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PREFACE 

Natural Vegetation of Oregon and Washington had its genesis in a hastily 

prepared introduction to the plant communities of the Pacific Northwest for partici­
pants in the XI International Botanical Congress in 1969. When supplies of this first 
document were exhausted within a year, it was decided not simply to reprint it, but to 
prepare a revised and expanded volume including a great deal of additional informa­
tion and numerous additional photographs. The resulting volume, Natural Vegeta­
tion of Oregon and Washington, was published by the USDA Forest Service Pacific 
Northwest Forest and Range Experiment Station in 1973. 

Major advances have occurred in our understanding of the vegetation of the 
region since that time, and another major revision of the book is needed. Significant 
new information is now available in such fields as autecology and population biology, 
vegetation description and classification, successional processes, and ecosystem func­
tioning. In addition, a comprehensive description of the vegetational series now 
exists, allowing a much more consistent book organization. New chapters are needed 
on disturbance ecology and ecosystem processes. 

Unfortunately, however, major revision is not possible at this time. In the face of 
ongoing demand for the book-which has been out of print for several years-the 
Oregon State University Press has decided to reprint Natural Vegetation of Oregon 
and Washington with the addition of a bibliographic supplement which brings the 
literature citations up to date and helps identify some of the major advances in our 
understanding of the vegetation of the Pacific Northwest. 

Jerry F. Franklin 
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CHAPTER I. INTRODUCTION 

The Pacific Northwest is among the more diverse regions of North America in environ­

ment and vegetation. Oregon and Washington, the heart of this region, encompass wet 
coastal and dry interior mountain ranges, miles of coastline, interior valleys and basins, 
and high desert plateau (fig. 1). Moisture, temperature, and substrate vary greatly. Natural 
vegetation types range from dense coastal forests of towering conifers through woodland 
and savanna to shrub steppe. 

The ecology and plant geography of the region have been studied by scientists for over 
half a century. Major contributors have included W. S. Cooper, R. Daubenmire, H. P. 
Hansen, L. A. Isaac, V. J. Krajina, D. B. Lawrence, T. T. Munger, M. E. Peck, C. V. Piper, 
E. H. Reid, and G. B. Rigg. Unfortunately, most of the knowledge which has been gathered 
is fragmented-dispersed through journals, books, theses, and unpublished files of data. 

We present here a generalized account of the major vegetation types within the States 
of Oregon and Washington, an integration of the scattered information into a regional 
account. Published articles, theses, and personal data files are the source materials. The 
unevenness of coverage is unfortunate but unavoidable; some plant formations have been 
studied in great detail, and other communities or locales have received cursory or no study. 

The purpose is threefold: (1) to outline major phytogeographic units and suggest how 
they fit together and relate to environmental factors; (2) to direct the interested reader 
to sources of detailed information on the environment and vegetation of the Pacific N orth­
west, since such information cannot be provided in an account of this size; and (3) to 
illustrate the major plant communities with photographs. 

We hope this outline will enable the scientist or student new to the Pacific Northwest 
to better understand what he is seeing and how his various observations are related. Per­
haps it will also provide some new insights to readers more familiar with the region. 

Format, Definitions, and Nomenclature 
We have followed the same general format used in our earlier publication (Franklin and 

Dyrness 1969). The general geologic, edaphic, and climatic features of the'region are con­
sidered in Chapter II. The broad vegetational patterns and their significance are outlined 
in Chapter III; readers interested in this subject might also review Daubenmire (1969a). 
The forest vegetation is considered in Chapters IV, VI, and VII, and the grassland and 
sagebrush steppe in Chapters VIII and IX. Vegetation found in the valleys of western 
Oregon is discussed in Chapter V. We conclude with chapters on timberline vegetation (X) 
and unusual habitats and localities (XI). 

Appended to this report are indexes for individual taxa, subjects, and community types 
which have been recognized and named. We have tried to standardize community names 
whenever possible using scientific names, slashes (/) between taxa of different life forms 
or layers and hyphens (-) between taxa of the same life form or layers. 

Ecology is fraught with specialized and ambiguous terminology. We have followed 
Daubenmire's (1968a) definitions in most cases, especially when dealing with synecological 
terminology, such as climax, association, etc. In some cases, this was not possible due to 
uncertainty on our part as to the exact meaning of the original authors. The reader un­
familiar with such terms might particularly consider pages 27 to 32, 229 to 237, and 259 
to 262 of Daubenmire (1968a) for orientation. The glossaries of Carpenter (1956), Hanson 
(1962), and Habeck and Hartley (1968) are also helpful. 

Plant nomenclature in this paper generally follows these sources: trees, Little (1953); 
other vascular plants, Hitchcock et al. (1955, 1959, 1961, 1964, 1969) or Peck (1961) for 
taxa not covered in the former; mosses, Lawton (1965, 1971); and lichens, Howard (1950). 
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Figure 1. - Major topographic features and some cities and towns in Oregon and Washington. 



Whenever possible, nomenclature from older ecological studies cited has been updated. 
In an appendix are listed the complete scientific names for taxa mentioned along with 
common names locally applied to many of the plants. 

Paleobotany, Paleoecology, and Floristic Evolution 
The evolution of the flora and plant formations of Oregon and Washington is a fascinating 

subject and contributes significantly to understanding the present vegetational mosaic. 
Unfortunately, it is not within the scope of this paper. We recommend readers interested 
in these subjects consult the following: Wolfe (1969), Chaney (1938, 1948) and Axelrod 
(1958) on paleobotany, Hansen (1947) and Heusser (1960) on postglacial vegetation changes 
and development, and Daubenmire (1947), Mason (1947), and Detling (1968) on evolution 
of plant formations and floras. Some interesting floristic comparisons of this region with 
other parts of the world are found in Schofield (1969) and Graham (1972). 
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CHAPTER II. ENVIRONMENTAL 

SETTING 


Physiography, Geology, and Soils 
Since geology, physiography, and at least some aspects of soils are interrelated, we will 

consider these three environmental features together. In Oregon and Washington, all three 
present highly varied and complex patterns. Landforms vary from level river valleys 
and lava plains to precipitous mountain slopes. Elevations range from sea level to over 
4,450 meters. The geologic complexity is bewilderin~ in many areas, with formations 
dating from the Paleozoic era (over 400 million years old) to Recent. Vulcanism has 
dominated the shaping of much of the landscape, but sedimentary and metamorphic rocks 
also abound. 

Since climate and vegetation are added to landform and geology as factors in soil 
formation, the tremendous variety of soils is not surprising. For example, zonal great soil 
groups range from Camborthids (Desert soils) in arid southeastern Oregon to Cryorthods 
(Podzol soils) in the cool, humid climate of the northern Cascade Range. The most striking 
soil changes within short distances are found on eastern slopes of the Cascade Range. Here 
Haplorthods and Haploxerolls (Podzol and Chestnut soils) are separated by only a few 
kilometers because of abrupt changes in precipitation and concomitant changes from forest 
to grass-shrub vegetation. 

The great relief in extensive mountainous areas within Oregon and Washington per­
petuates many soils in a state of profile immaturity. Soils on steep slopes are constantly 
influenced by gravitational instability expressed as soil creep or landslides, often severely 
limiting profile development. Consequently, many mountain soils are regosolic or lithosolic, 
lacking genetic horizons except for a thin A. In these areas, effects of the parent rock on 
soil properties are major and those of climate and vegetation are minimal. Areas of these 
immature soils are typically characterized by extensive rock outcroppings. 

Volcanic activity along the crest of the Cascade Range during Pleistocene and Recent 
times has extensively influenced regional soils. Large tracts at higher elevations in the 
Cascades are mantled with deposits of pumice and volcanic ash which, because of their 
youth, generally exhibit little genetic development. In many areas, such as the southern 
Cascade Range of Washington, there have been several depositions of volcanic ejecta; soil 
profiles often have three or four buried horizon sequences. 

Pumice and volcanic ash soils also occur well beyond the Cascade Range. Distance from 
their source and orientation of these deposits are largely functions of wind direction and 
velocity during eruptions. Recently, it has become apparent that many, if not most, of the 
soils of the Pacific Northwest have had some influence from aerially deposited volcanic 
ejecta. Amounts of incorporated ash and pumice are often small, however, and detectable 
only through detailed soil mineralogic or micromorphological investigations. 

For descriptive purposes, the two-State area has been separated into 15 physiographic 
provinces (fig. 2). The divisions used are largely those outlined by Baldwin (1964), Fenneman 
(1931), and Easterbrook and Rahm (1970). Naturally, in many instances, boundaries 
separating provinces are arbitrary and gradual transitions exist. However, the provinces 
are broad stratifications of relatively homogeneous areas and reduce complexity to more 
manageable proportions. 

Geologic information for this section is from several primary sources: for Oregon, 
Baldwin (1964) and "Geologic Map of Western Oregon West of the 121st Meridian" (Wells 

5 



Figure 2. - Physiographic and geological provinces of Oregon and Washington. 
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and Peck 1961); for Washington, Campbell (1953) and "Geologic Map of Washington" 
(Huntting et al. 1961). Other pertinent references include Williams (1942), Danner (1955), 
Foster (1960), Snavely and Wagner (1963), Fiske et al. (1963), Peck et al. (1964), Mackin 
and Cary (1965), Wise (1970), Dott (1971), and Beaulieu (1971). 

Great soil group names in the text follow the National Cooperative Soil Survey Classifi­
cation of 1967, with 1938 classification names shown in parentheses. Names and distribution 
of great groups defined in the 1967 Soil Classification System were largely obtained from 
Appendix IV of the "Columbia-North Pacific Region Comprehensive Framework Study" 
(Pacific Northwest River Basins Commission 1969) and from the soils sheet in the National 
Atlas (Soil Conservation Service 1969). Information pertaining to the 1938 Soil Classifica­
tion System is based largely on "Soils of the Western United States" (Western Land 
Grant Universities et al. 1964). Other references consulted include Knox (1962), Youngberg 
(1963), and numerous soil survey reports for localized areas. 

Table 1 shows the relative importance of various great soil groups within the 15 physio­
graphic provinces. 

Table I. - Principal great soil groups within the 15 physiographic provinces of Oregon and 
Washington 

Province 

1938 Classification System 1 1967 Classification System~ 

Widespread 
great soil groups:l I Less abundant 

great soil groups 
Widespread 

great groups:l I Less abundant 
great grou ps 

Olympic Sols Bruns Acides Podzol Xerochrepts Haplorthods 
Peninsu la Reddish Brown Lateritic Brown Podzolic Dystrochrepts Cryorthods 

Lithosol Alpine Turf Haplumbrepts Rockland I 
Alpine Meadow Haplohumults 
Humic Gley Haploxerolls 
Alluvial Haplaquepts 
Regosol Udifluvents 
Rockland.J 

Coast Ranges Reddish Brown Lateritic Noncalcic Brown Haplumbrepts Dystrochrepts 
Sols Bruns Acides Prairie Haplohumults Xerumbrepts 
Regosol Grumusol Haplorthods 
Lithosol Humic Gley Haplaquepts 

Alluvial 

Klamath Reddish Brown Lateritic Sols 8 ru ns Acides Haplohumults Haplumbrepts 
Mountains Noncalcic Brown Haploxeru Its Haploxeralfs 

Western 8rown Forest Xerochrepts 
Podzol Dystrochrepts 
Prairie Hapludalfs 
Grumusol Haploxerolls 
Humic Gley Chromoxererts 
Alluvial 
Lithosol 
Rockland 4 

Willamette Prairie Gray-Brown Podzolic Argixerolls Haploxerolls 
Valley Planosol Chernozem Haplohumults Xeru mbrepts 

Alluvial Reddish Brown Lateritic Haplaquolls 
Grumusol Albaqualfs 
Humic Gley 

Puget Trough Brown Podzolic 
Regosol 
Alluvial 
Reddish Brown Lateritic 

Gray Wooded 
Prairie 
Sols Bruns Acides 
Humic Gley 
Lithosol 

Haplorthods 
Haplohumults 

Xerumbrepts 
Argixerolls 
Haplaquepts 
Xeropsamments 
Haploxerolls 
Vitrandepts 
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Table I. - Principal great soil groups within the 15 physiographic provinces of Oregon and 
Washington (continued) 

Province 

1938 Classification System I 1967 Classification System 2 

Widespread Less abundant 
great soil groups) great soil groups 

Widespread Less abundant 
great groups) great groups 

Northern Podzol Western Brown Forest Cryorthods Rockland 4 

Cascades Brown Podzolic Gray Wooded Haplorthods Haploxerolls 
Lithosol Chestnut Xerochrepts Haplumbrepts 

Alpine Turf F ragiorthods 
Alpine Meadow Haploxeralfs 
Regosol Haplaquepts 
Rockland 4 Xeropsamments 

Southern Brown Podzolic Reddish Brown Lateritic Vitrandepts Haplohumults 
Washington Podzol Gray-Brown Podzolic Dystrandepts Hapludalfs 
Cascades Lithosol Sols Bruns Acides Haplorthods Rockland 4 

Regosol Western Brown Forest Cryorthods 
Chestnut Haploxeralfs 
Humic Gley Haploxerolls 
Alluvial Xeropsamments 
Rockland'! 

Western Brown Podzolic Podzol Haplu mbrepts Haploxerults 
Cascades Regosol Sols Bruns Acides Xerumbrepts Argixerolls 

Reddish Brown Lateritic Noncalcic Brown Haploxeralfs 
Prairie Cryorthods 
Humic Gley Haplohumults 
Alluvial Haplorthods 
Lithosol 
Rockland 4 

Cryumbrepts 
Rockland 4 

High Regosol Podzol Vitrandepts Haplorthods 
Cascades Brown Podzol ic Western Brown Forest Cryorthods Cryumbrepts 

Lithosol Rockland 4 

Rockland,j Haplumbrepts 

Okanogan Brown Podzolic Western Brown Forest Xerochrepts Vitrandepts 
Highlands Gray Wooded Chernozem Cryorthods Haploxerolls 

Lithosol Brown Haploxeralfs 
Humic Gley Haplorthods 
Alluvial Xeropsamments 
Regosol Haplaquolls 
Rockland 4 Rockland 4 

Duri xerolls 

Blue Western Brown Forest Brown Podzolic Argixerolls F ragi orthods 
Mountains Regosol Reddish Brown Lateritic Vitrandepts Haploxerolls 

Lithosol Chernozem Palexerolls 
Chestnut Durixerolls 
Prai rie Haplargids 
Alpine Turf Xerorthents (shallow) 
Alpine Meadow Rockland4 

Humic Gley 
Alluvial 
Rockland 4 

Columbia Brown Planosol Haploxerolls Argiudolls 
Basin Chestnut Humic Gley Argixerolls Haplargids 

Chernozem Solonetz Camborthids Xerorthents 
Prairie 
Sierozem 

Solonchak 
Alluvial 

Torripsamments Xerorthents (shallow) 
Rockland 4 

Regosol Lithosol 
Rockland 4 

Durixerolls 
Haplaquolls 
Albaqualfs 
Haploxeralfs 
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Table 1. - Principal great soil groups within the 15 physiographic provinces of Oregon and 
Washington (continued) 

1938 Classification System I 1967 Classification System 2 

Province 
Widespread 

great soil groups3 I 
Less abundant 

great soil groups 
Widespread 

great grou ps3 
1 Less abundantI great groups 

High Lava Brown Solonetz Haplargids Durargids 
Plains Chestnut Solonchak Camborthids Haploxerolls 

Lithosol Humic Gley Vitrandepts Natrargids 
Regosol (pumice) Alluvial Haplaquolls 

Regosol Haplaquepts 
Rockland 4 Haplorthents 

Durorthids 
Rockland 4 

Basin and Brown Chernozem Haplargids Argixerolls 
Range Chestnut Prai rie Durargids Camborthids 

Lithosol Reddish Brown Lateritic Vitrandepts Durorthids 
Regosol (pumice) Sierozem Haplaquolls 
Western Brown Forest Desert Haplaquepts 

Humic Gley Haploxerolls 
Solonetz Haplorthents 
Solonchak Rockland 4 

Alluvial 
Regosol 
Rockland 4 

Owyhee Brown Sierozem Haplargids Argixerolls 
Upland Chestnut Desert Haploxerolls Durargids 

Lithosol Solonetz Haplaquolls 
Humic Gley Natrargids 
Alluvial Camborthids 
Regosol Rockland 4 

Rockland 4 

1 H;I:o.ed largel\" Oil "Soils of the \\'estern L'nited States" (Western Land Grant Universities et a!. 196-l). 
:! B.I~t'ct brg{'I~' on lllformJtioll in "Columbia - ~orth Pacific Region Comprehensive Framework Study," Appendix IV, "Land and 

:\111lPl"al Hesollrcps" (PaCIfic :\orthwf'st Ri\'t'l" Basins Commission 1969). 
:) Listt'ct III appro\.lmatp orctt~r of importancp, 
1..\ t11lsct'\laIlPous \;IIHi t~·pt' in \',;hich rock outcrops or rock rubble dominate the ianciscapp. 

Olympic Peninsula Province 
The Olympic Peninsula Province is made up of a central core of the rugged Olympic 

Mountains surrounded by almost level lowlands. On the east, the lowland strip is 3 to 16 
kilometers wide and is part of the Puget Trough. The lowland. strips are very narrow on 
the north, but 16 to 32 kilometers wide on the west and 48 kilometers wide along the 
south side of the peninsula. Most ridges in the Olympic Mountains are 1,200 to 1,500 
meters in elevation with some higher peaks attaining elevations of 2,100 to 2,420 meters. 
Glaciation has strongly influenced landforms. All main river valleys are broad and U­
shaped, and all major peaks are ringed with cirques, many containing active glaciers. 
The extremely high precipitation (perhaps as high as 6,350 millimeters per year in the 
interior) has caused rapid downcutting by streams, resulting in many precipitous mountain 
slopes (fig. 3). 

Geologically, the mountainous portion of the Olympic Peninsula Province is made up of 
two volcanic belts encircling a large interior area containing sedimentary rocks. The 
volcanic belts bound the peninsula on the north and east sides, and as far west as Lake 
Quinault on the south. The outer belt, by far the thickest, is comprised of basalt flows and 

9 

http:H;I:o.ed


Figure 3.-The rugged Olympic Mountains viewed from Hurricane Ridge (south of Port Angeles, Washington); 
the glacially carved valley contains the Elwha River (photo courtesy Olympic National Park). 

breccias of Eocene age. Between the two volcanic belts lies a generally thin band of argillite 
and graywacke, also Eocene. The inner volcanic belt is very thin and discontinuous and 
consists of altered basalt, "pillow" lava, and flow breccia deposited late in the Mesozoic 
era or perhaps during the Paleocene epoch. The rugged interior of the peninsula is almost 
exclusively comprised of sedimentary rocks deposited late in the Mesozoic or very early 
in the Tertiary period. These rocks are largely graywacke, with some interbedded slate, 
argillite, and volcanic rocks. 

The less mountainous area along the north edge of the peninsula is a complex of Oligocene 
and Miocene sandstones, some interbedded with siltstone and conglomerates. In addition, 
glacial drift occurs in fairly large deposits near Sequim and Port Angeles and west of 
Ozette Lake. The broad, level areas along the western and southern margins of the peninsula 
have been interpreted as marine terraces or glacial outwash fans. 

Until recently, almost nothing was known about the soils in the mountainous interior 
of the Olympic Peninsula. However, in 1969 Fonda and Bliss and in 1970 Kuramoto and 
Bliss described a variety of soils developed under both coniferous forest and subalpine 
meadow vegetation and derived from the sedimentary parent materials of the interior. 
Forested soils were reported to be Brown Podzolics· (Spodosols) and Lithosols (Entisols). 

I Great soil groups mentioned in the text are described briefly in the Appendix. 
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The Spodosols (probably Haplorthods) have a very dark grayish-brown silt loam surface 
horizon underlain by a dark yellowish-brown sandy clay loam B horizon. Soils developed 
under alpine meadow vegetation were classed within the Spodosol, Mollisol, and Inceptisol 
orders. The Spodosols were reported to have thin, gray sandy loam B2 horizons. The 
Inceptisols had very dark grayish-brown sandy loam subsurface horizons. 

The deeper, well-developed soils derived from basalt are generally classified as Haplo­
humults (Reddish Brown Lateritic soils). Most often these soils are characterized by a 
reddish-brown silt loam or silty clay loam surface horizon underlain by a silty clay loam 
or silty clay subsoil showing the effects of clay accumulation. The sandstone parent mater­
ials situated along the northern edge of the peninsula give rise to Haplumbrepts (Western 
Brown Forest soils). These are moderately deep soils with thick, dark-colored surface 
horizons. Surface textures are silt loam or silty clay loam, and the subsoil is either silty 
clay loam or silty clay textured. 

A large variety of soils have formed in glacial till and outwash, depending Oll such factors 
as particle size and degree of compaction in parent materials. The majority of upland 
soils derived from glacial till have been classed as Xerochrepts (Regosols). Such soils 
generally have a loam-textured surface horizon overlying a gravelly sandy loam substratum. 
Soils developed in till or glacial outwash on terraces are in most areas either Dystrochrepts 
(Sols Bruns Acides) or Haplorthods (Brown Podzolic soils). Textures range from gravelly 
silt loam to clay loam or silty clay loam. The Haplorthods often have a gravelly cemented 
layer at a depth of approximately 1 meter. 

