampled a comparable community in the

Cedar River drainage, although a Tsuga heterophylla/Vaccinium alas-

kaense community is the closest approximation reported by del Moral

and Long (1977). Closely related communities are common in the

North Cascades and in intervening portions of the Mt. Baker-Sno-

qualmie National Forest. A Chamaecyparis nootkatensislOplopanax
horridum association appears to be the closest approximation in the

Oregon Cascade Range (Dyrness et al. 1974). The closest relative in

the northern Rocky Mountains would appear to be the Abies
lasiocarpalOplopanax horridum Association (Pfister et al. 1977).

Abies amabilislTiarella unifoliata Association

The Abies amabilislTiarella unifoliata Association (ABAM/TIUN) is

herb-rich and occupies mesic mountain slopes at middle elevations. It

occurs throughout the Park but is most common in the White and

Ohanapecosh River drainages. The elevational range of our 39 sample

plots is from 830 to 1490 m (2,740 to 4,920 ft). In the White,

Ohanapecosh and Nisqually River drainages, the association often oc-

cupies moderate to steep, southerly exposed slopes, sloping benches,

and draws—warm but well-watered environments. In the Mowich, Car-

bon, and North Puyallup River drainages, ABAM/TIUN sites were en-

countered mostly on steep north-facing slopes above 1200 m (4,000 ft).

Despite the contrast in aspect, we found no consistent floristic differ-

ences in communities in the two geographic areas; hence we treat them
as a single association. Soils are developed in either tephra deposits or

colluvium; profiles are deep and well drained, with no evidence of

iron-pan development.

Mature forests in the ABAM/TIUN Association are dominated by

Abies amabilis, Abies procera, and Tsuga heterophylla (Table 3).

Pseudotsuga menziesii is an important associate and can dominate some
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young stands. There are substantial shifts between the three leading

species with stand age. Abies procera is very important in stands up to

400 years of age; we recognized an Abies proceralTiarella unifoliata

community type because of the extent of these distinctive stands. Abies

procera is mostly absent from stands older than 400 years which are

dominated by Abies amabilis and Tsuga heterophylla instead. About 90

percent of tree reproduction is Abies amabilis in these old stands; sap-

lings are Abies amabilis (11 percent), Tsuga heterophylla (20 percent),

and occasional Chamaecyparis nootkatensis (3 percent).

The understory has weak shrub and dense herb layers (average cover

12 and 78 percent, respectively) (Table 4). The major" shrubs are Acer

circinatum and Vaccinium membranaceum, but Acer circinatum is pre-

sent in less than half the stands; small amounts of Vaccinium

ovalifolium are typically present. Some of the more important herbs are

Tiarella unifoliata, Achlys triphylla, Streptopus roseus, Valeriana sit-

chensis, Rubus lasiococcus, Arnica latifolia, Clintonia uniflora, and

Smilacina stellata. Gymnocarpium dryopteris has high coverage in a

few stands but is generally absent; the absence or low values for

Gymnocarpium, Oplopanax horridum, Rubus spectabilis, and Athyrium

filix-femina distinguish this association from the closely related slope

variant of the ABAM/OPHO type.

We have already commented on the tendency for Abies procera or

Pseudotsuga menziesii or both to dominate young stands. Some of the

successional shifts in understory dominants have been reported by Moir

et al. (1979).

One of the unique and distinctive features of the ABAM/TIUN Hab-

itat Type is its fine stands of Abies procera (Fig. 17). They are notable

on the slopes of Sunrise Ridge (see frontispiece), around Nahunta Falls

below the Nisqually River Bridge (easily viewed from the Paradise Val-

ley road east of the river), and on the north side of the Mowich River

above Mowich Lake road. It is a productive habitat and capable of

rapid recovery following disturbance. Visitors find it attractive for its

open, yet luxuriant understories and relatively warm exposures.

The ABAM/TIUN Association is closely related to the Abies

amabilislRubus lasiococcus and slope phases of the ABAM/OPHO
types. ABAM/OPHO often occurs as a stringer and as patches on wet-

ter sites within a matrix of ABAM/TIUN habitats. The ABAM/TIUN
Association grades into Abies amabilislRubus lasiococcus with eleva-

tion, both types tending to occupy southerly mountain slopes. On Sun-

rise Ridge (frontispiece), the contact between the two associations is

quite sharply defined by the shift in dominance from Abies procera to

Abies lasiocarpa. Elsewhere, however, the Erythronium montanum
phase of the Abies amabilislRubus lasiococcus Association can be diffi-

cult to distinguish from ABAM/TIUN but is generally poorer in herb

cover and species.
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Figure 17. Outstanding examples of Abies procera are common on Abies amabilislTiarella

unifoliata habitat type.

Our ABAM/TIUN Association is one element in a series of shrub-

poor, herb-dominated Abies amabilis types recognized in the southern

Washington and Oregon Cascade Range. Franklin's (1966) Abies
amabilislStreptopus curvipes and Abies amabilislTiarella unifoliata

associations are closely related to our type at the wet (northwestern)

and dry (northeastern) ends, respectively, of the moisture and floristic
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gradient that it spans in the Park. The Pacific Silver Fir/Coolwort

Foamflower Association described for the Gifford Pinchot National For-

est (Brockway et al. 1983) is very similar but is slightly poorer in

herbs and richer in shrub cover than our association. The Abies

amabilislStreptopus roseus Association of Henderson and Peter (1981)

is also similar. In Oregon, Abies amabilislTiarella unifoliata and Abies

amabilislAchlys triphylla associations (Dyrness et al. 1974) appear to

divide an environmental and floristic gradient on sites similar to our

Abies amabilislTiarella unifoliata type. In both southern Washington

and Oregon, the ABAM/TIUN habitat is where Abies procera attains

superior growth and greatest stocking densities. The Abies lasiocarpal

Clintonia uniflora Association of western Montana (Pfister et al. 1977)

and Abies lasiocarpalPachystima myrsinites Association of northern

Idaho (Daubenmire and Daubenmire 1968) are probably the closest

northern Rocky Mountain relatives to our ABAM/TIUN.

Modal Forest Ecosystems

Modal forests occupy habitats that lack extreme environmental condi-

tions, i.e., sites excessively wet, dry, cold, or hot. This is, of course, a

relative matter considered in the context of the study area. At Mount
Rainier the center of the environmental field is occupied by a single,

very widespread association, the Abies amabilis/Vaccinium alaskaense

(Fig. 11). Characteristics of the tree species are presented in Table 5

and data on the shrub and herb constituents in Table 6.

Abies amabilis/Vaccinium alaskaense Association

The Abies amabilis/Vaccinium alaskaense Association (ABAM/
VAAL) is the most extensive of the types found in Mount Rainier Na-

tional Park. In fact, the mature forests of Tsuga heterophylla, Pseudo-

tsuga menziesii, and Abies amabilis and their associated shrubs and

herbs (Fig. 18; see also Plate 1) characterize not only the association

but the forests of Mount Rainier as a whole. This association occupies

environments lacking extremes of temperature and moisture (see Fig.

11). Nevertheless, the type is widespread—about 20 percent of all our

plots are ABAM/VAAL and the percentage would probably be higher in

a random sample. The type also varies substantially, necessitating rec-

ognition of several phases

—

Rubus pedatus, Chamaecyparis nootkaten-

sis, and Berberis nervosa. Discussion of these phases follows that of

the typical Vaccinium alaskaense phase of the ABAM/VAAL Associa-

tion.

Vaccinium alaskaense Phase—The Vaccinium alaskaense phase of

the ABAM/VAAL Association generally ranges from 900 to 1330 m
(3,000 to 4,390 ft) in elevation, except in the Ohanapecosh drainage

where it extends down to 660 m (2,180 ft). It occurs on all aspects on
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Figure 18. Mature forests of Abies amabilis, Tsuga heterophylla, and Pseudotsuga men-

ziesii characterize the very widespread Abies amabilis/Vaccinium alaskaense habitat type.

This type occupies modal environments, can be considered the climatic climax of the Abies

amabilis zone, and is the forest archetype for Mount Rainier National Park.

middle and lower slopes and well-drained benches and valley bottom

sites; the slopes vary from gentle to moderate (less than 50 percent).

The deep, well-drained soils are most commonly podzolic and devel-

oped in tephra deposits (for example, see the soil profile for Fryingpan

Creek in Chapter 2; see also Fig. 5), although they may also be in

alluvial, colluvial, or even laharic parent materials.

Mature forests on the Vaccinium alaskaense phase of this Association

are composed of Tsuga heterophylla, Abies amabilis, and Pseudotsuga

menziesii, the latter few in number but large in size (Table 5). Thuja

plicata is the only other significant species. Abies amabilis and Tsuga

heterophylla dominate the tree reproduction at an average species ratio

of 2:1. The Tsuga heterophylla seedlings and saplings have a tendency

to decrease with elevation; even at low elevations, however, these seed-

lings rarely exceed those of Abies amabilis in number or vigor, and

they are essentially confined to raised seedbeds (rotten logs, stumps,

and rootwads) (Fig. 19).
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Figure 19. Tsuga heterophylla reproduction in the Abies amabilislVaccinium alaskaense

habitat type is essentially confined to rotten logs and other raised seedbeds; this is true in

most other associations as well.

Understories have well-developed shrub and weak herb layers (aver-

age cover 52 and 17 percent, respectively) (Table 6). Vaccinium alas-

kaense is by far the most important shrub, but Vaccinium ovalifolium,

V. membranaceum, V. parvifolium, and Menziesia ferruginea are typ-

ically present and can contribute substantial cover in individual stands.

The herb layer is composed of a set of evergreen species, each occur-

ring in the majority (but not all) of the plots: Linnaea borealis, Cornus

canadensis, Clintonia uniflora, Rubus lasiococcus, R. pedatus,

Chimaphila umbellata, C. menziesii, Pyrola secunda, and Goodyera

oblongifolia.

A few young stands were sampled. Pseudotsuga menziesii can be a

dominant along with Tsuga heterophylla and, to a lesser extent, Abies

amabilis. The role of Abies procera is unclear. Few of our stands in-

cluded Abies procera but this may reflect the fact that most stands were

over 400 years old, by which time Abies procera is largely eliminated.

Some young stands of the Vaccinium alaskaense phase may be included

within the Pseudotsuga menziesii/Viola sempervirens community type.
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Berbehs nervosa Phase—The Berberis nervosa phase of the ABAM/
VAAL Association was sampled at elevations from 630 to 1220 m
(2,080 to 4,080 ft). Plots are mostly on lower slopes or valley bottoms

of southerly exposure. The soils are similar to those of the Vaccinium

alaskaense phase, namely deep, well-drained soils of tephra and col-

luvial deposits (Hobson 1976).

Pseudotsuga menziesii and Tsuga heterophylla are codominants of

the overstory canopy; Thuja plicata and, less frequently, Abies amabilis

are minor overstory species (Table 5). As within the Vaccinium alas-

kaense phase, tree reproduction continues to be dominated by Abies

amabilis in the Berberis nervosa phase. Seedling densities of Abies

amabilis, compared to the second ranked Tsuga heterophylla, have an

average ratio of 2:1. Thuja plicata seedlings are also present in most

plots but are of low density. The three tree species together account for

98 percent of seedling establishment.

Understories in the Berberis nervosa phase reflect an environment

somewhat warmer and drier than that of the Vaccinium alaskaense

phase (Table 6). Vaccinium parvifolium and Berberis nervosa join

Vaccinium alaskaense as regular and important members of the shrub

layer. Taxus brevifolia and Acer circinatum are present in about two-

thirds of the plots and are considerably more important than in the

Vaccinium alaskaense phase. Vaccinium ovalifolium and Menziesia fer-

ruginea are, on the other hand, less important. Composition of the herb

layer of the Berberis nervosa phase differs from the Vaccinium alas-

kaense phase in poorer representation of Clintonia uniflora and greater

coverage of Linnaea borealis.

Rubus pedatus Phase—This phase of the ABAM/VAAL Association

is mostly confined to the Carbon, Mowich, and North Puyallup River

drainages. Our plots ranged in elevation from 840 to 1380 m (2,770 to

4,550 ft) and were generally of northerly exposures on lower to upper

slopes and benches. Soils developed from deep tephra deposits often

had strong iron pan development. These site characteristics suggest that

the Rubus pedatus phase represents the ABAM/VAAL type near the

cooler and wetter portion of its range.

Tsuga heterophylla and Abies amabilis are almost the only trees pre-

sent (Table 5). The latter strongly dominates tree reproduction with an

average seedling ratio of 11:1 compared to Tsuga heterophylla. Tsuga

mertensiana and Chamaecyparis nootkatensis are both very minor, each

contributing only about one percent of the total seedling density.

Shrub dominants in order of importance are Vaccinium alaskaense, V.

ovalifolium, V. membranaceum, and Menziesia ferruginea (Table 6).

Collectively these provide an average cover of 43 percent. Warm-site

shrubs such as Acer circinatum and Berberis nervosa are absent or
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Table 6. Constancy and characteristic cover of all shrub and herb taxa for the modal forest

community types of Mount Rainier National Park.

Community type 1

7a. 7b. 7c. 7d.

ABAM/VAAL

VAAL BENE RUPE CHNO
Number of phase phase phase phase

plots per type:

Taxa

43 19 19 6

Con Cov 2 Con Cov Con Cov Con Cov

SHRUBS

Sambucus spp. 2 T
Acer glabrum 2 T

Vaccinium scoparium 5 2

Rosa gymnocarpa 14 T 26 3

Rubus ursinus 21 T 42 1

Symphoricarpos mollis 2 T 5 T

Oplopanax horridum 14 T 5 4 11 T

Chimaphila umbellata 63 1 95 4 50 1

Amelanchier alnifolia 2 T 11 1

Taxus brevifolia 14 3 68 8

Cornus canadensis 63 2 74 3 37 2 50 1

Rubus parviflorus 5 7 5 T 5 1

Vaccinium parvifolium 65 2 100 8 42 2 50 4

Acer circinatum 26 12 63 9 5 T 33 1

Berberis nervosa 26 1 100 8 11 T 17 1

Gaultheria ovatifolia 30 3 63 2 5 T 50 2

Chimaphila menziesii 53 T 74 T 21 T 83 T
Rubus lasiococcus 74 2 74 1 63 2 67 T
Sorbus sitchensis 26 T 21 T 37 1

Gaultheria shallon 5 1 47 T
Vaccinium ovalifolium 84 11 37 4 74 14 100 9

Vaccinium alaskaense 100 32 95 13 95 30 100 33

Vaccinium membranaceum 88 3 79 2 79 4 100 6

Menziesia ferruginea 67 3 32 1 79 1 67 1

Pachistima myrsinites 12 T 32 1 33 T
Rubus pedatus 65 3 42 1 100 12 67 2

Vaccinium deliciosum 5 4

Salix scouleriana 5 T
Rubus spectabilis 7 T 16 1

Cory Ius cornuta 5 T
Ribes lacustre 5 1 5 T 5 T 17 T
Rhododendron albiflorum 9 2 26 1 17 8

Alnus sinuata 2 3 17 T
Ribes spp. 5 T
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Table 6. Continued

7a.

Community type 1

7b. 7c.

ABAM/VAAL
7d.

VAAL BENE RUPE CHNO
Number of phase phase phase phase

plots per type: 43 19 19 6

Taxa Con Cov 2 Con Cov Con Cov Con Cov

HERBS

Lilium columbianum 2 T
Pyrola picta 2 T
Equisetum fluviatile 2 T
Dryopteris austriaca 5 1

Adenocaulon bicolor 5 T
Osmorhiza spp. 2 T
Lysichitum americanum 2 T
Luzula parviflora 2 T
Lupinus latifolius 2 T
Adiantum pedatum 2 T
Disporum hookeri 5 T 5 T
Corallorhiza maculata 2 T 5 T
Trifolium latifolium 2 T 5 T
Monotropa uniflora 2 T 5 T
Madia dissitiflora 12 T 11 T 5 T
Pteridium aquilinum 9 1 11 1 5 3

Pyrola uniflora 7 T 5 T 5 T
Veratrum viride 5 T 5 T
Valeriana sitchensis 5 T 5 T
Lycopodium clavatum 12 1 11 T 11 1

Achlys triphylla 53 2 58 2 32 2 33 T
Listera borealis 70 4 100 13 21 2 83 3

Trillium ovatum 42 T 47 T 42 T 17 T
Goodyera oblongifolia 56 T 74 T 11 T 100 T
Tiarella unifoliata 47 1 37 T 53 1 17 T
Smilacina stellata 23 1 21 T 21 T 17 T
Streptopus amplexifolius 5 T 11 T 5 T
Viola sempervirens 26 T 37 4 16 T 33 T
Polystichum munitum 5 T 21 T 5 1

Pyrola asarifolia 19 1 63 T 5 T 33 T
Athyrium filix-femina 12 T 21 T
Clintonia uniflora 77 3 53 1 95 4 83 T
Corallorhiza spp. 37 T 84 T 37 T 50 T
Pyrola secunda 67 1 79 1 79 1 83 T
Lithospermum californicum 28 T 16 T 37 T 33 T
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Table 6. Continued

7a.

Community type 1

7b. 7c.

ABAM/VAAL
7d.

ber of

per type:

VAAL
phase
43

BENE
phase

19

RUPE
phase

19

CHNO
phase

6

Taxa Con Cov 2 Con Cov Con Cov Con Cov

Polemonium spp.

Trautvetteria grandis

Smilacina racemosa

Pyrola virens

Hemitomes congestum

Cystopteris fragilis

Allotropa virgata

Thalictrum spp.

Nothochelone nemorosa

Listera cordata

Streptopus roseus

Gymnocarpium dryopteris

Xerophyllus tenax

Blechnum spicant

Tiarella trifoliata

Hieracium albiflorum

Streptopus streptopoides

Viola glabella

Hypopitys monotropa

Epilobium angustifolium

Erythronium montanum

Corallorhiza mertensiana

Mitella spp.

Bromus vulgaris

Arnica Iat ifolia

2 T 5 1

2 T 5

5

5

T
T
T

5 T

2 T 5 T
1 T

5

5

T
T

16 T

28 T 26 T 47 1 33 T

33 2 11 1 74 2 17 1

7 1 21 2

23 9 37 2 32 5 67 T

21 2 11 T 53 2 33 T
9 1 11 1 37 1

7 T 11 T 5 T 33 T

9 T 53 2 17 T

2 2 11 5 16 1 17 T

2 T 21 T

2 T 11 T 17 T

2 20 21

5

5

5

1

T
T
T

17 6

2 T 11 T 33 T

52 45 45 54

17 25 28 8

Average total shrub covert

Average total herb cover4

'Community type names and numbers correspond with those in Table 1.

Constancy (Con) is the percent occurrence of a species in the plots assigned to each forest type.

Characteristic cover (Cov) is the average cover of a species computed by averaging over only those

plots where it occurs. Values are rounded to nearest percent. Values less than 0.5% are denoted by

T\
3 Average total shrub cover is computed by summing the shrub cover on each plot, then averaging

those totals over all plots in a type.
4Average total herb cover is computed by summing the herb cover on each plot, then averaging those

totals over all plots in a type.
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minor. In the herb layer, dominance by Rubus pedatus is one of the

distinguishing features of this phase. Other herbaceous differences be-

tween the Rubus pedatus and Vaccinium alaskaense phases are the near

disappearance of Linnaea borealis and Cornus canadensis from the

Rubus pedatus phase, and the greater importance in this phase of

Clintonia uniflora and Streptopus roseus. In addition, total herbaceous

cover is greater, on the average (27 percent), in the Rubus pedatus

phase than it is in the Vaccinium alaskaense phase.

The Rubus pedatus phase of the ABAM/VAAL has been interpreted

in several ways during the development of our classification. It forms a

bridge between the Vaccinium alaskaense of the ABAM/VAAL phase

and the Abies amabilis/Menziesia ferruginea Association; the Rubus

pedatus phase of ABAM/VAAL is closely related to Abies amabilisl

Menziesia ferruginea and intergrades with it. The phase is distinctive

enough, however, that we gave it full status as a habitat type early in

the study (Moir et al. 1979).

Chamaecyparis nootkatensis Phase—This phase of the ABAM/VAAL
Association is based on six plots scattered in various sectors of the

Park. Elevations range from 930 to 1360 m (3,070 to 4,490 ft). Most

plots occurred on lower slopes of southerly to westerly aspect. Soils

varied from a shallow, cobbly-skeletal profile on laharic substrate to

more typical, deep, and well-drained tephra soils similar to those of the

Vaccinium alaskaense phase.

A distinguishing feature of this phase is the importance of

Chamaecyparis nootkatensis (Table 5). This species contributes about

13 percent of the seedlings and saplings, has about equal density in

pole-sized trees to Tsuga heterophylla and Abies amabilis, and is sec-

ond to Tsuga heterophylla in large-sized trees of the overstory canopy

(all these statistics being averages). Abies amabilis dominates tree re-

production with 77 percent of seedling density, whereas Tsuga hetero-

phylla is third (after Chamaecyparis) with 9 percent.

The shrub layer is similar to that of the Vaccinium alaskaense phase,

namely dominance by Vaccinium alaskaense (33 percent cover) and

presence of V. ovalifolium (averaging 9 percent cover), V. mem-
branaceum (6 percent cover), and some minor shrubs (Table 6). The

herbaceous layer, however, is usually quite sparse (averaging only about

8 percent cover). The only herbs which exceed 1 to 2 percent cover

when present in a stand are Linnaea borealis, Rubus pedatus, and (in

one plot) Cornus canadensis.

With so few plots, we were unable to distinguish environments that

consistently differ from those of the Vaccinium alaskaense phase. Pos-

sibly a greater tendency of fog condensation or other unmeasured en-



74 The Forest Communities of Mount Rainier National Park

vironmental feature contributes to the increased importance of

Chamaecyparis nootkatensis. Increased snowpack can be speculated as

one cause for the general reduction in herb cover.

General Relationships of Type—Forests comparable to the ABAM/
VAAL Association have been described from many locales in the Cas-

cade Range. Franklin (1966) described an Abies amabilis/Vaccinium

alaskaense association as the climatic climax for the Abies amabilis

Zone in southern Washington. He also recognized four phases: typical,

Berberis nervosa, Berberis nervosa-Xerophyllum tenax, and

Xerophyllum tenax. Brockway et al. (1983) describe this association as

being, ".
. . Widespread on environmentally moderate sites" in the

Gifford Pinchot National Forest. The type apparently occurs as far

south as the central Oregon Cascade Range, where a similar Abies

amabilisIVaccinium alaskaenselCornus canadensis association has been

widely recognized (Dyrness et al. 1974, Hemstrom et al. 1982). The

Tsuga heterophyllalVaccinium alaskaense community type of del Moral

and Long (1977) appears much broader than our ABAM/VAAL Asso-

ciation, based upon the average coverage of wet-site species (such as

Oplopanax horridum) and dry-site species (such as Gaultheria shallon

and Berberis nervosa) in their stands.

The ABAM/VAAL Association appears to be also common in the

Cascade Range north of Mount Rainier to at least the Mount Baker area

(Henderson and Peter 1981, 1985). It appears that there may be a shift

toward the Rubus pedatus phase in the northern Washington area, how-

ever, and it is possible that our phase is actually the southern represen-

tation of the major modal type in the North Cascades. Henderson and

Peter (1985) recognized an Abies amabilis/'Rubus pedatus Association

as distinct from a Rubus pedatus-rich ABAM/VAAL type in the Mount
Baker area. The extensive occurrence of a similar type in the Olympic
Mountains (Abies amabilis-Tsuga heterophylla of Fonda and Bliss

(1969)) also suggests that the Rubus pedatus phase of the ABAM/
VAAL Association may predominate at wetter mountain elevations to

the north and west of Mount Rainier.

All phases considered together, the ABAM/VAAL Association is re-

lated to and forms ecotones with a wide variety of other habitat types.

On adjacent warmer and drier slopes, the Abies amabilislBerberis ner-

vosa or Abies amabilis/'Gaultheria shallon Associations may be encoun-

tered. At higher elevations, transitions to Abies amabilislXerophyllum

tenax on upper slopes and ridgetops are found. ABAM/OPHO often

forms sharp ecotones with ABAM/OPHO such as in the Ohanapecosh

River Valley (East Side trail between Grove of the Patriarchs and

Chinook Creek). On slopes, ABAM/VAAL can interface or form mosa-

ics with ABAM/TIUN; the abundance of mesic herbs such as Tiarella
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unifoliata, Achlys triphylla, and Streptopus roseus and the sparsity of

ericaceous shrubs on ABAM/TIUN distinguish it from ABAM/VAAL.
Finally, ABAM/VAAL can intergrade to the Abies amabilislMenziesia

ferruginea Association in progressing to cooler environments with in-

creased elevation or northerly exposures.

Abies amabilislVaccinium alaskaense is the most extensive associa-

tion throughout Mount Rainier National Park. Forests may appear

somewhat bland and repetitive compared with the lush herbaceous types

of wetter environments. They are quite resilient under use, however,

and well suited to developments such as campgrounds and trails. A part

of the Cougar Rock campground is on the Vaccinium alaskaense phase

of the habitat type. In general, the Abies amabilislVaccinium alas-

kaense habitats have few unique attributes (other than commonness) or,

fortunately, problems regarding wildlife, visitors, fire, or other phe-

nomena.

