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Abbreviations of species used in names of habitat and community types 

Abbreviation 

ABAM 
ABLA2 
ABPR 
ACTR 
ALRU 
ARUV 
BENE 
CEVE 
CHNO 
ERMO 
GASH 
HODI 
LYAM 
Midi-: 
OPHO 
POMU 
PSME 
RHAL 
RULA 
RUSP 
TIUN 
TSHE 
TSME 
VAAL 
VAOV 
VASI 
VISE 
XETE 

Species 

Abies amabilis 
Abies lasioearpa 
Abies procera 
Achlys iriphylla 
Ahuis rubra 
Arctosiaphylos uva-ursi 
Berberis nervosa 
Ceanoihus velutinus 
Chamaecyparis nootkatensis 
Erythronium monlanum 
Gaultheria shallon 
Holodiscus discolor 
Lysichitum americanum 
Menziesia ferruginea 
Oplopana.x horridum 
Polystichum munilum 
Pseudotsuga menziesii 
Rhododendron albiflorum 
Rubus lasiococcus 
Rubus spectabilis 
Tiarella unifoliata 
Tsuga heterophylla 
Tsuga mertensiana 
Vaccinium alaskaense 
Vaccinium ovalifolium 
Valeriana sitchensis 
Viola sempervirens 
Xerophyllum tenax 

Common name 

Pacific silver fir 
Subalpine fir 
Noble fir 
Deerfoot vanillaleaf 
Red alder 
Kinnikinnick 
Oregongrape 
Snowbrush ceanothus 
Alaska-cedar 
Avalanche fawnlily 
Salal 
Creambush oceanspray 
Skunkcabbage 
Rustyleaf 
Devilsclub 
Swordfern 
Douglas-fir 
Cascades azalea 
Dwarf blackberry 
Salmonberry 
Western coolwort 
Western hemlock 
Mountain hemlock 
Alaska huckleberry 
Ovalleaf huckleberry 
Sitka valerian 
Evergreen violet 
Common beargrass 
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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 nervosa-domm&X&d 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. 
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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-
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2 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 I. Outline of Mount Rainier National Park showing major features and subdrainages. 
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The Forest Communities of Mount Rainier National Park 

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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Physical Setting 

Figure 2. Temperature and precipitation regimes in Mount Rainier National Park: A. mean 
monthly temperatures from Paradise station (x) at 1665 m (5.550 ft) and Longmire station 
(•) at 829 m (2,762 ft); B, mean monthly precipitation from Paradise station ( x . 31-39 
years of record, 1665 m or 5,550 ft elevation), Longmire (•. 48-50 years of record. 829 m 
or 2,762 ft elevation), Ohanapecosh ( - . 24-28 years of record. 577 m or 1.925 ft eleva­
tion). Carbon River (c, 21-22 years of record. 608 m or 2.026 ft elevation), and Parkway 
(A. 13-17 years of record. 945 m or 3,150 ft elevation). (Adapted from U.S. Department 
of Commerce. Weather Bureau. 1965.) 
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6 The Forest Communities of Mount Rainier National Park 

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 
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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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8 The Forest Communities of Mount Rainier National Park 

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 (microreliefj-

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 local 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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10 The Forest Communities of Mount Rainier National Park 

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. 