Alluvial soils occupying terraces along west-flowing rivers such as the Quinault, Queets, 
Hoh, and Soleduck are classed as Udifluvents. These are deep silt loam to very fine sandy 
loam soils which are moist throughout the year. 

Coast Ranges Province 
The Coast Ranges Province extends from the middle fork of the Coquille River in Oregon 

northward into southwestern Washington where it includes the area known as the Willapa 
Hills. The entire southern section of the province is topographically mature-i.e., steep 
mountain slopes with ridges that are often extremely sharp (fig. 4). Excepting the area 
drained by the Wilson and Trask Rivers, the proportion of steep slopes decreases in the 
northern section of the Coast Ranges. Mountain passes are generally located on the eastern 
border of the range due to faster rates of headward erosion by the numerous westward­
flowing streams. Elevations of main ridge summits in the province range from about 450 
to 750 meters. Scattered peaks, often capped with intrusive igneous rocks, rise well above 
surrounding ridges. Marys Peak, 1,249 meters high, is the highest peak in the Coast Ranges. 

Geology south of the Salmon and Yamhill Rivers differs substantially from that to the 
north. Geologic history of the southern Coast Ranges began during early Eocene times 
with deposition of "pillow" basalts near the present town of Alsea. Later in the Eocene, 
the vast sedimentary beds of the Tyee formation, which make up by far the largest portion 
of this section of the Coast Ranges, were deposited under marine conditions. The Tyee 
formation, largely composed of rhythmically bedded, tuffaceous, and micaceous sandstone, 
occurs throughout the southern Coast Ranges and is virtually the only rock present in the 
central portion. Also during the Eocene, other smaller marine sedimentary formations 
were laid down, mostly to the south and along the coast. Scattered igneous intrusions, 
largely gabbro, occurred during the Oligocene and cap many of the most prominent peaks 
(e.g., Marys Peak, Prairie Peak, and Grass Mountain). During the Miocene, localized 
depositions of both sedimentary and volcanic rocks occurred which are now exposed near 
Newport and Coos Bay. Most of the spectacular coastal headlands are made up of Miocene 
basalt (fig. 5). The Pliocene epoch saw no new depositions, the principal activity at this 
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Figure 4. - The Oregon Coast Ranges west of Eugene, Figure 5.-Typical coastal headland showing the basalt 
Oregon; note accordant ridge crests and extensive stream flows which, because they are more resistant to erosion 
dissection. The highest peak in the background is than adjacent sedimentary formations, are responsible 
Roman Nose Mountain (elevation, 870 m.). for these prominent features along the Oregon coast 

(Cascade Head, Oregon). 

time apparently being the rapid erosion of the tremendously thick beds of sediments. 
Pleistocene deposits, generally sandy in nature, were laid down along the coast during a 
period of rising sea level. This general rise of sea level, following the melting of glacial ice, 
also drowned the mouths of coastal rivers. 

As in the southern section, all rock formations in the northern Coast Ranges are Ter­
tiary. Eocene formations are widespread and include both volcanic and sedimentary rocks. 
Eocene siltstone and sandstone are found along and to the south of the Yamhill River near 
Vernonia, Oregon, and in the Willapa Hills of southwestern Washington. Eocene volcanic 
rocks, largely basalt with some tuffs and breccias, occupy extensive areas northeast of 
Tillamook and in the Willapa Hills. Oligocene sedimentary formations, including siltstone, 
shale, and sandstone, are found near Vernonia, along the Nehalem River, and, to a limited 
extent, in the Willapa Hills. During the Miocene epoch, extensive basalt flows occurred 
in the most northerly section of the Oregon Coast Ranges and in the Willapa Hills. Near 
the Columbia River in Oregon, these flows are classified with the extremely widespread 
Columbia River Basalt. The Plio-Pleistocene was largely a period of erosion, with streams 
excavating their valleys as the ranges were slowly uplifted . 

Soils developing in the very extensive deposits of sandstone exhibit a wide range of 
characteristics despite the fact most are classified as Haplumbrepts (Western Brown Forest 
soils). On steep, smooth mountain slopes they tend to be shallow, stony loam textured, 
and brown or yellowish-brown in color. Deeper soils derived from sandstone colluvium 
occupy uneven, benchy slopes that generally exhibit some degree of continuing instability. 
On broad ridgetops, soils from sandstone parent materials tend to be deep, with a B horizon 
showing some clay accumulation and a thick surface horizon of high organic matter content. 
Sandstone soils which show maximum profile development and are low in bases are 
classed as Haplohumults (Reddish Brown Lateritic soils). These soils have a much more 
reddish color( a si lty clay loam-textured A horizon, and a silty clay B horizon. 

Soils developed from siltstone or shale parent materials resemble those derived from 
sandstone in some respects, but generally they are noticeably finer textured. Typically, 
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they have a silt loam surface horizon and a silty clay or clay-textured B horizon. Those 
with thick, dark-colored A horizons are generally classed as Haplumbrepts, whereas soils 
with light-colored surface horizons have been classified as Dystrochrepts (Sols Bruns 
Acides). 

Over most of the Coast Ranges Province, soils derived from basalt are Haplumbrepts. 
Deep, well-developed profiles are reddish-brown in color and are relatively stone free. 
Surface textures are generally clay loam and the subsoil, a silty clay loam. Most often, 
however, basaltic soils tend to be fairly shallow and stony. Some Haplohumults on basalt 
parent materials are found in the southern portion of the province. 

Sand dune areas are common along the Oregon coast. Soils on old, stabilized dunes are 
most often Haplorthods (Podzols and Brown Podzolic soils). These soils range from 
excessively drained to poorly drained and are characteristically loamy sand to fine sand 
textured. Soils derived from alluvium along major streams are most commonly Hapla­
quepts (Low-Humic Gley soils) and Haplumbrepts. The Haplaquepts are dominantly very 
poorly drained silt loams over silty clay loam soils formed in silty alluvium. 

Klamath Mountains Province 
The Klamath Mountains Province encompasses a complex of ranges in southwestern 

Oregon and northern California. The northernmost portion of range in Oregon is also 
commonly identified as the Siskiyou Mountains. This region is logically set apart from 
the remainder of southern Oregon by the boundary separating its pre-Tertiary rocks from 
Tertiary rock formations outside the area. The pre-Tertiary rocks of this province pro­
bably include the oldest in Oregon. 

The Klamath Mountains Province is largely a region of rugged, deeply dissected terrain 
(fig. 6). Mountain crests, comprised of steeply folded and faulted pre-Tertiary strata, vary 
in elevation from 600 meters near the coast to approximately 1,200 meters in the east. 
Ridge accordance suggests an ancient and now greatly dissected peneplain. Many peaks 
rise above this summit peneplain. The highest of these monadnocks in Oregon is 2,280-meter 
Mount Ashland which rises 1,060 meters above the general level of its surroundings. 

The geologic history of the Klamath Mountains began during the Paleozoic era with 
deposition of volcanic tuffs and sedimentary rocks which were subsequently metamorphosed, 
largely into schists. A period of erosion and folding followed until late in the Triassic 
period when a large series of volcanic and sedimentary rocks were deposited near 
Medford and Grants Pass. These rocks have all undergone extensive metamorphism into 
various types of schists, gneisses, marbles, and oth~r metavolcanic or metasedimentary 
rocks. These rock types outcrop east of Gold Beach and at other scattered locations 
throughout the province. During the Jurassic period, sandstones, siltstones, and shales 
were laid down along the coast and in a belt extending from the southwestern corner of 
Oregon across the province in a generally northeasterly direction. Most of these deposits 
have undergone very little alteration. These rock strata were intruded with ultramafic 
rocks such as peridotite and dunite during late Jurassic or very early Cretaceous times. 
The intrusions have largely been altered to serpentine which now appears in elongated, 
stringerlike outcrops, generally associated with fault zones (fig. 7). Other rocks which 
were intruded at approximately the same time include a variety of granitics-diorite, 
quartz diorite, granodiorite, and granite. The largest areas of these rocks are found 
north and south of Grants Pass, east of Oregon Caves, south of Ashland, southwest of 
Tiller, and between Grants Pass and Gold Beach in the Pearsoll Peak area. The early 
Cretaceous period saw additional depositions of sediments-rocks which now appear as 
grayish-green arkosic sandstone and siltstone. 
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Figure 6.-The Klamath Mountains in Oregon showing Figure 7.-Unstable terrain underlain by serpentine and 
characteristic, deep dissection and knifelike ridges. peridotite in the Klamath Mountains of southwestern 

Oregon. 

Rock strata within the province were greatly modified by folding and deformation during 
the middle Cretaceous period. Apparently, the Klamath Mountains were truncated and 
underwent peneplanation during the Miocene and Pliocene epochs. Subsequent erosion 
and stream dissection have given rise to the mature topography which characterizes 
the area today. 

Soils of the Klamath Mountains Province fall into two main groupings-those in the 
western portion and those in the east. Soils in the eastern half of the province generally 
reflect the effects of drier conditions, especially during the summer months, whereas soils 
to the west tend to remain moist for a considerably longer period of the year. 

Upland soils in the western half of the province are, for the most part, Haplohumults 
(Reddish Brown Lateritic soils). Parent materials for these soils include both sedimentary 
and basic igneous rocks. They are moderately deep (1 to 2 meters to bedrock), reddish-brown 
soils possessing a silt loam or silty clay loam A horizon underlain by a silty clay B horizon. 
Scattered upland areas of peridotite or serpentine bedrock most often have reddish-colored 
soils which are classed as Hapludalfs (Gray-Brown Podzolic soils) or Xerochrepts (Regosols). 
Such soils are invariably unproductive, having very shallow and stony profiles. 

The western portion of the province contains a wide variety of valley-bottom soils. The 
most important well-drained soils derived from alluvium on terrace landforms are Dystran­
depts and Haplumbrepts. The Dystrandepts (Ando soils) have a thick, very dark-colored 
silt loam surface horizon underlain by a silty clay loam subsoil. Haplumbrepts (Western 
Brown Forest soils) on terraces tend to be deep, well drained, and silt loam or loam 
textured. The most common poorly drained streamside soils are Haplaquepts (Low-Humic 
Gley soils). These wet soils tend to have silt loam surfaces and silty clay loam subsoils. 

In the eastern half of the province, the principal upland soils are Haploxerults (Reddish 
Brown Lateritic soils) which are continuously dry for a long period of the year. Generally, 
these are reddish-brown soils derived from sedimentary parent materials having bedrock 
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within 1 meter of the surface. Texture tends to be loam in the surface and clay loam in the 
subsoil. Haploxeralfs (Noncalcic Brown soils) are less widely distributed and are generally 
derived from metamorphic rocks. These are relatively shallow, gravelly clay loam soi ls 
which are high in bases. Granitic parent materials usually give rise to Xerochrepts (Rego­
sols) of low fertility. A typical granitic soil has a coarse sandy loam A horizon underlain 
by a loamy very fine sand substratum. 

Soils on flood plains and alluvial fans in the eastern section of the Klamath Mountains 
Province are principally well-drained Haploxeralfs and Haploxerolls (Prairie soils). 
Chromoxererts (Grumusols) occur on alluvial fans and bottomlands in areas surrounding 
Roseburg and Medford. These are clay-textured soils which undergo considerable expansion 
and contraction with wetting and drying. 

Willamette Valley Province 
The Willamette valley is a broad structural depression oriented north-south and situated 

in Oregon between the Coast Ranges on the west and the Cascade Range on the east. The 
valley is approximately 200 kilometers long, extending from the Columbia River to Cottage 
Grove where the two mountain ranges converge. Valley width generally ranges from 30 to 
50 kilometers. Topographically, the valley is characterized by broad alluvial flats separated 
by groups of low hills (e.g., Portland, Chehalem, Eola, Salem, and Coburg Hills) (fig. 8). 

Figure 8.-The Willamette valley in Oregon is characterized by broad, almost level, alluvial 
terrain interrupted by low basalt hills. 
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The valley floor has a very gentle, north-facing slope; elevation increases from 50 meters 
at Salem to only 129 meters at Eugene, 130 kilometers to the south. As a result, the 
Willamette River is a sluggish stream with many meanders, especially from Oregon City 
southward. 

The Willamette valley is bordered on the west by a variety of sedimentary and volcanic 
rocks of Eocene age. They include submarine pillow basalts, conglomerates, and tuffaceous 
sandstones and siltstones which are actually eastward extensions of Coast Ranges forma­
tions. In the southern portion of the valley, these Eocene rock formations probably extend 
under valley fill materials to the western margin of the Cascade Range. Marine sedimentary 
rocks of Oligocene and Miocene age outcrop along the eastern margin of the valley. Columbia 
River basalt (Miocene) is found as far south as the Salem area and caps the Portland, 
Salem, and Eola Hills. Similar early Miocene basalt flows occur in the Eugene area where, 
for example, they are found in the Coburg Hills. A westward extension of the Cascade 
Andesites of Plio-Pleistocene age outcrops near Gresham and caps many of the hills near 
Oregon City. 

The floor of the northern Willamette valley is underlain by thick, nonmarine sedimentary 
deposits of Plio-Pleistocene age. These deposits are present but not as thick in the southern 
part of the valley. Following the Illinoian glaciation late in the Pleistocene epoch, the 
entire valley as far south as Eugene was drowned by water and partially filled with silt 
to a depth of about 30 meters. Later, near the close of Wisconsin glaciation (10,000 to 
15,000 years ago), the valley was again flooded because of an ice dam on the Columbia 
River. Evidences of this flooding include ice-carried erratics as far south as Harrisburg 
and a thin covering of silt to a maximum elevation of 122 meters. Recent alluvial deposits 
occur along the Willamette River in areas where it has cut into Pleistocene lakebeds. 

Soils on the valley floor, derived from silty alluvial and lacustrine deposits, were 
formed under dominantly grassland vegetation. Soil morphology largely reflects effects 
of landform position and soil drainage. Well-drained soils situated on the Willamette River 
flood plain are deep, moderately dark-colored and range from sandy loam to silty clay 
loam in texture, with the fine-textured soils occupying the highest positions. These soils 
generally lack subsurface horizons of clay accumulation. Soils occupying terrace positions 
generally exhibit a greater degree of profile development, typically having silt loam surface 
horizons underlain by silty clay loam subsurface horizons. Closed depressions on terraces 
contain very poorly drained Albaqualfs (Planosols). These soils are characterized by a 
bleached, light-colored surface horizon, usually silt loam in texture, and an abrupt transi­
tion to a clay-textured subsoil. 

Soils derived from igneous and sedimentary rocks situated along the edges of the valley 
and on low hills are similar to those found in the adjacent Coast Ranges and Western 
Cascades Provinces. A typical, well-drained soil derived from basalt colluvium possesses 
a reddish-brown silty clay loam surface and a clay-textured subsurface horizon, with depth 
to bedrock averaging 1.5 meters. 

Principal soils on the valley floor are Argixerolls (Prairie soils) with lesser amounts 
of Haploxerolls (Prairie soils), Haplaquolls (Humic Gley soils), and Albaqualfs. On 
adjacent uplands and rolling hills, soils are largely Haplohumults (Reddish Brown Lateritic 
soils) with some Xerumbrepts (Regosols) and Haplumbrepts (Western Brown Forest soils). 

Puget Trough Province 
The Puget Trough Province extends the entire length of Washington from the Canadian 

border to Oregon where the Willamette valley is its physiographic and geologic continua­
tion. The northern half of the province includes Puget Sound, and the southern half is 
largely the Cowlitz River valley and upper basin of the Chehalis River. Relief is moderate, 
and elevations of the trough floor seldom exceed 160 meters. 
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The northern, or Puget Sound basin, portion of the province is a depressed, glaciated 
area which is now partially submerged. The geology and topography resulted almost 
entirely from a lobe of the cordilleran icecap which pushed into the area from the north 
during the Pleistocene epoch (Folsom 1970, Mark and Ojamaa 1972). There were apparently 
several glacial epochs, the Vashon glaciation being most recent. The terminal moraine 
of the Vashon glacier is located approximately 16 to 24 kilometers south of Olympia. Inside 
the moraine is a large area, sloping gently toward Puget Sound and containing many 
lakes and poorly drained depressions underlain by glacial drift. Glacial deposits range 
from very porous gravels and sands to a hard till in which substantial clay and silt are 
mixed with coarser particles. For approximately 50 kilometers south of the terminal 
moraine (as far south as Toledo), the area is largely covered by outwash sands and gravels 
which were sluiced southward by the melting Vashon glacier. 

Tertiary rock formations are exposed in the southern portion of the province (south 
of Toledo). Topographic characteristics, however, are similar to those further north. The 
majority of the area is made up of Eocene basalt flows and flow breccia. Smaller areas of 
Miocene and Pliocene nonmarine sedimentary rocks are found south of Toledo and east 
of La Center. Immediately north of the Columbia River is a substantial area of Pleistocene 
lacustrine deposits, similar to those found in the Willamette valley. 

The majority of soils in the Puget Sound basin (northern) portion of the province are 
formed in glacial materials under the influence of coniferous forest vegetation. Haplorthods 
(Brown Podzolic soils) are most common. These soils generally have at least moderately 
thick forest floor layers with some development of an H layer. A thin, weakly developed 
A2 horizon is typical beneath the humus layer. This is underlain by an iron- and humus­
enriched B horizon which is usually reddish-brown in color. Soil texture is commonly 
gravelly sandy loam, and profile depth averages about 1 meter. Underlying materials 
are either loose gravels and sands or hard, cemented till. Associated soils in the northern 
section of the province include Xerumbrepts (Regosols), Haplaquepts (Low-Humic Gley 
soils), Xeropsamments (Regosols), and Haploxerolls (Prairie and Chestnut soils). 

In the southern portion of the province, Haplohumults (Reddish Brown Lateritic soils) 
are the most common under forest vegetation. These soils, which may be derived from 
either basic igneous or sedimentary parent materials, have well-aggregated silt loam to 
clay loam surface horizons underlain by B horizons generally showing evidence of clay 
accumulation. Soils developed under grassland vegetation are also common in this portion 
of the province. Often occupying terrace landforms, these soils are classed as Argixerolls 
(Prairie soils). Typically. these are deep, silt loam-textured soils lacking subsurface clay 
accumulation. The southeastern section of the province also contains Vitrandepts-regosolic 
soils containing considerable quantities of pumice particles. 

Northern Cascades Province 
The Northern Cascades Province extends north from Snoqualmie Pass to the Canadian 

border. Unlike the southern Cascades, th~::;e mountains are to a large extent comprised 
of ancient sedimentary rocks, most of which are folded and at least partially metamor­
phosed. Intrusions of large granitic batholiths are also common. 

The province is a topographically mature area of great relief. Valleys are uniformly 
very deep and steep sided (fig. 9). An outstanding feature of the main eastward- and 
westward-flowing streams is their low gradient to within 6 or 7 kilometers of the main 
divide. On this basis, it may be concluded that the northern Cascades are as deeply dis­
sected as is possible with their present elevation and that their relief within the current 
erosion cycle is at a maximum. Another striking topographic feature is the approximately 
uniform elevation of the main ridgetops. Near the middle of the range, this level vanes 
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from 1,800 to 2,600 meters. Towering above this relatively even crest are two dormant 
volcanoes-Mount Baker and Glacier Peak. In addition to the volcanoes, there are several 
granitic peaks of exceptional height. 

Many ridges and peaks have glacial features. There are literally hundreds of cirques; 
some peaks, ringed by cirques, have been eroded to matterhorns. In addition, main east­
west valleys probably owe their very low gradients to glaciation. Today, this portion of 
the Cascades contains more active glaciers than any other area within the continental 
United States (fig. 10) (Post et al. 1971). 

The geologic history of the area began late in the Paleozoic era with deposition of clastic 
marine sediments in a constantly falling geosyncline. These were metamorphosed during 
a period of compression and folding when the sea withdrew during the Jurassic period. 
Products of this metamorphism include argillite, s late, phyllite, schist, greenschist, and 
greenstone-rock types widely distributed throughout the Northern Cascades Province. 
Gneisses, which occupy a large portion of the central section of the province, are also 
products of this same period of metamorphism. 

Figure 9.-The Northern Cascades Province 
of Washington is characterized by un­
usually deep dissection and maximum 
relief; the steep-sided, U-shaped, main 
valleys are the result of glaciation. 

During early Cretaceous times, another geosynclinal trough was formed and the area 
reinvaded by the sea . Resulting rocks include mainly graywacke, siltstone, s late, phyllite, 
and argillite. These rocks, perhaps not as widespread as the older deposits, are located 
(1) north of Mount Baker, (2) between the Skykomish and Stillaguamish Rivers, (3) north 
of the town of North Bend, and (4) in the northeastern portion of the province (fig. 11). 
Sometime during the late Cretaceous period the sea withdrew. Sediment deposition con­
tinued on the west, however, where there was a broad plain with meandering rivers. Here, 
continental sedimentary formations were laid down during late Cretaceous and early Paleo­
cene times. 