Dry Forest Ecosystems

The group of dry forest ecosystems includes four associations and

three community types; the Abies amabilislXerophyllum tenax could

also be considered with the cold group. All three Pseudotsuga menziesii

community types are included here for convenience, although one

{Pseudotsuga menziesii/Viola sempervirens) is more modal or moist

than dry in its characteristics. With that exception, all of the types can

be considered to be relatively dry with trees typically suffering at least

minor moisture deficiencies every year. The Tsuga heterophyllal

Gaultheria shallon and Abies amabilislGaultheria shallon probably also

suffer from nitrogen deficiencies.

Tree data for the dry group of forest communities are presented in

Table 7. Herb and shrub presence and cover are presented in Table 8.

Tsuga heterophyllalGaultheria shallon Association

The Tsuga heterophyllalGaultheria shallon Association (TSHE/
GASH) characterizes hot, dry slopes and ridges at low elevations. It is

most common in the Ohanapecosh and Nisqually River drainages. It is

mostly a forest of mountain sideslopes with south to west exposures.

Our plots ranged between 550 and 1190 m (1,815 and 3,330 ft) in

elevation. Soils are commonly colluvial or well-drained tephras with

only weakly developed spodic horizons.

Mature forests are dominated by Pseudotsuga menziesii and Tsuga

heterophylla, the former usually more abundant (Table 7). Thuja plicata

and occasional specimens of Pinus monticola are less common compo-
nents of the overstory. The most important reproductive tree is Tsuga
heterophylla, but regeneration densities may be very low; stocking of
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saplings and poles in our plots ranged from to about 220 stems/ha

(88/acre). In some stands there were minor amounts of sapling Abies

amabilis or Thuja plicata', these were always far less abundant than

Tsuga heterophylla.

Acer circinatum may form a conspicuous tall shrub layer (up to 60

percent cover) (Fig. 20), but it can also be minor or absent (Table 8).

Other species of this stratum are Taxus brevifolia (1 to 5 percent cover,

although one exceptional plot had 60-percent cover) and occasional

Amelanchier alnifolia. The lower shrub layer dominated by Gaultheria

shallon is a diagnostic feature of this association. Gaultheria shallon

cover averages 47 percent (range from 2 to 85 percent). Other rather

common shrubs are Berberis nervosa (up to 40-percent cover),

Vaccinium parvifolium (1 to 12 percent cover), Vaccinium mem-
branaceum, Rosa gymnocarpa, and Symphoricarpos mollis. Important

evergreen herbs of this habitat are Chimaphila umbellata and Linnaea

borealis, whereas Xerophyllum tenax occurs in about half of the sample

plots. Crown perennials are relatively inconspicuous in the herbaceous

stratum, but Achlys triphylla, Festuca occidentalism Hieracium al-

biflorum, Listera cordata, Trientalis latifolia, and Pteridium aquilinum

are occasional, moderately constant species (appearing in 30 percent or

more of the plots).

Pseudotsuga menziesii is a principal seedling or sapling in young

stands, but Thuja plicata, Tsuga heterophylla, and Pinus monticola

also have moderate to heavy densities. Gaultheria shallon and

Pteridium aquilinum averaged 60 and 5 percent cover, respectively, in

three stands less than 100 years old.

This association of hot, dry slopes has poor growth rates of tree di-

ameter and height. Many stands, especially in the Ohanapecosh
drainage, are even-aged—about 250 years old. Some of these appear

relatively stagnant, for succession to the Tsuga heterophylla-dominated

climax appears very slow. The TSHE/GASH forests show rather heavy

wildlife usage, particularly by browsing deer and elk. Active game
trails are conspicuous. Important browse species include Acer cir-

cinatum, Vaccinium parvifolium, Amelanchier alnifolia, and saplings of

Thuja plicata. Dwarf mistletoe (Arceuthobrium campylopodum) is a

major pathogen on Tsuga heterophylla in this and the Abies amabilis/

Gaultheria shallon Association.

Mosaics of TSHE/GASH with other forest types are particularly evi-

dent near the Ohanapecosh campground and along the Silver Falls trail.

Juxtapositions of TSHE/GASH, TSHE/OPHO, TSHE/ACTR, and the

Berberis nervosa phase of ABAM/VAAL Associations can all be found.

The TSHE/GASH type occurs on the driest microsites. At higher eleva-

tions, TSHE/GASH intergrades to the Abies amabilis/'Gaultheria shal-

lon Association. Relatively dry midslope environments may have mosa-
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Figure 20. Acer circinatum may form a significant tall shrub layer over the uniformly

present Gaultheria shallon in the Tsuga heterophyllalGaultheria shallon habitat type. Near

the Ohanapecosh entrance.

ics of TSHE/GASH and Abies amabilislBerberis nervosa types, the

former on slightly hotter or drier microsites.

Comparable ecosystems are widespread in western Washington and

Oregon, our type evidently representing an upper-elevational variant.

Henderson and Peter (1981) describe TSHE/GASH as the most com-

mon association on the White River District of the Snoqualmie National

Forest. It has also been identified on the Gifford Pinchot National For-

est (Topik et al. 1985), especially "in minor rainshadow areas." In the

Cedar River drainage, the Pseudotsuga menziesiilGaultheria shallon

community type of del Moral and Long (1977) apparently occurs on

this habitat type. In the Oregon Cascade Range, habitats characterized

by Gaultheria shallon typically include Rhododendron macrophyllum as

a tall shrub dominant (Dyrness et al. 1974). In the Olympic Mountains,

both the Pseudotsuga menziesii-Tsuga heterophylla and Pseudotsuga

menziesii types (Fonda and Bliss 1969) appear environmentally and flo-

ristically related to our TSHE/GASH Association.
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Pseudotsuga menziesiilCeanothus velutinus Community Type

Extensive areas of young Pseudotsuga menziesii stands 50 to 100

years old occur in the Cowlitz and Ohanapecosh River drainages. Sim-

ilar stands also occur in other locations in the Park, such as on Crystal

Mountain in the White River drainage. It is very difficult to succes-

sionally relate many of these youthful communities to the mature asso-

ciations. These stands have, therefore, been grouped into three

Pseudotsuga menziesii types.

The Pseudotsuga menziesiilCeanothus velutinus (PSME/CEVE) com-

munity samples are from two recently burned sites in the Ohanapecosh

drainage—the Shriner Burn (last burned in 1934) and an unnamed burn

on the north side of Deer Creek. This community occupies moderate to

steep, southerly exposed slopes at low to middle elevations. Soils are

colluvial and often shallow and stony. The PSME/CEVE type is ob-

viously characteristic of severe (hot and droughty) habitats that have

been recently (within the last 100 years) and probably repeatedly

burned (Fig. 21).

Figure 21. The Pseudotsuga menziesiilCeanothus velutinus community type is found on

exposed southerly sites that have reburned several times during recent centuries. A typical

area of this community is apparent here in the Shriner Peak burn which last burned in

1934.
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Pseudotsuga menziesii is the most important tree species (Table 7).

Abies procera is important on one plot but is not characteristic. Other

tree species include Pinus monticola, Abies amabilis, and Tsuga het-

erophylla. Basal areas are low in these stands, which are still in a

regenerating phase (see Fig. 21).

Understories have moderate densities on the average, although indi-

vidual sites may be very brushy (Table 8). Acer circinatum, Ceanothus

velutinus, and Vaccinium membranaceum provide most of the 33 per-

cent shrub cover. Shrubs occurring in most plots (80 percent presence

or more) are Berberis nervosa, Arctostaphylos uva-ursi, Pachystima

myrsinites, Rubus ursinus, and Vaccinium membranaceum. The herb

layer is poorly developed but includes many early successional species;

Pteridium aquilinum, Epilobium angustifolium, Hieracium albiflorum,

and Anaphilis margaritacea all have 100 percent presence.

As mentioned, this community appears to represent early forest de-

velopment on intensely burned, warm, droughty sites. These sites may
represent xeric phases of the Abies amabilislBerberis nervosa habitat

type.

Pseudotsuga menziesiilXerophyllum tenax Community type
The Pseudotsuga menziesiilXerophyllum tenax (PSME/XETE) com-

munity occurs throughout the Park. Stands range from 48 to 142 years

old. The habitat is found on gentle to moderate, southerly exposed

slopes and appears to occupy somewhat less stressful environments

than does the PSME/CEVE type. Our plots range widely in elevation,

from 800 to 1580 m (2,640 to 5,210 ft). Soils are colluvial, often in-

cluding substantial tephra.

Pseudotsuga menziesii strongly dominates this community, especially

in pole sizes (Table 7). Tsuga heterophylla, Abies amabilis, Pinus mon-

ticola, and Abies procera are regular minor associates.

The PSME/XETE community has a substantial understory of both

shrubs and herbs (Fig. 22 and Table 8). Important shrubs include

Gaultheria ovatifolia, Pachystima myrsinites, Acer circinatum, Vac-

cinium membranaceum, and Vaccinium parvifolium. Gaultheria shallon

and Berberis nervosa have substantial coverage when present.

Xerophyllum tenax, which averages 28 percent cover, comprises about

half of the herb cover. Other important herbs are Pteridium aquilinum,

Linnaea borealis, and Rubus lasiococcus.

The PSME/XETE type is believed to occur mainly on sites assigna-

ble to the Abies amabilislGaultheria shallon Habitat Type. This is

based upon the combination of Gaultheria spp. , Xerophyllum tenax,

and Acer circinatum as important species. The community may also be

successional to the Abies amabilislXerophyllum tenax Association— es-

pecially those stands at higher elevations. The Gaultheria spp. suggest
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Figure 22. Pteridium aquilinum dominates the understory of this 91-year-old

Pseudotsuga menziesiilXerophyllum tenax community on Backbone Ridge. The meter stick

is near a charred snag.

that the Abies amabilislBerberis nervosa association is an unlikely cli-

max to the sere. Nevertheless, the wide elevational span of forests clas-

sified in this community type and the different sectors of the Park

where it is found lead us to suspect that at least several habitat types

may have PSME/XETE communities as serai forests.

Pseudotsuga menziesii/Viola sempervirens Community T^pe

The Pseudotsuga menziesii/Viola sempervirens Community Type

(PSME/VISE) occurs mainly in the Cowlitz, Ohanapecosh, and White

River drainages at elevations between 720 and 1280 m (2,380 and

4,220 ft). The ages of trees in our plots ranged from 72 to 153 years.

Most stands were on gentle to moderate slopes, on all aspects, and had

colluvial and tephra soils (Hobson 1976).

The community type is strongly dominated by pole- and standard-

sized Pseudotsuga menziesii (Table 7). This is the most productive of

the Pseudotsuga menziesii communities as reflected in basal areas. As-

sociated overstory trees include Abies amabilis, A. procera, Tsuga het-
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erophylla, and Thuja plicata. On the average, the most important seed-

lings are Tsuga heterophylla and the most important saplings are Abies

amabilis. Pseudotsuga menziesii can also be well represented by sap-

lings.

The PSME/VISE type has a dense herbaceous layer (Fig. 23) and

highly variable shrub layer (Table 8). Dominant herbs include the pi-

oneer fern, Pteridium aquilinum, found in 90 percent of our plots, and

mesic species such as Viola sempervirens, Achlys triphylla, Linnaea

borealis, Rubus lasiococcus, and Cornus canadensis. Collectively these

herbs contribute about three-fourths of the average herb cover of 54

percent over the 18 sample plots. No shrub species was present in all

plots, but the most important shrubs of this community type are Acer

circinatum, Berberis nervosa, Vaccinium parvifolium, V. mem-
branaceum, and Gaultheria ovatifolia.

We are uncertain about the successional status of this community

type. Stands of the PSME/VISE type are often found adjacent to stands

of the ABAM/VAAL Association, occupying the same landform and

Figure 23. Representative stand of the Pseudotsuga menziesii/Viola sempervirens
community type; note the rich herbaceous understory, nearly pure Pseudotsuga menziesii

stand, and snag of Thuja plicata still persisting 75 years after the last wildfire.
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slope positions. If these forests are successionally related, then

Vaccinium alaskaense and its ericaceous shrub associates obviously de-

velop in midsere. On the other hand, the rich herb complement and

slope and landform positions of still other stands classified as the

PSME/VISE type are also suggestive of the TSHE/ACTR Association.

Abies amabilislGaultheria shallon Association

The Abies amabilislGaultheria shallon Association (ABAM/GASH)
occurs mostly in the wesern half of the Park, in the Nisqually,

Puyallup, and Mowich River drainages. It is typically encountered on

moderate to steep, southerly exposed, middle and upper slopes; the

mean slope and aspect (51 percent and 194°) of our plots are indicative

of a relatively warm, dry environment. Elevational range is from 900 to

1300 m (2,970 to 4,290 ft). Tephra and alluvium are about equally

important as soil parent materials.

Tsuga heterophylla and Pseudotsuga menziesii dominate mature

stands (Table 7). Thuja plicata and Abies amabilis can be important

associates in smaller size classes. Tsuga heterophylla and Abies

amabilis are, on the average, of equal importance in reproductive size

classes; typically, reproduction of Thuja plicata is also present in small

quantities.

Understories of the ABAM/GASH type are strongly dominated by

evergreens in the shrub layer and Gaultheria shallon and Xerophyllum

tenax in the herb layer (Fig. 24 and Table 8). Other shrubs include

evergreen species such as Berberis nervosa and Gaultheria ovatifolia

and deciduous Vaccinium parvifolium and Vaccinium alaskaense . Com-
mon evergreen herbs, but with minor coverage, are Chimaphila urn-

be Ilata and Linnaea borealis.

Understory coverage in young communities varies widely from rank

to nearly absent, depending upon stand density. Pseudotsuga menziesii

is the major serai species, but Tsuga heterophylla can also dominate

young stands, especially at higher elevations. Some of the stands in-

cluded in the PSME/XETE Community Type are probably represen-

tative of serai stages on ABAM/GASH habitat type.

Because of low productivity, stands belonging to this association are

typically unimpressive. The Tsuga heterophylla are often heavily in-

fected by dwarf mistletoe and the Gaultheria spp. -dominated understory

is monotonous. On the other hand, the plant cover is resilient and will

stand up under heavy use; with the prevalence of tree diseases on this

habitat, hazardous trees require special attention.

The ABAM/GASH Association is most clearly related to the TSHE/
GASH type, into which it grades at its lower elevational limit, and the

Tsuga heterophylla phase of the Abies amabilislXerophyllum tenax

Association at its upper elevational limits. The abundance of Abies
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Figure 24. Understory of a stand in the Abies amabilislGaultheria shallon habitat type.

amabilis and Xerophyllum tenax in the ABAM/GASH type differenti-

ates it from TSHE/GASH. The presence of Gaultheha and several other

warm-site species differentiates ABAM/GASH from Abies amabilisIXe-

rophyllum tenax. A third, closely related, dry, slope association is

Abies amabilislBerberis nervosa, although it essentially lacks both

Gaultheria shallon and Xerophyllum tenax.

Comparable associations have been described in the southern Wash-

ington Cascade Range (Franklin 1966, Brockway et al. 1983) as well as

in areas to the north (Henderson and Peter 1981). We have observed

comparable types in regions of southeastern Olympic Mountains, Wash-

ington, and Fonda and Bliss' (1969) Tsuga heterophylla-Pseudotsuga

menziesii type may be related. The Abies amabilis/Rhododendron mac-

rophyllum-Gaultheria shallon Association of the northern Oregon Cas-

cade Range has many similarities (Hemstrom et al. 1982).

Abies amabilislBerberis nervosa Association

The Abies amabilislBerberis nervosa Association (ABAM/BENE) is a

relatively depauperate habitat type (Fig. 25) that occupies moderately

dry, often steep slopes at middle elevations. This type is found most
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frequently on the east side of the Park with 29 of our 38 plots in the

White and Ohanapecosh River drainages. Elevational range is 750 to

1420 m (2,470 to 4,690 ft). Nearly all the plots are on mountain slopes

(all positions), which typically exceed 45 percent. Exposures are gener-

ally, but not exclusively, southerly. Colluvium and tephra deposits are

equally common soil parent materials; shallow stony soils are the usual

features of the steep slopes.

Mature forests belonging to the ABAM/BENE Associations are domi-

nated by Pseudotsuga menziesii and Tsuga heterophylla, with Abies

procera, Abies amabilis, and Thuja plicata as common associates

(Table 7). Seedlings and sapling densities are mainly of Abies amabilis

and Tsuga heterophylla with an average ratio of about 1.5:1.

Understories are typically sparse in both shrub (average cover 20 per-

cent) and herb (average cover 22 percent) layers (see Fig. 25 and Table

8). When present, Berberis nervosa and Acer circinatum provide the

only substantial shrub cover, although Vaccinium membranaceum, Vac-

cinium parvifolium, Pachystima myrsinites, and Rosa gymnocarpa are

commonly present. Chimaphila umbellata, Achlys triphylla, and

Figure 25. Stands in the Abies amabilislBerberis nervosa habitat type often have few

plant species and sparse cover in the understory. This stand is near Crystal Creek.
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Linnaea borealis are the most important herbs, although others such as

Clintonia uniflora, Viola sempervirens, Pyrola secunda, and Rubus

lasiococcus are usually present.

Young stands are often dominated by mixtures of Tsuga heterophylla,

Pseudotsuga menziesii, Abies procera, and Pinus monticola. Abies

amabilis, Thuja plicata, and even Abies lasiocarpa may also be major

components of young stands, however. Understories are generally a lit-

tle richer in young than in old stands.

This habitat type is extensive in the White River drainage. The mid-

dle and lower slopes of Shriner Peak and of Sunrise Ridge are largely

ABAM/BENE Habitat Type. Much of the habitat type is occupied by

stands 50 to 250 years of age, which reflects the greater fire frequency

than on ABAM/VAAL habitats (Hemstrom 1982). Young stands are at

relatively dynamic stages when extensive mortality can often be ex-

pected due to developing competition and subsequent attacks by patho-

gens. A good example is the extensive destruction of Pinus monticola

by bark beetles (Dentroctonus monticolae) along the Sunrise Ridge

road during the 1960's. Such waves or episodes of mortality are a natu-

ral pattern.

The ABAM/BENE Association is related to the Berberis nervosa

phase of ABAM/VAAL and to the ABAM/GASH types. The sparsity of

Vaccinium alaskaense and other ericaceous shrubs in mature forests and

the warmer, steeper slopes distinguish ABAM/BENE from ABAM/
VAAL At lower elevations, some mature forest stands within ABAM/
BENE habitat (for example, plots 30, 407, and 426) have little re-

generation of Abies amabilis compared to Tsuga heterophylla. These

stands suggest a Tsuga heterophylla phase of this type, but our samples

were too few to clearly separate such a phase. Nevertheless, we suspect

that at the warmer, drier environments within the ABAM/BENE Asso-

ciation there is gradation, especially in tree regeneration characteristics,

to a Tsuga heterophyllalBerberis nervosa Association, which is more

widespread outside the Park boundaries (see Fig. 11).

If the ABAM/BENE is primarily an east-side association, its counter-

part on the west side of the Park in comparable environments is the

ABAM/GASH type. We considered assigning several plots of the

ABAM/BENE Association found in the west half of the Park to the

ABAM/GASH Association, but their lack of Gaultheria shallon and

Xerophyllum tenax made them too distinctive. At any rate, we are un-

certain just what subtle shifts in environmental features separate these

closely related, but geographically variant associations. Perhaps the dis-

tinction between these associations disappears to the south of the Park.

Franklin's (1966) Abies amabilislBerberis nervosa Association includes

substantial amounts of both Gaultheria shallon and Xerophyllum tenax

but is otherwise similar to the Abies amabilislBerberis nervosa



96 The Forest Communities of Mount Rainier National Park

Association at Mount Rainier. The ABAM/BENE Association of Brock-

way et al. (1983) on the Gifford Pinchot National Forest is quite similar

to ours except that it contains a little more Xerophyllum tenax. An
ABAM/BENE type was the second most common association in the

Abies amabilis Zone of the White River drainage north of the Park

(Henderson and Peter 1981) and extends to the Canadian border (Hen-

derson and Peter 1985). The comparable communities in the Oregon

Cascade Range include ABAM/BENE (Hemstrom et al. 1982) and

Tsuga heterophylla-Abies amabilisIRhododendron macrophyllumlBerberis

nervosa (Dyrness et al. 1974) Associations.

Abies amabilisIXerophyllum tenax Association

The Abies amabilisIXerophyllum tenax Association (ABAM/XETE) is

a rather floristically depauperate type found on steep, dry mountain

slopes and ridgetops in the upper Abies amabilis and lower Tsuga mer-

tensiana Zones. It is perhaps most extensive in the Nisqually River

drainage but can be found throughout the Park. The association is most

common at midslope and on upper slopes, and on broad or narrow

ridgetops. It occupies any aspect, but southerly exposures are most

common. Soils are often stony and of colluvial or tephra deposits. Ex-

tremely cobbly, skeletal horizons are usually found at depths between

0.5 and 1 m below the soil surface. Plot 100 in this type has a modal

colluvial soil as classified by Hobson (1976) and described in the sec-

tion on soils (Chapter 2). Elevations of the plots range from 960 to

1610 m (3,730 to 5,310 ft). Two elevational phases reflect the major

Tsuga associate: the Tsuga heterophylla phase at lower elevations and

T mertensiana phase at higher elevations. The break between phases

generally occurs around 1400 to 1500 m (4,600 to 4,950 ft).

Abies amabilis is the most important species in mature forests (Table

7). Tsuga heterophylla is the major associate in the Tsuga heterophylla

phase, but Pseudotsuga menziesii, Abies procera, and Chamaecyparis

nootkatensis may also be conspicuous. Tsuga mertensiana and
Chamaecyparis nootkatensis are the most important associates in the

Tsuga mertensiana phase. Either one or both Tsuga spp. may be impor-

tant in the transition zone between the two phases (at 1400 to 1500 m
or 4,600 to 4,950 ft). About 90 percent of the tree reproduction is

Abies amabilis in both phases, with Tsuga heterophylla (in the Tsuga

heterophylla phase) and Chamaecyparis nootkatensis making minor
contributions.

The forest understory of the ABAM/XETE Association is depauperate

(Table 8). The shrub and herb layers appear to be composed almost

entirely of Vaccinium membranaceum and Xerophyllum tenax, respec-

tively (Fig. 26). Pyrola secunda, Rubus lasiococcus, and Viola semper

-

virens are the only other species occurring in over half the plots; their
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cumulative cover averages only 3 percent. The two phases differ in

representation by minor understory species. The Tsuga mertensiana

phase consistently has only the five aforementioned species plus low

coverage of Rhododendron albiflorum and Clintonia uniflora. Stands of

the Tsuga heterophylla phase, on the other hand, are more likely to

include small amounts of Berber is nervosa, Chimaphila umbellata, Lin-

naea borealis, and Vaccinium alaskaense, and less likely to include

Rhododendron albiflorum, Clintonia uniflora, or Erythronium mon-

tanum.

Figure 26. Xerophyllum tenax and Vaccinium membranaceum dominate the depauperate

understories found in Abies amabilislXerophyllum tenax stands.
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Young stands can be dominated by any of several tree species;

Pseudotsuga menziesii, Pinus monticola, Abies procera, and Abies

lasiocarpa are common early successional species. In fact,

Pseudotsuga menziesii, Abies procera, and Abies lasiocarpa appear to

represent an elevational gradient on slopes from low to high elevations.

Abies amabilis, Chamaecyparis nootkatensis, and Tsuga spp. are also

important in some young stands. One anomalous young stand contain-

ing Abies lasiocarpa and Tsuga mertensiana in regeneration sizes (as

well as Abies amabilis and Tsuga heterophylla) occurred on a valley

mudflow in the Muddy Fork of the Cowlitz River at the 960 m (3,170

ft) elevation. Perhaps cold air drainage is one of the compensatory fea-

tures of this low elevation stand. The major floristic feature of the

young stands is a much greater average cover of Xerophyllum tenax (49

percent) and Vaccinium membranaceum (21 percent) than that occurring

in the mature stands.

This association is frequently encountered by visitors traveling the

high forested trails. Its resilient ground vegetation and well-drained

soils make it well suited for trails and campsites. Abies amabilislXe-

rophyllum tenax habitats (like those of the Abies amabilislRubus

lasiococcus type) appear to burn more frequently than most other hab-

itat types because of their position on warmer, drier, upper slopes and

ridgetops (Hemstrom 1982). Reforestation may be slow and patchy fol-

lowing fire; extensive historical burns can be seen that are still filling

in, such as in the upper Stevens Canyon area.

The abundance of Xerophyllum tenax in this association is an impor-

tant feature. Although most leaves of the plant are consumed in a wild-

fire, the growing point deep within the clump is protected, and shoot

growth resumes almost immediately (Fig. 27). This adaptation to fire is

surely responsible for the high coverage of Xerophyllum tenax on burns

and in immature stands. Rapid regrowth and extensive root systems

make it an important protector against soil erosion and helps retard

nutrient leaching during the early years after fire. During years of ma-

jor flowering, Xerophyllum tenax is not only esthetically important, but

the flowering stalks also provide forage for deer and elk. The plant can

also be a curse to the cross-country traveler on steep slopes, especially

during wet weather when its leaves offer slippery footholds.

At Mount Rainier, the ABAM/XETE Association is most closely re-

lated to the Abies amabilislRubus lasiococcus and ABAM/GASH types

and to the PSME/XETE Community Type. We hypothesize that the

Abies amabilislRubus lasiococcus occupies somewhat moister environ-

ments than does the ABAM/XETE Association. The main features dis-

tinguishing the Abies amabilislRubus lasiococcus Association are the

low coverage or absence of Xerophyllum tenax and an abundance of

other herbs. At lower elevations, the Tsuga heterophylla phase of the
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Figure 27. Xerophyllum tenax plants often survive wildfires even though most of the

leaves are burned away. Leaves of these plants have resumed growth from surviving mer-

istems buried deep in the clump less than 6 weeks after a wildfire. Headwaters of Deer

Creek.

ABAM/XETE Association appears to grade into the ABAM/GASH type

to which it is floristically similar. Abundance of Gaultheria shallon and

Berberis nervosa and low coverage of Vaccinium membranaceum
distinguish ABAM/GASH from ABAM/XETE Associations. The
PSME/XETE Community Type is probably a serai stage of the ABAM/
GASH Association at lower elevations and possibly of the ABAM/
XETE Association at elevations above about 1200 m (3,950 ft). Nev-

ertheless, at these higher elevations, the successional status of the

PSME/XETE Community Type remains unclear. Some stands assigned

to this type contain Gaultheria shallon and Acer circinatum, suggesting

affinity to the ABAM/GASH Association; whereas other stands lacking

substantial coverage of these shrubs appear floristically similar to the

ABAM/XETE Association.

Forest communities dominated by Xerophyllum tenax and Vaccinium

membranaceum are apparently widespread. The Abies amabilis-Tsuga

heterophylla/Vaccinium membranaceum Association of the southern

Washington Cascade Range (Franklin 1966) is comparable to the Tsuga

heterophylla phase. Franklin's (1966) Abies amabilis-Tsuga merten-

sianalVaccinium membranaceum Association is comparable to the
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Tsuga mertensiana phase of the ABAM/XETE type. Franklin (1966)

used Vaccinium membranaceum to name his types because Xerophyllum

tenax is absent from areas of deep, coarse-textured pumice found north

and east of Mount St. Helens. The Abies amabilislVaccinium membran-

aceumlXerophyllum tenax and Tsuga mertensianalVaccinium mem-
branaceum Associations from the Gifford Pinchot (Brockway et al.

1983) and Mt. Hood and Willamette National Forests (Hemstrom et al.

1982) are very comparable to the Tsuga heterophylla and Tsuga mer-

tensiana phases, respectively, of our ABAM/XETE Association. The

Tsuga heterophylla-Abies amabilislXerophyllum tenax Community Type

of the Cedar River drainage (del Moral and Long 1977) appears similar

to the Tsuga heterophylla phase of our ABAM/XETE but is too rich in

coverage of shrubs other than Vaccinium membranaceum to be comfort-

ably assigned to our Tsuga heterophylla phase. An ABAM/XETE Asso-

ciation has been described for the White River drainage (Henderson

and Peter 1981) but probably does not occur beyond Snoqualmie Pass.

Dyrness et al. (1974) identify comparable communities in the Oregon

Cascade Range. They are again separated into two types

—

Abies

amabilislVaccinium membranaceumlXerophyllum tenax and Abies

amabilis-Tsuga mertensianalXerophyllum tenax—which relate to the

two Tsuga phases of our ABAM/XETE Association. Subalpine forests

of Abies lasiocarpa, Picea engelmannii, and Tsuga mertensiana with

Vaccinium membranaceumlXerophyllum tenax understories are common
in the Rocky Mountains of northern Idaho and western Montana
(Daubenmire and Daubenmire 1968, Pfister et al. 1977). Comparable

communities are apparently absent from the Olympic Mountains and

British Columbia (Fonda and Bliss 1969, Krajina 1965).

Cold Forest Ecosystems

The last major group of five associations and one community type

occupy relatively cold, snowy environments and are, therefore, most

commonly found in the Tsuga mertensiana Zone. These subalpine for-

ests are not exclusively high-elevation types, however; they may occur

at moderate elevations (e.g., 1000 m or 3,500 ft) where topography

creates areas of cold air drainage or accumulation. Tree data for this

group of communities is presented in Table 9. Understory charac-

teristics are presented in Table 10. The reader should recall that several

associations discussed earlier (ABAM/XETE and ABAM/TIUN) can

also be appropriately considered in this group and are included (for a

second time) in Tables 9 and 10 to make comparisons easier.

Abies amabilislRubus lasiococcus Association

The Abies amabilislRubus lasiococcus Association (ABAM/RULA)
encompasses three closely related vegetative types. There are two geo-
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graphic phases: the wet, west-side Erythronium montanum phase, and

the dry, east-side Rubus lasiococcus phase. In addition, a series of

early successional stands have been recognized as an Abies lasiocarpal

Valeriana sitchensis Community Type. The Erythronium montanum
phase of the ABAM/RULA Association appears to be the most exten-

sive. All three groupings are similar in the sites occupied: at high ele-

vations, often adjacent to meadow or parkland, often southerly ex-

posed, and with modest to well-drained herb layers and a shrub layer

largely confined to Vaccinium membranaceum.

Erythronium montanum Phase—The Erythronium montanum phase is

found in the wetter two-thirds of the Park from the Carbon River

drainage, counterclockwise through most of the Ohanapecosh River

drainage, including the Three Lakes region. Elevations of the 24 sam-

ple plots range from 1320 to 1720 m (4,356 to 5,680 ft). Over three-

fourths of the plots are on upper slopes or ridgetops, and most have

southerly aspects. Soils are generally developed in tephras but range

widely in morphology, from little profile development to strong hori-

zonation.

Abies amabilis is the major tree species in mature stands of this asso-

ciation, sometimes forming essentially pure stands (Table 9). Tsuga

mertensiana and Chamaecyparis nootkatensis are the most important

associates. Abies lasiocarpa or Abies procera may be important in indi-

vidual stands but not in the type as a whole. The only tree species

reproducing in significant numbers is Abies amabilis.

The understory in the Erythronium montanum phase of the ABAM/
RULA type is generally distinguished by its herbaceous layer (average

cover 40 percent) (Fig. 28 and Table 10). The modest shrub layer (aver-

age cover 21 percent) consists mainly of Vaccinium membranaceum,
although Rhododendron albiflorum is often present in small quantities

(up to 10 percent coverage). The herbaceous layer is dominated by

Erythronium montanum and Rubus lasiococcus. Other species with high

presence are Arnica latifolia, Rubus pedatus, Valeriana sitchensis, Vi-

ola sempervirens, and Veratrum viride. Understory coverage varies

widely and can be quite sparse in stands with dense overstories.

Young stands growing on the Erythronium montanum phase of the

ABAM/RULA Habitat Type vary widely in composition and structure.

Stands dominated by Abies lasiocarpa and by Abies procera have been

encountered along with others dominated by Abies amabilis alone and

in mixture with Tsuga mertensiana and Chamaecyparis nootkatensis.

Chance probably places a major role in determining tree composition:

in other words, seed availability at the time of disturbance. Elevation

may play a role in segregating the two serai Abies spp. , with Abies

procera tending to capture lower elevation and Abies lasiocarpa higher

elevation sites in this habitat type.
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Figure 28. The understory in the Erythronium montanum phase of the Abies amabilisl

Rubus lasiococcus is characterized by Erythronium montanum and Vaccinium mem-
branaceum.

The Erythronium montanum phase is closely related to the Rubus

lasiococcus phase of the ABAM/RULA Association. The Erythronium

montanum phase occupies the wetter portions of the Park. The two

phases are distinguished by the importance of Erythronium montanum
as well as a number of minor shifts in importance and occurrence of

other species, but floristic intergradation between the phases is also

found in some stands (for example, in plot 490).

Rubus lasiococcus Phase—The Rubus lasiococcus phase is essen-

tially confined to the White River and northeastern Ohanapecosh River

drainages. All but three of the 27 sample plots are on southerly and

easterly exposed (aspects 45° to 240°) mountain slopes and ridgetops at

elevations of 1270 to 1740 m (4,190 to 5,740 ft). Soils are developed

in tephra or colluvial deposits.

Abies amabilis is the major overstory tree species in mature stands

but has Chamaecyparis nootkatensis and scattered veteran Pseudotsuga



Forest Classification 113

menziesii as major associates (Table 9). Abies amabilis makes up 88

percent of the reproduction, with Chamaecyparis making up most (8

percent) of the remainder.

Herb or shrub layers are not well developed in mature stands in the

Rubus lasiococcus phase (Table 10). The shrub cover (average 30 per-

cent) is strongly dominated by Vaccinium membranaceum. The herb-

aceous layer (average cover 21 percent) has Rubus lasiococcus, Pyrola

secunda, Arnica latifolia, Valeriana sitchensis, and Clintonia uniflora

as the most important components. Erythronium montanum is absent or

has cover not over 2 percent (plot 490 is an intergrade phase whose

herb complement is dominated by both Erythronium montanum and

Rubus lasiococcus).

Many young stands of the Rubus lasiococcus phase, particularly at

higher elevations, are dominated by Abies lasiocarpa. We assigned

most of these stands to the Abies lasiocarpalValeriana sitchensis

community type. At lower elevations within this phase, young stands

may be dominated or codominated by Abies procera. In both this and

the Erythronium montanum phase, herbaceous cover tends to be greater

in young than in mature stands.

Other associations closely related to both phases of the Abies

amabilislRubus lasiococcus are the ABAM/TIUN, ABAM/XETE, and

Abies amabilislRhododendron albiflorum. At the boundary of its lower

elevation the ABAM/RULA type grades into the strongly herb-domi-

nated ABAM/TIUN type. Modal forests of these two types are easily

distinguished. There is, for example, a much more diverse and lux-

uriant herb layer, general absence of Erythronium, and replacement of

Tsuga mertensiana by Tsuga heterophylla in ABAM/TIUN stands, as

well as a sparsity of Tiarella unifoliata on the ABAM/RULA type. Flo-

ristic and environmental intergrades occur between the two associations

and may make a site difficult to classify, however. The Abies amabilisl

Rhododendron albiflorum type has a shrub layer that is much denser

and richer in species than occurs on the Erythronium montanum phase

of the ABAM/RULA Association. The ABAM/XETE Association is

distinguished from ABAM/RULA by the dominance of Xerophyllum

tenax and sparsity of other herbs. Only 2 stands of 50 in the ABAM/
RULA Association had Xerophyllum cover of over 6 percent. The
ABAM/XETE sites are warmer and drier than those of ABAM/RULA,
which are, in turn, warmer and drier than those of the Abies amabilisl

Rhododendron albiflorum and Abies amabilislMenziesia ferruginea

habitat types.

This habitat type presents no major management problems. The for-

ests are attractive to visitors because they occupy warmer exposures and

lack the heavy shrub cover and saturated soils of the north slope and

bench forests within the Tsuga mertensiana Zone.
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Franklin's (1966) Abies amabilislVeratrum viride Association of the

southern Washington and northern Oregon Cascade Range is similar to

our ABAM/RULA type. Most of Franklin's plots were actually in serai

Abies lasiocarpa stands assignable to the Abies lasiocarpalValeriana

sitchensis Community Type, however. The Abies amabilislVaccinium

membranaceumlClintonia uniflora Associations from the Gifford

Pinchot, Mt. Hood, and Willamette National Forests appear closely re-

lated (Brockway et al. 1983, Hemstrom et al. 1982). The relationships

between our ABAM/RULA Association and types to the north of the

Park are currently confused. In his work on the Mt. Baker-Snoqualmie

National Forest, Henderson (see, e.g., Henderson and Peter 1981) cre-

ated Tsuga mertensianalVaccinium membranaceum and Abies amabilisl

Vaccinium membranaceum Associations which include elements of our

ABAM/RULA type, but thorough comparisons must await availability

of detailed stand data. Fonda and Bliss' (1969) Abies amabilis-Tsuga

mertensiana type appears to be an Olympic Mountain relative of the

Erythronium montanum phase.

Abies lasiocarpalValeriana sitchensis Community Type

Pure or nearly pure Abies lasiocarpa forests dominate warm, south-

erly slopes at high elevations in the White and Ohanapecosh River

drainages. These young stands (often 100-200 years old) are similar in

structure and composition and distinctive enough to be distinguished as

the Abies lasiocarpalValeriana sitchensis Community Type (ABLA2/
VASI). We interpret this community type as an early vegetation stage

within environments of the ABAM/RULA Habitat Type.

The elevations of the 21 stands sampled in this community ranged

from 1450 to 1860 m (4,780 to 6,140 ft), with the aspects generally

southerly (average 187°, ranging from 112 to 308°). The topography

often consisted of upper slopes or ridges, and the soils consisted of

tephra and colluvial parent materials.

Abies lasiocarpa dominates this community (Fig. 29); Pseudotsuga

menziesii and Abies amabilis are the most consistent associates, al-

though Abies procera, Tsuga mertensiana, and Picea engelmannii can

all be important in individual stands (Table 9). Abies amabilis

invariably dominates the seedling and, generally, the sapling size

classes as well; we hypothesize the gradual replacement of Abies

lasiocarpa by Abies amabilis as the forests mature.

The understory has a luxuriant layer of herbs (average cover 65 per-

cent) and a modest shrub layer (average cover 24 percent) composed

mainly of Vaccinium membranaceum (Table 10); Vaccinium scoparium

or V. deliciosum or both also appear in most stands. Major herbs are

Rubus lasiococcus, Valeriana sitchensis, Arnica latifolia, Viola semper-

virens, Polemonium pulcherrimum, two species of Luzula, Veratrum vir-

ide, Mitella spp. , Viola glabella, Clintonia uniflora, and Pedicularis
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Figure 29. Representative stand belonging to the Abies lasiocarpalValeriana sitchensis

community type; dominants are Abies lasiocarpa and Vaccinium membranaceum in the tree

and shrub layers, respectively.

racemosa. This community is often adjacent to meadows, and understo-

ries reflect this influence with frequent occurrence of species such as

Senecio triangularis and Ligusticum grayi.

The ABLA2/VASI type is an attractive and important community
type on Sunrise Ridge, at Grand Park, and along the crest of the Cas-

cade Range. It occupies much of the forest-parkland ecotone in these

areas, making it important to visitors and wildlife. Fire danger in this

type is among the highest of any in the Park (Hemstrom 1982) because

of the frequency of lightning strikes, its location in the driest part of

the Park, and abundance of continuous highly flammable fuels repre-

sented by the limby, resinous Abies lasiocarpa. It is only moderately

resilient to visitor impacts but may be suitable for back-country camp-

sites.

This community type has strong affinities with the many Abies

lasiocarpa communities found along the east slope of the Cascade

Range and in the northern Rocky Mountains (Pfister et al. 1977). At

Mount Rainier, Abies lasiocarpa is usually subject to replacement by

Abies amabilis, making the community type serai (Franklin and
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Mitchell 1967). Franklin (1966) noted similar stands as far south as the

east slopes of Mount Hood (see his Abies amabilislVeratrum viride

Association). Thornburgh (1969) noted that Abies lasiocarpa dominated

stands on high south slopes near the southwest corner of Mount Rainier

(High Rock). Stands of the ABLA2/VASI Community Type do occur on

the west side of the Park, within the Erythronium montanum phase of

the ABAM/RULA Habitat Type, but are less common than on the east

side. This could be due to a variety of factors, including less frequent

fires and greater competition from associated species on the moister

west side. We have noted comparable stands in the Glacier Peak and

Goat Rocks Wilderness areas. Fonda and Bliss (1969) describe similar

stands in the northeast corner of Olympic National Park.

Abies amabilislMenziesia ferruginea Association

The Abies amabilislMenziesia ferruginea Association (ABAM/MEFE)
is a common, shrub-dominated, mid elevation to high elevation type

found throughout Mount Rainier National Park. It occupies relatively

cool, moist sites in the upper Abies amabilis and lower Tsuga merten-

siana Zones where snowpacks are moderate to heavy. All aspects and

landforms are represented in the 27 sample plots, although northerly

aspects and mountain slopes and benches are the most common sites.

Plot elevations range from 1080 to 1500 m (3,560 to 4,950 ft). Tephra

soils with minimal or weak iron-pan development are most common.
Mature forests are dominated by Abies amabilis, which also makes

up 88 percent of the seedlings and 70 percent of the saplings (Table 9).

Either Tsuga mertensiana or Tsuga heterophylla can be the major

hemlock associate, although the latter is the most abundant and both

are often present. Chamaecyparis nootkatensis is present in about 75

percent of the plots and can be an important dominant. All other tree

species are minor.

The understory generally has a well-developed shrub layer (Fig. 30)

(average cover 44 percent) and a modest herb layer (average cover 16

percent) (Table 10). Major shrubs are, in order of appearance,

Menziesia ferruginea, Vaccinium membranaceum, V. ovalifolium, V.

alaskaense, and Rhododendron albiflorum (Table 9). The most impor-

tant herbaceous species are Rubus pedatus, R. lasiococcus, Xe-

rophyllum tenax, Pyrola secunda, Clintonia uniflora, and Streptopus

roseus. Average cover is low for all six species (less than 4 percent).

Only Rubus lasiococcus has high presence, occurring in more than 90

percent of the stands. Erythronium montanum has low presence but may
be abundant when it does occur (up to 10 percent cover).

Seven young forests were analyzed separately. Tree diversity is much
greater in young than in old stands (Table 9). Abies amabilis and Tsuga

heterophylla are still dominant, but Abies lasiocarpa, Abies procera,

Pseudotsuga menziesii, and Thuja plicata all share the role of major
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Figure 30.

type.

Representative mature stand on Abies amabilislMenziesia ferruginea habitat

associates in one or more stands with Tsuga mertensiana and

Chamaecyparis nootkatensis . Shrub cover (average 81 percent) is much
greater in young than in mature stands. The five shrub species listed for

mature stands are still dominants, but Alnus sinuata is an important

addition in some stands. Differences in the herb layer appear minor

except for the addition of Pteridium aquilinum.

Its extent makes the ABAM/MEFE an important association within

the Park. It is indicative of moderate snowpack levels and moist but not

waterlogged sites; hence, management constraints are fewer than on the

environmentally more severe Abies amabilislRhododendron albiflorum

sites. The ABAM/MEFE type is not the best choice for site develop-

ment, however, in terms of length of growing season and soil drainage,

although the vegetation is typically dense and resilient.

Both the Abies amabilislRhododendron albiflorum and ABAM/VAAL
Associations are closely related to the ABAM/MEFE type. There is a

much greater abundance of Rhododendron albiflorum and
Chamaecyparis nootkatensis in the Abies amabilislRhododendron al-

biflorum than in the ABAM/MEFE type. The regular occurrence of

Tsuga heterophylla in the ABAM/MEFE Association is a feature that
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suggests more favorable temperatures and snowpack than in the Abies

amabilislRhododendron albiflorum Association. The ABAM/MEFE can

be distinguished from the ABAM/VAAL type by a variety of features

including the regular occurrence of Tsuga mertensiana, Chamaecyparis

nootkatensis, and Menziesia ferruginea and sparsity of many ABAM/
VAAL indicators such as Pseudotsuga menziesii, Cornus canadensis,

and even Vaccinium alaskaense .

Similar associations have been reported from adjacent portions of the

Cascade Range. Franklin (1966) recognized an Abies amabilislMen-

ziesia ferruginea Association in the southern Washington Cascade

Range. Floristically this association is very similar to ours. Mountain

hemlock is more common than western hemlock in Franklin's type, al-

though ".
. . this is the only association where extensive mixing of the

two hemlocks was encountered . . .," a situation comparable to the

ABAM/MEFE type at Mount Rainier. He also considered this type to

be at the transition between the Tsuga mertensiana and Abies amabilis

zones. The Abies amabilislMenziesia ferruginea Association described

for the Gifford Pinchot (Brockway et al. 1983) and Mt. Hood and

Willamette (Hemstrom et al. 1982) National Forests are very similar to

our association. Chamaecyparis nootkatensis and Rhododendron al-

biflorum are generally important and herbs are generally of lesser im-

portance at Mount Rainier than in associations to the south. The rela-

tionship between our ABAM/MEFE Association and communities to the

north is currently confused. Although Henderson and Peter (1981) re-

port an ABAM/MEFE Association in the White River drainage, it was

not common and is not reported from more northerly locales (see, e.g.,

Henderson and Peter 1985). The type may either be absent or have

been partitioned into other associations. The Abies amabilis-Tsuga het-

erophylla/Vaccinium membranaceum and Abies amabilis/Vaccinium

membranaceum-Vaccinium ovalifolium community types described by

del Moral and Long (1977) from the Cedar River drainage have sim-

ilarities to our ABAM/MEFE, although it is difficult to tell from the

data presented; their two community types were separated primarily by

the abundance of Tsuga heterophylla, a characteristic which we view as

being of minor importance on this habitat type.

Similar subalpine forest communities, minus Abies amabilis, have

been described from the northern Rocky Mountains. The Tsuga merten-

sianalMenziesia ferruginea and Abies lasiocarpa habitat types of

Daubenmire and Daubenmire (1968) and of Pfister et al. (1977) are the

best examples.

Chamaecyparis nootkatensislVaccinium ovalifolium Association

The Chamaecyparis nootkatensislVaccinium ovalifolium Association

(CHNO/VAOV) occurs on wet, often nearly swampy sites in the upper

Abies amabilis and lower Tsuga mertensiana Zones throughout the
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Park. Wet benches, draws, and lower slopes are typical landforms oc-

cupied by this relatively uncommon habitat type. Elevational range of

the 15 sample plots is from 1170 to 1470 m (3,860 to 4,850 ft). The

type can occur on any aspect, although most plots have northerly as-

pects. Soils develop in parent materials of tephra, alluvium, and col-

luvium. Deep organic surface horizons, high water tables, gleyed sub-

soils, and strong iron pans are common.
Chamaecyparis nootkatensis and Abies amabilis dominate mature for-

ests, with Tsuga mertensiana, Tsuga heterophylla, or both as important

associates (Table 9). Picea engelmannii may be present where cold air

flows down valley drainages. Abies amabilis dominates the reproduc-

tion and is apparently the major climax tree species. Reproduction of

Chamaecyparis nootkatensis is also abundant, however, with numbers

approaching those of Abies amabilis in a few cases; this suggests that

Chamaecyparis nootkatensis will also be at least a minor climax spe-

cies. In fact, its maximum occurrence in the Park is on CHNO/VAOV
habitats, based on abundance in all size classes and on total basal area.

The understory has a relatively rich and luxuriant herbaceous layer

(Table 10). Shrub cover averages 39 percent but has a wide range of 10

to 65 percent. Major shrubs are Vaccinium ovalifolium, Menziesia fer-

ruginea, Vaccinium membranaceum, and Rhododendron albiflorum.

The distinctive compositional features are in the herb layer (average

cover 59 percent). Typical dominants occurring in over half the plots

are Rubus pedatus, Rubus lasiococcus, Tiarella unifoliata, Streptopus

roseus, Viola glabella, Erythronium montanum, Valeriana sitchensis,

Gymnocarpium dryopteris, and Clintonia uniflora. The nearly swampy
nature of this association is even more sharply characterized by several

"wetland" species which have, however, relatively low presence and

importance values: Mitella spp. , Trautvetteria caroliniensis, Parnassia

fimbriata, and Stenanthium occidentale are good examples.

No young stands were sampled on this habitat type. Immature stands

should closely resemble mature stands in composition, however. Shrub

cover would be relatively high in early successional stages and would

include species such as Salix scouleriana and Alnus sinuata. Forest

stand development might be slow due to heavy competition from herbs

and shrubs.

Special features of this association include the diversity of wetland

species and maximal densities of Chamaecyparis nootkatensis as a for-

est component. It is obviously a poor environment for trails and totally

unsuited for development of campsites. The wet soils and numerous
springs, seeps, and streams would make trail construction expensive

and maintenance a continuous problem. This habitat type is often asso-

ciated with natural openings (wet meadows, fens, bogs, and ponds).

Shrub thickets of Alnus sinuata, Salix spp., and Spirea spp. often occur

at these ecotones between forest and fen. The association of this habitat
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type with streams, ponds, and springs makes it rich in wildlife—birds,

mammals, and especially amphibians.

The most clearly related habitat types in the Park are Abies amabilisl

Rhododendron albiflorum and ABAM/OPHO. The former is generally

on slopes at higher elevations, has much heavier shrub cover in which

Rhododendron albiflorum is always present, and has a less diverse, less

prolific herbaceous layer. The Abies amabilislRhododendron albiflorum

Association probably experiences deeper snowpacks and colder tem-

peratures than the CHNO/VAOV type, although frequent cold air ac-

cumulations are to be expected in the benches and terraces occupied by

the CHNO/VAOV Association. The abundance of Chamaecyparis
nootkatensis, Vaccinium spp. -dominated shrub layer, and general ab-

sence or sparsity of several key indicator species (for example,

Oplopanax horridum, Athyrium filix-femina , and Ribes lacustre) dis-

tinguish CHNO/VAOV from the ABAM/OPHO Associations. Both air

and soil drainage appear more rapid on ABAM/OPHO than CHNO/
VAOV habitats, and productivity is correspondingly greater due to

warmer temperatures and more aerobic soil environments.