The Cascade Range was gradually uplifted during the Pliocene epoch. However, prior 
to this time large quantities of granitic rocks intruded the preexisting strata. Large masses 
of these rocks, including granite, granodiorite, and quartz diorite of Tertiary age, outcrop 
near the crest of the range in both the southern and northern portions of the province. In 
addition, older, Mesozoic granite rocks occupy large areas to the east. 

The volcanic peaks of Mount Baker and Glacier Peak were built up during the Pleistocene 

18 



Figure 10.-Extensive glaciers and snowfields are significant alpine features in the Northern Cascades 
Province; view of Mount Shuksan (2,781 m.) with Mount Baker (3,285 m.) in the background. 

epoch, chiefly of andesite flows. At the same time, glacial till was deposited in virtually 
every major valley. These deposits are highly variable and may range from fine to coarse 
texture. Generally, the fine material is glaciolacustrine in origin. 

Extreme variability of parent materials combines with effects of extensive glaciation 
to produce a soil pattern in the Northern Cascades Province bewildering in complexity. 
Residual rock is either frequently covered by or intimately mixed with glacial materials. 
In addition, the rapid pace of geologic erosion on steep slopes severely restricts soil forma­
tion over large areas where Rocklands and extremely shallow stony soils predominate. 
Thus, diverse parent materials, large amounts of glaciation, and precipitous slopes are 
largely responsible for the complex soil pattern. 

Knowledge of the soils of the Northern Cascades Province is limited. However, in 1970, 
the U.S. Forest Service issued a report of a soil survey of the Mount Baker National Forest 
(Snyder and Wade 1970). Soils of the National Forest were classed into four main 
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Figure I I.-An area of Cretaceous 
sedimentary rock (Swauk sand­
stone) northwest of Wenatchee, 
Washington; the steeply tilted 
beds of sandstone are clearly 
visible in this area of highly 
erodible soils. 

groupings: (1) deep glacial soils, (2) deep glacial lake-deposited soils (lacustrine), (3) deep 
residual soils, and (4) shallow residual soils. The deep glacial soils were typically well­
drained gravelly loamy sands to loams situated in valleys and on side slopes to an elevation 
of 1,375 meters . Subsoils were generally weakly or moderately compact till. Deep glacial 
soils were generally classed as either Cryorthods (Podzols) or Fragiorthods (Podzols 
with fragipans). Soils developed on glaciolacustrine deposits occurred in valley bottom 
and toeslope positions and tended to be finer textured than till-derived soils, ranging from 
loams to silty clay loams. These soils were classed as Haplumbrepts (Western Brown 
Forest soils) or Cryorthods. Deep residual soils, derived from sedimentary, schist, and 
granitic rocks , were found on steep midslope and toeslope landforms. These were classed 
as Cryorthods and were generally gravelly sandy loam to silt loam in texture. Shallow 
residual soils were situated on ridgetops and steep side slopes unaffected by glacial deposits 
and were developed on sedimentary and metamorphic rock types. These soils exhibited 
very little profile development and were gravelly sandy loam to loam textured. 

Other soils found in the Northern Cascades Province west of the main divide include 
Xerochrepts and Haplorthods. Xerochrepts (Regosols) encompass those widely distributed, 
poorly developed soils which are usually stony loams less than 1 meter in depth. Common 
parent materials are glacial till and metamorphic rocks such as argillite. Haplorthods 
(Brown Podzolic soils) are also generally loam textured and may be derived from a variety 
of rocks, ranging from sedimentary to granitic. Principal soils derived from alluvium 
along main west-flowing streams are Xeropsamments (Regosols), Haplaquepts (Low-Humic 
Gley soils), and Haploxerolls (Prairie soils). 

Soils east of the Cascade crest reflect the drier conditions under which they were formed. 
Probably most abundant are Haploxerolls (Chestnut and Brown soils) formed on a variety 
of parent materials but generally influenced to some extent by volcanic ash and, in some 
areas, loess. Textures range from stone-free silt loams to very cobbly loams. Other soils 
present in the eastern portion of the province include Xerochrepts (Regosols) and Hap­
loxeralfs (Noncalcic Brown soils). 
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Southern Washington Cascades Province 

The Southern Washington Cascades Province extends south from Snoqualmie Pass to 

the Columbia River. Unlike the Northern Cascades Province, andesite and basalt flows 
dominate with only minor amounts of igneous intrusive, sedimentary, and metamorphic 
rocks. 

The area is characterized by generally accordant ridge crests separated by steep, deeply 
dissected valleys. The general ridge elevation is approximately 2,000 meters in the northern 
section and 1,200 meters in the southern. An extensive area around Mount Adams is 
composed mainly of recent lava flows; it comprises a gently sloping plateau at 900- to 
1,500-meter elevation, differing markedly from the rest of the province. Three dormant 
volcanoes dominate the surrounding landscape: Mount Rainier (4,392 m.), Mount Adams 
(3,801 m.), and Mount St. Helens (2,948 m.) (fig. 12). Probably more geologic investigations 
have been carried out in the vicinity of Mount Rainier than on any other dormant volcano. 
See, for example, the recent reports by Crandell (1969a, 1969b, 1971) on the geology of 
Mount Rainier National Park. 

Figure 12.-Mount St. Helens in the Southern Washington Cascades Province; the Kalama River 
valley in the foreground contains an extensive mudflow deposit which can be traced in this 
photograph to its origin on the slopes of the mountain. This photograph was taken prior to the 
eruption of Mount St. Helens in May 1980. 
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At least 90 percent of the Southern Washington Cascades Province is made up of andesite 
and basalt flows with their associated breccias and tuffs. These lava extrusions have been 
classified into four rather generalized age classes: (1) Eocene to lower Oligocene, (2) upper 
Oligocene to lower Miocene, (3) middle Miocene, and (4) Pleistocene to Recent. The 
Eocene-Oligocene volcanic rocks are described as bedded andesitic breccias with inter­
bedded andesite and basalt which have been considerably altered by faulting and folding. 
These rocks are widely distributed from Mount Rainier southward, largely west of the 
Cascade Range crest. The Oligocene-Miocene volcanic rocks are mainly andesite flows 
and flow breccias which, to a large extent, retain a fresh look and are in a horizontal 
position. These rocks outcrop in a large area north of Mount Rainier and at scattered 
locations to the south. The Miocene deposits are Columbia River basalt which extends 
into the province from the east. Pleistocene to Recent deposits include the andesite 
flows and pyroclastics which comprise the slopes of Mount Rainier, Mount Adams, and 
Mount St. Helens. Pleistocene to Recent vesicular basalt lavas are especially widespread 
in the vicinity of Mount Adams. 

Tertiary granitic rocks are found only at scattered locations. The largest outcroppings 
are north and east of Mount Rainier. Another area of granodiorite is southwest of Randle. 
Small deposits of sedimentary rocks are located southwest of Mount Rainier and in the 
northeastern corner of the province. These include Eocene and Miocene sandstone, siltstone, 
and shale. 

Areas adjacent to the three volcanic peaks are generally mantled with pumice deposits 
of variable age, origin, and thickness. Deposits near Mount St. Helens sometimes exceed 
300 centimeters. The most recent pumice deposit in the vicinity of Mount Rainier is 
thought to have been laid down 100 to 150 years ago during the volcano's last eruption. 

Pleistocene glacial activity was widespread in the Southern Cascades Province, although 
most were small alpine glaciers. At its maximum extension, however, the Vashon glacier 
pushed into the flanks of the Cascades, impounding long lakes in several mountain valleys. 
Today deep glaciolacustrine deposits mark the limits of these lakes. 

Fewer soils in the Southern Washington Cascades Province are developed in glacial 
materials and, because of generally less rugged topography, there are smaller areas of 
Rockland and stony skeletal soils than in the Northern Cascades Province. The most 
widespread soils are derived from a combination of parent materials consisting of both 
pumice and basalt and andesite. In some instances, the surface layers consist of a series 
of depositions of unmixed eolian volcanic ash and pumice overlying residual soil materials. 
Soils in areas of deep pumice deposits are most often Cryorthods (Podzols) or Haplorthods 
(Brown Podzolics). Cryorthods on pumice typically have gray A2 horizons over a reddish 
gravelly coarse sand B2ir horizon. Probably the most common soils developed on mixed 
pumice and basic igneous parent materials are Inceptisols, specifically Dystrandepts and 
Vitrandepts (Regosols). These are poorly developed soils having only weakly differentiated 
horizons. Textures of such soils range from gravelly sandy loam to silt loam. 

Well-developed Haplohumults (Reddish Brown Lateritic soils) are common in the 
western portion of the province. These soils are derived from basalt and andesite and are 
generally characterized by a reddish-brown loam to clay loam surface horizon underlain 
by a B horizon of clay loam or silty clay loam texture. Glacial or glaciofluvial materials 
often give rise to moderately well drained to imperfectly drained Haplorthods (Brown 
Podzolic soils) or Hapludalfs (Gray-Brown Podzolic soils). Such soils are generally gravelly 
sandy loam in texture, and B horizons are iron stained and often contain iron concretions. 

Soils developed in alluvial deposits along the major west-flowing streams are typically 
Xeropsamments (Regosols) and Haploxerolls (Prairie soils). These are coarse-textured 
soils, commonly ranging from loamy sand to sandy loam. 

East of the Cascade crest, soils are largely Haploxeralfs (Noncalcic Brown soils) and 
Haploxerolls (Chestnut soils). These soils, derived from andesite, sandstone, or glacial 
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till, are also influenced to a considerable extent by volcanic ash or loess or both. Soil 
textures are most often silt loams and loams. 

Western Cascades Province 
The Cascade Range in Oregon is divisible into two distinct physiographic provinces. 

The High Cascades Province, on the east, includes all major peaks of the range (e.g., Mount 
Hood, Mount J efferson, Three Sisters) and originated during late Pliocene and Pleistocene 
epochs. The Western Cascades Province consists of older volcanic flows and pyroclastics 
laid down during the Oligocene and Miocene. 

The relief of the Western Cascades Province is generally rugged in the eastern portions 
(fig. 13), but slopes are more gentle in the west. Over much of the area there is a striking 
accordance of main ridge crests at an average elevation of about 1,500 meters . Elevations 
higher than 1,500 meters are uncommon, and only a few peaks exceed 1,800 metHS. 

During the Oligocene and Miocene epochs, numerous volcanic eruptions and effusions 

Figure 13.-The Western Cascades of Oregon are deeply dissected, with the higher ridges generally com­
posed of thick flows of andesite; this view shows Twin Buttes in the foreground and the Three Sisters, 
located in the High Cascades Province, in the background. 
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produced deposits of basalts, andesites, and pyroclastic rocks, frequently in a complex 
pattern. Pyroclastic rocks in this area include tuffs, breccias, and agglomerates. Besides 
these extrusive igneous rocks, a small amount of granite outcrops in several places, notably 
along the McKenzie River. Subsequent alteration by alpine glaciation occurred during the 
Pleistocene epoch. Glaciation is evidenced by widely spaced deposits of glacial drift and 
the characteristic U-shape of the major valley drainages. 

Pyroclastics are abundant in the central portion of the Western Cascades Province. 
Between the McKenzie and South Umpqua Rivers, approximately three-fourths of the total 
area is made up of pyroclastic rocks. To the north, breccias are almost entirely absent 
except in the Collawash River and certain sections of the Santiam River drainages. South 
of the Umpqua basin, pyroclastics remain common to the Rogue River which marks their 
southernmost boundary. 

Basalt and andesite are the most common bedrock materials in the Western Cascades 
Province. A large proportion of the province is made up of andesite from the North Fork 
of the Willamette River northward to the Clackamas River. Also, south of the South 
Umpqua River, andesite is again the most common rock. Basalt has a more scattered 
occurrence and is generally found along the western margin of the Western Cascades 
Province. 

Glacial deposits are widely distributed throughout the Western Cascades Province, with 
the majority concentrated in the valleys of major streams. Tracing the exact extent of 
mountain glaciation in this area is very difficult because many morainal features have 
been obliterated by subsequent stream dissection. 

Soils in a large portion of the Western Cascades Province can be placed into two major 
groups-soils developed from pyroclastic parent materials (largely tuffs and breccias) 
and those derived from basic igneous rocks (mainly basalt and andesite). These parent 
material groupings have generally produced contrasting soil types. Since tuffs and breccias 
are readily weatherable, soils from these materials tend to be deep and fine textured, 
especially on gentler slopes. Pyroclastic soils are frequently imperfectly drained, and mass 
soil movements (e.g., slumps and earthflows) are common. Well-developed soils from tuffs 
and breccias typically possess moderately thick, dark-brown clay loam A horizons and 
olive-brown to reddish-brown silty clay or silty clay loam B horizons. On steep slopes, 
poorly developed gravelly clay loam soils are most common. Well-developed pyroclastic 
soils are claflsified as Haploxerults (Reddiflh Brown Lateritic soils); and those less well 
developed, containing abundant stone fragments, are generally classed as Haplumbrepts 
(Western Brown Forest soils) or Xerumbrepts (Regosols). 

Soils derived from basalt and andesite are generally well drained and tend to be stonier 
and coarser textured than those from pyroclastic parent materials. These soils are more 
stable and not as subject to mass erosion. On steep slopes, soils from basalt and andesite 
are relatively poorly developed, consisting of dark-brown gravelly loam or sandy loam 
surface horizons. Especially at higher elevations, surface layers often contain noticeable 
amounts of aerially deposited volcanic ash and pumice. On gentle slopes, and especially 
in the southern and western portions of the province, soils developed on basic igneous 
rocks are often deep and well developed. These soils are reddish-brown in color, with a loam 
or clay loam surface horizon, and a clay loam or clay subsoil. Well-developed soils are 
generally classed as Argixerolls (Prairie and Western Brown Forest soils) in the southern 
portion of the province, and Haplohumults (Reddish Brown Lateritic soils) in the western 
portion. Less well-developed soils derived from basalt and andesite are usually Haplum­
brepts; and immature soils with little profile development are Xerumbrepts (Regosols). 

Glacial till soils are most abundant in the northern portion of the province. These soils 
are generally stony and/or gravelly loams or sandy loams and are classified as Cryorthods 
(Podzols), Haplorthods (Podzols and Brown Podzolic soils), or Cryumbrepts (Tundra soils). 
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High Cascades Province 

The High Cascades Province is essentially an area of rolling terrain interrupted at 

intervals by glaciated channels, some quite deep, carrying westward-flowing streams. 
The area is dotted with volcanic peaks and cones rising to 50 to 1,600 meters above the 
surrounding area (fig. 14). The major peaks are, from north to south, Mount Hood (3,427 m.), 
Mount Jefferson (3,199 m.), and the Three Sisters (3,062-3,157 m.). The general elevation 
of the sometimes broad, gently sloping portion is approximately 1,500 to 1,800 meters. 

The High Cascades Province is geologically young; some flows of lava (scoriaceous 
basalt) are only several hundred years old. The most extensive depositions were extruded 
from volcanic vents during the late Pliocene and Pleistocene epochs. These flows are of 
gray olivine basalts and olivine-bearing andesites with subordinate amounts of dense 
porphyritic pyroxene andesites. Scattered over the area are younger flows comprised of 
andesites and basalts which are dated as upper Pleistocene and Recent epochs. Most major 

Figure 14.-The High Cascades Province of Oregon is essentially a gently sloping, high plateau area 
containing scattered volcanic peaks composed of andesite and smaller "cinder cones"; peaks on the 
skyline are Mount Jefferson (3,199 m.) on the left and Three-Fingered Jack (2,392 m.) on the right; 
the cratered cinder cones in the foreground comprise Sand Mountain. 
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peaks in the area are made up of olivine-bearing andesite and originated during the upper 
Pleistocene epoch. The smaller cones, commonly called cinder cones, are generally com­
prised of gray to red basaltic and andesitic pyroclastic rocks. 

Bedrock in the High Cascades Province is frequently obscured by a mantle of pumice 
and ash from several volcanic eruptions. The most extensive deposition of these materials 
resulted from the explosive culminating eruption of Mount Mazama, which occurred about 
6,600 years ago. 

Glacial deposits are also locally abundant, especially adjacent to some of the higher 
peaks. For example, the flanks of Mount Hood are typically mantled with deep deposits of 
glacial till. 

The High Cascades Province is an area dominated by immature soils developed in volcanic 
ejecta and soils showing more profile development which are derived from glacially 
deposited materials. Soils on glacial till are most abundant in the northern section of 
the province and are generally classified as Cryorthods, Haplorthods, or Cryumbrepts. 
The Cryorthods (Podzols) are deep and well drained with gray, stony or gravelly sandy 
loam surface horizons underlain by reddish-brown, stony or gravelly loam subsoils. Hap­
lorthods (Brown Podzolic soils) are similar but show less development of a gray A2 
horizon. Typical soil textures are a gravelly loam surface over a very stony loam subsoil. 
Cryumbrepts (Regosols) tend to be much shallower to bedrock (1 meter or less) and are 
generally very stony sandy loam in texture. 

In the central and southern portions of the province, extensive areas are mantled with 
deposits of volcanic ejecta, such as pumice, cinders, and ash. Soils in these materials 
generally exhibit little profile development and are classed as Vitrandepts (Regosols). 
Typically, a thin, dark-colored Al horizon of sandy loam or loamy sand texture is underlain 
by a transitional AC horizon which grades into the unaltered coarse sand or gravelly sand 
parent material. 

Okanogan Highlands Province 
The Okanogan Highlands Province is characterized by moderate slopes and broad, 

rounded summits. In this respect, it differs markedly from the rugged Northern Cascades 
Province on the west. Excepting the main river valleys, much of the province lies above 
1,200 meters. There is a scattering of peaks which attain elevations of over 2,400 meters. 
The province is made up of several upland areas separated by a series of broad, north-south 
river valleys. These south-flowing rivers are, from west to east, the Okanogan, Sanpoil, 
Columbia, Colville, and Pend Oreille (Clark Fork) Rivers. 

Virtually the entire province was repeatedly covered by glacial ice during the Pleistocene 
epoch. As a result, deposits of glacial drift are found throughout the area. Although many 
of these deposits occur only intermittently in stream valleys, they are widespread in the 
eastern portion of the province, especially north of Spokane. In some of the main valleys, 
glaciolacustrine sediments form a series of terraces on valley walls. 

The Okanogan Highlands Province is, in many respects, geologically similar to the 
Northern Cascades Province. There is an almost bewildering variety of rock types, ranging 
in age from Precambrian to late Tertiary. The Precambrian rocks, consisting largely of 
phyllite, are restricted to the eastern portion of the province. Lying above these deposits 
are rocks of the Cambrian, Ordovician, Devonian, and Mississippian periods of the Paleozoic 
era. Rock types represented in these formations include quartzite, graywacke, slate, argillite, 
phyllite, greenstone, and some limestone. The most abundant rock types in the province 
are granitics, which were deposited during the Mesozoic era. These rocks, which include 
granite, quartz monzonite, quartz diorite, and granodiorite, occupy most of the area in the 
western section of the province and are interspersed with the Paleozoic rocks to the east. 
Tertiary depositions are largely confined to areas adjacent to main river valleys. Bedded 
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Tertiary sediments are found near the Okanogan, Sanpoil, Columbia, and Pend Oreille 
Rivers. Later in the Tertiary period, these same areas were influenced by eruptions of 
andesite and basalt lavas. Columbia River Basalt (Miocene) extends across the Columbia 
River into the province in an area south of Okanogan. 

In the Okanogan Highlands Province, the soil pattern is closely tied to elevation. In 
the mountainous areas away from the major river valleys, soils derived from granitic 
parent materials are Xerochrepts (Regosols) and Cryorthods (Podzols). The Xerochrepts, 
having only very weak horizon development, are most often cold, acid, stony or gravelly 
sandy loams with a total depth to bedrock of 1 meter or less. The Cryorthods tend to be silt 
loam textured and have substantially more profile development, generally consisting of a 
thin, light-colored A2 horizon underlain by a B2 horizon of high iron content. High 
elevational soils from glacial materials often have considerable amounts of volcanic ash 
incorporated into the surface horizon and are therefore classified as Vitrandepts (Regosols 
in pumice or ash). Because of the high ash content, surface layers are silt loam textured; 
subsoils are generally gravelly loam. 

At lower elevations, along the margins of river valleys and the southern boundary of 
the province, soils reflect the drier climate and transitional forest-grassland vegetation. 
The most abundant parent material in these locations is glacial till, and Haploxerolls 
(Chernozem soils) are the predominant soils. These soils typically have a dark, moderately 
thick Al horizon underlain by a B horizon which shows little increase in clay content and 
is distinguished largely by changes in color and structure. Soil textures are commonly 
sandy loam to loam. Other soils in these foothill positions include Vitrandepts and 
Haploxeralfs (Noncalcic BrO\vn soils). 

Soils at lowest elevations, occupying terraces and flood plains along major rivers, are 
most often coarse textured and well drained to excessively drained. Parent materials 
generally consist of glacial outwash sands and gravels. The most important soil great 
groups present in these locations are Haploxerolls, Vitrandepts, Haplorthods (Podzols 
and Brown Podzolic soils). and Xeropsamments (Regosols). 

Blue Mountains Province 
The Blue Mountains Province is made up of several ranges of mountains separated by 

faulted valleys and synclinal basins. The mountainous areas include the Ochoco, Blue, and 
Wallowa Mountains, as well as the Strawberry, Greenhorn, and Elkhorn Ranges. Relief 
within the various mountain ranges is highly variable. Moderate slopes are common within 
the Blue and Ochoco Mountains, whereas the heavily glaciated Wallowa Mountains exhibit 
the greatest relief (fig. 15). Maximum elevations range from about 2,100 meters in the 
Ochoco Mountains to 2,900 meters at Eagle Cap in the Wallowa Mountains. Valley eleva­
tions are about 750 meters in the vicinity of the Ochocos and 900 meters in the broad basin 
between the Blue and Wallowa Mountains (near La Grande and Baker, Oregon). Spectacular 
Hells Canyon comprises the eastern boundary of the province. This canyon, occupied by 
the Snake River, ranges up to 1,660 meters in depth and is 24 kilometers wide at its 
broadest point. 

Geologically, the Blue Mountains Province may be conveniently separated into eastern 
and western units, with the dividing line a short distance east of John Day, Oregon. The 
western Blue Mountains contain outcrops of some of the oldest rocks in Oregon. These are 
Palet)Zoic formations (Mississippian and Pennsylvanian) of limestone, mudstone, and 
sandstone which outcrop along tributaries of the upper Crooked River. Ultramafic intru­
sions, some altered to serpentine, occur in the Strawberry Range. Triassic and Jurassic 
formations are located near the communities of Suplee and Izee and consist of a wide 
range of rocks such as conglomerate, sandstone, siltstone, shale, and limestone. The Clarno 
(Eocene) and John Day (Oligocene) are two formations widely known because of their 
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Figure IS.-The Wallowa Moun­
tains of Oregon are more deeply 
dissected and have steeper slopes 
than other sections of the Blue 
Mountains Province; snow­
capped peaks in the background 
include Eagle Cap, the highest 
in the range. 

abundant vertebrate fossils. Located along the lower John Day River, these formations 
are composed largely of breccia and varicolored tuffs. Columbia River basalt, a thick 
formation extruded in many sheets during the Miocene epoch, occupies large areas within 
the western Blue Mountains. Late Miocene and Pliocene formations are also present and 
consist of bedded tuffs and silts. 

The eastern portion of the Blue Mountains Province spans a large part of the geologic 
time scale. Paleozoic formations of the Permian period are widespread near Baker and 
Sumpter and consist of schists, limestone, slate, argillite, tuff, and chert. As in the 
western section, these formations often have ultramafic and mafic intrusions ranging from 
peridotite to gabbro. Triassic sedimentary formations (sandstone, siltstone, shale, and 
limestone) are common but are not continuous because of erosion and subsequent burial 
by Tertiary rocks. Triassic limestone and argillaceous beds are especially prominent in 
the Wallowa Mountains where they outcrop on many ridge crests. Granitic stocks, perhaps 
extensions of the great Idaho Batholith, are found in the Wallowa Mountains, near Baker 
and Sumpter and along the John Day River. Columbia River basalt is widespread along 
the north slope of the Blue Mountains, forms the mass of the range between Pendleton 
and La Grande, and is also found to the south. Thus, it is inferred that uplift of the Blue 
Mountains occurred after the deposition of these lavas during the Miocene epoch. Alluvial 
deposits of sand and gravel, dating from the Pliocene and Pleistocene, cover the floors of 
many basins. Also during the Pleistocene, glaciation was widespread in both the Blue and 
Wallowa Mountains, as shown by numerous cirques, glacial lakes, and moraines. 

Following deposition of the most recent lava flows, much of the area within the central 
and northern portions of the Blue Mountains was covered by a layer of aerially deposited 
volcanic ash and fine pumice. Subsequent erosion has largely removed the ash from south­
facing slopes; however, other locations are typically mantled by the material. In addition, 
many upland areas, especially in the eastern portion of the province, were mantled by 
loess deposits, probably during the late Pleistocene. 
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Soils of the Blue Mountains Province may most conveniently be grouped into two 
main units-those at moderate to high elevations which were formed under dominantly 
forest vegetation, and soils at generally lower elevations which were formed under grassland 
or shrub-grassland vegetation. Forested soils developed in volcanic ash are almost com­
pletely restricted to broad ridgetops and north-facing slopes where the ash mantle thickness 
varies from approximately liz to 1 meter. These Vitrandepts (Regosols) are characteristic­
ally dark brown in color and fine sandy loam to silt loam in texture. Fragiorthods (Brown 
Podzolic soils with fragipans) also occur on mountainside slopes under forest vegetation. 
Since most often these soils are derived from loess, they tend to be deep and silt loam in 
texture. Soils of the forest-grassland transition at moderate to high elevations are generally 
within the Mollisol order, with the principal great groups being Argixerolls (Prairie soils), 
Haploxerolls (Chestnut and Chernozem), and Palexerolls (Prairie soils). These soils are 
formed in loess and basic igneous rock materials, with depth to bedrock averaging less than 
1 meter. Surface horizons are generally comprised of dark-brown silt loam, and subsoil 
textures range from silty clay loam to clay. 

The most widespread soils supporting grassland and shrub-grassland vegetation are 
Argixerolls (Prairie soils and Chernozems). In the western portion of the province, these 
soils are commonly derived from ancient lake-deposited sediments. with profiles consisting 
of a clay loam surface horizon over a clay-textured subsoil. In the eastern section of the 
province, the Argixerolls are developed from loess and basic igneous rocks. In these 
locations, soils tend to have silt loam surface horizons and clay loam subsoils. Other 
grassland soils of more limited extent include Haploxerolls (Brown soils) and Haplargids 
(Sierozems). 

Soils formed in alluvium along major streams are largely Haploxerolls (Chestnut and 
Brown soils). Soil texture ranges from silt loam to silty clay loam, and soil drainage 
varies from well drained to poorly drained. In some bottomland locations, notably in the 
eastern portion of the province, soils having a hardpan at depths of less than 1 meter 
(Durixerolls) are common. 

Columbia Basin Province 
The Columbia Basin is the largest single province; it occupies an extensive area south 

of the Columbia River between the Cascade Range and Blue Mountains in Oregon and 
roughly two-thirds of the area east of the Cascades in Washington. Topography varies 
from very gently undulating to moderately hilly. Steep slopes are of limited occurrence 
and restricted to isolated basaltic buttes or canyons cut by some of the major rivers; for 
example, the Deschutes River in Oregon (fig. 16). Over most of the area, elevations range 
from 300 to 600 meters, although they are less than 150 meters adjacent to the Columbia 
River. 

Although early Tertiary rocks are found at scattered locations in Oregon, the important 
geologic events in the Columbia Basin Province began during the Miocene epoch with 
the vast outpouring of lavas making up the Columbia River Basalt formation. This huge 
basalt layer covers over 500,000 square kilometers in Washington, Oregon. and Idaho 
and underlies virtually the entire province. The Columbia River Basalt formation, ranging 
in total thickness from 600 to over 1,500 meters, is made up of numerous individual flows 
about 8 to 30 meters thick. Bottom portions of individual flows are dense, dark-gray basalt, 
but near upper margins the basalt becomes scoriaceous. In some areas, deformation of the 
Columbia River basalt produced ridges and hills during the Pleistocene epoch. 

In the central portion of eastern Washington's Columbia Basin Province is a unique 
geologic feature-the Channeled Scablands. This is a gigantic series of dry, deeply cut 
channels in Columbia River basalt (fig. 17) which form an extensive and complex drainage 
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Figure 16.-Canyons cut in basalt by the Deschutes and Crooked Rivers in the southern portion of the 
Columbia Basin Province; west of Madras, Oregon. 

Figure 17.-General view of Channeled 
Scablands in the Columbia basin of cen­
tral Washington; this area is characterized 
by numerous dry channels cut in Columbia 
River basalt and generally shallow, stony 
soils (from "Landforms of Washington," 
Easterbrook and Rahm, by permission). 
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network. Many of the deeply entrenched drainageways diverge upstream only to converge 
again further downstream. Perhaps the best known feature in the Channeled Scablands 
is Grand Coulee with its spectacular Dry Falls. Although the origin of these puzzling 
features is still debated , Bretz (1959) probably offered the most satisfactory theory. He 
suggests that floodwaters, pouring from glacial Lake Missoula (western Montana) as a 
result of dam failure during the Pleistocene epoch, were responsible for cutting the 
channels. 

Plio-Pleistocene deposits cover the Columbia River basalt over extensive areas. The 
most widespread deposit is the Palouse loess which mantles an elliptical area 160 kilometers 
long in southeastern Washington. This material, deposited during the Pleistocene epoch, 
is made up of massive, tan-colored silt which may be over 45 meters thick. The Palouse 
area is characterized by smoothly rolling hills (fig . 18) and soils of high fertility which are 
generally used for wheat and pea production. Similar buff-colored, structureless silt deposits 
are found in Oregon near Moro and in Grass Valley. In addition, a large area near 
Boardman, Oregon, is underlain by unconsolidated sand apparently of Pleistocene age. 
Similar deposits, probably glaciolacustrine in origin, are located west of Walla Walla 
and near Toppenish , Washington. 

Although virtually all soils in the Columbia Basin Province have been formed under 
grassland or shrub-grassland vegetation, a wide variety of soils is present. Most of the 
broad soil differences correlate with annual precipitation. In general, precipitation is 
heaviest along the margins of the basin and gradually decreases toward the central portion. 

Figure IS.-Rolling Palouse Hills, composed of deep loess deposits, near Pullman, Washington, Columbia 
Basin Province (p/i(}((1 c(ll/r/esl' H . W. SlIlilll). 
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As a result, four distinct soil regions, forming a roughly concentric circular pattern, may 
be identified within the province. 

The first soil region is located along all Columbia Basin Province boundaries with 
the exception of the west but is best expressed in the Palouse Hills near the Washington­
Idaho border. The climate is subhumid, with annual precipitation ranging from 400 to 
600 millimeters. In this area Argixerolls predominate; under the old classification system, 
these soils were classed as Prairie soils and Chernozems. Argixerolls derived from Palouse 
loess showing maximum profile development (Prairie soils) possess a thick, dark-colored 
A1 horizon of silt loam texture overlying a clay loam or silty clay loam B2 horizon having 
well-defined prismatic structure. Typically, calcium carbonate has been leached to levels 
well below the base of the solum. Less well-developed soils on loess (Chernozems) generally 
have shallower profiles, less clay accumulation, and subangular blocky structure in the 
B2 horizon and a zone of calcium carbonate in the B3, usually within 1 meter of the soil 
surface. Other soils encountered in this region include Haploxerolls (Chestnut and Brown 
soils), Albaqualfs (Planosols), Haploxeralfs (Noncalcic Brown soils), and Xerorthents 
(Regosols). 

The second soil region is adjacent but generally at lower elevations and more arid, 
receiving 230 to 400 millimeters of annual precipitation. The principal soils are Haplo­
xerolls (Chestnut soils) derived from loess. Typically, these soils have moderately thick, 
brown silt loam A1 horizons over light-brown silt loam B horizons with incipient pris­
matic structure. A zone of calcium carbonate accumulation commonly is present in the 
B3 horizon. Other soils present in smaller amounts include Argixerolls (Prairie soils), 
Durixerolls (Prairie soils with hardpan), Xerorthents (shallow; Lithosols), and Rockland. 

The third soil region roughly encircles the central portion of the basin and also is 
semiarid with 230 to 400 millimeters of annual precipitation. Parent materials are 
principally loess and sandier windblown materials with lesser amounts of basalt. Poorly 
developed Haploxerolls (Brown soils) are the most common soils in the region. They possess 
a moderately thick, dark grayish-brown, loam-textured A horizon which is low in organic 
matter content. B horizons show little clay accumulation and a B3ca is generally present. 
Xerorthents (shallow; Lithosols) are also common in this region since it encompasses a 
large portion of the Channeled Scablands. Other soils of some importance include Cambor­
thids (Sierozems), Argixerolls (Prairie soils), Haplargids (Sierozem and Desert soils), 
Haplaquolls (Humic Gley soils), Durixerolls (Prairie soils with hardpan), and Rockland. 

The fourth soil region includes desertic soils of the lower bowl like center of the Columbia 
Basin Province. This is an area of arid climatic conditions receiving 100 to 230 millimeters 
of precipitation annually. Here, the dominant soils are Camborthids (Sierozems). These 
soils have thin, light-colored A horizons over B horizons which may be darker than the 
A and usually contain larger amounts of clay. A carbonate-enriched horizon, that may be 
cemented, occurs in the lower part of the B horizon. Other soils present include Haplox­
erolls (Chestnut and Brown soils), Xerorthents (shallow; Lithosols), Haplargids (Sierozem 
and Desert soils), Haplaquolls (Humic Gley soils), Torripsamments (Regosols), and 
Rockland. 

High Lava Plains Province 
The High Lava Plains Province of central Oregon is characterized by young lava flows 

of moderate relief interrupted by scattered cinder cones and lava buttes. As a result of 
porous bedrock and scanty rainfall, many streams are seasonal. Undrained basins con­
taining playa lakes, some dry and others with fluctuating levels, are common. Several 
basins, now dry, contained extensive lakes during the Pleistocene epoch (e.g., Fort Rock 
valley and Christmas and Fossil Lakes). Most of the province has a base elevation of about 
1,200 meters above sea level. 
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Geologic formations in the High Lava Plains Province consist largely of Pliocene and 
Pleistocene lavas, tuffs, and alluvium. In many areas, Quaternary valIey fill deposits 
overlie the older volcanic flows. These are comprised of alluvium and lake deposits plus 
eolian sediments, all of which were derived from the volcanic rocks of the uplands. 

Evidences of extensive volcanic activity during Pleistocene and Recent times are 
abundant, especially in the western portion of the province. The largest volcanic peak is 
the Paulina Peak shield volcano which contains Newberry Crater. Pumice, resulting from 
an eruption of this volcano about 4,000 years ago, mantles an extensive area to the north 
and east of the crater. Deposits of Mount Mazama pumice are also widespread in the 
same general area, as well as to the south in the Basin and Range Province. Broad areas 
of Pleistocene lava flows are a notable feature in the vicinity of Bend. In addition, several 
outstanding examples of Recent lava flows are situated south of Bend at Lava Butte 
(fig. 19) and east of Fort Rock. 

Soils of the High Lava Plains Province are similar to those occurring ir: the Basin 
and Range and Owyhee Upland Provinces to the south and east. Uplands in the central 

Figure 19.-Lava Butte south of Bend, Oregon -an outstanding example of a Recent volcanic cone 
and associated lava flows located in the western portion of the High Lava Plains Province. 
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and eastern portions, supporting shrub-grassland vegetation, are largely mantled with 
Camborthids, Haplargids, and Durargids. The Camborthids (Sierozem soils), limited to 
the central portion of the province, are formed in pumice and water-laid materials which 
have been deposited in layers 1/2 to 1 meter thick over basalt bedrock. These soils commonly 
have a sandy loam surface horizon and a loamy subsoil lacking accumulations of calcium 
carbonate. The Haplargids (Sierozem and Brown soils), the most widely distributed upland 
soil, are derived from basalt or tuff and most commonly have very stony loam textures. 
Depth to bedrock ranges from approximately 1/2 to 2 meters. The Durargids (Sierozem 
and Brown soils with duripans) are similar to the Haplargids but have silica-cemented 
hardpans at depths of about one-half meter. 

In several locations, notably in the vicinity of Malheur and Harney Lakes, soils are 
formed from lacustrine deposits in old lake basins. Here, Natrargids (Solonetz soils) 
comprise one of the most important soil great groups. These are deep, silty soils possessing 
a subsurface horizon of clay and sodium accumulation. Other soils found in ancient dry 
lakebeds include Haplaquepts (Low-Humic Gley soils), Durorthids (Regosols with hardpan), 
Camborthids, and Durargids. 

Soils derived from silty alluvium also occur at scattered locations throughout the 
province. These are generally poorly drained soils of silt loam to silty clay loam texture 
which occupy flood plain landforms. The most important great groups are Haplaquolls 
(Humic Gley soils), Haploxerolls (Chestnut and Brown soils), and Haplorthents (Alluvial 
soils). 

In the western portion of the province, adjacent to the High Cascades Province, regosolic 
soils developed on pumice support open coniferous forest vegetation. Pumice soils are 
most extensive east of Newberry Crater where the younger Newberry pumice frequently 
overlies preexisting pumice deposits from Mount Mazama. These unusual soils (Vitran­
depts) are briefly described in the following section covering the Basin and Range Province. 

Basin and Range 

and 


Owyhee Upland Provinces 

Southeastern Oregon has been divided into two physiographic provinces: Basin and 

Range and Owyhee Upland. Although topography differs, the two provinces are similar 
geologically. 

The Basin and Range Province is characterized by fault-block mountains enclosing 
basins with internal drainage (fig. 20). The Owyhee Upland Province exhibits considerably 
less faulting and, in general, may be described as a north-facing basin which is drained 
by the Owyhee River. Elevations in both provinces range from about 1,200 meters to 
2,930 meters atop Steens Mountain. Except for slopes of the fault-block mountains, much 
of the area is rolling with low relief. Since annual precipitation in the area averages only 
180 to 300 millimeters, most streams are intermittent, and numerous undrained basins 
contain shallow, saline lakes. 

Excepting small amounts of Paleozoic and Mesozoic formations which outcrop in the 
Pueblo and Trout Creek Mountains, virtually all rocks date from Miocene to Recent 
epochs. The western Basin and Range Province is made up largely of Miocene to Recent 
flows of basalt, pyroclastics, and alluvial sediments. Further east, two rock assemblages 
are prominent: (1) Miocene flows of rhyolite, dacite, and andesite near Abert Rim and 
Paisley; and (2) altered basalt and andesite flows and tuffs overlain by tuffaceous sedi­
mentary rocks in an area just east of Lakeview. Principal fault-blocks in the area (Winter 
Ridge, Abert Rim, and Steens Mountain) are capped with Miocene flows of basalt. At the 
base of the Steens Mountain fault scarp are tuffaceous sedimentary rocks as well as flows 
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Figure 20.-Hart Mountain, a typical fault-block mountain in the Basin and Range Province of south­
eastern Oregon; note the internally drained depressions containing shallow, saline lakes. 

of rhyolites, andesites, and dacites. Steens Mountain is also of interest because of evidences 
of extensive glaciation-glacial carved channels and cirque basins at the head of virtually 
every drainage (fig. 21). 

To the east, near the Owyhee River, are Miocene and Pliocene beds of tuffaceous sedi­
mentary rocks capped by flows of rhyolite and basalt. In addition , thick beds of quartzose 
sandstone, siltstone, and conglomerate outcrop near the mouth of the Owyhee River. The 
most recent volcanic activity in the area occurred during the Pleistocene epoch and resulted 
in basalt flows of limited extent at Diamond (fig. 22) and Cow Lakes Craters. 
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Figure 21.- Kiger Gorge, a glacially carved valley penetrating Steens Mountain, eastern Basin and 
Range Province, Oregon. 

Soils of these provinces may conveniently be divided into two main groups-those in 
the west which developed under forest vegetation and those in the east associated with 
grassland-shrub vegetation. A tree-covered high plateau area in the northwestern corner 
of the Basin and Range Province is mantled with extensive deposits of Mount Mazama 
pumice. Although most was aerially deposited originally, the pumice has been reworked 
by water in some areas or was deposited in glowing avalanches which swept down slopes 
near the volcano during the eruption. Soils derived from pumice have immature, regosolic 
profiles consisting of a moderately thick surface layer with some organic matter accumula­
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tion overlying nearly unweathered, yellow- and buff-colored pumice gravel and sand. 
These Vitrandepts (Regosols) are slightly acid and, due to the high porosity of the pumice 
particles, have water-holding and cation exchange capacities far greater than generally 
expected in such coarse material. 

Upland soils to the east which support grassland-shrub vegetation are dominantly 
Haplargids and Durargids. The Haplargids (mostly Sierozem and Brown soils) are derived 
from basalt and generally have a very stony loam surface horizon underlain by either 
a clay or stony loam subsoil. The Durargids (Sierozem and Brown soils with hardpans) 
are also developed on basaltic parent materials and are characterized by a very stony 
loam surface horizon over a clay subsoil. A silica-cemented hardpan is present at depths 
of 2 to 5 decimeters. Rhyolite and dacite parent materials south and west of Paisley give 
rise to Argixerolls (Prairie soils) typically having stony loam A horizons and stony silty 
clay loam subsoil. 

Scattered throughout the area are a number of ancient dry lakebeds with deep silty 
lacustrine deposits. A wide variety of soils is found in these areas. Principal well-drained 
soil groups are Camborthids (Sierozems and Desert soils), Durargids, and Durorthids 
(Regosols with hardpan). These soils are generally silt loam textured and, almost without 
exception, include a silica-cemented hardpan within 1 meter of the surface. Poorly drained 
soils on lake-deposited sediments are most often Haplaquolls (Humic Gley soils) and 
Haplaquepts (Low-Humic Gley soils). 