Forest communities similar to the CHNO/VAOV Association have not

been described from other parts of the Pacific Northwest. If the area of

this habitat type is as limited in other locales as it is at Mount Rainier,

other plant ecologists may have encountered it but chose to ignore it or

treat it as an ecotone or minor edaphic type.

Abies amabilislRhododendron albiflorum Association

The Abies amabilislRhododendron albiflorum Association (ABAM/
RHAL) is a shrubby, high-elevation environment of cool, wet slopes

and benches found throughout the Park. Many stands occupy northerly

aspects, although the type also occurs on some wet southerly aspects.

Plot elevations range from 1210 to 1730 m (4,000 to 5,710 ft). Soils

are generally podzolic with gleyed subsoils and iron pans, indicating

high water tables and saturated conditions for most of the year. The

association occupies a very cold and wet forest environment with a

heavy snowpack (5 m or more) that lasts well into the summer; the

growing season is, consequently, very short.

Mature forests are characteristically codominated by Abies amabilis,

Tsuga mertensiana, and Chamaecyparis nootkatensis (Table 9). Tsuga

heterophylla, Pseudotsuga menziesii, Abies procera, and Pinus mon-

ticola may occur but are minor components. Tree reproduction is

strongly dominated by Abies amabilis with over 1,500 seedlings and

saplings per hectare (600/acre). Abies amabilis constitutes 87 percent of

the tree reproduction, with Chamaecyparis nootkatensis at 8 percent

and Tsuga mertensiana at 4 percent.

The understory is a dense tangle of shrubs (Fig. 31) (total cover 72

percent) with scattered herbs (total cover 31 percent) (Table 10).
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Rhododendron albiflorum, Vaccinium membranaceum, Vaccinium

ovalifolium, and Menziesia ferruginea are the constant shrub dominants

and cumulatively provide 90 percent of the shrub cover. Three common
herbs {Erythronium montanum, Rubus lasiococcus, and Rubus pedatus)

provide about 80 percent of the herbaceous cover. Some of the occa-

sional minor herbs include Listera caurina, Pyrola secunda, Xe-

rophyllum tenax, Achlys triphylla, and Clintonia uniflora.

Figure 31. Mature stand of Abies amabilis, Tsuga mertensiana, and Chamaecxparis

nootkakensis on Abies amabilis/Rhododendron albiflorum habitat type; the dense tangle of

tall shrubs is characteristic.
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The few young stands sampled on this habitat type closely resemble

the mature stands floristically. Shrub cover is typically very high until

tree canopies close, and this may take a century or more due to low

reproductive success. Shrub competition and the severe environment,

with a very heavy, persistent snowpack, are both major deterrents to

tree reproduction.

The key management aspects of this habitat type relate to its severe

environment—a heavy, persistent snowpack; short, cool growing sea-

son; and soils with high water tables. Productivity is limited, trees do

not attain large sizes, and, as indicated, new stands develop slowly

following disturbance. Managers should avoid putting developments,

including trails and back-country campsites, in this habitat type when-

ever possible.

The relationship between the ABAM/RHAL and ABAM/MEFE Asso-

ciations is so strong that we considered making both part of a somewhat

broader, high elevation association. The former occupies, on the aver-

age, higher elevations and admits less Tsuga heterophylla and more

Tsuga mertensiana in the tree complement. Reasons for the shift in

dominance between Rhododendron albiflorum and Menziesia ferruginea

in these two associations are not clear. In addition, several stands on

the undulating topography of higher elevations in the Park are not easily

assignable to one or the other of these associations. Until high-eleva-

tion forest ecology in the Park is studied further, however, we prefer to

hypothesize the distinctness of the ABAM/RHAL and ABAM/MEFE
Associations.

The ABAM/RHAL and CHNO/VAOV Associations are obviously

closely related environmentally. CHNO/VAOV occupies sites that are

wetter and colder (by cold air convection) than the ABAM/RHAL.
Forests similar to ABAM/RHAL have been reported from adjacent

portions of the Washington Cascade Range. Franklin's (1966)
Chamaecyparis nootkatensislRhododendron albiflorum association is

very similar, as are the Tsuga mertensianalRhododendron albiflorum

(Brockway et al. 1983) and Abies amabilisIRhododendron albiflorum/

Clintonia uniflora (Hemstrom et al. 1982) Associations. Henderson and

Peter (1981) refer to their White River association as the Tsuga merten-

sianalRhododendron albiflorum type; it appears to become more varied

in the northern Cascades (Henderson and Peter 1985). The use of three

tree species in these association's names reflects varying preferences

among the reproducing (and presumably climax) tree species.

Other Forest Communities

Several other forest types at Mount Rainier represent very specialized

habitats of limited extent. Examples include: pioneering forest stands

invading recently exposed glacial till, river alluvium, or lahar surfaces;

talus slopes with a scattered forest cover; and swamp forests.
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Pseudotsuga menziesiilArctostaphylos uva-ursi Association

The Pseudotsuga menziesiilArctostaphylos uva-ursi Association

(PSME/ARUV) is extremely limited at Mount Rainier. Only two stands

were sampled—on an outwash along the White River (Plate 1) and on a

lahar surface near the west end of the Longmire campground. Alone,

these two stands would be insufficient for recognizing an association;

however, similar communities have been described (Franklin 1966) on

lava flows, glacial outwash, and young pyroclastic flows in southern

Washington and northern Oregon.

Stands in PSME/ARUV habitats are open, low in stature, and dis-

tinctive in composition (Fig. 32). Either Pseudotsuga menziesii or

Pinus contorta may dominate, but almost any other indigenous tree

species can be present provided a seed source is available. For exam-

ple, both Abies lasiocarpa and Chamaecyparis nootkatensis occur in

the Longmire stand, which is at about 800 m (2,640 ft).

Figure 32. Low stature forest dominated by Pinus contorta and Pseudotsuga menziesii on

Pseudotsuga menziesiilArctostaphylos uva-ursi habitat type along the Nisqually River; such

sites are typically low in productivity but with a rich and distinctive ground cover of

mosses, lichens, Juniperus communis, and Arctostaphylos uva-ursi.
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The understory is low in stature but distinctive in composition. Major

vascular plants are Juniperis communis and Arctostaphylos uva-ursi.

There is a nearly complete ground cover of mosses and lichens in

which Rhacomitrium canescens var. ericoides is the major component.

The vegetation on these sites is very hardy and, with the exception of

the moss and lichen ground cover, will tolerate heavy use. Root sys-

tems are well protected by the rocky surface. Tree growth is very slow,

and continuing mortality is apparent in the stands. These are interesting

sites because of the high diversity of tree species often present and the

distinctive ground plants.

As mentioned, similar forests have been described from a variety of

substrates in the southern Washington and northern Oregon Cascade

Range. Pinus contorta is probably the most common tree dominant, but

Pseudotsuga menziesii is typically present and may be a climax spe-

cies.

Swamp Forests

Swamp forests are open stands of stunted conifers or hardwoods oc-

curring in localized wetlands (Fig. 33). Such sites are not extensive and

often occur as ecotones between forests and marshes or ponds. At low

to moderate elevations, Thuja plicata, Pinus monticola, Tsuga hetero-

phylla, and Alnus rubra are the species most likely to be associated

with wetlands. The scattered trees are typically associated with

Lysichitum americanum, Carex spp. (especially Carex obnupta), and

ferns as herbaceous dominants. Lysichitum and other wetland herbs

may also occur in small stands within a forest matrix on seasonally

ponded habitats. Shrub associates on the wetlands include Salix spp.,

Spiraea spp., and Alnus sinuata. Swamps at higher elevations are sim-

ilar but have Chamaecyparis nootkatensis , Tsuga mertensiana, Pinus

monticola, Picea engelmannii, and Abies amabilis as constituent tree

species.

Moraine Forests

Moraine forests have been studied by Sigafoos and Hendricks (1972)

for the purpose of dating glacial activities. Our plots 350 and 484 occur

on morainal debris of the Tahoma and Emmons glaciers. Soils of these

cobbly rubbles are undeveloped. Sapling or pole-sized trees, often as

thickets, include Abies amabilis, A. lasiocarpa, Tsuga heterophylla, T.

mertensiana, and—particularly on the Emmons moraine

—

Pinus con-

torta and Picea engelmannii. The common shrub is Alnus sinuata, and

herbs are almost nonexistent. Moraine forests are particularly conspic-

uous at Moraine Park. Here tree thickets thrive on lateral moraines of

the Carbon Glacier with herbaceous meadows on fine-textured soils of

the intermorainal landscape.
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Figure 33. Lysichitum americanum is indicative of the wettest forested habitats or

swamps; here it forms a stand in a seasonally-ponded depression within a forest matrix

(Silver Falls loop trail, Ohanapecosh drainage).

Additional Forest types
Pinus albicaulis sometimes fringes forests at timberline. More often

this species occupies a serai role in subalpine parklands (Franklin and

Mitchell 1967). An interesting dwarf forest of Pinus albicaulis with

Juniperis communis can be found on the high, rocky ridges above

Yakima Park.

We found a variety of additional unusual forests which we were un-

able to classify. Several of these (for example, plots 348 and 433) were

essentially riparian forests exhibiting unusual combinations of tree and

understory dominants. Populus trichocarpa is a conspicuous dominant

of old river bars; perhaps further sampling would have clarified the



126 The Forest Communities of Mount Rainier National Park

vegetational composition of this community type. At least one of our

plots (356) was classified as a Tsuga heterophyllalOplopanax horhdum
association, but another containing both Populus trichocarpa and Abies

grandis (plot 433 along the White River) was too unusual to be classi-

fied into any of the major associations or community types.

An all-aged Pseudotsuga menziesii forest on cobbly-skeletal soil oc-

curs just outside the East Park boundary (Plot 292). We feel it is related

to the Pseudotsuga menziesiilHolodiscus discolor Association (Dyrness

et al. 1974), but have no further plots in the Mount Rainier area for

comparison or grouping.

Several mature forest stands contained extremely sparse, vascular

plant understories but conspicuous moss cover on the forest floor. Per-

haps mossy forest community types or associations exist in the Park,

especially on certain riparian sites or on cobbly or skeletal valley bot-

tom soils. Our plots 34 and 205 are examples of mature mossy forests.

These should not be confused, however, with shaded stages of immature

forests on a variety of other habitat types in which mosses are also the

most conspicuous understory layer.

Finally, we have a small residue of plots unclassified because they

represent very young, early serai forests giving little hint to which, if

any, of the associations or community types they are related. Several of

these plots occurred on the 1947 Kautz mudflow, and another was a 48-

year-old stand in the Golden Lakes area (just across a fireline from an

older forest of the Erythronium montanum phase of Abies amabilisl

Rubus lasiococcus association).
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Environmental and Floristic

Relationships

Many of the floristic and environmental relationships between the

plant communities have already been outlined in the introduction to the

classification and discussions of the individual types. This section ad-

dresses more systematically both environmental and floristic patterns.

The topographic-elevational relationships, as they vary around Mount
Rainier, will be considered first. Then the details and adequacy of the

classifications will be examined from the perspectives of similarity, dis-

criminant, and principal component analyses.

Topographic-Elevational Patterns

The forest patterns at Mount Rainier are believed to be largely gov-

erned by moisture and temperature gradients (see Fig. 11). Moisture

variations appear important at low elevations, and complex temperature

and snowpack gradients are associated with higher elevations. Because

of the substantial climatic and topographic variability in different sec-

tors around the Mount Rainier cone, we constructed a generalized topo-

graphic-elevational pattern for each of the major drainage systems

(Figs. 34 to 37).

Each of these diagrams (Figs. 34 to 37) presents generalized, sim-

plified forest patterns reduced from far more complex mosaics actually

occurring in the landscape. At this scale of generalization, we have

overlooked microrelief features of dissected, geomorphically active, lo-

cal landforms which produce intricate variations of vegetation distribu-

tion, including gradations from one forest type to another and inter-

fingering of distinct types on uneven slopes and drainages. Slope

effects can be envisioned as diagonal boundaries between habitat types

as suggested in the caption of Figure 1 1 . We have also generalized

127
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through the complex age patterns of forest distributions. The contribu-

tion of the complex soils and their nutrient characteristics to the forest

composition and structure is unknown. In addition, we can only specu-

late about the influence of other phenomena, such as dewpoint conden-

sation and cloud cover, on the distribution of tree species from one

drainage to the next. We can suggest from our principal component

analysis that the topographic-environmental patterns of Figure 34 ac-

count for only about 30 to 40 percent of the variation of species distri-

butions on the slopes of Mount Rainier; the remainder must be at-

tributable to microsite, disturbance, and historical factors.

The Ohanapecosh River drainage (Fig. 34) is situated within a com-

paratively dry and warm sector of the Park (see Fig. 2). At lower eleva-

tions here, forests of TSHE/ACTR and TSHE/GASH are common on

slopes and benches; they do not occur in appreciable amounts in the

other drainages. The complex patterns at higher elevations reflect the
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within the Ohanapecosh watershed. Numbers between adjoining habitat types are mean sim-

ilarities (as percents) suggesting the degree of floristic relationship.
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Figure 35. Generalized distribution of forest habitat types on northwestern drainages (Carbon,

Mowich, Puyallup) of Mount Rainier. The horizontal axis depicts a generalized topographic

moisture gradient from wet river valleys (left) to dry ridgetops (right). Numbers between adjoining

types suggest the degree of floristic similarity based upon mean percent similarity.

forest-topographic relations of the Cowlitz Divide and upper Panther

Creek and Laughingwater drainages.

At the other climatic extreme are the watersheds in the wetter, north-

western sector of the Park (Fig. 35). The forest patterns of the Carbon,

Mowich, and Puyallup River drainages differ from the Ohanapecosh in

major ways. At low elevations on lower slopes, draws, and benches,

the TSHE/POMU Association is common; the Abies amabilis phase of

this type is found at higher elevations or along north-facing lower

slopes adjacent to the normal phase. Open or upper slopes between

1050 and 1200 m (3,500 to 4,000 ft) elevation are often forested with

examples of the ABAM/GASH type; comparable landforms in the

Ohanapecosh drainage are within the ABAM/BENE or ABAM/TIUN
types. In the Tsuga mertensiana Zone, ABAM/RHAL, ABAM/MEFE,
and ABAM/XETE types seem to occur more widely; these types are
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features within the Nisqually watershed. Numbers between adjoining habitat types are mean sim-

ilarities (as percents) suggesting the degree of floristic relationship.

restricted in the Ohanapecosh where ABAM/TIUN and ABAM/RULA
types sometimes occupy comparable elevation-topographic positions.

The Rubus pedatus phase of the ABAM/VAAL Association is suggested

as a high elevation, wetter, cooler environmental variation of this type,

and is essentially absent in other sectors of the Park.

The Nisqually forest patterns are intermediate between the

Ohanapecosh and Carbon sectors (Fig. 36). At 900 to 1050 m (3,000 to

3,500 ft), ABAM/BENE forests are common on slopes and ridges;

these adjoin ABAM/XETE forests of upper slopes or ridges at higher

elevation. Stands of ABAM/VAAL and ABAM/TIUN occupy the modal

microenvironments of mesic soils and moderate thermal regimes.

Stands of ABAM/OPHO and ABAM/VAAL occupy valley floors, toe-

slopes, or lower elevation benches. Considerable topographic overlap

occurs in the distribution of ABAM/RULA and ABAM/RHAL Associa-

tions at higher elevations. Clearly, soil drainage, snowpack, and other
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environmental features of microsites are also important in the distribu-

tion of forest habitats (Long 1976).

The White River drainage is the most continental of the forest cli-

mates in Mount Rainier (Fig. 37). Forests with high proportions of

Picea engelmannii may be found at the upper elevations of glacial val-

leys, and Pinus contorta occurs in periglacial environments of moraines

and rockfields around 1350 m (4,500 ft) elevation. Forests of Abies

lasiocarpa are conspicuous at high elevations on warm, dry margins of

a subalpine forest climate. At midelevations, 900 to 1200 m (3,000 to

4,000 ft), the sequence from wet to dry environments along a topo-

graphic moisture gradient is ABAM/OPHO, ABAM/VAAL, and ABAM/
BENE. This is generally comparable to forest distribution in the

Ohanapecosh and Nisqually River drainages. The wet, warm TSHE/
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Figure 37. Generalized distribution of forest habitat types in the drainages of the White River.

The horizontal axis depicts a generalized topographic moisture gradient from wet river valleys

(left) to dry ridgetops (right). The shape of the overall forested area is determined by topographic

features within the White watershed. Numbers between adjoining habitat types are mean sim-

ilarities (as percents) suggesting the degree of floristic relationship.
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OPHO forest is restricted to lower valleys of the White River in vicinity

of the Park boundary.

Classification Insights from Similarity, Discriminant, and
Principal Component Analyses

Classifying the forests at Mount Rainier is not an easy task. Within a

local area the types are sometimes sharply defined with abrupt eco-

tones. As abstractions, the types we have recognized represent dis-

tinctive compositional (including relative species importance) nodes.

Both environmental and floristic gradients are typically continuous,

however, and the involved forest flora is composed mainly of species

with broad ecological amplitudes rather than species of high fidelity to

limited environmental conditions. The complexity of the mountain en-

vironment at Mount Rainier, with the presence of many highly limited

and individualistic site conditions within a limited area, further compli-

cates the job of classification. Under these circumstances, gradual tran-

sitions from one type to another are encountered in field situations, and

plots intermediate between types do occur. We say this not by way of

an apology for the classification but, rather, so that the user is aware of

its limitations.

We have used various statistical and analytical procedures in con-

structing this classification system and can provide some insight into its

general validity. These include: (1) similarity analyses, which can show

the degree to which types are related; (2) discriminant analyses, which

can be used to reexamine classification of old plots as well as assign

new plots to types; and (3) principal component analyses, which can be

used to examine how individual species and groups of species respond

to complex gradients and, in turn, see how these relate to the typal

groupings and hypothesized environmental gradients.

Similarity Analysis

We used similarity analysis to develop this classification (explained

in step 4 of the "Data Analysis" section in Chapter 4); abstracted re-

sults of one analysis at the level of forest type comparisons (contrasted

with analysis of individual plots) are shown in Table 1 1 . In constructing

this table we recognized that similarity values are conditioned by what-

ever algorithm is used to compare forest types (for example, Kelsey et

al. 1977). These values also depend on the choice of plant species

whose average cover or density was used to compute the percentage of

similarity. Our similarity values ranged from 12 to 65 percent. Forest

types are extremely similar, we feel, for similarities greater than 55

percent; they are highly similar between 47 and 55 percent, and similar
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in the range of 40-56 percent. These similarity classes are based on

forest type comparisons involving the first 400 plots.

The results of Table 1 1 generally support the discussion of related

forest types included in earlier presentations. This table highlights the

floristically similar forests whose significance, we believe, is that they

represent intergrading environments along complex moisture, tem-

perature, nutrient, or successional gradients (Dyrness et al. 1974,

Zobel et al. 1976). The following comparisons are noteworthy:

• At lower elevations, the Tsuga heterophyllalGaultheria shallon

Association has the greatest overall similarity to other forest types,

especially Tsuga heterophyllalAchlys triphylla, Pseudotsuga men-

ziesiilViola sempervirens, Abies amabilislGaultheria shallon,

Abies amabilislBerberis nervosa, and Abies amabilislVaccinium

alaskaense Associations. As shown in the topographic-elevational

patterns (Figs. 34 to 37), several of the associations highly similar

to Tsuga heterophyllalGaultheria shallon are ecotonal or found on

topographically identical positions of the landscape in different

sectors of the Park.

• At intermediate elevations, the Berberis nervosa phase of Abies

amabilislVaccinium alaskaense Association bears the greatest over-

all similarity to most of the other community types or associations

and is extremely similar to Abies amabilislBerberis nervosa

Association. This underscores our belief that Abies amabilislVac-

cinium alaskaense is the vegetation of modal environments.

• At high elevations, several associations are very difficult to sepa-

rate floristically. For those species chosen to make similarity com-

parisons, the Abies amabilislMenziesia ferruginea Association is

extremely similar to the Rubus pedatus phase of Abies amabilisl

Vaccinium alaskaense and to the Abies amabilislRhododendron al-

biflorum Associations. These associations, as well as the

Erythronium phase of Abies amabilislRubus lasiococcus and

Chamaecyparis nootkatensisiVaccinium ovalifolium Associations,

doubtless represent subtly intergrading environments of high snow-

pack and short growing seasons.

• Serai community types may show little similarity to the more ma-

ture associations. The Alnus rubralRubus spectabilis and Abies

lasiocarpalValeriana sitchensis community types are especially

distinctive. These young forests can be nearly monocultures of an

early serai tree dominant as well as having pronounced dominance

by understory plants (such as Pteridium aquilinum) that decline as

the sere develops. The three Pseudotsuga menziesii community
types are floristically similar to each other, but only Pseudotsuga

menziesiilXerophyllum tenax has similarity with some of the other

associations.
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Discriminant Analysis

The discriminant classification, based on 39 discriminant variables,

is summarized in Table 12. The 19 groups in the left-most column are

the defined habitat and community types. The ecological and floristic

characteristics used in defining these 19 forest types were not neces-

sarily the same variables used in computing the discriminant functions.

Variables employed in discriminant analysis were chosen from impor-

tant species considering forest vegetation over the entire forest region,

but those used to resolve the 19 forest groups were selected from

important species within each of four broad environmental groups

(moist, modal, dry, and cold) at Mount Rainier. Therefore, the groups

defined by discriminant analysis are less sharply resolved in cases

where an important classificatory variable within a subgroup is not in-

cluded in the analysis. On the other hand, zonal differences between

vegetation groups may be more clearly separated in the discriminant

classification.

An interesting sidelight of the discriminant analysis illustrates one

problem of defining vegetation groups. The set of species chosen as

variables had low coverage or density values in several of the Abies

amabilislBerberis nervosa plots used in the analysis. Consequently,

plots from distinctly dissimilar vegetation types were often incorrectly

classified as an Abies amabilislBerberis nervosa Association if they had

low total shrub and herb coverage.

The circular analytic pathway is another consideration for interpret-

ing the discriminant matrix (Table 12). In effect, the computer is told

what the initial groups are (left column of Table 12); it then computes

optimally discriminating functions, and in a second pass over the plot

data reassigns each plot to a group. No matter how poorly or skillfully

the initial group classification was made, this method assures that a

certain proportion of the forest plots are "correctly" assigned to the

original groups. It is conceivable that by careful choice of discriminat-

ing variables, all or most of the plots could be correctly classified no

matter how valid the a priori classification of groups.

Each of the 19 numbered columns in Table 12 represents a forest

group used to calculate discriminant functions by the procedure de-

scribed by Nie et al. (1975). Plots "correctly" classified are tallied in

the main diagonal; those assigned to other than their initial group are

tallied in the appropriate off-diagonal column. The proportion of cor-

rectly reassigned plots is shown in the right-hand column of Table 12.

One of the benefits of using discriminant analysis is its computa-

tional ability to screen the classified plots for possible misclassifica-

tion. Misclassified plots will appear off the diagonal in such an analy-

sis. However, plots off the diagonal in our analysis are not necessarily

misclassified because we used less information to discriminate the
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groupings than was used to resolve the initial forest groups. To decide

whether or not any off-diagonal plot has been misclassified requires

examination of the entire plot data (including environmental and suc-

cessional information) and exercise of ecological judgment. Of all our

plots, 25 percent were off diagonal. About 10 percent of those were

either misclassified in the initial forest groupings or were intergrades

between two groups, thus having about equal probability of assignment

to either group.

Table 12 suggests floristic affinities between the forest groups based

on the 39 variables used in the discrimination. Groups 5a and 5b (Abies

amabilislOplopanax horridum, valley and slope phases, respectively)

have floristic similarity, for example, because off-diagonal plots occur

within both groups. We feel, however, that this expression of floristic

relationship is less persuasive than actual similarity measures between

the different forest types shown, for example, in Table 11.

For a discussion of the logic, assumptions, and algorithms used in

discriminant analysis, see either Nie et al. (1975) or Cooley and

Lohnes (1971).

Principal Component Analysis

Principal component analysis (PCA) was applied to plots within each

of the four major environmental groupings (step 3 of the "Data Analy-

sis" section, Chapter 4). As a technique of indirect ordination, interpre-

tation of PCA focuses on the meaning of whatever environmental gra-

dients are represented by the component axes. Since most species have

curvilinear distributions along complex environmental gradients, only

those species whose distributions can be approximated linearly will

show high "factor loadings.
,,

Tables 13 to 16 show these loadings

within each of the four environmental groupings.

As a classification procedure, however, we used PCA to identify sets

of species responding in approximately the same quasi-linear manner to

the environmental gradients reflected in the component axes. These sets

are suggested as ecological groupings under the assumption that each

component axis does, in fact, reflect some kind of complex environ-

mental gradient along which various species may be distributed accord-

ing to their particular tolerances and competitive abilities. If, for exam-

ple, a species is indifferent to the environmental factors reflected in a

particular PCA component, or if it has a marked curvilinear response,

then its factor loading will be small. Should a species respond posi-

tively and more or less linearly to environmental factors reflected by

the component axis, it will have a relatively high factor loading. Con-

versely, a species having the opposite and more or less linear response

will have a high negative factor loading. Species with nearly similar
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ecological tolerances and similar distributions along environmental gra-

dients should have about the same factor loadings.