Figure 22.-Diamond Craters, source of Pleistocene basalt flows in the Owyhee Upland Province of 
southeastern Oregon. 
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Flood plain soils from recent alluvium include Haplaquolls, Haploxerolls (Chestnut and 
Brown soils), and Haplorthents (Alluvial soils). These soils, having a variety of textures, 
are mostly poorly drained and have seasonally high water tables. Well-drained soils 
derived from alluvium are situated on alluvial fans and terraces and are generally classed 
as Durargids. 

Climate 
The varied climates of Oregon and Washington result from complex interplay between 

maritime and continental airmasses and the mountain ranges, particularly the Cascade 
Range that divides the States into eastern and western parts. Climatic data for representa­
tive stations in both areas are provided in table 2; this table, the isohyetal map (fig. 23), 
and the isoline maps for January mean minimum and July mean maximum temperatures 
(figs. 24 and 25) can be consulted during the following discussion. 

Table 2. - Climatic data from some representative weather stations in Oregon and Washington 

Temperature Precipitation 

Area and r----' 

Station 
Eleva- Lati- Longi· Average Average June Average 
tion tude tude Average Average January Average July Average through annual 

annual January minimum July rnaximurr annual August snowfall 

Meters - -i ­ - - - - - - Degrees C. - - - - - - - - - ­ Millimeters Centi­
meters 

West of Cascade , 
Range: I 

I 

Quinault, Wash.' 72 4r28' 123°51' i 10.6 i 3.8 1.2 17.3 23.8 3,371 244 30 

Otis, Oreg.' 49 45°02' 123°56' ! 10.3 5.3 2.00 15.3 20.1 2,496 163 .­
i 

Bellingham, 34 48°47' i 122°29' i 9.5 i 2.7 -1.4 16.1 23.3 853 102 25
Wash.' 

Seattle, Wash.' 34 i 4r 39' 1122
0 

18' 11.6 
I 

4.5 1.1 18.7 24.1 888 79 29 

Portland, Oreg.' 9 ! 45°32'I 122°40' I 12.6 
i 

4.6 1.4 20.3 25.8 1,076 70 31 

Medford, Oreg.' 400 42°22' 122°52' 11.4 ! 1.9 -1.2 22.2 31.8 502 36 19 
I 

East of Cascade IRange: 

Spokane, Wash. 718 47°37' llr31' 8.8 -3.7 -·7.8 23.9 28.7 437 58 147 

46°34' 120°32' 
I 

Yakima, Wash. 323 i 9.9 I -2.5 -·8.9 21.7 31.3 200 29 64I 

Pendleton, Oreg. 455 45°41' 118°51 ' 11.6 
I 

.1 -4.3 23.1 31.2 314 42 47 

Klamath Falls, 1,249 45°12' [121 
0 

47' I 9.1 I -1.4 -6.4 20.4 29.6 357 40 104Oreg. 

, Coastal station. 


'Station in lee of Coast Ranges. Source: U. S. Weather Bureau (1965a, 1965b). 
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Mean Annual Precipitation (em.) 

Figure 23. - Mean annual precipitation in Oregon and Washington (U.S. Weather Bureau 1960a, b). 
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Western Oregon and Washington have a maritime climate, characterized by: 
1. 	 mild temperatures with prolonged cloudy periods, muted extremes, and narrow diurnal 

fluctuations (6° to 10°C.); 
2. wet, mild winters, cool, relatively dry summers; and a long, frost-free season; and 
3. 	 heavy precipitation (typically 1,700 to 3,000 millimeters or more on the coast and 

800 to 1,200 millimeters in the Puget-Willamette trough), 75 to 85 percent of which 
occurs between October 1 and March 31, mostly as rain. 

Most precipitation is cyclonic, the result of low-pressure systems that approach from the 
Pacific Ocean on the dominant westerlies. During summers, storm tracks are shifted to 
the north, and high-pressure systems bring fair, dry weather for extended periods. 

There are some important variations in the climate of the western lowlands as a result 
of the coastal mountains and of latitude. Coastal mountains are responsible for the drier 
and less muted climate of the Willamette valley, Puget trough, and interior valleys of 
southwestern Oregon. The maritime airmasses are blocked from these areas to varying 
degrees, and precipitation declines markedly in resultant rain shadows (table 2). At the 
same time, there is a general latitudinal increase in precipitation from south to north. 
Consequently, the interior valleys of southwestern Oregon typically have hot, dry climates 
(see Medford in table 2). 

Eastern Oregon and Washington combine features of both maritime and continental 
climates. Temperatures are milder than those in the Great Plains since the Rocky Mountains 
buffer the full brunt of the continental airmasses. Still, temperatures fluctuate more widely 
than west of the Cascades, diurnal fluctuations of 10° to 16° C. being typical. Winters are 
colder, summers are hotter, and frost-free seasons are shorter. Precipitation is still 
primarily cyclonic in origin but is considerably less than to the west since the area lies 
in the rain shadow of the Cascade Range; annual precipitation is typically 250 to 500 
millimeters. Precipitation is not quite as seasonal, only 55 to 75 percent of it occurring 
between October 1 and March 31, but summers (June through August) are very dry 
(30 to 70 millimeters). A high proportion of the annual precipitation falls as snow, which 
is relatively uncommon in the coastal areas. 

Mountain masses have profound effects on the climatic regime. As mentioned, the Cascade 
Range is an extremely important barrier to the movement of maritime and continental 
airmasses. Within the Cascade Range, elevation has a primary effect on local climate. 
Precipitation and snowfall increase and temperatures decrease rapidly with increasing 
elevation on both western and eastern slopes of the range (fig. 26). Similar phenomena 
occur more locally with smaller mountain masses. For example, precipitation is very 
high on the western slopes of the coastal ranges (Olympic Mountains, Coast Ranges, and 
Siskiyou Mountains), and rain shadows occur to the east. In eastern Oregon and Washing­
ton, increases in precipitation and decreases in temperature are associated with mountain 
masses such as the Blue Mountains and Okanogan Highlands. 

Some details of climate associated with individual vegetation types will be included in 
later chapters. The reader should keep in mind (1) the basically mild, summer-dry regional 
climate and (2) the blocking effects of mountain masses on westerly winds of maritime 
and northeasterly winds of continental airmasses. 
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I 

CHAPTER III. MAJOR VEGETATIONAL 

AREAS 


Vegetation-natural plant communities-can be organized in numerous ways. Unfor­
tunately, no single system is completely satisfactory either in providing a logical "cell" 
for all community types or a structure suitable for all users of a volume of this type. It 
is much the same problem that exists in plant taxonomy, i.e., structuring a linear system 
when a multidimensional classification is really necessary. 

We begin our classifications by recognizing four major groupings (fig. 27): (1) forests, 
(2) grasslands and shrub-grass communities (hereafter referred to as steppe and shrub­
steppe, respectively), (3) interior valleys of western Oregon (Chapter V) I and (4) timberline 
(subalpine parklands) and alpine regions (Chapter X).2 The two broad physiognomic 
divisions of forest and steppe can be further divided geographically. Distinctive forest 
regions are found in western Washington and northwestern Oregon (Chapter IV), interior 
southwestern Oregon (Chapter VI), and in eastern Washington and Oregon (Chapter VII). 
Steppe and shrub-steppe are separable into those found in the Columbia Basin Province 
(primarily in eastern Washington) (Chapter VIII) and in central and southeastern 
Oregon (Chapter IX). 

H el'e and throughout this book, western Washington or Oregon refers to the region west of the crest 
of the Cascade Range and eastern Washington or Oregon to the area east of the crest. 

2 Communities found on unique, specialized habitats or in geographic anomalies form a fifth group; they 
are considered in Chapter XI and will not be discussed further here. 

Legend 
FORESTED REGIONS 

Picea sitchensis Zone 

Tsuga heteTophylla Zone 

Puget Sound area 

Mixed Conifer and Mixed Evergreen Zones 

Pinus ponde1'osa Zone (broad sense) 

Pumice region 

Abies grandis and Pseudotsuga menziesii Zones 
Subalpine forests (including Abies amabilis, 

A. lasiucarpa, A. magnifica shastensis, 
and Tsuga mertensiana Zones) 

INTERIOR VALLEYS OF WESTERN OREGON 
Willamette valley 

Umpqua and Rogue valleys 

STEPPE REGIONS 

STEPPE (without A1"temisia t1'"identata) 


SHRUB-STEPPE (with Artemisia t1"identata) 


DESERT SHRUB 


J uniperus occidentalis Zone 


TIMBERLINE AND ALPINE REGIONS 
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Figure 27. -Generalized vegetation map of Oregon and Washington (based partially on Hayes (1959), Kuchler 

(1964) , and Poulton (1962». 
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We have used zones as basic organizational units for the communities within the sub­
divisions just outlined. Zones of various types have been used for many years in bio­
geography, particularly in mountain regions. They have been defined by many criteria, 
such as climate, existing vegetation, and potential (climax) vegetation (Daubenmire 1946). 
Perhaps a zone is most usefully defined as the area in which one plant association is the 
climatic climax (Daubenmire 1968a). This delineates an area of essentially uniform macro­
climate since the climax community on deep, loamy soils and undulating topography3 is 
primarily a product of macroclimate. Such zones tend to occur sequentially along moisture 
and temperature gradients which extend through broad regions or up mountain slopes. 

Vegetational zones based on climax vegetation are the organizational basis for much of 
this paper. Our scheme is imperfect, however, for many reasons. In some areas, data are 
insufficient for construction of such a system and a more typological approach must be 
used (e.g., in southwestern Oregon). In other cases, zonal or modal habitats (loamy soils 
and undulating topography) are rare or absent, such as in most of the mountainous areas 
and the major part of eastern Oregon. Consequently, our forested zones are based not on 
climatic climax communities but rather on areas in which a single tree species is the major 
climax dominant; e.g., Pinus ponderosa or Tsuga heterophylla. 4 These areas do tend to 
occur as zonal sequences. Typological systems are inadequate since they depend on existing 
vegetation and frequently emphasize widespread seral types that span widely varying 
environments or economically valuable species rather than biologic features. 

Someday, northwestern communities might be organized along the lines of climax 
series as recently carried out by Daubenmire and Daubenmire (1968) in the forests of 
eastern Washington and northern Idaho, but available data are inadequate. In such a 
system, phytogeographic data are organized by dominants in climax communities, e.g., 
Tsuga heterophylla, Abies lasiocarpa, and Pinus ponderosa without reference to zones, 
thereby avoiding the many difficulties posed by rugged mountain topography (Daubenmire 
1968a). 

Since we have elected to use zones, the reader should consider some attributes of the 
zonal scheme as he views the landscape: 

1. 	Zones may occur as sequential belts on mountain slopes, but more often they inter­
finger, with each attaining its lower elevational limits in valleys and its highest limits 
on ridges; as a consequence, the zones along the slopes of a narrow valley can be 
reversed from their otherwise normal altitudinal relationship (Daubenmire 1946) 
(fig. 28). 

2. 	 Related to this phenomenon is the tendency for species or associations, occupying 
modal sites in one zone, to occur on moist, cool habitats in the adjacent warmer and 
drier zone and on warm, dry habitats in the adjacent cooler and moister zone. For 
example, east of the Cascade crest, PseudotslIga menziesii can occur as a climax 
species on relatively moist habitats in the Pinlls ponderosa Zone or on relatively 
dry ridges within the Abies grandis Zone. In the Washington steppe, the zonal 
Agropyron-Festuca association may occur as a topographic climax on steep north 
slopes in the drier ArtemisialFestuca Zone or on steep south slopes in the moister 
FestucalSymphoricarpos Zone. 

3 By definition, deep loamy soils and undulating topography constitute the zonal or modal habitat. 
In essence, neither soils nor topography significantly modify the macroclimatic factor in development of 
plant communities on these sites. 

4 In two cases, we have named zones after major seral .species characteristic of only that zone-Picea 
sitchensis and TSllga lIIei'tellsiana. 
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Figure 28.-Schematic diagram illustrating inter­
fingering of zones in mountainous topography. 

3. 	 Disturbance and the resulting seral vegetation may obscure zonal sequences. Pioneer 
species often range through several vegetational zones. Many of the seraI dominants 
in a given zone tend to be climax species in adjacent warmer and drier zones. Hence, 
Pinus ponderosa and Pseudotsllga menziesii are common pioneers on disturbed sites 
in the Abies gralldis Zone. The relative abundance of understory and reproducing 
tree species often indicates trends in such areas. 

4. 	 Zonal schemes reflect plant responses to strong macroclimatic gradients in tempera­
ture and moisture. Unusual physical or chemical soil properties sometimes override 
climatic factors to severely modify zonation patterns. Serpentine areas and the 
pumice region east of Crater Lake, Oregon, are examples. 

Before proceeding, we would like to discuss further the features which differentiate 
and are common to our geographic subdivisions of the forests and steppes. The interior 
valleys of western Oregon and timberline and alpine regions are treated in individual 
chapters and require little additional elaboration here. The interior valleys are potentially 
forested regions; for a variety of reasons, including the mosaic of forested and nonforested 
communities which characterizes the valleys in the past and present, we have treated 
them separately. Geographic diversity in timberline (subalpine parklands) and alpine 
regions exists but will be discussed in Chapter X. 

Forests 
In Oregon and Washington, forests dominate the landscapes west of the Cascade Range 

and the mountain slopes to the east (fig. 27). A great many tree species are endemic, but 
with rare exception, the dominants are conifers. In fact, the finest coniferous forests in 
the world occur in this region and adjacent parts of California and British Columbia. Some 
of the major tree species are listed in table 3 along with data on the sizes and longevity 
typically achieved. The absence of major hardwood dominants, a unique phenomenon in 
temperate zone forests of the world, is discussed at length in Chapter IV. There is extensive 
literature on the physiology and life history of many of these tree species, much of this 
autecological knowledge having been generated to provide data needed for forest manage­
ment. We have cited little of this literature due to limitations of time and space; com­
prehensive publications which introduce and summarize many autecological data are 
Fowells (1965) and Krajina (1969). Readers wishing an introduction to silyicultural 
systems appropriate to the major forest types should see USDA Forest Service (1973). 
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Table 3. - Ages and dimensions typically attained by forest trees on better sites in the Pacific 
Northwest and their relative tolerances! 

Species Age Diameter Height Tolerance2 

Years Centimeters Meters 
Abies amabilis 400+ 90-110 45-55 VTOl 

Abies concolor 300+ 100-150 40-55 TOl 

Abies grandis 300+ 75-125 40-60 TOl 

Abies lasiocarpa 250+ 50-60 25-35 TOl 

Abies magnifica 300+ 100-125 40-50 INTER 

Abies procera 400+ 100-150 45-70 INTOl 

Chamaecyparis lawsoniana 500+ 120-180 60 TOl 

Chamaecyparis nootkatensis 1,000+ 100-150 30-40 TOl 

Larix occidentalis 700+ 140 50 INTOl 

Libocedrus decurrens 500+ 90-120 45 INTER 

Picea engelmannii 500+ 100+ 45-50 TOl 

Picea sitchensis 800+ 180-230 70-75 TOl 

Pinus contorta 250+ 50 25-35 INTOl 

Pinus lambertiana 400+ 100-125 45-55 INTER 

Pinus mont/cola 400+ 110 60 INTER 

Pinus ponderosa 600+ 75-125 30-50 INTOl 

Pseudotsuga menziesii 750+ 150-220 70-80 INTOl 

Sequoia sempervirens 1,000+ 150-380 75-100 TOl 

Thuja plicata 1,000+ 150-300 60+ TOl 

Tsuga heterophy/la 400+ 90-120 50-65 VTOL 

Tsuga mertensiana 400+ 75-100 25-35 TOl 

Acer macrophyl/um 300+ 50 15 TOl 

Alnus rubra 100 55-75 30-40 INTOl 

Lithocarpus densiflorus 180 25-125 15-30 TOl 

Populus trichocarpa 200+ 75-90 25-35 INTOl 

Quercus garryana 500 60-90 15-25 INTOl 

! Developed from a variety of sources, the most important being Fowells (1965). Maximum ages and sizes for 
species are generally much greater than those indicated here. 

2Tolerance scale: YTOL = very tolerant of shade, TOL = tolerant, INTER = intermediate shade tolerance (greater 
in youth, lesser at maturity), and INTOL = intolerant. 
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The primarily forested areas are divisible into three major subregions: (1) western 
Washington and the Cascade and Coast Ranges of northern Oregon (but including a coastal 
strip extending into California); (2) interior southwestern Oregon, i.e., the Cascade Range 
and portions of the Coast Ranges inland from the Tsuga and Picea forests found as a 
narrow coastal strip (fig. 27); and (:~) eastern Washington and Oregon, including the 
eastern slopes of the Cascade Range. 

The forests of western Washington and northwestern Oregon are the archetype of 
mesic temperate coniferous forests in the world. Many of the dominants are endemic to 
this distinctive coastal forest region~ of PselldotslIga //Ienziesii, TSliga heteropliylla, and 
Thu)a plicata, and many others find their center of distribution and attain maximum 
development here. The environment is mild and extremely favorable for forest development. 

As one moves south from this region, the climate becomes increasingly warmer and 
drier. More and more California species are added to the flora and give the forest region 
of interior southwestern Oregon much of its character (e.g., Pinus lalllberti(1l1a, Libocedrus 
decIINells, and Litliocarplis dell.<ufforlls). The forest zones of this region clearly represent 
a northern extension of the mixed-conifer and mixed sclerophyll forests characteristic 
of the Sierra Nevada and California Coast Ranges, respectively. 

The eastern Washington and Oregon forests are primarily Rocky Mountain forest 
types. Pinus ponderosa, as much as any species, characterizes the forests at lower eleva­
tions, and Abies lasiocarpa, those at higher elevations. Pacific coastal elements mix with 
the Rocky Mountain elements in these interior forests, however, particularly on the 
eastern slopes of the Cascade Range and in extreme northeastern Washington. 

The zones in the three subregions can be related in terms of the factor primarily re­
sponsible for a given part of the zonal sequence (table 4). The relationship between some 

;; Known as the "Paeitic Coastal Forest" (W.S. Cooper. personal communication). "Northern Pacifie 
Coast I{ainy Western Hemlock FOl'est Biome" (Shelford 196:l), and by an endless variety of other 
designations aU('mpting to recognize its distinetive eharaetpr. 

Table 4. - Forested zones in different parts of Oregon and Washington 

Zonal 
groups 

Interior southwestern 
Oregon 

Eastern Washington 
and Oregon I Western Washington 

J 

Xerophytic Interior Valley 

I 

Juniperus occidenta/is I 
Pinus ponderosa ii I (I) 
PselJdotslJga menZies~ 

Mixed Evergreen --i-- I 

. I 
Mixed Conifer Abies grandis Tsuga heterophy/IaTemperate 

Tsuga heterophy/Ia Picea sitchensis 

---------t----------------+-----------t------cAbies amabi/is--

Abies magnifica shastensis 

Abies conca/or 

Abies /asiocarpa Tsuga mertensianaSubalpine 
Tsuga mertensiana 

I There are xerophytic areas in the Puget Trough. 
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Figure 29.-Tentative distribution of some of the major forest zones within an environmental field 
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Coniferolls ForesT Biome, U.S. InTernational Biological Program). 
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of these zones and environment can also be graphically portrayed (fig. 29). In the xerophytic 
zones, moisture is limiting for many species; each step up the zonal sequence indicates 
a more favorable moisture regime. Communities are very responsive to small differences 
in environment affecting plant moisture stresses (e.g.. in exposure and soil depth). Within 
the temperate zones, neither moisture nor temperature conditions are severely limiting 
for the forest species. Forests grow and develop best in these zones, and species composition 
does not shift so markedly in response to local differences in site conditions. Temperature 
is the major factor separating subalpine types from temperate. with the related phenomenon 
of snowpack also profoundly influencing variation in community mosaics. Both factors 
appear limiting for many lower elevation species. 

Steppes 
Steppe and shrub-steppe occupy the basins in the rain shadow east of the Cascade 

Range (fig. 27). This is a region characterized by bunchgrasses (e.g., AgropYl'o/l spicatlllll, 
Festl/cu idali()e/lsis. ?()(/ sUl/dbergii) and sagebrushes (e.g., Artemisia tridel/tata, A. 
ur{moScl/lu, and A. rigido). The vegetation of all or portions of this area is often referred 
to as desert, high desert. northern desert shrub, Great Basin desert, desert scrub, or by 
similar designations; as Daubenmire (1970) points out, "a combination of hot dry summers 
... rattlesnakes, horned lizards, tarantulas, and cacti seem to evoke this [a desert] classifi­
cation...." Daubenmire (1970) goes on to suggest that steppe is the more appropriate 
term based on existence of an appreciable cover of perennial grasses on zonal soils. Shrub 
steppe and meado\v steppe are physiognomic subdivisions of steppe (perennial grassland) 
in which there are conspicuous (but discontinuous) layers of shrubs and a high proportion 
of broad-leaved forbs, respectively. 