In discussing the results of PCA (Tables 13 to 16), we identify spe-

cies which may be ecologically similar and see how these might coin-

cide with species assemblages characteristic of the forest types. When-
ever possible, principal components are also tentatively interpreted as

environmental gradients.

Cold or High-Elevation Forests—The four components of Table 13

collectively account for 34 percent of the variation in the R matrix. The
first component accounts for 12 percent of this variation. This compo-
nent reflects some environmental complex along which shrubs

Vaccinium ovalifolium and Menziesia ferruginea respond positively,

whereas mesic herbs, often of subalpine parkland affinity, respond

negatively, as does Abies lasiocarpa. The second component accounts

for 9 percent of the variation in the R matrix and seems to reveal a

"wetness" gradient along which herbs such as Tiarella unifoliata,

Trautvettaria, Gymnocarpium, et al. have positive response. Respond-

ing in an opposite way to this component is Vaccinium membranaceum.
The third component, with 7 percent of the variation in the R matrix,

might be interpreted as an axis of temperature or snowpack duration.

Rhododendron albiflorum, Vaccinium membranaceum, and Erythronium

montanum respond positively, whereas Xerophyllum tenax and

Chimaphila umbellata exhibit opposite responses. The fourth compo-

nent, with 6 percent of the R matrix variation, is some kind of gradient

affecting shrub cover, for Vaccinium alaskaense and V. ovalifolium and

Menziesia ferruginea all have positive factor loadings.

The species in Table 13 can be grouped by their similar patterns in

each of the four PCA components:

1. Abies lasiocarpa, Rubus lasiococcus, Valeriana sitchensis, Luzula

glabrata, Arnica latifolia, Clintonia uniflora, and Vaccinium de-

liciosum*;

2. Menziesia ferruginea and Vaccinium ovalifolium',

3. Mature Chamaecyparis nootkatensis, Tiarella unifoliata, Trautvet-

taria grandis, Viola glabella, Gymnocarpium dryopteris, Os-

morhiza spp. , Streptopus roseus, and Rubus pedatus;

4. Mature Tsuga heterophylla, Xerophyllum tenax, and Chimaphila

umbellata;

5. Young Tsuga mertensiana, Rhododendron albiflorum, and

Erythronium montanum;

6. Vaccinium alaskaense; and

7. Pyrola secunda, Rubus lasiococcus* , and Clintonia uniflora*.



Environmental and Floristic Relationships 141

Table 13. Factor loadings of tree and understory variables on the first four components

from principal component analysis, 125 cold or high-elevation plots, Mount Rainier

National Park 1

Variable 2

Component 3

Abies amabilis, mature

Abies amabilis, young

Abies lasiocarpa, mature

Abies lasiocarpa, young

Chamaecyparis nootkatensis,

mature

0.42

-.78

-.61

.40

-0.55

0.35

Tsuga heterophylla, mature -.66

Tsuga mertensiana, young .47

Arnica latifolia -.46

Chimaphila umbellata -.41

Clintonia uniflora -.38

Erythronium montanum .42

Gymnocarpium dryopteris .59

Luzula glabrata -.48

Osmorhiza spp. .59

Pvrola secunda 50

49

38

82

67

38

46

46

40

28

55

46

52

70

54

38

Rubus lasiococcus

Rubus pedatus

Streptopus roseus

Tiarella unifoliata

Trautvetteria grandis

Valeriana sitchensis

Viola glabella

71

.68

.40

.48

.76

.66

.62

68

49

43

61

60

58

59

Xerophyllum tenax -.41 36

Menziesia ferruginea

Rhododendron albiflorum

Vaccinium alaskaense

Vaccinium membranaceum
Vaccinium ovalifolium

.43

.44

38

.40 51

.44 29

.47 43

.31 31

.44 51

'Principal component analysis was performed on raw data from 125 plots.
2 Noncorrelated variables: Chamaecyparis nootkatensis (young), Tsuga heterophylla (young).

T. mertensiana (mature), Alnus sitchensis, Vaccinium deliciosum, and Viola sempervirens.

^Only the highest loadings have been given for each component.
4 Values are the squares of the multiple correlation between each variable and others in the set.
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Species with asterisks (*) were added to the group only when the

masking effects of very strong correlations associated with dominance

of Abies lasiocarpa were removed by deleting A. lasiocarpa-dominattd

plots from PCA. The seven groupings above were analogous to the as-

semblages of species that were identified with forest types recognized

by the following similarity analysis:

Principal component and

factor loadings (+ or -)

With Without

Forest Type Abies lasiocarpa Abies lasiocarpa

Abies lasiocarpalValeriana sitchensis 1 —

Abies amabilislRubus lasiococcus,

Rubus lasiococcus phase 2 +

Abies amabilislRubus lasiococcus,

Erythronium montanum phase 3 + 3 +

Abies amabilislRhododendron albiflorum 3 + 3 +

Abies amabilislMenziesia ferruginea 4 + 2 -

Chamaecyparis nootkatensislVaccinium

alaskaense 3 — 3 —

Thus, many species of the Abies lasiocarpalValeriana sitchensis

Community Type showed negative responses to the first PCA compo-

nent. Certain species of the Rubus lasiococcus phase of the Abies

amabilislRubus lasiococcus Association had positive factor loadings to

the second PCA component of the reduced analysis without Abies

lasiocarpa stands. The third PCA component (in both analyses) appears

to be coincident to both the Abies amabilislRhododendron albiflorum

Association and the Erythronium montanum phase of the Abies

amabilislRubus lasiococcus Association.

In general, the above tabulation suggests that the complex environ-

mental space of the R matrix, defined in part by each of the major PCA
components, roughly resembles the environmental stratification of the

Tsuga mertensiana Zone defined by the associations.

Forests of Valleys, Wet Slopes, and Benches—The factor analysis of

plots of streamsides, wet slopes, and benches is presented in Table 14.

Most plots were characterized by an abundance of Oplopanax horridum

and were very rich in herbaceous assemblages. Trees restricted to these

environments were Abies grandis and Picea sitchensis at low elevations.

The first axis generally appears to be an elevational gradient. Nega-

tive factor loadings are seen for such low elevation species as Thuja

plicata, Polystichum munitum, and Berberis nervosa. Higher elevation

plants have positive factor loadings, and include young Abies amabilis,



Environmental and Floristic Relationships 143

Vaccinium ovalifolium, Vaccinium alaskaense , and such herbs as

Clintonia uniflora, Rubus lasiococcus, and Streptopus roseus.

Eight percent of the R matrix variation is accounted by the second

axis, which clearly relates to streamside Alnus rubra environments (the

Alnus rubralRubus spectabilis Community Type). A very large share of

variance of Alnus rubra is centered on this axis. Understory species of

high factor loadings are Rubus spectabilis, Achlys triphylla, and

Pteridium aquilinum.

The third axis is difficult to interpret, but seems to highlight low-

elevation serai plots associated with Pseudotsuga menziesii. Species re-

lating to this unkown environmental gradient include Abies grandis,

Cornus canadensis, Viola sempervirens, and Vaccinium parvifolium.

The following ecological groupings in wetter valley and lower-slope

environments are revealed in Table 14:

1. Young Abies amabilis, Clintonia uniflora, Streptopus roseus,

Rubus lasiococcus, Smilacina stellata, Vaccinium alaskaense,

Vaccinium ovalifolium, and Vaccinium membranaceum;

2. Tsuga heterophylla, mature Thuja plicata, Polystichum munitum,

and Berberis nervosa',

3. Alnus rubra, Rubus spectabilis, Pteridium aquilinum, Montia sib-

irica, Achlys triphylla, and Circaea alpina; and

4. Pseudotsuga menziesii, Abies grandis, Viola sempervirens, Cornus

canadensis, and Vaccinium parvifolium.

Important noncorrelated species of these wet environments include

such widespread dominants as Gymnocarpium, Oplopanax, and Tiarella

spp. Locally dominant, noncorrelated species are Blechnum spicant,

Corydalis scouleri, and Oxalis oregana. The more widespread and con-

stant species reveal no apparent (linear) trend with elevation, and are

not specific to serai environments. The locally dominant species occur

too sporadically to indicate trends or environmental preferences.

Mesic Forests of the Abies amabilis Zone— Results of PCA from

plots occurring mostly on Abies amabilislVaccinium alaskaense and

Abies amabilislTiarella unifoliata habitats are given in Table 15. The
three components collectively account for 31 percent of the R matrix

variation. The first component differentiates mesic herbs (positive fac-

tor loadings) from the shrub Vaccinium alaskaense. In other words, this

component represents an environmental axis that essentially separates

the Abies amabilislTiarella unifoliata and Abies amabilislVaccinium

alaskaense Associations, and might be thought of as an "herb cover

gradient." The following herbs had high factor loadings: Tiarella uni-

foliata, Streptopus roseus, Achlys triphylla, Valeriana sitchensis, Gym-
nocarpium dryopteris, Smilacina stellata, and Viola glabella.
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Table 14. Factor loadings of tree and understory variables on the first three components

from factor analysis, on 78 streamside or lower slope plots, Mount Rainier National Park 1

Factor

Variable 2
1 2 3 3h2

Percent

Abies amabilis, young 0.75 59

Abies grandis 0.61 38

Alnus rubra 0.77 64

Pseudotsuga menziesii, young .68 48

Pseudotsuga menziesii, mature .47 38

Thuja plicata, mature -.31 26

Tsuga heterophylla, mature -.32 -.57 46

Achlys triphylla .52 36

Berberis nervosa -.26 26

Circaea alpina .41 30

Clintonia uniflora .76 58

Cornus canadensis .57 41

Montia sibirica .53 33

Polystichum munitum -.40 31

Pteridium aquilinum .50 40

Rubus lasiococcus .60 53

Smilacina stellata .45 21

Streptopus roseus .68 49

Viola sempervirens .49 31

Rubus lasiococcus .79 65

Vaccinium alaskaense .59 37

Vaccinium membranaceum .45 26

Vaccinium ovalifolium .69 48

Vaccinium parvifolium .47 27

Percent variation accounted for 9.6 8.0 6.3

'Factor analysis was performed on raw data from 78 plots.

2 Noncorrelated variables: Picea spp. , Acer circinatum, Blechnum spicant, Corydalis scouleri,

Gymnocarpium dryopteris, Oplopanax horridum, Oxalis oregana, Tiarella unifoliata, and

Tiarella trifoliata.

3The proportion of variance for each variable accounted for by a rank 4 model.

The second component is roughly an elevational axis through the

Abies amabilis/Vaccinium alaskaense environmental complex. Species

of warmer sites include Linnaea borealis and Cornus canadensis; those

of cooler, higher elevations are Vaccinium ovalifolium, Rubus pedatus,
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Table 15. Factor loadings of tree and understory variables on the first three components

from principal component analysis, 98 plots on mesic slopes and benches at intermediate

elevation, Mount Rainier National Park 1

Component

Variable2 1 2 3 3h2

Percent

Abies amabilis, young 0.53 29

Chamaecyparis nootkatensis 0.51 76

Tsuga mertensiana .43 29

Achlys triphylla 0.70 66

Cornus canadensis -.51 41

Gymnocarpium dryopteris .54 -.56 74

Linnaea borealis -.47 57

Rubus pedatus .52 29

Smilacina stellata .56 .41 66

Streptopus roseus .75 -.32 78

Tiarella unifoliata .82 -.32 87

Valeriana sitchensis .62 -.44 71

Viola glabella .56 34

Viola sempervirens .43 62

Menziesia ferruginea .32 .30 30

Vaccinium alaskaense -.55 .34 43

Vaccinium ovalifolium .57 49

Percent variation accounted for 12.8 9.9 7.9

'Principal component analysis was performed on raw data from 98 plots.

2 Noncorrelated variables: Abies procera, Pseudotsuga menziesii, mature, Acer circinatum,

Berberis nervosa, Clintonia uniflora, Oplopanax horridum, Rubus lasiococcus, Vaccinium

membranaceum, and Xerophyllum tenax.

3 Proportion of variance for each variable accounted for by the first five principal components.

and Menziesia ferruginea. This environmental axis might pass through

the Berberis nervosa phase of the Abies amabilislVaccinium alaskaense

Association at lower elevations and the Rubus pedatus phase at higher

elevations.

The third component is difficult tc interpret. It separates herbs into

two categories. Smilacina stellata and Viola sempervirens (as well as

Chamaecyparis nootkatensis and Menziesia ferruginea) have positive

factor loadings, whereas Gymnocarpium dryopteris, Valeriana sitchen-

sis, Tiarella unifoliata, and Streptopus roseus respond in the opposite
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manner. This component is some obscure complex gradient through

both Abies amabilislTiarella unifoliata and phases of the Abies
amabilislVaccinium alaskaense environment.

Forests of Warm or Dry Sites—The PCA components of Table 16

segregate five vegetation groups:

1. Mesic herbs with positive factor loadings on the first component
and negative loadings on the second: Viola sempervirens, Achlys

triphylla, Tiarella unifoliata, and Smilacina stellata;

2. Other mesic herbs of positive factor loadings on the first compo-
nent: Cornus canadensis, Rubus lasiococcus, Rubus ursinus, Lin-

naea borealis, and Gaultheria ovatifolia\

3. Species with positive loadings along the second axis: young
Pseudotsuga menziesii, Vaccinium membranaceum, Xerophyllum

tenax, and Gaultheria ovatifolia;

4. Low shrubs and a woody herb with negative factor loadings on

the third axis: Berberis nervosa, Chimaphila umbellata, and

Arctostaphylos uva-ursi; and

5. Trees and shrubs with positive factor loadings on the fourth com-
ponent: Abies amabilis, Tsuga heterophylla, Vaccinium alas-

kaense, and Vaccinium parvifolium.

These species groupings also generally coincide with species optima

in various community types:

Principal component and

Community type factor loading (+ or -)

Tsuga heterophylla/Achlys triphylla,

Pseudotsuga menziesiilXerophyllum tenax 1 +

Pseudotsuga menziesiilXerophyllum tenax 2 +

Pseudotsuga menziesiilCeanothus velutinus 3 +

Abies amabilislBerberis nervosa 3 -

Abies amabilislVaccinium alaskaense,

Berberis nervosa phase 4 +

The first component reflects an environmental gradient affecting herb

richness, perhaps in soil nutrition. Our major herb-dominated, low ele-

vation habitats generally encompass this component. The second PCA
axis takes into account much of the variation of Vaccinium mem-
branaceum, Xerophyllum tenax, and Gaultheria ovatifolia, whereas

mesic herbs (Achlys triphylla, Smilacina stellata, Tiarella unifoliata,

and Viola sempervirens) respond in opposite manner. This axis might

be a complex elevational-topographic moisture gradient reflecting, per-

haps, intensities of summer soil drought. The third component may re-

flect an environmental (possibly elevational) gradient of rather dry,

slope environments involving both the Pseudotsuga menziesii/
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Table 16. Factor loadings of tree and understory variables on the first four components

from principal component analysis, 94 plots on warm or dry sites at low elevations. Mount

Rainier National Park 1

Variable 2

Component 3

Abies amabilis, young

Pseudotsuga menziesii, younj

Tsuga heterophylla, young

0.34

0.49

Achlys triphylla .51 -.58

Arctostaphylos uva-ursi

Berberis nervosa

Chimaphila umbellata

Cornus canadensis .60

Gaultheria ovatifolia .40 .51

Linnaea borealis .59

Rubus lasiococcus .65

Rubus ursinus .52

Smilacina stellata .34 -.36

Tiarella unifoliata .41 -.46

Viola sempervirens .64 .50

0.43 42

48

.56

74

0.41 50

-.69 56

-.68 63

67

71

-.42 66

75

54

48

51

76

Xerophyllum tenax Al 57

Vaccinium alaskaense

Vaccinium membranaceum

Vaccinium parvifolium

.59

.79 59

56

.50 60

Percent variation accounted for 11.4 9.0 7.6 7.0

'Principal component analysis was performed on raw data from 94 plots.

2 Noncorrelated variables: Abies procera. Thuja plicata, Acer circinatum, Clintonia uniflora,

Fragaria spp. , Gaultheria shallon, Hieracium albiflorum, Pachistima myrsinites, Pteridium

aquilinum, Rosa gymnocarpa, Symphoricarpos mollis, and Trientalis latifolia.

3Only the highest loadings have been given for each component.
4 Values are the squares of the multiple correlation between each variable and others in the set.

Ceanothus velutinus Community Type and Abies amabilislBerberis ner-

vosa Association. The fourth component, accounting for 7 percent of

the R-matrix variation, apparently spans an environmental range ap-

proximating the Berberis nervosa phase of the Abies amabilis/Vac-

cinium alaskaense Association.

General Conclusions from PCA— Several general conclusions are

possible from the PCA. In view of the species groupings there is strong
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coincidence with analogous groupings of some of our forest types. This

is particularly so in Abies amabilislRubus lasiococcus, Chamaecyparis

nootkatensislVaccinium ovalifolium, Alnus rubralRubus spectabilis,

Tsuga heterophyllalPolystichum munitum, Abies amabilislTiarella uni-

foliata, and Pseudotsuga menziesiilXerophyllum tenax communities.

Other forest types are not so clearly revealed, but species groupings are

at least suggestive of some. We feel that PCA is less effective for hab-

itat and community type resolution than similarity analysis and plot

groupings based upon tabular procedures (Shimwell 1972). One short-

coming of PCA is its limitation to species showing linearity along en-

vironmental axes. This often eliminated dominant species whose distri-

butional modes coincide with associations and community types. On
the other hand, PCA does present insights into individualistic patterns

of species distribution. For example, Rhododendron albiflorum was

shown to respond differently than Menziesia ferruginea along principal

components at high elevations. Herbs of wet environments are sepa-

rated from herbs of mesic or drier environments. We made no attempt

to resolve species distances along ordination axes.

PCA gave insights into possible environmental gradients affecting

species distribution. But until environmental measurements permit di-

rect ordination, these gradients remain hypothetical. Generally, en-

vironmental factors affecting shrub cover differ or oppose those favor-

ing herb cover. Our analyses suggested a variety of contrasting,

complex environmental gradients affecting species distribution, includ-

ing elevation, soil moisture, snowpack duration, and successional or

microclimatic gradients. Our results also show, however, that at most

only about 30 percent of the variation in the species correlation matrix

can be accounted for by the principal components or gradients. This

further illustrates the complexity of environmental factors affecting spe-

cies distributions within each of the four major forest groupings. Some
of the remaining variation in species distribution might also be reduced

by use of more powerful interspecies association measures.



Chapter 7

Forest Dynamics

Change occurs constantly in forest landscapes. Disturbances and the

ecological characteristics of the various tree species are responsible for

most of this change. There is a continuum of disturbances, from the

large, catastrophic event that destroys all or most of the old forest, to

small-scale disturbances, such as an individual windthrown tree, that

create much of the patchiness within established stands. Tree-species

characteristics, such as their seeding habits and ability to tolerate

shade, will determine how forest composition will evolve in response to

these disturbance events.

In this chapter we will briefly review what is known about forest

disturbance and succession in Mount Rainier National Park. We begin

with considerations of large-scale disturbances, such as wildfire and

volcanic events. Successional relationships of tree species and rates of

forest recovery are considered next. The chapter concludes on the topic

of tree mortality and patterns of small-scale disturbance in forests at

Mount Rainier.

Large-Scale Disturbances

Catastophic disturbances are events that destroy most or all of the

preceding forest, thereby creating conditions for establishment of a new
forest stand. These infrequent events "reset" the forest to the begin-

ning of a new successional sequence and open habitat for pioneer spe-

cies. Succession is initiated with herb- and shrub-dominated commu-
nities under conditions of little or no forest canopy. New trees

gradually become established, the tree canopy closes, and the forest

then progresses through a series of structural and compositional
changes. During stand development, species of lower shade tolerance

(such as Pseudotsuga menziesii and Abies procera) are gradually re-

placed by more shade-tolerant tree species (such as Abies amabilis and
Tsuga heterophylla).

149
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At Mount Rainier National Park, catastrophic events have been of

primary importance in creating the basic mosaic of forest patches of

varying age and composition. Agents of forest destruction in the Park

include wildfire, wind, volcanic events (especially lahars within recent

times), snow avalanches, and floods. The frequency and distribution of

many such events during the last millenium has been documented at

Mount Rainier (Hemstrom and Franklin 1982).

Wildfire is, by far, the most important agent of forest catastrophe at

Mount Rainier National Park, followed by snow avalanches and debris

flows (lahars) (Hemstrom and Franklin 1982). Wildfires have occurred

on approximately 90 percent of the existing stands, avalanches on 7

percent, and lahars on 2 percent. Small tracts of both blowdown and

flooded forest are also present. While high-velocity winds can destroy

extensive forested areas in the Pacific Northwest, as during the Colum-

bus Day windstorm of 1982, wind generally appears to function as an

agent of small-scale, within-stand disturbance at Mount Rainier Na-

tional Park. Exceptions may be found along Park boundaries, where

forests are exposed to the full force of winds by clearcutting on adja-

cent lands.

Fourteen major fire events have been documented since 1230 A.D.

(Table 17 and Plate 2). The largest and oldest disturbance identified

was a widespread fire episode in 1230 A.D. that affected about 25,000

ha of forest land in all four quarters of the Park. Stands of this 750-

year age class still dominate much of the Ohanapecosh River drainage.

Other episodes that affected approximately 13,000 ha of forest occurred

in 1403 A.D., 1503 A.D., and 1628 A.D. The 350-year-old stands that

originated following the 1628 fire are the most extensive age class of

forest currently existing in Mount Rainier National Park; such forests

dominate the upper slopes in the Carbon, Mowich, Puyallup, and, to a

lesser extent, the Nisqually River drainages. One or more fires in 1703

A.D. resulted in the establishment of 275-year-old stands in the White

and Ohanapecosh River drainages; stands of this age characterize the

Ohanapecosh Campground and surrounding areas. Extensive fires that

occurred in the mid to late 1800s may have been ignited by European

settlers who entered the region at that time. Large portions of the Cow-
litz drainage burned in 1856 and again in 1885, and the White River

was subjected to a major fire in 1858. Large areas at moderate to high

elevations within both of these drainages are still sparsely forested.

Fire frequency appears to be a complex issue based on the fire his-

tory reconstruction (Hemstrom and Franklin 1982). Natural fire rota-

tion, defined as the time necessary for fires with a given frequency to

burn over and reproduce an area the size of the study area, is about 465

years for the pre-European era at Mount Rainier. During early settle-

ment, the fire rotation dropped to 226 years, perhaps because of human
activity. Climatic influences appear important in creating conditions for
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Table 17. Major fires, their correspondence to periods of drought, and the present and

reconstructed original extent of resulting serai forests at Mount Rainier National Park (after

Hemstrom and Franklin 1982).

]Present Reconstructed

forested forested [

area area

Episode Percent Percent Drought

date (A.D.) Hectares of total Hectares of total period

1230 6,265 12 25,000 47

1303 1,450 3 6,000 11 1290-95-

1403 6,910 13 13,700 26 1406-13-

1503 4,700 9 13,680 26 1477-90-

1628 11,060 21 12,900 24 1627-33-

1688 1,200 2 4,410 8 1686 3

1703 2,700 5 5,140 10 1700?

1803 2,230 4 2,230 4 180P

1825 2,400 5 2,480 5 1823-26-'

1856 490 1 2,800 5 1856 ?

1858 3,040 6 3,700 7 18563

1872 600 1 600 1 1869-73-

1886 3,800 7 4,280 8 18883

1934 770 1 770 1 1917-36-

No climatic reconstructions available for dates before 1250 A.D.
2Keen (1937) first- or second-magnitude drought.
3 Blasing and Fritts (1976) abnormally dry winter.

catastrophic fire, however. Correspondence between drought events, as

reconstructed from tree-ring chronologies, and fire episodes is striking

(Table 17). Hence, major fires may be dependent upon unusual weather

conditions and not reflect an internally induced cycle of forest suscep-

tibility to burning.

Fire occurrence varies with topographic position, Park drainage, and
habitat type (Hemstrom 1982, Hemstrom and Franklin 1982). Alluvial

terraces, valley bottoms, and protected north-facing slopes have burned
less frequently and are often occupied by old stands. Furthermore,
nearly every major river valley contains a streamside old-growth cor-

ridor. Based on a study of fire-boundary locations within the Park, val-

ley bottoms are, along with ridgetops, the most important natural fire-

breaks (Hemstrom 1982). Contrasts in forest ages between north- and
south-facing slopes also occur in almost every major drainage. Within
the Park the White, Cowlitz, and Nisqually River drainages have
burned the most frequently. In the case of the Cowlitz and Nisqually,

this may be due to a generally south aspect and lack of topographic and
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vegetative barriers that might prevent fires from burning into the Park.

Higher fire frequency is to be expected in the relatively dry White
River drainage; natural fire rotation is 324 years for White River com-
pared to 438 years for the Nisqually drainage (Hemstrom 1982).