In figure 27. we have divided the steppes into three major units (plus a fourth unit of 
forest-steppe transition-the JII)/ipcl'lls ()ccidel/tulis): (1) steppe, i.e., without Artemisia 
tridel/tutu as a component; (2) shrub-steppe in which Artemisia tridel/tutu and perennial 
grass codominate; and (:i) desert shrub. Earlier. Franklin and Dyrness (1969) referred 
to "steppe (without shrubs)" but, as Daubenmire (personal communication) has pointed 
out, almost all the perennial grasslands in the Northwest have at least some shrub 
component. So defined. steppe is found primarily around the eastern rim of the Columbia 
basin (fig. 27). Shrub-steppe occupies the center of the Columbia basin and most of arid 
central and southeastern Oregon. Desert shrub is found only in isolated localities in south­
eastern Oregon. 

Because of the information available. we have broken our treatment of the steppe and 
shrub-steppe into geographic units: the Columbia Basin Province (Chapter VIII) and 
central and southeastern Oregon (Chapter IX). General information on both regions is 
found in Chapter VIII. 
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Figure 30.-0Id-growth P.l' el/d()I .\· I/ ~{/ lII ell :ie.l'ii stand, with abundant T.I'I/~{/ helerophyl/{/ reproduction, 
typical of the dense coniferous forests clothing the Cascade and Coast Ranges in western Washington 
and northwestern Oregon. 
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CHAPTER IV FOREST ZONES OF 

WESTERN WASHINGTON AND 


NORTHWESTERN OREGON 


Western Washington and northwestern Oregon comprise the most densely forested 
region in the United States. These forests represent the maximal deyelopment of temperate 
coniferous forests in the world in terms of extent and size (fig. ;W). For this reason, we 
would like to begin this chapter with a consideration of their outstanding features. This 
will be followed by an oyeryiew of their present condition and environment and detailed 
descriptions of the four major zones encountered in this area-the temperate Pictu 
sitcliciisis and T.,(lIgu Iictc)'o]Jliyl/u Zones, cool temperate A.oies ullluhiii.~ Zone, and sub­
alpine T.'wga IIlcI·telisiulio Zone.! 

Uniqueness of These Ten1perate Coniferous Forests 
Western Washington and northwestern Oregon are the locale of the classic coniferous 

forests of the world, i.e., the popularly known region of PS(,lIdot.'wya 1I/{'II::i('.~ii dominance, 
of TSII.r/u lietem]Jhyl/a-Tllllja piicata climaxes, and coastal Pin'a sitcliell"i.~ "rain forests" 
(Weaver and Clements 1938, Shelford 1963, Heusser 1960). Fe\v haye appreciated how 
truly unique these forests are among the mesic temperate forests of the world, howeyer. 
This includes many features including composition and productiYity. 

One of the most outstanding features of these forests is the nearly total dominance 
of coniferous species. Kuchler (1946) reports the ratio of hardwoods to conifers in this 
region as 1: 1,000 based on timber volume. In nearly all other mesic temperate zone 
regions, certainly in the northern hemisphere, deciduous hardwood or mixed harclwood­
coniferous forests are the major natural forest formation. Coniferous species tend to be 
concentrated on more stressful habitats within a hard\vood or mixed-forest matrix or to 
function primarily as pioneer or seral species which gi\'e way to a hardwood-dominated 
climax forest. Exceptions to such broad generalizations can be found; but the afore­
mentioned pattern can be observed repeatedly in the mesic, moderate temperate zones of 
eastern Asia (particularly Japan), eastern United States, and western Europe. In the 
wet, mild climate of western Washington and Oregon, the patterns are reversed with 
deciduous hardwoods playing minor roles in mature forests and generally lJeing concen­
trated upon stressful habitats (e.g., Qllcrciis woodlands) or functioning as pioneer species 
(e.g., Aillll.'! I'IIbra), Plant geographers have repeatedly commented upon the coniferous 
dominance of this region and offered hypothetical explanations; we will consider possible 
explanations shortly. 

A second outstanding feature of the coniferous forests of this region is the size and 
longevity of the dominant species (table ;)). In other parts of North America or the world, 
there are individual species which rival in height and diameter the northwestern American 
species or which exceed them in longevity. In no region is found a group of dominant 
trees which are the overall match of these, howeyer. Every single coniferous genus 

! The following' discussion focuses on the unique features of the mesic temperate coniferous forests 
found in this rel-,rion. Coniferous forests also dominate the slopes of interior mountains east of the Cascade 
Range and the southern Cascade Range and Sierra :\evada. Howe\'er, as one g'J'adually moves away from 
western \Vashington and Oregon into more continental or Mediterranean climates, the distinctive 
features of the mesic temperate forests under consideration are gradually lost; and coniferous forests 
are encountered which more clearly have analogs elsewhere in the north temperate zone. 

53 



represented finds its largest (and often longest lived) specific representative here-and 
sometimes its second and third largest as well: Abies, Picea, PselldotslIga, Pi/illS, Chamae­
cyparis, Th/lja, Seqlloia, Larix, Libocedrus, and TSliga. 

These large, long-lived species do not occur as scattered individuals but dominate dense 
forests which clothe the landscape. These forests have produced the greatest biomass 
accumulations of any plant formations in the temperate zone and, possibly, the world. 
Annual productivity of young forests can be very great on favorable habitats; Fujimori 
(1971) reports an annual net productivity of 36.2 metric tons of biomass per hectare in a 
26-year-old coastal TSlIga heterophylla stand. Annual productivity is substantially less 
on the average (perhaps 15 to 25 metric tons per hectare in fully stocked stands on 
better than average sites). Other mesic temperate zone forests may equal or exceed the 
northwestern forests in annual productivity in early years, but the coniferous forests in 
this region continue to grow substantially in height and accumulated biomass for 
decades or even centuries after others have essentially reached a state of equilibrium. As 
a consequence, it is not unusual to find closed mature forests in the Tsuga heterophylla, 

Picea sitchensis, and Abies amabilis Zones which have per-hectare values in excess of 
100 square meters of basal area, 800 or 900 metric tons of live aboveground biomass, and 
2,000 cubic meters of wood volume. Total nondestructive biomass analyses of superlative 
stands of Sequoia sempervil'ells, Abies procera, and Pseudotsuga lIlellziesii conducted 
jointly by the Coniferous Forest Biome, U.S. International Biological Program and 
Japanese International Biological Program,2 show maximum values far in excess of these. 
Earlier, Fujimori (1972) had made some tentative estimates of maximum biomass accumu­
lation based on mensurational data from "record" plots reported in the literature: 

Biomass 
Forest type (metric tons per hectare) 

Sequoia selllpel'vil'CIiS 4,525 
Pscudotsllga IIlcliziesii 2,437 

After these estimates are adjusted drastically downward to take account of small 
plots placed within the densest parts of the stands, the values (2,300 and 1,600 metric 
tons for Seqlloia and PselldotslIga, respectively) still exceed any biomass figures ever 
reported. 

What factors are responsible for this dominance of coniferous species and the high 
stand productivities and biomass accumulations? Kuchler (1946) has probably given the 
compositional question greater consideration than any other author. He concludes that 
conifer dominance is mainly due to the history of climatic events over geologic time 
(evolution of the forests since the Miocene) and not primarily a consequence of the pre­
vailing climate. 

Certainly, conditions over geologic time, particularly during the Pleistocene, have been 
important dements in selecting a coniferous-dominated forest from the mixed Arcto­
Tertiary forests of the Miocene. Evidence accumulated largely through the U.S. Interna­
tional Biological Program's Coniferous Forest Biome project increasingly suggests that 
the present climate is particularly favorable to coniferous species, however, and holds 
at least one key to coniferous dominance. Two climatic factors are notable: (1) the region 
has high total precipitation, but most occurs during the winter, and summers are relatively 

2 Data collected by Takao Fujimori and Charles Grier on file at the U.S. Forest Service, Forestry 
Sciences Laboratory, Corvallis, Oregon. Data reduction and analysis were not complete at the time this 
manuscript was prepared, but basal area per hectare was about 340 square meters in the Sequoia stand 
and 150 square meters in the Abies stand. Although Sequoia sempervirens forests of this size are found 
in coastal northern California and not in Oregon or Washington, it seems appropriate to include them 
in this discussion of the mesic temperate coniferous forests of which they are clearly one element. 
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dry (table 2); and (2) winters are very mild. Either one or both phenomena are absent or 
much less pronounced in other mesic temperate regions. As a consequence, coniferous species 
in western Washington and Oregon carryon substantial amounts of their yearly assimila­
tion during the fall, winter, and spring. Furthermore, moisture stress, a significant factor 
on many forest sites during the summer, reduces the amount of assimilation possible during 
this season. Both the mild winters and dry summers would appear to give a definite advan­
tage to evergreen species, i.e., to conifers over deciduous hardwoods. These are by no means 
the only factors apparently favoring coniferous forests but appear to be major elements in 
the complex explanation of coniferous dominance which is evolving. 

The preceding discussion helps explain the high productivities encountered in many 
of the forests of western Washington and Oregon (e.g., see Fujimori 1971) but offers little 
enlightenment as to why trees grow to such large sizes and why stands have such large 
biomass accumulations. We will not explore this question here other than to point out 
two requirements for such a phenomenon. First, it is necessary to have species with the 
genetic potential for sustained height growth and longevity. The appropriate genotypes 
are obviously present in this area and are generally absent from other north temperate 
zone forests. What factors have favored these genotypes in the Pacific Northwest but not 
in other temperate regions? An absence of gene pool depletion in the Pacific Northwest 
during the Pleistocene may be one contrast with many other temperate regions (Silen 
1962). Second, it is necessary to have an environment which will allow the species to 
attain their genetic potential, i.e., to grow dense and tall and to survive for many centuries. 
Climatic conditions may again prove to be a key in explanation. For example, Fujimori 
(1972) points out that strong winds which disturb or weaken forest communities in many 
other temperate regions (the typhoons of Asia and hurricanes of the eastern United States) 
are relatively uncommon in the Pacific Northwest. 

Present Forest Conditions 
At the time of the first settlers, conifer stands clothed almost the entire area of western 

Washington and northwestern Oregon from ocean shore to timberline except for the 
Willamette valley and some prairies in the Puget Sound trough. Presently, 82 percent of 
western Washington and Oregon is still classed as forest land (Barrett 1962), a total of 
11,764,000 hectares. 

As mentioned, forests grow rapidly in the region, the size, density, and longevity of 
virgin old-growth stands being practically unparalled (fig. :30). Dominant tree species 
typically reach heights of 50 to 75 meters at maturity (table :3). Some species often live 
well beyond 500 years, a significant feature from a successional standpoint. For example, 
in this area, PSfllciotslIga IIItl/ziesii is mainly a pioneer or seral species that reproduces 
after fire or other disturbances. Its long lifespan enables it to persist during extended 
periods of stability and to reseed an area following the next disturbance. 

Much forest land in western Washington and Oregon is occupied today by relatively 
young seraI stands that have followed clearing, logging, and wildfire. Such stands are 
typically referred to as "second growth" regardless of origin. Clearing away the obstructing 
forest was, of course, the first order of business for settlers. Much of this cleared acreage 
has since been covered by towns, cities, and farms. The lumber industry began almost 
simultaneously and grew rapidly in importance about the turn of the century. Activity 
was initially most intense in the lowlands of western Washington but slowly shifted 
southward and higher into the mountains as the virgin forests were cut over. Carelessness, 
often associated with clearing and logging, has resulted in extensive fires during the dry, 
warm summers and falls (fig. :31). Single burns usually reforest well from individual 
and/or grouped trees left by the fast-moving fires (fig. 32); areas burned repeatedly often 
remain treeless for many years (fig. 88). 
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Figure 31.-Wildfires of both natural and human origin Figure 32.-Single wildfires typically leave individual trees 
have been responsible for the extensive seral forests of or groups of trees which reforest the burned area 
PSl'lido/SIiRlI /Jl 1' 11 ~il'sii. quickly. 

Figure 33.-Repeated wildfires can produce extensive tracts which remain deforested for decades without 
human intervention; Tillamook Burn, Oregon, first burned in 1933 and since has reburned several 
times. 



Logging in the subregion is generally by clearcutting (Barrett 1962), partly for economic 
and partly for silvicultural reasons. Pseudotsuga mellziesi i, the preferred species, normally 
requires relatively open conditions for reproduction and rapid juvenile growth. In some 
areas, clearcuts are made as staggered patches (fig. 34), and in others, continuous clear­
cutting is practiced. Logging slash is typically broadcast-burned after cutting, and the 
site is seeded or planted, usually to Pselldotsllga. 

Other silvicultural systems are equally or better suited to regeneration of Pse llciotsllga 
forests, however, and are being used increasingly on sites where clearcutting is silvicul­
turally unsatisfactory or esthetically unacceptable (USDA Forest Service 1973, Franklin 
and DeBell 1973). 

Four vegetation zones can be recognized in western Washington and the Cascade and 
Coast Ranges of northern Oregon: the coastal Picea s itch ell sis Zone , the widespread 
TSllga heterophylla Zone, Abies amabilis Zone, and the subalpine TSllga mertell siana 
Zone. Typical tree species and their zonal occurrence in western Washington are listed 
in table 5. 

Figure 34.-0Id-growth forests in western Washington and Oregon are typically logged in "staggered­
setting" cIearcuts of 15 to 30 hectares (Santiam River drainage, WiIIamette National Forest, Oregon). 
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Table 5. - Representative tree species and their relative importance In both seral and climax 
communities in forested zones of western Washington I 

Species 

Zones 

Picea Tsuga 
sitchensis heterophylla 

, 

Abies 
amabilis 

Tsuga 
mertensiana 

Abies amabilis m m M M 

Abies grandis 

Abies lasiocarpa 

Abies procera 

Chamaecyparis nootkatensis 

m m m 

m 

M 

m 

M 

m 

M 

Picea sitchensis 

Pinus monticola 

Pinus contorta 

M 

m 

m 

2m 

2m 

m 

m 

m 

m 

Pseudotsuga menziesii M M M m 

Tsuga heterophylla 

Acer macrophyllum 

Alnus rubra 

M 

m 

M 

M 

m 

M 

M m 

Thuja plicata M M m 

1 M = major species, m = minor species. 

2 Except major species in the Puget Trough Provincc. 


Picea sitchensis Zone 
Picea sitchellsis characterizes this long narrow zone which stretches the length of 

Washington and Oregon's coast. It is, in fact, just part of a coastal forest zone which 
extends north into Alaska and south well into northern California where it grades, in 
part, into Sequoia selllper('irells forests. The Picea sitchellsis Zone is generally only a few 
kilometers in width, except where it extends up river valleys. On the west side of the 
Olympic Peninsula, where an extensive coastal plain exists, it is much broader. Although 
the zone is generally found below elevations of 150 meters, it goes to 600 meters when 
mountain masses are immediately adjacent to the ocean. This zone could be considered a 
variant of the TSliga heterophylla Zone distinguished by P. sitchellsis, frequent summer 
fogs, and proximity to the ocean. Perhaps for this reason Krajina (1965) has not recognized 
a similar zone in British Columbia; our PiCe(( sitchellsis Zone is comparable to the Coastal 
Subzone of the Humid Transition Life Zone recognized by D. R. M. Scott (Barrett 1962). 
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Environmental Features 

The Picea "itchellsi" Zone has what could be considered the mildest climate of any 

northwestern vegetation zone (table 6). Extremes in moisture and temperature regimes 
are minimal; the climate is uniformly wet and mild. Precipitation averages 2,000 to 3,000 
millimeters, but frequent fog and low clouds during the relatively drier summer months 
are probably as important in ensuring minimal moisture stresses. Fog drip adds precipita­
tion as a consequence of condensation in tree crowns (Ruth 1954). 

Some of the finest forest soils in the region are found in this zone-deep, relatively 
rich, and fine textured. Major great soil groups on upland forest sites are mainly Haplo­
humults (Brown Lateritics, Reddish Brown Lateritics, and Sols Bruns Acides). Surface 
soils are typically acid (e.g., pH 5.0 to 5.5), high in organic matter (e.g., 15 to 20 percent) 
and total nitrogen (e.g., 0.50 percent), and low in base saturation (e.g., 10 percent). 

Table 6. - Climatic data from representative weather stations within the Picea sitchensis Zone 

Temperature Precipitation 

Station 
Eleva· Lati· I Longi·, Average Average June Average 
tion tude tude Average Average January Average July Average through annual 

annual January minimum July maximum annual August snowfall 

Meters ....... Degrees C ........ Mill i meters Centi­.. . ... 
meters 

Quinault, Wash. 72 47 28' i 12351' 10.6 3.8 1.2 17.3 23.8 3,371 244 
i 

Astoria, Oreg. 66 46
0 

11' 11230 ~6 4.7 2.1 16.0 20.6 1,967 140 
Ii i 

I ! I 
IOtis, Oreg. 49 i 45°02' 12T56' 10.3 5.3 2.2 15.3 I 20.9 2,496 163 , I 

i I , 

Port Orford, Oreg. 96 4T44' 12431 ' 11.3 7.9 4.3 14.9 19.2 

i 
1,780 81 

--. 

30 

Source: l". S. \\'eather Bureau (1956. 19fi5a. 1965bl. 

Forest Composition 
The coniferous forest stands in this zone are typically dense, tall, and among the most 

productive in the world (Fujimori 1971) (fig. 35). Constituent tree species are Picea 
sitcliellsi", TSII,!/a liete/"(ipliyl/a, TI/llja plicata, P"elldotslIga 1I1I'llziesii, A.hies ynwdi", and 
A. alllahili., (in Washington). The first three are by far the most common. AI'IIiS mbl'u is 
one of the most abundant trees on recently disturbed sites, and Pillll.'; cOllt()l'ta is common 
along the ocean. Seqll()ia se 1I1])(,I'I'il'c II.';, Ulllbcl/lllul'ia caIUI!/'lIica, and CI/OlI/al'c!Jpal'is 
IUWSOlliullu are found in this zone in southwestern Oregon. 

Mature forests have lush understories with dense growths of shrubs, dicotyledonous 
herbs, ferns, and cryptogams (fig. :36). On sites modal in environmental conditions, 
P()lystichlllll 1IlIllIitlllll, O.rulis OI'I'YOIIO, i'v1aiallthclIlIIlIl di/atatlllll, i"'folltia sibil'ico, Tial'el/o 

tl'Ullliata, ~'i()lo Selllpel'cirellS, V. ylohcl/o, DispOl'lllI1 slllitliii, ~'OCCilli/l1ll po I'l'ifillili III , and 
i'v1cllziesio ji'l"rIIgilleo are common understory species. On less favorable sites, e.g., old 
sand dunes and steep slopes facing the ocean, dense understories dominated by ericads 
such as Galiltliel'ia "IIIII/()II, Rhododelldron II/(lcl'()pliylllllll, and VOCCillillll1 ()mtllill are 
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Figure 36.-PolYSlichulIl IIlUnilUIIl and Oxalis oregano 
dominate the understory of this Picea silchensis stand; 
note the "prop" roots of the Picea which has developed 
on a rotting log (Neskowin Crest Research Natural Area, 
Siuslaw National Forest, Oregon). 

Figure 35.-A young, even-aged THi RlI helerophyl/ll stand 
typical of the dense, productive forests found in the 
Picell silch ensis Zone. 

common. Wetter forested sites also have dense understories where Oplopanax horridum, 
Athyrium filix-femina, Blechnum spicant , Dryopteris austriaca, and Sambucus racemosa 
var. arborescens are typical along with the "modal" site species mentioned earlier. 

Cryptogams are extremely abundant and varied in the Picea sitchensis Zone (Sharpe 
1956, Coleman et al. 1956, Harthill 1964). Some common ground cryptogams are 
Eurhynchium oreganum, Hylo comium splendens, Hypnum circina le, Rhytidiadelphus 
loreus, Leucolepis menziesii, and Plagiomnium insigne . Isothecium stolomferum, Ptilidiul1l 
californicum, Pore lla navicularis, and Scapania bolanderi are a small sample of the 
abundant epiphytes. Alnus rubra is an especially favorable host for epiphytic development 
(Pechanec and Franklin 1968, Coleman et al. 1956). 

The limited community analyses available for typical Picea-Tsuga forests found in this 
zone confirm the generalized description. Hines (1971) recognizes two major community 
types along the northern Oregon coast: Tsuga heterophylla-Picea sitchensislGaultheria 
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shallon/Blechna In spicant and Tsnga-Picea/Oplopanax horridu m/Athyrium filix-Jemina.:! 
The TSlIga-Pieea/Galiltheria/Blech1l1un type is found in areas closest to the coast and 
includes a dense shrub layer of Gall Itheria shalloll (42-percent cover), Vaccinium ovaliJolin m, 
V. parv(folillll/, and M(,lIziesiaJerrllgillea. Major herbaceous species are Blechllum spicant 
(48-percent cover), Polysf ielllllll 1111111 it II In, and Oxal is oregana. Thnja plicata, Pseudott;uga 
meflZiesii, and Alnus rIIbra are infrequently associated with the Picea and Tsuga. Ths 
TSllga-Picea/OplopaJla.r/AthyriulII community is located farther inland. Many ecologists 
would characterize the understory as a Polystiehl/lll munitum-Oralis oregana type since 
these two species have the greatest cover (49 and 50 percent, respectively). Other species 
present include Vaccillillill ovalijiiliu III, V. parviJolium, Menziesia Jerruginea, Acer 
circinatum, Oplopana:X' horridum, and Rubns spectabilis in the shrub layer and Blechnum 
spirant, Disporum smithii, Athyrzum filix-Jemina, and Maianthemum dilatatum in the 
herb layer. Pseudotsliga mellziesii, particularly, but also Thuja plicata and Alnus rubra 
are more frequent associates of the TSliga and Picea in this community. 