Fire frequency varies rather drastically with habitat type (Table 18)

(Hemstrom 1982). Much of this variation is correlated with topographic

position. For example, several of the types with high fire frequency are

characteristic of south slopes. Habitat types with low fire frequency are

typically moist, valley-bottom sites (e.g., ABAM/OPHO) or cold, wet

subalpine habitats (e.g., ABAM/RHAL).
Snow avalanches and lahars are other major forest disturbances that

have been identified at Mount Rainier (Hemstrom and Franklin 1982).

Approximately half of the 4270 ha of avalanche tracks are found in the

White and Cowlitz River drainages. In general, large areas of snow
avalanches are associated with recent burns; for example, large, com-
plex tracks dissect the 1886 Cowlitz burn and the 1858 Crystal Moun-
tain burn. Lahar-originated forests cover fairly small areas but occur in

Table 18. Fire frequency 1 (FF) and natural fire rotation2 (NFR) by habitat type for Mount
Rainier National Park (excluding Carbon and Puyallup River drainages) (from Hemstrom

1982).

Habitat or community type NFR FF Rank

Abies lasiocarpalValeriana sitchensis

Abies amabilislBerberis nervosa

Tsuga heterophyllalAchlys triphylla

Abies amabilis and Tsuga heterophyllal

Gaultheria shallon

Abies amabilislXerophyllum tenax

Abies amabilislMenziesia ferruginea

Abies amabilislRubus lasiococcusl

Rubus lasiococcus phase

Abies amabilislTiarella unifoliata

Tsuga heterophyllalPolystichum munitum

Abies amabilislVaccinium alaskaense and

Chamaecyparis nootkatensislVaccinium

ovalifolium

Abies amabilislRhododendron albiflorum

Abies amabilislOplopanax horridum

Abies amabilis/Ervthronium montanum

275 .0035 1

295 .0034 2

308 .0033 3

313 .0032 4

323 .0031 5

343 .0029 6

367 .0027 7

426 .0023 8

435 .0023 9

474 .0021 10

478 .0021 11

535 .0019 12

616 .0016 13

'Burned hectares per hectare of habitat type per year for fires over 100 ha.
2The time required to burn an area equal to the total area of each habitat type given its burn

rate.



Forest Dynamics 153

all of the major river drainages. The 1947 Kautz Creek lahar provides

one of the most recent and obvious examples of a regenerating debris

flow; young forests of Alnus rubra and conifers are typical of the de-

posits.

Despite extensive catastrophic disturbances, forests at several loca-

tions around Mount Rainier have survived for over 1 ,000 years with no

evidence of disturbance (Plate 2). These ancient forests grow in pro-

tected valley bottoms throughout the Park and on slopes in the Ipsut

and Cataract Creek drainages, tributaries of Carbon River. Except for

avalanches and a small burn in the upper reaches of the valley, the

forests of the Ipsut Creek valley apparently have been free of major

disturbances for over 1,200 years based on estimated ages of the large

Chamaecyparis nootkatensis found there. Forests along Cataract Creek

appear similar to those of Ipsut Creek but lack the Chamaecyparis;

early serai trees are absent, and there is no evidence of catastrophic

disturbance in the lower valley for well over 1,000 years. Other stands

estimated as being over 1,000 years of age are found near the con-

fluence of the Ohanapecosh River and Chinook Creek, in the upper

Cowlitz River basin, and near Cougar Rock Campground in the Nis-

qually River drainage. The latter stand appears to be the first genera-

tion of forest on a portion of the Paradise lahar assemblage (Crandell

1971); trees have grown very slowly on this nutrient-poor substrate.

Successional Sequences

Occurrence and successional roles of the major tree species at Mount
Rainier vary with moisture and temperature conditions (Table 19). The

most shade-tolerant species occurring on a habitat type are usually con-

sidered to be the potential climax species, i.e., capable of maintaining

themselves on the site in the absence of major disturbance. Tree species

that are intolerant of shade and require a major disturbance for re-

production are considered to be serai. However, it is important to note

that climax species often reproduce immediately following a distur-

bance and can play a major role in early successional forests in a

moist, cool region such as Mount Rainier.

Pseudotsuga menziesii is the major serai species and Tsuga hetero-

phylla is the major climax species in communities belonging to the

Tsuga heterophylla Series at Mount Rainier (Table 19). Abies grandis

also plays a minor successional role, as does Alnus rubra on moister

habitat types. Interpretation of the role of Thuja plicata is difficult, but

we have tentatively assigned it dual roles as a major serai and minor

climax species: a major climax role could be argued based on its low

mortality rate (see following section) and long life span, factors that

should result in increasing stand representation for Thuja over long pe-

riods free from major disturbances.
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The Abies amabilis Series can be divided into lower and higher ele-

vation segments based on the major Tsuga associate (Table 19).

Abies amabilis is the major climax species throughout. At lower ele-

vations Tsuga heterophylla is a major early successional species and a

minor climax species and Pseudotsuga menziesii is a major serai spe-

cies. Abies procera is a serai species of varying importance depending

upon habitat type. Pinus monticola is widespread and can be locally

abundant in young and mature stands. Thuja plicata is generally inter-

preted as a minor climax species on lower elevation Abies amabilis

habitats.

Tsuga mertensiana is the major early successional species and a

minor climax component on higher and colder Abies amabilis habitats

(Table 19). Abies procera, Abies lasiocarpa, Pinus monticola, and

Picea engelmannii are typical early successional species, although low-

elevation species such as Tsuga heterophylla, Thuja plicata, and

Pseudotsuga menziesii may also be represented. The successional role

of Chamaecyparis nootkatensis presents problems in interpretation sim-

ilar to those for Thuja plicata; it is often abundant within stands (hence

has a major early successional role), but Chamaecyparis also appears

capable of effectively reproducing itself in small numbers and surviving

to very old ages.

Few data are available on rates of forest recovery following cata-

strophic disturbance as compared with our knowledge of patterns of

change in forest structure and composition. Rates of recovery are de-

pendent upon many variables, including availability of seed, severity of

the post-disturbance environment, and amount of competing vegetation.

Recovery can be rapid following small- to medium-sized disturbances

on habitats with moderate environments; abundant wind-dispersed seeds

are available from surrounding areas of undamaged forest and moisture

and temperature conditions are favorable to plant establishment. In such

circumstances, reestablishment of forest trees and development of a

closed forest canopy can be expected in 20 to 30 years. Competing

herb and shrub vegetation can retard forest reestablishment on the most

productive (warm and moist) habitats characterized by species such as

Athyrium and Oplopanax even in relatively small disturbance areas.

Forest recovery can be especially slow following a large-scale distur-

bance or a disturbance on environmentally stressful sites. Single wild-

fires on low- to middle-elevation forest sites often cause rapid regenera-

tion even when they cover large areas; this results from the patchy

nature of such wildfires, which often leave individual, groups, and even

large patches of streamside corridors of live trees as seed sources

(Franklin and Dyrness 1973). Multiple burns of the same area can se-

verely retard forest regeneration, however, by eliminating more and

more of the seed source and stimulating competing shrub and herb-

aceous vegetation. As a consequence, areas subject to multiple wild-
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Figure 38. Age-class distribution of trees in stands developed following wildfires in the later

1800's in the Cowlitz River drainage, Mount Rainier National Park, Washington (from Hemstrom,

1979).

fires can take many decades or even a century to completely regene-

rate. For example, Pseudotsuga, Pinus, and Abies prjcera were still

becoming established in the 1886 Cowlitz Burn more than 75 years

after the last fire (Hemstrom and Franklin 1982) (Fig. 38). Delayed

patterns of regeneration and multiple burns can result in old-growth

stands that demonstrate very wide age ranges in the Pseudotsuga

dominants (Franklin and Hemstrom 1981).

Areas of burned forest at high elevations may also regenerate very

slowly, after a single burn and with abundant seed available. Examples

can be seen along the Stevens Canyon Road below Mirror Lake and on

Crystal Mountain. Such slow regeneration is a consequence of severe

site conditions; competing vegetation and animal predation can also be

factors in high-elevation burns. Regeneration of some high-elevation

sites may need to await a climatic episode that favors tree regeneration,

similar to conditions that led to extensive invasion of subalpine mead-

ows early in this century (Franklin et al. 1967).

Tree Mortality and Small-Scale Disturbances

Small-scale disturbances and tree death are important in creating

more heterogenous or variable forest conditions. Death of individual or

small groups of trees creates critical structures—snags and down logs

—

that fulfill important wildlife and nutrient conservation functions (Har-

mon et al. 1986, Brown 1985). Mechanical effects, such as the effects

of tree uprooting on soil mixing, are also important. Therefore, knowl-

edge of rates and patterns of tree death are valuable in understanding

how forest ecosystems function.
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Much tree death in the forests of the Pacific Northwest occurs as a

result of small-scale disturbances. Such disturbances include small

patches or gaps created by windthrow and openings created by con-

tagious diseases, such as the root rot Phellinus weirii, or bark beetles,

such as Dendroctonus spp. Mortality of this type may occur continu-

ously or as episodes. Episodes often occur when stands have excess

numbers of trees and are subsequently subjected to an environmental

stress that renders them more susceptible to beetle or pathogen attack.

Tree mortality has been studied in mature and old-growth forests at

Mount Rainier. 3 Data were collected from permanent sample plots that

have been established in 17 stands representing 13 of the community

types described in this monograph; 13 of the plots are in old-growth

forest (250 to 1,200 years of age) and 4 are in mature stands (90 to 150

years of age).

Tree mortality averaged 0.52 percent annually over a 10-year period

in mature and old-growth forests, indicating a relatively dynamic condi-

tion (see footnote 3). Annual rates have fluctuated between 0.27 and

0.86 percent per annum. Major causes of tree mortality are suppression

(25.3 percent), unknown (24.6 percent), crushing by falling tree (22.8

percent), windbreak (9.1 percent), and windthrow or uprooting (8.8 per-

cent). Disease, insects, and miscellaneous causes make up the re-

mainder.

Rates of mortality varied widely with species. Surprisingly, Pseudo-

tsuga, Tsuga heterophylla, and Abies amabilis had comparable rates of

mortality (0.57, 0.48, and 0.52 percent per annum). Abies proc era had

a much higher rate than other common conifers (0.95 percent) for un-

known reasons. Thuja plicata and Chamaecyparis nootkatensis had low

rates of mortality (0.17 and 0.23 percent per annum). These low rates

suggest that Thuja and Chamaecyparis may increase their representation

within the forests even though relatively few seedlings and saplings are

produced compared to the Tsuga and Abies.

Rates of mortality also varied dramatically with habitat type and with

forest age class (see footnote 3). More productive sites tended to have

higher rates of mortality. Three old-growth stands on Oplopanax hor-

ridum sites averaged 1.08 percent mortality per annum, over twice the

average for all plots. Similarly, mature stands (considered to be stands

between 100 and 200 years of age) averaged nearly twice the rate for

old-growth stands on the same habitat types; such stands are probably

still experiencing stand thinning due to competition, the primary cause

of mortality in young forest stands.

'Unpublished manuscript in technical review. '"Tree mortality in some mature and old-growth

forests in the Cascade Range of Oregon and Washington."* by Jerry F. Franklin. Mark Klopsch.

Karen J. Luchessa. and Mark E. Harmon. 35 p.. 1987. On file at Forestry Sciences Laboratory.

Corvallis, Oregon.
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These data on mortality, along with those from natural forest stands

elsewhere in the Pacific Northwest, indicate that tree populations are

quite dynamic in mature and old-growth forests such as those at Mount
Rainier (see footnote 3). Continuing, modest levels of tree mortality are

to be expected, as are occasional episodes with rates up to perhaps 10

times the normal background levels. The basic forest size structure is

apparently maintained through such events, and compositional changes

occur only very slowly due to low rates of mortality in large, old

Pseudotsuga and Thuja, for example.

The gaps or openings created in the forest by tree death and small-

scale disturbance at Mount Rainier are too small to allow successful

regeneration of the major pioneer species, such as Pseudotsuga. The

majority of the mortality occurs as single individuals, and near simul-

taneous death of more than a half-dozen trees in a small group is very

rare. This is a significant ecological feature of the northwestern forests.

Small forest gaps are considered to be an important mechanism for

perpetuating shade-intolerant tree species in the hardwood forests of

eastern North America. At Mount Rainier, the openings are rarely of

sufficient size (perhaps 35 m in diameter) to allow reproduction of ma-

jor shade-intolerant species. Furthermore, forest gaps are typically al-

ready occupied by seedlings and saplings of Tsuga, Abies, and Thuja,

which utilize the newly available resources. Hence, the shade-intolerant

species at Mount Rainier National Park appear to depend upon larger

scale disturbances to create suitable conditions for their regeneration.



Chapter 8

Management Interpretations

of the Habitat Types

A major objective of community or habitat type classifications is the

development and extrapolation of information on management problems

and development potential. Because areas identified as belonging to the

same habitat type are viewed as having comparable environments, re-

sponses to specific management practices should be similar. Hence, it

is reasonable to extrapolate management experience or research results

from one area of the same habitat type to another.

Qualitative data on characteristics relevant to management, such as

productivity and soil drainage, were collected during the development

of the habitat type classification at Mount Rainier. Although quan-

titative information and detailed studies of effects of various practices

or uses stratified by habitat type would be desirable, the qualitative

data provide some guidance on the potential of different habitat types

for Park use and development.

Some characteristics of the Mount Rainier habitat types relevant to

National Park Service management are summarized in Table 20. Each

characteristic will be discussed briefly in the following paragraphs. The
reader should note that these are broad, qualitative characterizations.

Detailed, quantitative data on management characteristics of community
types, such as productivity and wildlife potential, are being collected

on the Gifford Pinchot and Mt. Baker-Snoqualmie National Forest lands

adjacent to the Park (Henderson and Peter 1981, Brockway et al. 1983).

This large body of information should be generally applicable to the

community types within the Park.

Physical Conditions

The three factors considered under physical conditions are length of

growing season, soil drainage, and depth and duration of snowpack.

159
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These features are obviously relevant to management, for appraising the

development potential of a particular site for a campground or trail, for

example.

Growing season can be measured in a variety of ways, but one com-

mon method in the Pacific Northwest is a scheme for summing tem-

peratures over a given threshold, referred to as the "growing season

temperature growth index" (GSTGI) (Greene and Klopsch 1985). Tem-

perature data gathered from a few stands (Greene and Klopsch 1985)

allow us to scale the qualitative ratings shown in Table 20: long grow-

ing seasons have GSTGI values of from 55 to 65, medium growing

seasons have values from 40 to 60, and short growing seasons have

values from 25 to 50. Note that any measure of growing season,

whether by temperature growth index or frost-free period, will vary

substantially from year to year. Sites with long and medium growing

seasons typically have over 290 frost-free days, whereas those with

short growing seasons have 200 to 290 days (Greene and Klopsch

1985).

Soil-drainage ratings are based on observations of conditions within

soil pits dug in each habitat type. Excessive drainage indicated coarse-

textured soils that have low water-holding capacity; droughty conditions

are normally expected on such sites. Well-drained sites have no features

suggesting poor or excessive soil drainage. Poorly drained soils have

morphological features indicating poor drainage, such as gleyed soil

horizons, and soil pits sometimes contained standing water due to

perched water tables.

Three ratings are provided for depth and duration of snowpack (Table

20). Tsuga heterophylla habitat types are shown as having an intermit-

tent snowpack; that is, the snowpack will typically come and go during

the course of a normal winter. The bulk of the Abies amabilis Zone has

a moderate snowpack, a permanent winter snowcover that will typically

reach depths of 1 to 2 m. Deep snowcover refers to areas with a perma-

nent winter snowpack that attains depths of 2 to 5 m or more and per-

sists until late June or July. Approximate values for average winter

snow depth can be obtained by observing the growth of lichens on tree

trunks; most of the larger foliose species are unable to grow at heights

where they are subject to extensive snow burial.

Biological Conditions

Factors rated under biological conditions are productivity, plant diver-

sity, potential for specialized wildlife, and occurrence of specimen trees

or groves (Table 20).

Site productivity can be indexed in a variety of ways, but the only

quantitative measure available from this study is site index, the height

to which dominant trees grow during a given period of time. All of the
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habitat types with high or very high productivity ratings are on moist to

wet sites at low to middle elevations (Table 20); productivity generally

approximates a Site Class I or II for Pseudotsuga and Class I for Abies

procera. Sites of medium productivity approximate a Site Class III or

IV for Pseudotsuga and II and III for Abies procera. Low productivity

sites approximate a Pseudotsuga Site Class V or Abies procera Site

Class IV. Productivity is so low on the Pseudotsuga menziesiil

Arctostaphylos uva-ursi sites that forests often lack a closed tree can-

opy.

Plant diversity ratings are based on the numbers of vascular plant

species typically found within forest stands growing on each habitat

type. Moist, lower elevation habitats typically contain the largest num-

ber of species. In at least some other parts of the Northwest, dry hab-

itats also tend to have high diversity (e.g., Zobel et al. 1976); this is

not the case at Mount Rainier, where the driest forest habitats are typ-

ically the depauperate Gaultheria shallon types (Table 20). Relatively

high species diversity is also encountered on the Chamaecyparis
nootkatensislVaccinium ovalifolium Habitat Type, which typically in-

cludes boggy areas within a forest matrix. Very rich, meadow-like com-

munities characterize early successional stages on the Abies amabilisl

Rubus lasiococcus Habitat Type; the diversity of these communities

contrasts with the moderate levels of diversity typical of closed forest

stands on the same habitat type.

Special wildlife features considered include occurrence of old-growth

species, winter habitat for ungulates (elk and deer), and habitat for am-

phibians (Table 20). Temperate old-growth forests in the Pacific North-

west have been identified as the preferred (and, in some cases, essen-

tial) habitat for an array of bird, mammal (including bat), and

amphibian species (Franklin et al. 1981). Much of the forest at low to

middle elevations within Mount Rainier National Park is excellent hab-

itat for these old-growth-related wildlife. Extensive areas of appropriate

age classes and forest structures are present, and suitable habitat types

included the very widespread Abies amabilis/Vaccinium alaskaense

type. Detailed studies of vertebrate populations in old-growth as well as

younger forests are currently underway and should provide much addi-

tional information on their distribution within the Park. The most prom-

inent winter habitats for ungulates are the productive, valley-bottom

habitat types, although the relatively warm and dry Tsuga heterophyllal

Gaultheria shallon habitat also receives considerable use. Amphibians

are most common on habitat types normally associated with water

bodies that are essential to their reproduction.

Trees or groves of trees of unusual size and age are of special interest

to the visitor; these usually occur in old-growth stands on high produc-

tivity habitat types (Table 20). The Oplopanax and Polystichum habitats

are primary sites for outstanding specimens of Pseudotsuga menziesii
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and Thuja plicata, for example (Fig. 39). The largest Tsuga hetero-

phylla and Abies amabilis will also be found there. Superlative spec-

imens of Abies procera are encountered on the Abies amabilislTiarella

Habitat Type. Some of the most impressive specimens of

Chamaecyparis nootkatensis will actually be found on a low productiv-

ity habitat type, the Abies amabilis/'Rhododendron albiflorum (Table

Figure 39. Superlative specimen trees of Pseudotsuga and Thuja are characteristic of the

moist, alluvial and lower slope habitat types.
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20). Specimen trees are also found on the very widespread Abies

amabilislVaccinium alaskaense Habitat Type.

Potential for Disturbances

Potential disturbances to forests from wildfire, insects and plant dis-

eases, and wind vary by habitat type (Table 20).

Important correlations may exist between fire frequency and habitat

type as discussed in the previous chapter (Table 20) (Hemstrom 1982).

Low-risk habitat types are those occurring on moist habitats that are, in

turn, generally located in valley-bottom environments. These include

the two Oplopanax, Polystichum, and Vaccinium alaskaense Habitat

Types. Habitat types that characterize warmer, drier environmental con-

ditions, such as the Gaultheria, Berberis, and Xerophyllum types, have

substantially higher fire frequencies. Most of the high-elevation types

have moderate levels of fire risk. The Abies lasiocarpa/Valehana sit-

chensis Community Type is a significant exception; this community has

the highest fire frequency (275 years) of any type studied in the Park

(Hemstrom 1982).

Many forest insects and plant diseases will probably prove to be cor-

related with vegetation types once detailed studies have been con-

ducted. Little information is currently available, however (Table 20).

Gaultheria habitats were noted as having high levels of dwarf mistletoe

{Arceuthobium spp.), especially in the Tsuga heterophylla. Some other

habitats appeared to have higher levels of bark beetles {Dendroctonus

spp.) in Pinus spp. and Pseudotsuga menziesii.

Natural windthrow is highest on habitat types that have moist to wet

soils. Uprooting of trees has been observed as common on permanent

sample plots in Oplopanax types (see footnote 3). Sites with high water

tables at high elevations are also more vulnerable to uprooting.

Development Potential

Habitat types are rated for development potential (e.g., camping
areas and trails) on the basis of their resistance and resilience. Re-

sistance refers to the ability of a habitat to tolerate human impacts,

such as trampling, without undergoing major changes in community
comr>osition and structure. Resistance generally reflects the "tough-
ness ' of the vegetative cover. Resilience refers to the ability of vegeta-

tion on a habitat to recover once it has been destroyed or severely dis-

rupted. Resilience often reflects the inherent productivity of a habitat.

Communities on high productivity sites dominated by herbaceous un-

dertones (TSHE/OINYM, TSHE/ACTR, and ABAM/TIUN) tend to

have low resistance and high resilience. Understories are easily
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damaged by human use due to the fragility of many species but have

inherently high rates of recovery. The Oplopanax communities are

somewhat more resistant to use because of durable shrub layers that

also tend to discourage human movement.

The bulk of the communities at Mount Rainier have moderate to high

levels of resistance to developmental impacts and moderate to low lev-

els of resilience (Table 20). This is because the shrubby ericaceous un-

derstories are generally composed of species that can tolerate moderate

impact levels. Once destroyed, however, recovery can be relatively slow

due to slow reestablishment and growth of plants. This is a particularly

serious problem on sites that have deep, persistent snowpacks (e.g.,

CHNO/VAOV and ABAM/RHAL). Sites on glacial outwash and lahars,

including PSME/ARUV habitats, typically have understories that in-

clude species easily damaged by trampling (e.g., lichens and mosses)

and very low rates of recovery due to severe site conditions. Longmire

Campground provides an example of such a habitat.
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Appendix A.

Keys to Typical Forest Types of

Mount Rainier National Park

1. Forests less than 150 years old go to Key A
1

.

Forests over 150 years old 2

2. Forests above 1100 m (3,600 ft) elevation go to Key B
2. Forests below 1 100 m (3,600 ft) elevation 3

3. Forests of valleys or toeslopes or wet sideslopes and benches . . .

Oplopanax horridum and/or ferns (Polystichum munitum,

Blechnum spicant, Gymnocarpium dryopteris, Athyrium

filix-femina) common go to Key C
3. Forests of dry or mesic (but not wet) sideslopes, ridges, or

benches. Oplopanax horridum absent or rare 4

4. Forests of mesic slopes and benches. Dominant trees are

Pseudotsuga menziesii, Tsuga heterophylla, Abies amabilis,

Abies procera, and sometimes

Chamaecyparis nootkatensis go to Key D
4. Forests of dry slopes and exposures. Dominant trees are

Pseudotsuga menziesii, Tsuga heterophylla, Thuja plicata, and

sometimes Pinus monticola go to Key E

Key A. Forests Less Than 150 Years Old

1 . Abies lasiocarpa dominates regeneration and canopy

Abies lasiocarpa/Valeriana sitchensis

1

.

Abies lasiocarpa minor or absent 2

2. Alnus rubra dominates or codominates canopy

Alnus rubralRubus spectabilis

2. Alnus rubra minor or absent 3

3. Menziesia ferruginea cover greater than 5 percent, Abies amabilis

dominates or codominates canopy

Abies amabilislMenziesia ferruginea
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3. Menziesia ferruginea cover less than 5 percent, Pseudotsuga

menziesii usually dominant or codominant in canopy 4

4. Ceanothus velutinus present

Pseudotsuga menziesiii'Ceanothus velutinus

4. Ceanothus velutinus absent 5

5. Xerophyllum tenax cover less than 5 percent, and

Viola sempervirens cover more than 1 percent

Pseudotsuga menziesiilViola sempervirens

5. Xerophyllum tenax cover more than 5 percent and/or Viola

sempervirens cover less than 1 percent

Pseudotsuga menziesiilXerophyllum tenax

Key B. High-Elevation Forests, Tsuga mertensiana Zone

1 . Oplopanax horridum more than 2 percent cover

Abies amabilislOplopanax horridum

1

.