Successional Patterns 
Early successional trends following fire or logging in the Picea sitchensis Zone are 

similar to those encountered in the T.'mga heterophylla Zone (see next section). There is 
a stronger tendency, however, toward development of dense shru b communities dominated 
by Rllblls spectabilis, Salllbucus raceillosa var. arborescens, and Vaccinium spp. because 
of the favorable growing conditions. Several of these seral communities have been described 
and mapped along the northern Oregon coast (Meurisse and Youngberg 1971, Meurisse 
1972). Among the more common are the "Salal-Red Huckleberry" (Galiltheria shalloll­
Vaccill ill III palTij'ol ill III ), "Salmonberry-Sword Fern" (Rllbus spectabilis/Pulysticlw m 
III II I/ifll III), and "Vine Maple-Sword Fern" (Acei' eirei/latlllll/Polystichulll ;nul/ifum) types, 
The Salal-Red Huckleberry type has about 75-percent cover of the two dominants and 
a very low herbaceous cover typified by Polystichutn munitum and Pteridium aquilinum. 
The "Salmonberry-Sword Fern" type has a high cover of Rubus spectabilis (average 65 
percent) in association with other shrubs such as Rllbus pan'ijiurlls and Sambuclls, and 
a relatively rich herbaceous layer characterized by Polyst ielll/III 1111111 itu III , O,ral is oregalla, 
Moia/ltll('lIllIlII dilafoflllll, and Bledl/IIIIII spinlilf. Gaultheria sl/(Illo/l is found only on 
decaying wood in this type. 

There are two major kinds of seral forest stands in the zone: (1) coniferous, containing 
varying mixtures of Piccu, T."lIga, and PS(,lIdotslIga, and (2) the hardwood, Alll1l8 I'libra. 
Al'IIIS /'/I hi'll reproduces abundantly and grows extremely fast on disturbed forest land 
within the zone (Zavitkovski and Stevens 1972), In many cases, it overtops conifer regenera­
tion, resulting in pure or nearly pure AlllUs forest (fig, 37). Replacement of A. rubra by 
other tree species is often very slow, even though it is a relatively short-lived species. This 
is partially because of the dense shrubby understories of R/lb/ls spectabilis and other 
species typically associated with A.llI liS stands (Meurisse and Youngberg 1971). Successional 
sequences have not been thoroughly studied, although it appears that Al'IIIS rubm can 
variously be replaced by semipermanent brushfields (Newton et al. 1968), by Picea sitcliplIsis 
released from a suppressed state (Franklin and Pechanec 1968), or by Tllllja plicoto or 

:\ We use a slash between taxa in community names to indicate major layers (overstory tree, tall shrub, 
and low shrub and herb) within plant groupings, A hyphen between taxa indicates they are in the same 
layer. 
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Figure 37.-The prolific and fast-growing AIl/li s rttbra often pioneers on logged or 
burned lands in the Picea silchel/sis Zone, offering severe competition for conifers; 
this typical 50-year-old Alnlls rtthm stand has an understory dominated by Rllblls 
specwhilis (Siuslaw National Forest, Oregon). 
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T.~lIya lieteropliyllu, the latter often invading via down logs, Fonda· has described a sere 
for river terraces on the western Olympic Peninsula in which AillllS mbm is replaced 
initially by Piccu sitcliellsis, PopllillS tl'iclw(,(IIPU, and Ace/' IIIUCl'ophylllllll. 

Henderson (1970) describes in more detail an age sequence in community composition 
of river-bottom A.llIIls mbm stands in the Coast Ranges of Oregon. Basically, succession 
in the understory proceeds from a grass-herb to shrub-fern understory over a 60- to 70­
year period. Early understory dominants are HoiCiIS iUllatll:-:, Stellal'ia lIIedia, Jlolltiu 

siliil'ica, Digitaii.~ }Jlll'jJlI)'('a, Rllhlls /lI'SiIiIlS, and Stachys IIIP,ritulla. Species increasing 
with stand age are AtliYl'illll1 fiii,r~f('llIillo, Poiysticll/lill 1II/IIIitil III , and Rllhlls spectobiiis. 

Henderson (1970) tabulates the results from six studies which indicates the A.lllIIs /'/Ibm/ 
Rllhlls sjJl'ctabiiis community is consistently associated with Po/ysti(,/w III , SalllhllellS 

/'((celll().~U, R/lhlls Ill'silillS, Q,miis ol'eyu1IU, and Gaiillill tl'l/im'lllIl. In addition to these 
species which are present in all the descriptions, AtliYl'ill1ll .tiii,r~fi'lIliila, Stellal'ia lIIedia, 

and MOlltiu sibil'ica are usually present as \vell. 
A.l}1II s I'll b}'(l is noteworthy for its soil-im proving properties; this species fixes significant 

amounts of nitrogen in this region (Tarrant 1964, Tarrant and Trappe 1971) and can 
have other effects on nutrient cycling, soil chemistry, and microbiology as well (Franklin 
et al. 1968, Lu et al. 1968, Zavitkovski and Newton 1971). 

Succession in most mature conifer forest types in this zone is toward replacement of 
mixed Piteo sitcliellsis, Tlillja piimta, TSllfJa liete}'()pliylla, and P.~elldut,~/lfJa IIICllziesii 

forests by TSII.!Ja hctcl'()pliyliu (see Neskmvin Crest and Quinault Research Natural Areas 
in Franklin et al. (1972), for example). This species is apparently more tolerant than 
PiCNl sitcliclisis and dominates the reproduction in old-growth forests. Krajina (1969) has 
apparently reached a similar conclusion in coastal British Columbia. Hines (1971) found 
that Pin'a sitcliellsis was not reproducing at all in his T.~II,(/((-Pi('(u/G((llltliel'iu/Biecli}1I11I1 

community type and only about one-third of his T"II.II((-Pic('((/Opiu})(IIIU,t'/A.tliYl'illlll stands 
had Pic('u seedlings, although the T.~llya was reproducing well. He concluded that the 
Picco is perpetuated, if at all, by natural openings created by windthrow or overstory 
mortality. Since P. sitcliellsis, TII/lju piimtu, and PS(,lIdutslI.IIU 1I1I'IIZicsii are all long-lived 
species, even very old stands usually retain at least some of the original representation 
of these species. On moist to wet sites, it appears T. piicuta and, in some cases, P. sitch!'}ISi" 
will be at least a part of the climax along with T, /lIt('}'u}Jh.lllill, 

Much of the forest regeneration in conifer stands takes place on rotting logs, "nurse 
logs," which often support hundreds of TSllya, I)iteu, and T//ilju seedlings (fig. ;~8) (Sharpe 
1956, Hines 1971). Some of these survive, and their roots eventually reach mineral soil. 
The conSt~quences are often readil~' visible in forests as lines of mature trees growing 
along the remains of the original nurse logs. 

I R, W, Fonda, Forest \'t'getation in f'(·lation to river tt'rral't' development in the Hoh \'allt'y, Olympic 
).'ational Park, Washin,.,rton, l'npublished manuscript available from author in Biology Department, 
Wt'stl'rn Washington State ('ollegl" Belling'ham, Wash, lWi2, 
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Figure 38.-Tsuga, Picea, and Thuja seedlings developing 
on a rotting nurse log, a typical phenomenon in forests 
of the Picea sitchensis Zone (Quinault Research Natural 
Area, Olympic National Forest, Washington); the range 
pole in this and other photos, unless otherwise noted, is 
1 m. in height and marked in dm. segments. 

Special Types 
Including, as it does, the ocean strand, headland, and coastal plain environments, the 

Picea sitchensis Zone is the locale of a rich variety of specialized habitats. We will deal 
with the sand dune and strand communities in a later chapter on the vegetation of unique 
habitats, however, and confine this discussion of special types to considerations of the 
"Olympic rain forest," Sequoia sempervirens forest, forested swamps, and a coastal plain 
prairie. 

It is important to note, however, that herb- or shrub-dominated communities which 
are largely confined to headland areas north of Coos Bay become increasingly common 
as ocean-front vegetation types south of Port Orford into northern California. Conversely, 
ocean-front forests become less common and discontinuous and tend to be found on 
headland areas south of Port Orford. This tendency for a reversal of vegetation types is 
increasingly evident and eventually results in a complete dominance of nonforested ocean­
front communities south of about 40 0 north latitude. 

Olympic Rain Forest 

One element of the Picea sitchensis Zone which has been singled out for scientific and 
public attention is the "Olympic rain forest." This attention necessitates we make some 
mention of its characteristics and place within the zone. As generally recognized, the 
Olympic rain forests are old-growth forests, dominated by Picea sitchensis and Tsuga 
heterophylla, found in three or four major river valleys (Hoh, Quinault, Queets, and 
possibly Bogachiel Rivers) in the very heavy rainfall area on the western slopes of the 
Olympic Mountains (Kirk 1966). Among the distinctive characteristics of these forests 
found on older land surfaces (usually river terraces) are: (1) an abundance of Acer 
macrophyllum and A. circinatum; (2) conspicuous coverage of epiphytic plants, mostly 
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cryptogams, but with one of the most abundant being Selaginella oregana, a club moss; 
(3) abundant nurse logs; and (4) heavy seasonal visitation by Roosevelt elk (Cervis 
canadensis var. roosevelti). 

These Picea-Tsuga forests contrast with those normally found within the Picea 
sitchensis Zone (fig. 39). Trees are of massive size (dominant Picea are frequently 230- to 
330-cm. or 90- to 130-inch d.b.h. and over 60 m. or 200 ft. tall), but the stands have relatively 
open canopies and low densities. Scattered through the forests are groves of large (75- to 
100-cm. or 30- to 40-inch d.b.h.), epiphyte-draped Acer macrophyllum. The shrub layer 
is also relatively open except for large clumps of Acer circinatum. Other characteristic 
shrubs (all with low cover) are Vaccinium ovalifolium, V. parvifolium, Rubus ursinus, and 
R. spectabilis. R. spectabilis is relatively sparse compared with other coastal forest stands 
of comparable overstory density, however-a possible consequence of heavy grazing by 
elk (fig. 40). The major herbaceous species are Oxalis oregana, Polystichum munitum, 
Tiarella unifoliata, Carex deweyana, Trisetum cernuum, Maianthemum dilatatum, Rubus 
pedatus, Montia sibirica, Athyrium filix-femina, and Gymnocarpium dryopteris; 
Polystichum and Oxalis are clearly the most important. A heavy moss layer is typical 
including Eurhynchium oreganum, Hypnum circinale, Rhytidiadelphus loreus, Leucolepis 

Figure 39.-Typical "Olympic rain forest" community in the Hoh River valley; 
note the large Acer lI/acrophyl/ulI/ (left) and Picea sitchensis (upper right), 
open nature of the overstory, and heavy epiphyte cover on the Acer. all of 
which are characteristic of this Picea sitchensis Zone community (Twin Creek 
Research Natural Area, Olympic National Park, Washington). 
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Figure 40.-Contrasting vegetation inside (left) and out­
side (right) a long-term elk exclosure, within an "Olympic 
rain forest"; within the exclosure is a dense tangle of 
shrubs (particularly Rllbus spectabilis) and tree repro­
duction, although both are almost absent outside the 
exclosure (80gachiel River valley, Olympic National 
Park, Washington). 

menziesii, Plagiomnium insigne, and Hylocomium splendens as more common species. 
The heavy epiphyte coverage includes the cryptogams Isothecium stoloniferum, Porella 
navicularis, Rhytidiadelphus loreus, Radula bolanderi, Frullania nisquallensis, Scapania 
bolanderi, and Ptilidium californicum, and the vascular plants Polypodium vulgare and 
Selaginella oregana. 

The forests appear to be in a near-climax condition, and although we consider Picea 
sitchensis to be a subclimax species elsewhere in the zone, this does not appear to be the 
case in these stands. Picea seedlings and saplings are often encountered, and their 
occurrence may be related to the open canopy and selective grazing of Tsuga seedlings 
by elk. In any case, almost all tree reproduction is on rotting nurse logs; lines of Picea 
reproduction can often be seen invading small stand openings along such down logs. 

There are two general viewpoints of this so-called rain forest: (a) that it is a unique and 
distinctive type found only in selected valleys on the Olympic Peninsula or (b) that it is 
simply a variant of the normal coastal forests with maximal development of certain 
features and not appropriately referred to as "rain forest," considering the tropical 
connotations of this term. Kirk (1966) has probably most clearly stated the case for the 
uniqueness of the Olympic rain forest as well as the appropriateness of the term "rain 
forest," although her view is not unique (e.g., see Sharpe 1956). Arguments are based 
on the superabundant rainfall, massiveness of the trees, numerous canopy levels, evergreen 
habit of the dominants, profusion of epiphytes, and an intangible "overall quality of 
growth." 

Fonda (see footnote 4) takes a very different view. First, based upon a study of long-term 
forest succession on river terraces, he concludes that the Picea-Tsuga forests which are 
the focus of attention are, in fact, a long-lived late successional stage typical of second­
terrace levels. Tsuga forests would be the climax type in a sere which begins with Alnus 
rubra communities (flood plain) and progresses successively through Picea sitchensis­
Populus trichocarpa-Acer macrophyllum (first terrace) and Picea-Tsuga (the classical 
"rain forest" on second terraces) stages, to a climax forest of Tsuga heterophylla. The 
Acer macrophyllum groves typically found in the Picea-Tsuga or second-terrace stage he 
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relates to local areas of shallow stony soil. A progression in soil development from 
unmodified colluvial materials to well-developed profiles is also associated with the 
vegetational sequence. He finds Pseudo tsuga menziesii and Thuja plicata generally con­
fined to the steep slopes or risers between the terraces and not generally found on the 
terraces themselves, although fire has created certain exceptions, at least in the case 
of Pseudotsuga (see Jackson Creek Research Natural Area in Franklin et al. 1972). 
Fonda enumerates the many differences between tropical rain forest and the Olympic 
forests and concludes that the term "rain forest" is inappropriate. 

We agree with Fonda that the "Olympic rain forest" is, in fact, simply a variant of 
the Picea sitchensis Zone with its primary affinities to other northwestern coastal forests. 
The climate within these valleys and the presence of large elk herds are undoubtedly key 
contributors to its peculiar features, although time or successional stage may be another 
as Fonda suggests. Tsuga heterophylla would seem the likely climax species over a very 
long timespan; however, as long as the present open nature of the stands persists, and 
there is little eyidence of change, Picea sitchensis will continue to perpetuate itself and 
can be considered a climax species. 

Redwood Forests 
Forests with significant amounts of Sequoia sempervirens extend 15 to 20 kilometers 

into coastal southwestern Oregon (fig. 41). As will be seen, it is difficult to relate these 
to anyone vegetation zone, but it seems as appropriate to consider them in the discussion 
of the Picea sitchensis Zone as any other. Actually S. sempervirens forests in Oregon are 
typically found on slopes rather than in river bottoms and well inland from the narrow 
strip of Picea sitchensis Zone rather than within it. The latter situation is reported at 
least as far south as Del Norte County in northern California.5 Such a pattern of distribution 

5 Personal communication, Dale Thornburgh, Humboldt State University, Arcata, California. 

Figure 41.-0Id-growth Sequoia selllper­
virens forest about 10 kilometers from 
the Pacific Ocean in southwestern Oregon; 
major associates are Lilhocarpus densi­
florus, Pseudolsuga lIlenziesii, Rhododen­
dron lIlacrophyllwli, and Vacciniulll 
ovallllll (Wheeler Creek Research Natural 
Area, Siskiyou National Forest, Oregon). 
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suggests that the Sequoia and Picea forests are not strict analogs as many have supposed. 
Evidence in southwestern Oregon suggests that distribution of Sequoia sempervirens 

actually overlaps three vegetation zones-extending from the Picea sitchensis Zone, across 
the narrow strip of Tsuga heterophylla Zone present in this area, into the Mixed Evergreen 
(Pselldotsllga-sclerophyll) Zone (Dyrness et al. 1973). Its occurrence in the Mixed Ever­
green Zone may be questionable, however, as Thornburgh (personal communication) feels 
that mixed evergreen stands where Sequoia occurs are probably climax T.<:llga sites from 
which fire has excluded the Tsuga. The major community associates in southwestern 
Oregon are Pseudotsuga menziesii, Lithocarpw; densiflorus, Rhododendroll macrophyllum, 
and Vacciniu m ovatum on dry sites, and Pseudot8uga, Umbellularia californica, Acer 
macrophyllum, Vnccinium ovntum, Polystichum munitum, and 0::cnli8 oregnnn on moist 
sites. 

The successional status of Sequoia sempervirens is presently uncertain. It appears to 
us its role and the climax associates vary from habitat to habitat. In one area (Dyrness 
et al. 1973), reproduction of S. sernpervirell8 and TSllgn heterophylla was sporadic and 
only that of Lithomrpus densztforus was abundant. Almost all the large S. sempervirens 
bore massive fire scars suggesting it may be a seral species dependent upon fire for 
reproduction. In California, some scientists feel S. se mpervirens forests are seral and 
strongly dependent upon periodic fires and flooding for their perpetuation (Stone et al. 
1972). T:mgn heterophylln and Lithomrpus densiflorus are typically identified as climax 
species. Nevertheless, Thornburgh (see footnote 5) proposes that S. sempervirens will 
remain a dominant in climax forests because its long-lived habit requires only very low 
replacement rates-rates which can be met by establishment of new trees or sprouts in 
small canopy openings. Waringt; concurs in a climax designation for S. sempervirens 
based on its relatively high shade tolerance; at the same time, he acknowledges the 
significance of flooding and fire in reproduction of S. sempervirew; on alluvial flats and 
on mountain slopes, respectively. 

Forested Swamps 

Cedar and alder swamps are another specialized series of communities which are 
probably more common in the Picea sitchensis Zone than in any other. Swamps of this 
type are found in the TS/lga heterophylla Zone as well (figs. 42 and 43), and even, occasion­
ally, in the Abies nlfwbilis Zone. However, they are most common on the coastal plains 
and portions of glacial drift adjacent to Puget Sound. The constant habitat characteristic 
is a high water table, or even standing surface water, for all or a portion of the year. 

The chief tree species on these sites are Til ujn plicatn or Alnus rubra or both. In fact, 
it is in some of these swamp communities that A. rubm appears to be a climax species. 
Picea sitchellsis, Pillus I/lOlItico/a, P. cOlltortn, and TSliga heterophylla may also be present. 
Although the understory is often dominated by only one or two species, such as Lysichitum 
nmericalllllll or Care.r OlJllllpto, a great variety of shrubby or herbaceous species may be 
present. Some of the more characteristic are BleclwillII spicant, Athyrill m filix-femina, 
Oel/al/the so I'IlIell tosa, Stachys lIIe,ricolla, Mitella spp., TO/Illiea lIIellziesii, Spiraea dOllglasii, 
Salix hookerial/a, and Rllb/ls sp('ctabilis. 

Among the best developed coastal swamps are those on the coastal plain of the western 
Olympic Peninsula. All of the above-mentioned tree species may be present as well as 
Abies amabilis; Thuja plicato is most conspicuous because of its large diameter and 
"candelabra" tops, although Pi/illS mOllticola is typically the tallest tree when present. 

6 Personal communication, R. H. Waring, School of Forestry, Oregon State University, Corvallis, 
December 18, 1972. 
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Figure 42.-Swamp community of AIl/lis rubra and Carex Figure 43.-Cedar swamp created by beaver activity; 
ohl/II pili in winter aspect; communities of this type in despite its considerable tolerance of high water tables, 
which AIl/lis. Thllja plicalll. L .,·sichillllll {lllIericalllll/l. the Thllja plicala in areas of deeper water have been 
and Crlrex are dominants are scattered throughout the killed (Wind River Research Natural Area, Gifford 
Picea silchel/ sis and TI'IIRa helerop hy l/a Zones (Cedar Pinchot National Forest, Washington). 
Flats Research Natural Area, Gifford Pinchot Natio­
nal Forest, Washington). 

A survey of water table depths and forest composition in this area shows that Thuja and 
Alnus nlbm are the most common tree species present, are little affected by water table 
depth, and grow reasonably well even when stagnant water occurs at the soil surface 
during the winter (M inore and Smith 1971). Picea sitchensis and Tsuga heteTophylla are 
a lso common but are somewhat less tolerant of high water tables. The understory in many 
of these swamps can on ly be described as rank with very dense shrub layers dominated 
by Gallitheria shalloll (2 m. or more in height), Menziesiajen'uginea, Vaccilliu III cLlaskaense, 
V. (H'atlllll, V. PCl1'vljolilllll, and Rubus spectabilis. Typical herbs are Blechmllli spicant , 
Maial/thell/1I111 dilatatllill. Lysichitlllll a III e1'ica 1U1I1l , and COl'mlS calwdellsis. 