Oplopanax horridum less than 2 percent cover 2

2, Gaultheria shallon more than 5 percent cover

Abies amabilislGaultheria shallon

2. Gaultheria shallon less than 5 percent cover 3

3. Berberis nervosa more than 3 percent

cover Abies amabilislBerberis nervosa

3. Berberis nervosa less than 3 percent cover 4

4. Abies lasiocarpa dominates regeneration and canopy, Valeriana

sitchensis more than 5 percent cover

Abies lasiocarpalValeriana sitchensis

4. Abies lasiocarpa minor or absent, Valeriana sitchensis usually

less than 5 percent cover 5

5. Xerophyllum tenax more than 10 percent cover

Abies amabilislXerophyllum tenax

5. Xerophyllum tenax less than 10 percent cover 6

6. Chamaecyparis nootkatensis at least codominant in canopy or

regeneration and either Vaccinium ovalifolium or Rubus pedatus

cover more than 10 percent

Chamaecyparis nootkatensis/Vaccinium ovalifolium

6. Chamaecyparis nootkatensis absent or minor or both Vaccinium

ovalifolium and Rubus pedatus less than 10 percent cover .... 7

7. Shrub cover appreciably less than the usually profuse herb cover

Abies amabilislTiarella unifoliata

1 . Shrub cover equal to or greater than herb cover 8

8. Menziesia ferruginea cover greater than 5 percent

or Rhododendron albiflorum cover greater than 5 percent

or Vaccinium alaskaense cover greater than 5 percent 9

8. Menziesia ferruginea or Rhododendron albiflorum or Vaccinium

alaskaense cover less than 5 percent 11
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9. Vaccinium alaskaense cover greater than 10 percent

or Rhododendron albiflorum and Menziesia ferruginea

cover both less than 1 percent Abies amabilislVaccinium

alaskaense , go to key D, step 3

9. Vaccinium alaskaense cover less than 10 percent and

Rhododendron albiflorum or Menziesia ferruginea

cover greater than 1 percent 10

10. Rhododendron albiflorum cover greater than Menziesia ferruginea

cover Abies amabilislRhododendron albiflorum

10. Rhododendron albiflorum cover less than Menziesia ferruginea

cover Abies amabilislMenziesia ferruginea

11. Erythronium montanum cover greater than 10 percent

Abies amabilislRubus lasiococcus, Erythronium montanum phase

11. Erythronium montanum cover less than 10 percent

.... Abies amabilislRubus lasiococcus, Rubus lasiococcus phase

Key C. Forests of Wet Sites Below 1100 m (3,600 ft) Elevation

1 . Oplopanax horridum cover greater than 2 percent 2

1

.

Oplopanax horridum cover less than 2 percent 3

2. Abies amabilis codominant or dominant in canopy or regeneration

Abies amabilislOplopanax horridum

2. Abies amabilis minor . . . Tsuga heterophyHalOplopanax horridum

3. Abies amabilis codominant in regeneration or canopy

Tsuga heterophyHalPolystichum munitum, Abies amabilis phase

3. Abies amabilis minor . . .Tsuga heterophyHalPolystichum munitum

Key D. Forests of Mesic Sites Below 1100 m (3,600 ft) Elevation

1. Abies amabilis minor in canopy and regeneration, Achlys triphylla

cover usually greater than 10 percent

Tsuga heterophyllalAchlys triphylla

1

.

Abies amabilis dominant or codominant 2

2. Total cover of shrubs greater than or equal to total cover of herbs

Abies amabilislVaccinium alaskaense phases

3

2. Shrub cover less than the rather profuse herb cover

Abies amabilislTiarella unifoliata

3. Chamaecyparis nootkatensis codominant in canopy and

regeneration Chamaecyparis nootkatensis phase

3. Chamaecyparis nootkatensis minor 4

4. Rubus pedatus cover greater than 10 percent

Rubus pedatus phase

4. Rubus pedatus cover less than 10 percent 5

5. Berberis nervosa cover greater than 5 percent

Berberis nervosa phase
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5. Berberis nervosa cover less than 5 percent

Typical Vaccinium alaskaense phase

Key E. Forests of Dry Sites Below 1100 m (3,600 ft) Elevation

1 . Gaultheria shallon cover greater than 5 percent 2

1. Gaultheria shallon cover less than 5 percent, Berberis nervosa

cover usually greater than 5 percent

Abies amabilislBerberis nervosa

2. Abies amabilis dominant or codominant in canopy or regeneration,

Chamaecyparis nootkatensis often present

Abies amabilisIGaultheria shallon

2. Abies amabilis minor, Chamaecyparis nootkatensis never present

Tsuga heterophyllalGaultheria shallon



Appendix B.

Synopses of the Forest Types

of Mount Rainier National

Park

Tsuga heterophyllalAchlys triphylla Habitat Type

The Tsuga heterophyllalAchlys triphylla habitat type is found at low

elevations, rarely as high as 1080 m (3,500 ft), primarily on well-

drained alluvial flats and lower slopes in the Ohanapecosh and Cowlitz

River drainages. Slopes are usually gentle, to 30 percent, although as

the elevation increases, this habitat is occasionally found on steeper

slopes, up to about 60 percent. Slope aspect tends to be southerly.

Dominant canopy species are Pseudotsuga menziesii, Tsuga hetero-

phylla, and Thuja plicata. Pinus monticola and Abies procera may oc-

cur as codominants. Regeneration is largely Tsuga heterophylla with

some Thuja plicata, Abies amabilis, and rarely Abies procera. The un-

derstory is moderately rich in herbs, with Achlys triphylla, Viola sem-

pervirens, Cornus canadensis, Linnaea borealis, Smilacina stellata,

and other herbs totaling an average of about 55 percent cover. Acer

circinatum is the dominant shrub, averaging 40 percent cover; Berberis

nervosa, Vaccinium parvifolium, Rubus ursinus, and other shrubs are

common for an average total shrub cover of about 60 percent.

Tsuga heterophyllalPolystichum munitum Habitat Type

The Tsuga heterophyllalPolystichum munitum habitat type is found

on mesic to moist sites primarily in the western half of Mount Rainier

National Park (the Park). Though occurring mostly on well-drained

lower slopes and benches, it can be found on slopes up to 70 percent or

more with any aspect at elevations less than about 910 m (3,000 ft).

Dominant canopy species are Pseudotsuga menziesii, Tsuga hetero-
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phylla, and Thuja plicata. Tsuga heterophylla dominates regeneration

with occasional Abies amabilis and Thuja plicata. Polystichum munitum

dominates the herb layer with Blechnum spicant, Tiarella trifoliata, and

Gymnocarpium dryopteris as common associates. The herb layer aver-

ages about 40 percent cover. Berberis nervosa is the most common
shrub, often commonly associated with Vaccinium parvifolium. Acer

circinatum and Taxus brevifolia are occasionally abundant. Average

shrub cover is about 20 percent.

Abies amabilis Phase

The Abies amabilis phase occurs in the northwest sector of the Park

and is similar to the rest of the Tsuga heterophyHalPolystichum muni-

tum habitat type except that Abies amabilis is codominant with Tsuga

heterophylla in regeneration and, to a lesser extent in the canopy.

Blechnum spicant usually has at least as much cover in the herb layer

as Polystichum munitum.

Tsuga heterophylla!Oplopanax horridum Habitat type
The Tsuga heterophylla!Oplopanax horridum habitat type occurs at

any aspect on moist benches and valley bottoms below 1100 m (3,600

ft) throughout the Park. Slopes are usually gentle, 30 percent or less,

but may be as much as 60 percent. The canopy is dominated by

Pseudotsuga menziesii, Thuja plicata, and Tsuga heterophylla, all of

which may be very large. Tsuga heterophylla dominates the regenera-

tion with Thuja plicata and Abies amabilis common. Abies grandis may
be locally abundant in the canopy or regeneration. Oplopanax horridum

dominates the shrub layer with Acer circinatum as a common associate.

Total shrub cover is usually about 35 percent. The herb layer is rich

and luxiurant, averaging over 100 percent cover. Dominant herbs are

Gymnocarpium dryopteris, Tiarella trifoliata, Athyrium filix-femina,

and Polystichum munitum.

Alnus rubralRubus spectabilis Community type
The Alnus rubralRubus spectabilis community type is early serai,

generally less than 150 years old, and is located at low elevations, less

than 910 m (3,000 ft), in valley bottoms or on wet side slopes and

terraces. Alnus rubra and Tsuga heterophylla dominate the sparse can-

opy. Tsuga heterophylla is the main generating species with Abies

amabilis common. The herb layer is rich and profuse, generally total-

ling over 90 percent cover. Circaea alpina, Athyrium filix-femina, Viola

glabella, Gymnocarpium dryopteris, and Tiarella unifoliata are domi-

nant herbs. Rubus spectabilis and Oplopanax horridum dominate the

shrub layer, which averages over 70 percent cover.
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Abies amabilislOplopanax horridum Habitat type

The Abies amabilislOplopanax horridum habitat type is found on

moist lower slopes, benches, and valley bottoms facing any aspect at

moderate elevations, 700 to 1210 m (2,300 to 4,000 ft). Slopes are

usually gentle, less than 50 percent. The canopy is dominated by

Pseudotsuga menziesii, Tsuga heterophylla, and Thuja plicata, indi-

viduals of which may be very large. Regeneration is codominated by

Tsuga heterophylla and Abies amabilis with infrequent Thuja plicata.

The herb layer is often rich and profuse, usually over 80 percent cover,

with Tiarella unifoliata, Achlys triphylla, Athyrium filix-femina, and

Adenocaulon bieolor as dominants. Oplopanax horridum and Vaccinium

alaskaense are the dominants of the shrub layer, which averages less

than 40 percent cover.

Slope Phase

The slope phase of this habitat type occurs on moist, steep (over 40

percent) lower slopes to midslopes at up to 1460 m (4,800 ft) in eleva-

tion. The canopy dominants are the same as those in the habitat type,

but several additional tree species occur: Picea engelmannii, Abies pro-

cera, and Tsuga mertensiana. Chamaecyparis nootkatensis is a local

codominant in the canopy or regeneration. Rubus spectabilis is usually

more important than Vaccinium alaskaense in the shrub layer. The herb

layer is generally more profuse, with an average cover of 90 percent.

Tsuga heterophylla!Gaultheria shallon Habitat type
This habitat type occurs throughout the Park on dry sites between

610 and 1090 m (2,000 and 3,600 ft). It occurs mostly on moderate to

steep south- to west-facing slopes. Pseudotsuga menziesii, Tsuga het-

erophylla, and, to a lesser degree, Thuja plicata dominate the canopy.

Regeneration is almost exclusively Tsuga heterophylla and occasionally

Abies amabilis. Linnaea borealis, Achlys triphylla, Xerophyllum tenax,

and Chimaphila umbellata are the most important herbs. Gaultheria

shallon is the dominant shrub, averaging 45 percent cover, with

Berberis nervosa, Vaccinium parvifolium, Vaccinium alaskaense, and

Acer circinatum as common associates. Total shrub cover averages

about 80 percent and total herb cover 20 percent.

Pseudotsuga menziesiilCeanothus velutinus Community type
This early serai community appears in the Ohanapecosh and Cowlitz

River drainages on dry sites between 940 and 1240 m (3,100 and 4,100

ft). It occurs on steep upper slopes and midslopes with southerly as-

pects. Stand ages are usually less than 100 years. Pseudotsuga men-

ziesii, Abies procera, and Pinus monticola are the dominant canopy and

regenerating species. Acer circinatum, Vaccinium membranaceum , and

Ceanothus velutinus are the major shrubs. Pteridium aquilinum, Fra-
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garia spp. , Achlys triphylla, and Rubus lasiococcus dominate the herb-

aceous layer. Both the shrub and herb layers are sparse, averaging 55

percent and 35 percent total coverage, respectively.

Pseudotsuga menziesiilXerophyllum tenax Community type
This early serai community occurs in scattered locations around the

Park. It is found on moderate to low elevations, 1210 to 810 m (4,000

to 2,800 ft), dry benches and southerly facing midslopes to upper

slopes. Steepness of slope ranges from nearly flat to 50 percent.

Pseudotsuga menziesii and Tsuga heterophylla dominate the canopy,

with Abies amabilis, Pinus monticola, and Abies procera as common
associates. Tsuga heterophylla is the major regenerating tree, but sev-

eral others may be locally important, especially Pseudotsuga menziesii.

Xerophyllum tenax and Pteridium aquilinum are the dominant herbs.

Gaultheria ovatifolia, Vaccinium membranaceum, Vaccinium par-

vifolium, and Pachystima myrsinites are important shrubs. Both shrubs

and herbs average 50 percent total cover.

Pseudotsuga menziesiilViola sempervirens Community type
This widespread early serai community occurs mostly in the southern

half of the Park. It usually appears on southerly facing midslopes to

upper slopes and ridges, or rarely on benches or in valley bottoms.

Slopes range from nearly flat to 70 percent and from about 670 to 1300

m (2,200 to 4,300 ft) in elevation. Pseudotsuga menziesii and, to a

lesser degree, Tsuga heterophylla dominate the canopy. While Tsuga

heterophylla is the most abundant regenerating species, many other

species may occur and be locally important (including Pseudotsuga

menziesii, Abies amabilis, Pinus monticola, Abies grandis, and others).

Pteridium aquilinum, Viola sempervirens, Linnaea borealis, Achlys tri-

phylla, and Chimaphila umbellata are the most important herbs. Acer

circinatum, Berberis nervosa, and Gaultheria ovatifolia are the domi-

nant shrubs. Total shrub cover is usually about 35 percent and total

herb cover 55 percent.

Abies amabilis i'Gaultheria shallon Habitat type
This habitat type occurs on steep (20 to 80 percent), well-drained,

southerly facing slopes in the west and southwest sections of the Park.

Elevations are moderately high, usually between 910 and 1300 m
(3,000 and 4,300 ft). Tsuga heterophylla and Pseudotsuga menziesii

dominate the canopy. Abies amabilis and Tsuga heterophylla are the

major regenerating species. Thuja plicata seedlings occur less fre-

quently. Xerophyllum tenax is the most important herb, usually with

Linnaea borealis, Chimaphila umbellata, and Cornus canadensis.

Gaultheria shallon, Berberis nervosa, Vaccinium parvifolium, Vac-
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cinium alaskaense, and Vaccinium membranaceum are the major shrub

species. Average total shrub cover is 60 percent and average total herb

cover 20 percent.

Abies amabilislBerberis nervosa Habitat Type

This widespread habitat type is found on well-drained slopes at ele-

vations of from 770 to 1420 m (2,500 to 4,700 ft). Slope angle is

usually greater than 25 percent. Aspects tend to be southerly although

the type does occur on northerly facing slopes at low elevations. Sites

occupied by this type are characteristically mesic to dry and warm.

Abies amabilis, Tsuga heterophylla, and Pseudotsuga menziesii

dominate the canopy, with Thuja plicata and Abies procera as common
associates. Abies amabilis is the dominant regenerating species, with

Tsuga heterophylla often abundant. Berberis nervosa is the most con-

sistently present shrub. Acer circinatum is locally important.

Chimaphila umbellata, Linnaea borealis, and Achlys triphylla are the

dominant herbs. Average shrub cover is 20 percent and average herb

cover 20 percent.

Abies amabilisIXerophyHum tenax Habitat Type

This habitat occurs on midslopes to upper slopes and ridges generally

above 1000 m (3,300 ft). Slopes may be flat to 90 percent or more.

Aspects likewise vary from 0° to 360°. Sites are typically well drained

and often rocky or thin soiled. Abies amabilis is the dominant canopy

tree, but several other species may be common: Tsuga heterophylla,

Abies procera, Pseudotsuga menziesii, Abies lasiocarpa, Tsuga merten-

siana, and Chamaecyparis nootkatensis. Abies amabilis is by far the

leading regenerating species, although Tsuga heterophylla seedlings

may be common. Vaccinium membranaceum is the most important

shrub and is commonly associated with several others, especially

Menziesia ferruginea, Vaccinium alaskaense , and Vaccinium
ovalifolium. Xerophyllum tenax is the dominant herb and is usually associ-

ated with Rubus lasiococcus, Pyrola secunda, and Linnaea borealis.

Abies amabilisIVaccinium alaskaense Habitat Type

The Abies amabilislVaccinium alaskaense habitat is the most com-
mon in the Park. It occurs throughout the Park on mesic sites between

640 and 1370 m (2,100 and 4,500 ft). Most of this habitat occurs on

lower slopes, benches, and in valley bottoms where slopes are between

and 90 percent. It also appears on upper slopes in the northwest

sector of the Park. Canopy dominants are Tsuga heterophylla, Pseudo-
tsuga menziesii, and Abies amabilis. Thuja plicata, Chamaecyparis
nootkatensis, Abies procera, and Tsuga mertensiana may be locally

important. Regeneration is mostly Abies amabilis and, to a lesser ex-
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tent, Tsuga heterophylla. The other tree species, especially

Chamaecyparis nootkatensis, may be locally important in the regenera-

tion. The habitat is predominantly shrubby. Several shrub species are

common, including Vaccinium alaskaense , Vaccinium parvifolium, Vac-

cinium ovalifolium, and Vaccinium membranaceum. Linnaea borealis,

Rubus pedatus, Clintonia uniflora, and Blechnum spicant are the most

abundant herbs. Total shrub cover averages 75 percent and total herb

cover 20 percent.

Berberis nervosa Phase

This phase occurs at the lower end of the elevation spectrum, from

580 to 1200 m (1,900 to 4,000 ft). Aspects tend to be southerly and

westerly. Pseudotsuga menziesii is the major dominant in the canopy

followed by Tsuga heterophylla. Linnaea borealis and Cornus canaden-

sis dominate the herb layer. Berberis nervosa is a dominant shrub along

with several Vaccinium species.

Rubus pedatus Phase

This phase appears mainly in the northwest sector of the Park. Tsuga

heterophylla, Pseudotsuga menziesii, Abies amabilis, and, locally,

Chamaecyparis nootkatensis dominate the canopy. Rubus pedatus is the

dominant herb, with Clintonia uniflora as a common associate.

Vaccinium parvifolium and Berberis nervosa are only minor constitu-

ents of the shrub layer.

Chamaecyparis nootkatensis Phase

This phase is scattered around the Park at 901 to 1270 m (3,000 to

4,200 ft) on moderately steep (20- to 65-percent), lower slopes. Its

distinctive features are a very low total herb cover, about 5 percent, and

the importance of Chamaecyparis nootkatensis as a codominant in both

the canopy and regeneration.

Abies amabilisITiarella unifoliata Habitat Type

The Abies amabilislTiarella unifoliata habitat type occurs on nearly

all forested moist to mesic landforms and facing any aspect between

818 and 1390 m (2,700 and 4,600 ft) elevation. Abies procera is a

frequent canopy dominant along with Tsuga heterophylla, Abies

amabilis, Chamaecyparis nootkatensis, and Pseudotsuga menziesii. Re-

generation is mainly Abies amabilis associated with Tsuga heterophylla.

The understory is usually strongly herbaceous. Average herb cover is

75 percent. Shrubs are minor, averaging 10 percent cover. Tiarella uni-

foliata, Achlys triphy Ila, Rubus lasiococcus, and Streptopus roseus

dominate the herb layer. Vaccinium ovalifolium and Vaccinium mem-
branaceum are the most common shrubs.
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Abies amabilislRubus lasiococcus Habitat type

Rubus lasiococcus Phase

This phase of the Abies amabilislRubus lasiococcus habitat type is

found at elevations above 1200 m (4,000 ft) on a variety of landforms.

Slopes are generally steep. Slope aspect is usually north or northeast.

This type frequently is directly below the subalpine meadowland or the

Abies lasiocarpalValeriana sitchensis community. Although several

conifers occur in the canopy and as regeneration, Abies amabilis is the

most important. Chamaecyparis nootkatensis, Tsuga mertensiana,

Tsuga heterophylla, and Abies lasiocarpa are frequently present.

Vaccinium membranaceum is the dominant shrub. Other common
shrubs are several species of Vaccinium and Rhododendron albiflorum.

Rubus lasiococcus is a common, abundant herb. Frequent associates are

Valeriana sitchensis, Arnica latifolia, Pyrola secunda, and Rubus ped-

atus. This type is distinctly shrubby with an average shrub cover of 30

percent and an average herb cover of 20 percent.

Abies amabilislRubus lasiococcus Habitat type

Erythronium montanum Phase

This phase of the Abies amabilislRubus lasiococcus habitat type oc-

curs at high elevations, above 1300 m (4,300 ft), on midslopes to upper

slopes, benches, and ridges that receive a heavy, late-melting snow-

pack. Slopes range from flat to 70 percent or more and can face any

aspect. Abies amabilis is the dominant tree species from the seedling

layer to the canopy. Chamaecyparis nootkatensis and Tsuga merten-

siana are common components of both the canopy and regeneration.

Vaccinium membranaceum, Rhododendron albiflorum, and other spe-

cies of Vaccinium are the most important shrubs. Erythronium mon-
tanum, Rubus lasiococcus, and Rubus pedatus are the dominant shrubs.

Total shrub cover averages 20 percent and total herb cover 40 percent.

Abies lasiocarpalValeriana sitchensis Community type
This widespread community commonly occurs at and just below the

ecotone between subalpine meadow and closed forest. It usually occurs

above 1400 m (4,600 ft) on sites with almost any combination of slope

and aspect. The canopy is dominated by Abies lasiocarpa. Abies

amabilis may be common. Several other tree species may occur. Re-

generation is commonly sparse and mostly Abies lasiocarpa and Abies

amabilis. This community may be successional to various Abies

amabilis habitats over a very long time. The dominant shrub is

Vaccinium membranaceum with Vaccinium scoparium and several

shrubs common. Many herbs of the subalpine meadows occur in combi-

nation with some more characteristic of the deep forest. Most common
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are Valeriana sitchensis, Rubus lasiococcus, Arnica latifolia, and

Luzula spp. Pedicularis rainierensis occurs in this type at some loca-

tions.

Abies amabilislMenziesia ferruginea Habitat type

This habitat type usually occurs on steep sites at moderate to high

elevations, 1000 to 1400 m (3,300 to 4,600 ft), especially on northerly

facing upper slopes. Several tree species are common. Abies amabilis

dominates both canopy and regeneration. Tsuga heterophylla, Cham-
aecyparis nootkatensis, and Tsuga mertensiana are frequent associates.

Large Pseudotsuga menziesii occasionally appear. Menziesia ferruginea

is the dominant shrub and is commonly associated with Vaccinium spp.

and Rhododendron albiflorum. The principal herbaceous species are

Rubus pedatus, Rubus lasiococcus, Xerophyllum tenax, and Clintonia

uniflora. This type is conspicuously shrubby with an average shrub

cover of 45 percent and an average herb cover of 20 percent.

Chamaecyparis nootkatensislVaccinium ovalifolium Habitat type
The Chamaecyparis nootkatensislVaccinium ovalifolium habitat type

occurs mostly on northerly facing moist slopes and benches between

1200 and 1370 m (4,000 and 4,500 ft) in elevation. Slopes are gener-

ally moderately steep, 10 to 60 percent. Tsuga mertensiana, Abies

amabilis, and Chamaecyparis nootkatensis dominate the canopy. Abies

amabilis, Chamaecyparis nootkatensis , and Tsuga heterophylla

dominate regeneration with only occasional Tsuga mertensiana. The
herb layer is moderately rich and is dominated by Rubus pedatus,

Tiarella unifoliata, and Rubus lasiococcus. Erythronium montanum
may be locally abundant. Shrubs are mostly Vaccinium ovalifolium,

Menziesia ferruginea, and Vaccinium membranaceum. Average herb

cover is 60 percent and average shrub cover 35 percent.

Abies amabilislRhododendron albiflorum Habitat type
This habitat type occurs at moderate to high elevations, 1200 to 1750 m

(4,000 to 5,800 ft), on cold, wet sites. Slopes are generally moderate

to steep and northerly facing. Landform varies from lower slopes and

benches to ridges. Several tree species are common in the canopy and

regeneration. Abies amabilis is the most important; Tsuga mertensiana,

Chamaecyparis nootkatensis, and Tsuga heterophylla are common asso-

ciates. Large Pseudotsuga menziesii may occur. This type is very

shrubby with an average shrub cover of 70 percent. Rhododendron al-

biflorum, Menziesia ferruginea, and Vaccinium spp. are the dominant

shrubs. Herbaceous cover is usually low and averages 30 percent.

Erythronium montanum, Rubus pedatus, and Rubus lasiococcus are the

most important herbs.
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ABLA/OPHO, 61

ABLA/PAMY, 64
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in ABAM/BENE, 94, 95
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in ABAM/TIUN, 64

in ABAM/VAAL. 66
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in PSME/VISE, 90

in PSME/XETE. 89

Acer circinatum:

in ABAM/BENE, 94

in ABAM/OPHO, 60

in ABAM/TIUN, 62

in ABAM/VAAL. 67

in ABAM/XETE. 99

in PSME/CEVE. 89

in PSME/XETE. 89
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in TSHE/OPHO. 54
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Achlys triphylla:
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in ABAM/OPHO, 60

in ABAM/RHAL, 121

in ABAM/TIUN, 62

in ABAM/VAAL, 75

in ALRU/RUSP, 57

in PSME/VISE, 91

TSHE/ACTR, 50, 128, 133

in TSHE/GASH, 86

in TSHE/OPHO, 54

in TSHE POMU, 52

Age classes, how estimated, 26

Alluvial soils, 8, 14, 15

in ABAM/GASH, 92

in ABAM/OPHO, 58

in ABAM/VAAL, 65

in ALRU/RUSP, 56

in CHNO/VAOV, 119

description and profile, 14

in TSHE/OPHO, 54

in TSHE/POMU, 52

Alnus rubra, 21, 52, 124, 153

in ABAM/OPHO, 60

ALRU/RUSP, 55, 56, 57, 133

in TSHE/OPHO, 54

in TSHE/POMU, 52

Alnus sinuata, 117, 119, 124

Alnus sitchensis, 21

Amelanchier alnifolia, 86

Amphibians, 55, 120, 163

Anaphalis margaritacea, 21, 89

Arceuthobrium campy Iopodium, 86, 165

Arctostaphvlos uva-ursi:

in PSME/ARUV, 124

in PSME/CEVE, 89

Area Ecology Program, 25

Arnica latifolia:

in ABAM/RULA, 101

in ABAM/TIUN, 62

in ABLA/VASI, 114

Associations,

defined, 29-31

See also Abies amabilis;

Chamaecyparis nootkatensis;

Pseudotsuga menziesii; Tsuga

heterophylla

Athyrium filix-femina:

in ABAM/OPHO, 60

in ABAM/TIUN, 62

in ALRU/RUSP, 57

in CHNO/VAOV, 120

in TSHE/OPHO, 54

Avalanches, 20, 21, 150, 153

Bark beetles, 95, 157, 165

Bats, 163

Berberis nervosa:

ABAM/BENE, 50, 74, 86, 89,

93-96, 129-131, 133, 136

in ABAM/GASH, 92

in ABAM/VAAL, 64, 67

in ABAM/XETE, 97, 99

BENE/XETE, 74

phase, 50, 67, 86, 95, 133

in PSME/CEVE, 89

in PSME/VISE, 91

in PSME/XETE, 89

in TSHE/ACTR, 50

TSHE/BENE, 95

in TSHE/GASH, 86

in TSHE/POMU, 52

Birds, 120, 163

Black sedge, 20

Blechnum spicant, 52

Blowdown, 21, 150

See also Wind

British Columbia, 56, 61, 100

Campsites, 75, 98, 115, 119, 122, 165

Carex nigricans, 20

Carex obnupta, 124

Cassiope, 20

Ceanothus velutinus:

PSME/CEVE, 89

Chamaecyparis nootkatensis, 19, 22,

23, 124

in ABAM/MEFE, 116, 117

in ABAM/RHAL, 120, 122

in ABAM/RULA, 101

in ABAM/TIUN, 62

in ABAM/VAAL, 64, 73-74

in ABAM/XETE, 96, 98

CHNO/OPHO, 61

CHNO/RHAL, 122
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CHNO/VAOV, 118-120, 163

phase, 73-74
in PSME/ARUV, 123

Chimaphila menziesii, 66

Chimaphila umbellata, 66, 86

in ABAM/BENE, 94

in ABAM/GASH, 92

in ABAM/XETE, 97

Cinna latifola, 57

Circaea alpinum, 57

Climate, 4, 19, 162

Climax species, 16, 20, 24, 153, 154

and plant associations, 31

See also Abies amabilis; Tsuga

heterophylla; Tsuga

mertensiana

Clintonia uniflora, 62

in ABAM/BENE, 95

in ABAM/RHAL, 121

ABAM/RHAL/CLUN, 122

ABAM/VAME/CLUN, 114

in ABLA/CLUN, 64

in ABAM/VAAL, 66, 67, 73

in ABAM/XETE, 97

in ABLA/VASI, 114

in CHNO/VAOV, 119

TSHE/CLUN, 52

Coast Range, 50

Cold forest ecosystems, 75, 100-122,
140-142

Colluvial soils, 10, 13

in ABAM/BENE, 94

in ABAM/OPHO, 58

in ABAM/RULA, 112

in ABAM/TIUN, 61

in ABAM/VAAL, 67

in ABAM/XETE, 96

in ABLA/VASI, 114

in CHNO/VAOV, 119

description and profile, 7, 10-13
in PSME/CEVE, 88

in PSME/VISE, 90

in PSME/XETE, 89

in TSHE/GASH, 75

in TSHE/POME, 52

Coolwort foam flower, 64

Cornus canadensis, 50, 66, 73, 74

in ABAM/MEFE. 118

in ABAM/VAAL, 66
in PSME/VISE, 91

Data analysis, 26-29
discriminant analysis, 28, 132,

136-137
field sampling, 25-26
.principal component analysis, 28,

128, 132, 137, 140-148
similarity analysis, 132-133

Deer, 55, 86, 98, 163

Dentroctonus monticolae, 95, 157, 165

Discriminant analysis, 28, 132,

136-137

Diseases, See Pathogens

Disturbance, 20-24
in ABAM/OPHO, 60

in ABAM/TIUN, 62

areas without disturbance, 22, 153

avalanches, 20-21, 150, 153

bark beetles, 95. 157, 165

blowdown, 21, 150

dwarf mistletoe. 86, 92. 165

fire. 20-21. 150-152. 155-156.

165

flooding, 20, 22, 150

lahars. 6, 7, 21, 52, 58, 150. 152

large-scale. 151-153
lightning. 115

management, 165-166
pathogens, 21, 86. 95, 157-158.

165

potential for, 165

root rot, 21, 157

recovery from. 21. 62. 155-156.

165-166

small-scale. 151-152. 156-158

suppression, 157

wind. See Wind

Dry forest ecosystems. 60-61. 75-100.

146-147

Dwarf mistletoe, 86. 92. 165

Ecotones. 35. 55. 60. 74. 119-120.

132. 133

Elevation. 9. 16. 19. 122

and climax species. 24. 56

patterns. 122. 127-132. 133

See also Topography

Elk. 55. 57. 60. 86. 98. 163
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Entosolic soils, 15

Environmental gradients:

and species variation, 27, 128, 148,

153-156

topography and elevation, 8-10,

127-132

Epilobium angustifolium, 21, 89

Erthronium montanum:
in ABAM/RHAL, 121

phase of ABAM/RULA, 101, 102,

114, 116, 126, 133

in ABAM/XETE, 97

in CHNO/VAOV, 119, 133

Federation Forest State Park, 54

Festuca occidentalis, 86

Festuca viridula, 20

Field sampling, 25-26

Fire, 98, 115

disturbance to vegetation, 20-21,

150-152, 155-156, 165

frequency, 21, 95, 115, 150-151,

165

and management, 75, 165

Flooding, 7, 14, 20, 22, 150

Forest classification, 25, 29-31, 32,

132-148

Forest disturbance, See Disturbance

Forest ecosystems, See Dry forest;

Modal forest; Moist forest

ecosystems

Forest productivity, 162-163

Forest Service, Area Ecology Program,

25

Forest types, defined, 32-35
See also Dry forests; Cold forest;

Modal forest; and Moist forest

ecosystems

Galium triflorum, 54

Gaultheria ovatifolia:

in ABAM/GASH, 92

in PSME/VISE, 91

in PSME/XETE, 89

Gaultheria shallon, 50

in ABAM/BENE, 95

in ABAM/GASH, 60, 74, 75,

86-87, 92-93, 98-99, 133

ABAM/RHMA/GASH, 93

in ABAM/XETE, 99

productivity, 163

in PSME/XETE, 89

in TSHE/ACTR, 50

TSHE/GASH, 50, 75, 86-87,

128-129, 133

in TSHE/VAAL, 74

Gaultheria spp., 89, 92

Geology, 4-8

Gifford Pinchot National Forest, 20, 54,

56, 64, 74, 86, 96, 100, 114, 118,

159

Glaciers, 8, 122-123, 166

advances, 22

floods, 7, 14

landforms, 8, 131

Goodyera oblongifolia, 66

Goodyera repens, 27

Green fescue, 20

Grove of the Patriarchs, 14, 74

Gymnocarpium dryopterus:

in ABAM/OPHO, 60

in ABAM/TIUN, 62

in ALRU/RUSP, 57

in CHNO/VAOV, 119

in TSHE/OPHO, 54

in TSHE/POMU, 52

Habitat type, defined, 29-31

Heather, 20

Herbs, See Understory

Hieracium albiflorum, 86, 89

High elevation forests, See Cold forest

ecosystems

Holodiscus discolor, PSME/HODI, 126

Huckleberry, 20

Humic soils, 15
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Idaho, 56, 64, 100

Insect diseases, 21, 157, 165

See also Bark beetles, Pathogens

Juniperis communis, 124, 125

Lahars:

in ABAM/OPHO, 58

as disturbance, 6, 7, 21, 52, 58,

150, 152

laharic soils, 8, 14-15, 21, 65, 73

in PSME/ARUV, 166

in TSHE/POMU, 52

Large-scale disturbances, 149-153

Lightning, 115

Ligusticum grayi, 115

Linnaea borealis:

in ABAM/BENE, 95

in ABAM/GASH, 92

in ABAM/VAAL, 66, 67, 73

in ABAM/XETE, 97

in PSME/VISE, 91

in PSME/XETE, 89

in TSHE/ACTR, 50

in TSHE/GASH, 86

Listera caurina, 121

Listera cordata, 86

Luzula spp. , 1 14

Lysichitum americanum, 124

116-118, 121, 129. 133

in ABAM/RHAL, 121-122

in ABAM/VAAL, 66-67
in CHNO/VAOV, 119

TSHE/MEFE, 118

Mesic forests, 143-146

Mesophytic forest ecosystems, 19

Mitella spp., 114, 119

Modal forest ecosystems, 64-75

Moist forest ecosystems, 35-63

Montana, 56, 64, 100

Montane forest ecosystems, 23-24

Moraine forests, 124

Moraines, 15, 131

Moraine Park, 124

Mosses, 126

Mountain beaver, 57

Mt. Baker-Snoqualmie National Forest,

54, 61, 86, 114, 159

Mt. Hood National Forest, 100. 114.

118

Mudflows, 20

soils. 15

Management, 138-145
in ABAM/MEFE, 117

in ABAM/RHAL, 122

in ABAM/RULA, 113

in ABAM/VAAL, 75

in ABAM/XETE, 98
in ABLA/VASI, 115

in CHNO/VAOV, 119

and disturbance, 165

and fire, 75, 165

in TSHE/OPHO, 55

Mature forests, defined, 31

See also Old-growth

Meadows, 16, 20 115. 156

Menziesia ferruginea:

in ABAM/MEFE, 73, 75, 113,

National Park Service, 159

Nitrogen, deficiency, 75

North Cascades, 61, 74

North Cascades National Park, 56

Old-growth. 31. 60. 153. 157. 163

Olympic Mountains. 74. 86. 93. 100.

114

Olympic National Park. 116

Oplopanax horridum:

in ABAM/OPHO. 56. 57. 58-61.

62. 74. 120. 131

in ABAM/TIUN. 62
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ABLA/OPHO, 61

in ALRU/RUSP, 57

CHNO/OPHO, 61

in CHNO/VAOV, 120

TSHE/OPHO, 14, 54-56, 58, 60,

131-132

in TSHE/VAAL, 74

Oregon, 58, 60, 86, 123

Cascade Range, 19, 61, 63, 74, 86,

93, 96, 100, 114, 124

Oxalis oregana, 54

Pachystima myrsinites:

in ABAM/BENE, 94

ABLA/PAMY, 64

in PSME/CEVE, 89

in PSME/XETE, 89

Parnassia fimbriata ,119

Pathogens, 21, 86, 95, 157, 165

Pedicularis racemosa, 114-115

Phases:

defined, 29-30
See also specific species

Phellinus weirii, 157

Phyllodoce-Cassiope-Vaccinium

meadow, 20

Picea engelmannii, 19, 24, 100, 131

in ABLA/VASI, 114

in CHNO/VAOV, 119

in moraine forests, 124

in swamp forests, 124

Picea sitchensis, 19

Pinus albicaulus, 19

Pinus contorta, 19, 24, 123-124, 131

Pinus monticola, 19, 24

in ABAM/BENE, 95

in ABAM/RHAL, 120

in ABAM/XETE, 98

in PSME/CEVE, 89

in PSME/XETE, 89

in swamp forests, 124

in TSHE/GASH, 75

Pioneer species, 20, 24, 60

Plant associations:

defined, 29-31

See also Abies amabilis;

Chamaecyparis nootkatensis;

Pseudotsuga menziesii; Tsuga

heterophylla

Plant community types:

defined, 29-31

See also Abies lasiocarpa; Alnus

rubra; Pseudotsuga menziesii

Plant diseases, 21, 165

See also Pathogens

Plant diversity, 163

Plant series, defined, 29-30

Podzolic soils, 10

in ABAM/OPHO, 58

in ABAM/RHAL, 120

in ABAM/VAAL, 65

in TSHE/ACTR, 50

Polemonium pulcherrimum, 114

Polystichum munitum:

in TSHE/ACTR, 50

in TSHE/OPHO, 54

TSHE/POMU, 52-54, 56, 129

Populus trichocarpa, 54, 55, 125-126

Precipitation, 4, 19, 52

Principal component analysis, 28, 128,

132, 137-148

Pinus ponderosa, 19

Productivity, 162-163

Pseudotsuga menziesii, 16, 19, 22,

in ABAM/BENE, 94-95

in ABAM/GASH, 92-93

in ABAM/OPHO, 58, 60

in ABAM/RHAL, 120

in ABAM/RULA, 112-113

in ABAM/TIUN, 61-62

in ABAM/VAAL, 64, 67

in ABAM/XETE, 96

in ABLA/VASI, 114

in ALRU/RUSP, 56

community types, 35

as pioneer species, 20, 21, 24

productivity, 163

PSME/ARUV, 123-124

149
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PSME/CEVE, 89

in PSME/GASH, 87

PSME/HODI, 126

PSME/VISE, 50, 66, 75, 90-91,

133

PSME/XETE, 89, 92, 98, 99, 133

in TSHE/ACTR, 50

in TSHE/GASH, 87-89

in TSHE/OPHO, 54, 55

in TSHE/POMU, 52, 53-54

TSHE-PSME, 93

Pteridium aquilinum, 21, 133

in ABAM/MEFE, 117

in ALRU/RUSP, 57

in PSME/CEVE, 89

in PSME/VISE, 91

in PSME/XETE, 89

in TSHE/ACTR, 50

in TSHE/GASH, 86

Pumice, 85

Pyrola secunda, 66, 95, 96, 121

Regeneration, 21, 62, 155-158,

165-166

Resilience, defined, 165

Resistance, defined, 165

Rhacomitrium canescens, 124

Rhododendron albiflorum:

in ABAM/MEFE, 118

ABAM/RHAL, 12, 113, 118,

120-122, 130, 133

ABAM/RHAL/CLUN, 122

in ABAM/RULA, 101

in ABAM/XETE, 97

CHNO/RHAL, 122

in CHNO/VAOV, 119

TSME/RHAL, 122

Rhododendron macrophxllum, 87, 96

ABAM/RHMA/GASH, 93

Ribes lacustre, 60, 120

Rocky Mountains, 52, 61, 64, 100,

115, 118

Rodents, 57

Root rot, 21, 157

Rosa gymnocarpa, 50, 86. 94

Rubus lasiococcus:

in ABAM/BENE, 95

in ABAM/XETE, 98

ABAM/RULA, 98, 100-101,

112-114

in ABAM/OPHO, 60

in ABAM/RHAL. 121

in ABAM/RULA. 62, 98, 100-101

112-114, 126. 130. 163

in ABAM/TIUN, 62

in ABAM/VAAL, 66

in ABLA/VASL 114

in ALRU/RUSP, 57

phase, 112-114

in PSME/VISE, 91

in PSME/XETE, 89

in TSHE/ACTR. 50

Rubus parviflorus, 57. 60

Rubus pedatus:

in ABAM/OPHO, 60

in ABAM/RHAL. 121

in ABAM/RULA. 101

ABAM/RUPE, 74

in ABAM/VAAL, 66, 73, 130

in CHNO/VAOV, 119

phase, 67. 130, 133

in TSHE/ACTR, 50

Rubus spectabilis:

in ABAM/OPHO. 60

in ABAM/TIUN. 62

ALRU/RUSP, 55, 56-58, 60, 133

Rubus ursinus, 50, 89

Salix spp., 21, 60, 119, 124

Sambucus, 57

Saxifraga tolmei, 20

Seeds:

availability. 101

germination. 4

source. 21. 24. 155

Senecio triangularis. 115

Serai community types. 115-116. 126.

133

Serai species. 153-156
See also Cliamx species; Pioneer

species

Series, plant, defined. 29-30
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Shrubs, See Understory

Similarity analysis, 132-135

SIMORD, 27

Site productivity, 162-163

Small-scale disturbances, 149, 150,

156-158

Smilacina stellata, 54, 62

Snoqualmie National Forest, See Mt.

Baker-Snoqualmie National Forest

Snow, 4

avalanches, 20, 21, 150, 152-153

Snowpack, 21, 74, 133, 162, 166

depth, 4, 19, 20, 117, 120, 122

duration, 4, 19, 20, 122, 148

Soil, 10, 26, 128

descriptions and profiles, 10-15

drainage, 4, 14, 120, 13Q, 159, 162

and forest classification, 28

and volcanism, 6, 10-15

See also Alluvial; Colluvial;

Entosolic; Lahar; Mudflow;
Podzolic; Spodosol; and Tephra

soil

Species, major tree, 19

Spirea spp. , 119, 124

Spodosol soil, 10

Stand ages, 22-23
method of estimating, 26

See also Succession

Statistical Package for the Social

Sciences, 28

Stenanthium occidentale, 1 i

Streptopus curvipes, ABAM/S

Streptopus roseus:

in ABAM/OPHO, 60

ABAM/STRO, 64

in ABAM/TIUN, 62, 75

in ABAM/VAAL, 73

Succession, 6, 20, 21, 149, 153-156
in ABAM/OPHO, 60
in ABAM/TIUN, 62

in ABAM/XETE, 99
in ABLA/VASI, 101

on avalanches, 21

in CHNO/VAOV, 119

on cutover lands, 58

in PSME/VISE, 91-92
roles of tree species, 20, 22-24
in TSHE/GASH, 86

Suppression, 157

Swamp forests, 119, 124

Symphoricarpos mollis, 86

Taxis brevifolia, 52, 67, 86

Temperature, 4, 19

gradients, 127

Tephra soils, 10-15

in ABAM/BENE, 94

in ABAM/GASH, 92

in ABAM/MEFE, 116

in ABAM/OPHO, 58

in ABAM/RULA, 101

in ABAM/TIUN, 61

in ABAM/VAAL, 65, 67, 73

in ABAM/XETE, 96

in ABLA/VASI, 114

in CHNO/VAOV, 119

description and profile, 10

in PSME/VISE, 90

in PSME/XETE, 89

in TSHE/ACTR, 50

in TSHE/GASH, 75

in TSHE/POMU, 52

Thuja plicata, 19, 24

in ABAM/BENE, 94

in ABAM/GASH, 92

in ABAM/OPHO, 59

in ABAM/VAAL, 65

in ALRU/RUSP, 56

in PSME/VISE, 91

in swamp forests, 124

THPL/OPHO, 56

in TSHE/ACTR, 50

in TSHE/GASH, 75

in TSHE/OPHO, 54-56
in TSHE/POMU, 52

Tiarella trifoliata, 60

Tiarella unifoliata:

ABAM/TIUN, 61-64, 74-75. 100,

113, 129-130

in ABAM/OPHO, 60

in ABAM/RULA. 113
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in ABAM/VAAL, 74-75

ABPR/TIUN, 62

in ALRU/RUSP, 57

in CHNO/VAOV, 119

in TSHE/ACTR, 50

in TSHE/OPHO, 54

in TSHE/POMU, 52

Topography, 8-10

and elevational patterns, 100, 122,

127-132, 133

See also Elevation

Trails, 75, 98, 119, 122, 165

Trautvetteria caroliniensis, 119

Tree species, major, 19

Trientalis latifolia, 86

Trillium ovatum, 52

Tsuga heterophylla, 19, 149

in ABAM/BENE, 94-95

in ABAM/GASH, 92-93
in ABAM/MEFE, 116, 117, 118

in ABAM/OPHO, 59, 60

in ABAM/RHAL, 120, 122

in ABAM/RULA, 113

in ABAM/TIUN, 62

ABAM-TSHE, 74

ABAM-TSHE/VAME, 99-100, 118

in ABAM/VAAL, 64-67, 73

in ABAM/XETE, 96-100
as climax species, 16, 20, 24

in moraine forests, 124

phase, 92, 95, 96-97, 98

province, 19

in PSME/CEVE, 89

in PSME/VISE, 90-91

in PSME/XETE, 89

and snowpack, 162

in swamp forests, 124

TSHE-ABAM/XETE, 100

TSHE/ACTR, 50-52, 56, 128, 133

TSHE/BENE, 95

TSHE/CLUN, 50

TSHE/GASH, 50, 75, 86, 128. 133

TSHE/MEFE, 118

TSHE/OPHO, 14, 54-56, 58-59.

60, 131-132

TSHE/POMU, 52-54, 56, 129

TSHE-PSME, 93

in TSHE/VAAL, 61. 74

TSHE/VAME. 100

zone, 4, 19

Tsuga mertensiana. 19, 24

in ABAM/MEFE, 116

in ABAM/RHAL, 120, 122

in ABAM/RULA. 101. 113

ABAM/TSME. 114

in ABAM/XETE. 100

in ABLA/VASI. 114

in moraine forests, 124

phase, 96-97. 100

province, 19

in swamp forests, 124

TSME/RHAL, 122

TSME/VAME, 114

zone, 4, 8, 15, 19. 96, 100, 113.

116, 118

Tsuga spp. , 98

Types, forest, defined. 34-35

See also Dry forest; Cold forest;

Modal forest; and Moist forest

ecosystems

Understory, 31, 34, 126, 133

in ABAM/BENE, 94-95

n ABAM/GASH. 92

n ABAM/MEFE. 116

n ABAM/OPHO, 59-60

n ABAM/RHAL. 120-121

n ABAM/RULA. 100-101.

112-114

n ABAM/TIUN, 62-64
n ABAM/VAAL. 66-75

n ABAM/XETE. 96-97
n ABLA/VASI. 114-115

n ALRU/RUSP. 57

n CHNO/VAOV. 119

n moraine forests. 124

n PSME/ARUV. 123-124

n PSME/CEVE. 89

n PSME/VISE. 91

n PSME/XETE. 89

shrubs and herbs. 28

n swamp forests, 124

rampling. 50, 165-166

n TSHE/ACTR. 50

n TSHE/GASH. 86-87

n TSHE/OPHO. 54-55

n TSHE/POMU. 52

vegetation. 25-31

Vaccinium alaskaense:

in ABAM/BENE. 95

in ABAM/GASH. 92

in ABAM/MEFE 118

ABAM/VAAL. 15. 50. 60. 64-75.

95. 117-118. 130-133

in ABAM/XETE. 97

phase. 64-66. 75

in PSME/VISE. 92
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in TSHE/ACTR, 50

Vaccinium deliciosum, 114

Vaccinium membranaceum, 62, 66, 67.

73, 86

in ABAM/BENE, 94-95
in ABAM/RHAL, 121

in ABAM/RULA, 99-100, 113

ABAM-TSHE/VAME, 99, 118

ABAM/VAME/CLUN, 114

in ABAM/XETE, 96-100
in ABLA/VASI, 114

in CHNO/VAOV, 119

in PSME/CEVE, 89

in PSME/VISE, 91

in PSME/XETE, 89

TSHE/VAME, 100

TSME/VAME, 114

VAME/XETE understories, 100

Vaccinium ovalifolium, 60, 62, 66, 67,

73

in ABAM/RHAL, 121

CHNO/VAOV, 118-120, 163

Vaccinium parvifolium, 50, 66, 67, 86

in ABAM/BENE, 94-95
in ABAM/GASH, 92

in PSME/VISE, 91

in PSME/XETE, 89

Vaccinium scoparium, 114

Vaccinium spp. , 20, 59, 120

Valeriana spp., 20

Valeriana sitchensis, 62

ABLA/VASI, 113-116, 133

in ABAM/RULA, 101

in CHNO/VAOV, 119

Valeriana-Veratrum meadow, 20

Vegetation:

disturbances, 20-24
general description, 16-20

variation by snowpack, 19

variation by temperature, 19

Veratrum spp., 20

Viola glabella, 57, 60, 114, 119

Veratrum viride, 101, 116

Viola sempervirens:

in ABAM/BENE, 95

in ABAM/RULA, 101

in ABAM/XETE, 96-97
in ABLA/VASI, 114

PSME/VISE, 50, 66, 75, 90-92,

133

in TSHE/ACTR, 50

in TSHE/POMU, 52

Volcanic eruptions, 20

Volcanism, 4-7, 150

pumice, 100

and soils, 6, 10, 12-13

See also Lahars

Wetlands, 119, 124

Wildfire, See Fire

Wildlife, 86, 115, 157

habitat, 57. 60, 120, 163

and management, 75

Willamette National Forest, 100, 114,

118

Wind:

blowdown, 21

disturbance to vegetation, 20, 21,

150, 165

and management, 55, 165

windbreak, 157

windthrow, 21, 55, 149, 157

Xerophvllum tenax:

in ABAM/BENE, 95

in ABAM/GASH, 92

in ABAM/RHAL, 121

ABAM/XETE, 13, 35, 74, 89,

96-100, 130

phase of ABAM/VAAL, 74, 86

BENE/XETE, 74

PSME/XETE, 89-90, 92, 98, 133

VAME/XETE understories, 100

Yakima Park, 125

Zones, 19

defined, 31

See also Abies amabilis; Tsuga

heterophylla; Tsuga

mertensiana zone









Plate 1. Map showing distribution of habitat types in

Mount Rainier National Park.
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Plate 2. Map showing distribution of forest age clai

Mount Rainier National Park.
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