Prairies 

These tree less areas in an otherwise heavily forested locale are scattered through the 
Picea sitchew;is Zone. We exclude from consideration here the grassy or shrubby head land 
or ocean -front communities (such as the one described by Davidson 1967); they will be 
dealt with in a later chapter. 

Only a single prairie has been a subject of study to date-the Quillayute Prairie on the 
coastal plain of the western Olympic Peninsula (Lotspeich et al. 1961). This prairie is 
dominated by Pt el'idilllll aqllilillllill val' . pllbescel/,<;; other common species are Achillea 
lIIille.f(llill /1/, All thO.l'ClI/t!lIl /1/ OcZOl'Cltu /1/, Eriophyllu III lCllWtll Ill, Fraga ria vesca var. bmcteata, 
H()l clls icUlCltlls, Hyp ericII /1/ peljoratll /1/, Prill/ella vulgaris var. lallceo/ata, and Spiraea 
dOllglasii var. /l/el/ziesii. Encroachment of the forest on this prairie was believed to be 

69 



extremely slow prior to human disturbance. Rapid invasion of the praIrIe by Picea 
sitchensis has followed plowing, burning, or grazing of the original vegetation. 

Tsuga heterophylla Zone 
The Tsuga heterophylla Zone is the most extensive vegetation zone in western Washing­

ton and Oregon and the most important in terms of timber production. This is the region 
famous for subclimax Pseudotsuga menziesii and climax Tsuga heterophylla-Thuja plicata 
formations (Weaver and Clements 1938, Oosting 1956, Cooper 1957). The Tsuga heterophylla 
Zone extends south from British Columbia through the Olympic Peninsula, Coast Ranges, 
Puget Trough, and both Cascade physiographic provinces in western Washington (fig. 44). 

Figure 44.-Psell dolsuga lIl enziesii 
is often the sole dominant tree in 
forests of the Tsuga helerophyl/a 
Zone, even in old-growth stands, 
although it is almost invariably 
seral (along Cave Creek, Gifford 
Pinchot National Forest, Wash­
ington). 
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In Oregon, it is split into two major segments-located in the Coast Ranges and in the 
Western and High Cascades Pro\'inces-by the Willamette and other dry interior valleys. 
The southern limits are the Klamath Mountains on the coast (except for a narrow coastal 
strip) and the divide between the North and South Umpqua Rivers in the Cascade Range 
(about 4:~C 1i)'N. laL). Elevational range in the Cascade Range varies from essentially sea 
level to 600 or 700 meters at 49° north latitude and from 150 to 1,000 meters at 45° north 
latitude. In the Olympic Mountains, the TS/lga lictempliyllu Zone occurs between 150 and 
550 meters on the western slopes and from nearly sea level to 1,12;') meters on the drier 
eastern slopes (Fonda 1967). Where conditions are favorable, elements of this zone appear 
on the east side of the Cascade Range (discussed in a later chapter) and in the northern 
Rocky Mountains (Daubenmire 1952, Daubenmire and Daubenmire 1968). 

The TS/lya lietc}'()pliylla Zone as recognized here is analogous to Krajina's (1965) Coastal 
Western Hemlock Zone, except for our separation of the coastal Piccu .~itcli(,lIsis Zone. 
In western Washington, it is essentially in agreement with Scott's definition of Merriam's 
Humid Transition Zone (Barrett 1962); however, in southwestern Oregon, the TSI'ga 
lietcl'opliylla Zone does not include much of the area considered Humid Transition Zone. 

It is emphasized that although this is called the TSllga lIetel'opliylla Zone, based on the 
potential climax species, large areas are dominated by forests of P:';('/lliots/lgu mellzicsii. 
Much of the zone has been logged or burned, or both, during the last 150 years, and 
Psc/ldots/lyo is usually a dominant (often a sole dominant) in the seral stands \vhich have 
developed (Munger 19:30, 1940). Even old-growth stands (typically 400 to 600 years old) 
frequently retain a major component of Psc/ldotsllya (fig. 44). 

Environmental Features 
The TSliga lieterupliylla Zone has a wet, mild, maritime climate (table 7). Since the 

zone lies farther from the ocean, moisture and temperature extremes are greater than 
in the Picca sit('liellsi.~ Zone. Also, there is a great deal of climatic \'ariation in this wide­
spread zone associated with latitude, elevation, and location in relation to mountain 
massifs. Precipitation averages 1,500 to :3,000 millimeters and occurs mainly during the 
winter; Orloci (1965) has suggested 1,650 centimeters precipitation is the lower limit of 
the Coastal Western Hemlock Zone in British Columbia. Summers are relatively dry with 
only 6 to 9 percent of the total precipitation. Moisture stresses are sufficient to result in 
distinctive community spectra along moisture gradients (McMinn 1960). Mean annual 
temperatures average 8° to 9° C, and neither January nor July temperatures are extreme 
(table 7). 

Despite the fact soils in the TS/I[Ja lIeteropllylia Zone are derived from a wide variety 
of parent rocks, they tend to have some general features in common. Soil profiles are 
generally at least moderately deep and of medium acidity. Surface horizons are well aggre­
gated and porous. Organic matter content ranges from moderate in the Cascades to high 
in portions of the Coast Ranges and Olympic Peninsula, where thick. very dark A1 horizons 
are especially common. Forest floor depths are generally less than 7 centimeters. except at 
higher ele\'ations where they may reach 15 centimeters in thickness. Depending on degree 
of profile development, amounts of clay accumulation in the B horizon vary from low to 
medium. Most soils in the zone are of medium texture, ranging from sandy loam to clay 
loam. In some areas, well-developed soils are limited to moderate slope positions, but on 
the steeper slopes, poorly developed, often shallow, soils are encountered most often. 
Great soil groups, characteristic of the TSlIga lictcl'opliylla Zone, include Dystrochrepts 
(Sols Bruns Acides), Haplumbrepts (Western Brown Forest soils), and Haplohumults 
(Reddish Brovm Lateritic soils) in the Coast Ranges and Olympic Peninsula Provinces, 
and Haplorthods (Brown Podzolic soils), and Xerumbrepts and \,itrandepts (Regosols) 
in the Cascade Range. 
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Table 7. - Oimatic data from representative stations within the Tsuga heterophylla Zone 

Temperature Precipitation 

Station EI.'"" I Lati· Longi· Average \ Average June Average 
tlon tude tude Average Average January Average Ju Iy Average through annual 

I annual January minimum July maximum annual August snowfall 
I+------­

Meters t 
121 36.r-9.,· 

.. Degrees C .. Millimeters Centi ­.. . 
meters 

t------~ 
168 1~5~ 

;--------

Darrington, Wash. 1.0 --3.3 17.4 25.7 2,045 154 

Greenwater, Wash. 521 I 47"09' 1121 39' 7.4 -1.2 -3.7 15.8 22.6 1,487 138 

Castle Rock, Wash. I 36 46 17' 122~ 54' 10.4 2.9 -.2 17.6 26.7 1,453 109 

Wind River, Wash. 351 45"48' 1121'56' 8.8 0 -3.7 17.5 26.9 2,528 119 
I 

Detroit, Oreg. 
i 

485 44 44' 122 09' I 9.3 9 -3.2 17.9 27.5 1,929 110 

I 
112Tl0' IMcKenzie Bridge, 419 I 44 10' 10.1 1.6 -2.6 18.9 29.4 1,789 106 

Oreg. I 

Valsetz, Oreg. 346 44°50' 123"40' 9.6 2.4 -.7 16.6 25.6 3,207 144 

120 

198 

27 

233 

156 

.. 

38 

Soure,,: G. S. W"alher Bureau (195fi. 1965a. 1965b). 

Forest Composition 
Major forest tree species in this zone are P"CllcZot"II.r/U II/cllziesii, T"u.r/u 11 etel'Opllylla , 

and Tl/ilju plicutu, AI)i!'" ymlldi", Pi('('u "itcllell"i" (near the coast), and PillllS //Iollticoiu 

occur sporadically. Both Pill/I" I)/()litico/u and Pili/ls cOl/torto are common on glacial drift 
in the Puget Sound area. In Oregon, especially near the southern limits of the zone, 
Lilw('('C/)'fI" dcc/I}')'cI/S, Pill/l" irlill/;l'i'lioIlU, or even Pil/u" ]Jol/dcms(l may be encountered . 
.-1/lil',' flli/flhili" is common near the upper altitudinal limits or even well within the TSlIgu 

lietcl'IJpliyl/u Zone in the northern Cascade Range and Olympic Mountains, Clwli/uecY]Jul'i" 

1((/1''''11111011(( is a major element of the forests in a portion of the southern Oregon Coast 
Ranges. Tu.l'l!.'; i))'(,I';j(lliu is found throughout the zone, but always as a subordinant tree. 

Hardwoods are not common in forests of the TS/lyu liete)'()pllyllu Zone and, except on 
recently disturbed sites or specialized habitats (e.g., riparian sites), are almost always 
subordinant. AlII/IS }'o/;m, .-1('(')' ii/U('}'()}Jliyllllli/, and Custul/()psis cllrys()pllyllu are the 
most widespread. Popllills tl'ic1/()c(II'}Jo and Fm,I'ill/i" I((t!jllliu with AceI' II/oc)'()phylllll)/ 

and .-111111" /'11/))'(( are found along major water courses. Arl!llt/l., 1I/!'IIZic"ii and QuerclI" 

yu l'I'yu //0 may be found on drier, lower ele\'ation sites anywhere in the zone, but are not 
characteristic. ClllfJelilllul'iu ('(dUII/'llicII and Litli()cu/'jJ1I8 d('i/,,{tf()/'II8 are found in the 
southern Oregon Coast Ranges. 

The forest communities of the T.'IIYU l/(tc}'lipliyllu Zone haye been studied in detail at 
many locations. Excluding strictly successional studies, these include (1) community 
classifications of seral P"cuil()/"II.f/u II/ellzie"ii stands (Spilsbury and Smith 1947; Becking 
195..l, 19;)()), (2) community descriptions for limited areas (Dirks-Edmunds 19..l7, Macnab 
1958, Neiland 19;)8, Merkle 1!J61, Anderson 1967, Roemer 1972, Hawk 197:3), and (;)) investi­
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gations of the entire spectrum of forest communities (Bailey 1966, Orloci 1965, Corliss 
and Dyrness 1965, Rothacher et al. 1967, Fonda 1967, Fonda and Bliss 1969, Meurisse 
and Youngberg 1971, and Hines 1971). Bailey and Poulton (1968), Mueller-Dombois (1965), 
and Bailey and Hines (1971) concentrated upon seraI communities, McMinn (1960) upon 
community-moisture relationships, and Eis (1962) upon community correlations with 
environment and productivity. Cryptogamic components offorests in the Tsuga heterophylla 
Zone have been reported by Pechanec (1961), Higinbotham and Higinbotham (1954), 
Spilsbury and Smith (1947), Orloci (1965), and Becking (1954). 

The earliest comprehensive studies of vegetation within the TSllga heterophylla Zone 
stressed the usefulness of understory species as indicators of Pseudotsuga menziesii site 
quality. For example, Spilsbury and Smith (1947) recognized five site types in western 
British Columbia, Washington, and Oregon and related them to growth rate of Pseudotsuga. 
These site types, from best to poorest sites, are: (1) "Polystichum /nunitum," (2) 
"PolystichulII-Galiltheria shalloll," (3) "Gaultheria," (4) "Gaultheria-Pannelia" (a "pale 
green" lichen), and (5) "Gaultheria-Usllea (a "bearded" lichen). Later, Becking (1954), 
recognizing a similar basic dichotomy, classified Pseudotsllga mellziesii stands in western 
Washington and Oregon into two main groups- "Polystichu m-Pseudotsuga forest type 
group" and "Gaultheria-Pseudotsliga forest type group." Pseudotsuga site index (height 
in feet at 100 years) averaged approximately 165 for Polystic}llIl1l stands and 115 for 
Gaultheria stands. 

Subsequent studies have shown a similar spectrum of communities arranged along 
moisture gradients. On dry sites, understories are characterized by Holodisclls discolor or 
Gaultheria sllailo/l, or both. At the opposite end of the gradient, very moist sites are 
typified by Po/ystich 11111 In /III it II m and Oxal is oregana, with the wettest forested sites 
indicated by Lysich itlllll a lIIerica 1111111. Intermediate mesic sites are typified by Rhododendron 
macrophyllllill and Berberis lIelTosa in some areas or by codominance of Polystichum 
and Gallltheria. Although the details of community composition and nomenclature vary 
with the investigation and the locale, this same basic pattern-Gallitheria at the dry 
end of the scale to p()/ysticJlIIlII on moist sites-is repeated throughout the Tsuga 
heterophylla Zone. 

Six old-growth associations are representative of this moisture spectrum on the 
western slopes of Oregon's Cascade Range at about 45° N. latitude (table 8).' This classi­
fication is based on computer-assisted computation of similarity index values and a two­
dimensional ordination technique (Franklin et al. 1970). These associations, listed in 
order from dry to wet, are: PselldotslIga IIlcllziesiilH%disCIIS dis('%r, TSlIga hctcrophyllal 
Ca.) ta II () ps is ("/1 ryso plt!f IIa. Ts /I ga It et e j"() ph.lf // (l IRIt od od e lid /"0 1/ III (I cmph y !Ill III IGa II / tile ria 
s II ali () II. Ts 1/.'1(( he t ('}"()ph y li (( / Rh od od (' lid ro)/ III n c /"oph !/ lilllli / Be /"be /"is Ii(' /"/)08n, TSlign 

II c t c /"() ph.li II0/Pol ystiCllllll1 111/111 it /1111, and Ts /I ga 11 ete roph y lla/Pol ys t iell/{ /11 1111111 it /llll­

O.ra/ is oregallu. Although coverage and constancy data contained in table 8 are from old­
growth associations, the same types of understories are found in much younger forests, 
including seral stands dominated completely by PselldotslIga lIIellziesii (e.g., see Spilsbury 
and Smith 1947). 

The Pselu/otsllga 1I/('llziesiiIHolodisCIIS discolor association typifies the driest forested 
sites. The overstory is relatively open (fig. 45) and consists primarily of Pseudotsliga 
IIlcll;:iesii, although species such as Lifiocedl"lIs deCIIITCIIS, Ar/mtlls lIu'llziesii, and AceI' 
1I/(/('/'(/jJhylllllll are often present. All age classes of PsclidotslIga from seedlings to veterans 

7 Source for this discussion is an unpublished manuscript, "A preliminary classification of forest com­
munities in the central portion of the western Cascades in Oregon," by C. T. Dyrness, J. F. Franklin, 
and W. H. :\loir, 70 p., IH72, on file at Forestry Sciences Laboratory, Pacific Northwest Forest and 
Range Experiment Station, Corvallis, Oregon. 
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Table 8. - Cover and constancy of important species in six associations found in the TSlIga 11,,(crophylla Zone of the western Oregon 
Cascade Range I 

Species 
and 

stratum 

Tsuga! Tsuga! Tsuga! 
Pseudotsugal Tsuga! Rhododendron/ Rhododendron! Tsuga! Polystichum-

Hofodlscus Castanopsis Gaultheria Berberis Polystichum Oxalis 

Cover Iconstanc y Cover Iconstancy Cover Iconstancy Cover1Constancy CoverIConstancy CoverIConstancv 

Overstory trees: 
Tsuga heterophyJla 

Pseudotsuga menziesi; 
Thuja plieara 

Libocedrus decurrens 

Pinus lambertiana 

Acer macrophvlJum 

Arbutus menziesi; 

----- ---- -- --- --- - -- ------­ ---- -----­ Percent --­ -- -- ­ - -­ --------------- - - - - -­ - - - - -­

- - 7 56 20 76 43 100 44 100 29 100 

41 100 36 100 45 100 45 100 42 100 38 100 
- - tr 12 3 47 13 72 16 80 13 75 

6 50 tr 19 1 12 - - - - - -

1 50 tr 12 2 12 - - - - - -

2 25 tr 6 1 12 - - 2 47 7 62 

2 38 1 25 - - - - - - - -

Tree regeneration: 
Tsuga heterophylla 
Pseudotsuga menziesii 

Thuja plicara 

Libocedrus decurrens 

Pinus lambertiana 
Acer macrophyllum 

Arbutus menziesii 

tr 25 4 81 8 100 8 100 9 100 11 100 

8 100 5 75 - - - - - - - -
- - 1 31 1 29 2 56 3 53 2 38 
3 38 tr 6 - - - - - - - -
tr 38 1 38 tr 6 - - - - - -
tr 12 - - Ir 6 tr 11 tr 13 - -
Ir 12 Ir 12 - - - - - - - -

Shrubs: 

Acer circinatum 

Rhododendron macrophyllum 

Castanopsis chrysophylla 

Holodiscus discolor 

Corylus cornuta var. californica 

Taxus brevifolia 

Cornus nuttallii 

Vaccinium parvifolium 

Berberis nervosa 

Gaultheria shallon 

Rubus ursinus 

Symphoricarpos molhs 

19 88 18 88 21 88 9 83 2 87 6 88 
Ir 12 40 100 40 100 13 89 1 67 tr 12 

1 50 23 100 2 82 2 78 tr 13 tr 25 

5 88 tr 12 - - - - - - -

7 88 1 56 tr 12 tr 11 Ir 33 tr 12 

4 38 5 81 6 59 7 78 4 47 1 50 

2 50 5 94 3 53 2 50 1 33 1 38 
1 62 1 75 2 71 1 83 2 87 3 100 

16 100 10 100 14 100 11 100 8 100 13 100 

7 62 40 100 40 100 4 89 2 53 4 75 

1 75 1 75 1 65 2 83 1 67 1 75 

2 88 tr 6 - - 2 17 - - - -

Herbs: 
Achlys triphylJa 

Viola sempervirens 

Trillium ova tum 

Polystichum munitum 

Linnaea borealis 

Vancouveria hexandra 

GaJium rrif/arum 
Trientalis latifolia 
Larhyrus polyphyllus 

Madia gracilis 

Collomia hererophylla 

Hieracium albiflorum 

Synthyris reniformis 

Xerophyllum renax 

Iris renax 
Festuca occidentalis 

Whipplea madesta 

Chimaphila umbellara 

Captis faciniata 

Tiarella unifaliata 

Disporum hooker; 

Asarum caudatum 

A thyrium filix-femina 

Blechnum spicant 

Oxafis oregana 

tr 50 1 56 tr 29 tr 33 1 47 2 75 

tr 12 1 62 1 65 2 83 2 73 1 62 
- - tr 19 tr 29 1 56 1 87 1 62 

4 100 1 75 1 65 4 94 26 100 27 100 

3 75 5 100 5 82 13 100 13 80 11 50 

Ir 25 tr 38 tr 6 tr 39 tr 27 4 88 
tr 38 - tr 18 tr 11 1 60 1 38 
1 100 1 69 tr 29 tr 44 tr 27 tr 12 

3 38 - - - - - - - - - -
1 50 - - - - - - - - - -

1 38 tr 6 - - - - - - - -

1 62 tr 38 tr 12 tr 28 tr 20 tr 25 

4 75 tr 31 tr 12 tr 17 - - - -
2 25 10 81 2 53 2 50 Ir 7 - -
1 62 Ir 25 tr 6 - - - - - -
1 88 Ir 6 tr 6 - - tr 7 - -
8 100 tr 38 1 29 1 17 tr 20 - -
1 88 1 69 2 82 4 83 tr 53 1 38 
~ - 1 25 1 53 4 89 3 73 1 25 

- - - - tr 12 tr 28 4 73 tr 12 

- - - - tr 18 tr 17 tr 27 1 50 
- - - - - - - - tr 27 1 25 
- - - - - - - - tr 13 tr 12 

- - - - - - - - 1 27 1 38 
- - - - - - - - tr 7 38 100 

I tr trace (less than 0.5 percent cover); a dash means the species wasn't found. 
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Figure 45. -A Pselldorsllga lIl enziesii/ 
Holodisclls discolor community typical 
of dry forest sites in the Tsuga herero­
phyl/a Zone; note the open nature of 
the stand and reproduction of PseLldo­
rSLIga. which is climax here (H. J. 
Andrews Experimental Forest, Oregon). 

are present in these stands (fig. 45), indicating it appears as the major climax species. 
Holodiscus discolor, Corylus cornuta var. californica, Symphoricarpos mollis, and Gaultheria 
shallon typify the shrub layer. A number of herbs not common on mesic sites find their 
forest optimum here; e.g., Synthyris reniformis, Whipplea modesta, Hieracium albiflorum, 
Festuca occidentalis and Iris tenax (fig. 46). Similar communities are much more common 
outside the Tsuga heterophylla Zone; e.g., in southwestern Oregon. 

Figure 46.-Herb layer within the 
Pselldorstlga lIlellziesii/ HolodisclIs dis­
color association. Herbs visible here 
are SYllrltyris rell i/orlll is. Trienralis 
lati/olia. Whipplea 1Il0desta. and Iris 
rellax; principal low shrubs are SYIIl­
phoricarpos lIlol/is and Berberis 
Il ervosa; grasses are Fesrllca occi­
delllalis and Brollllls sp. 
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The Tsuga heterophylla/Castanopsis chrysophylla association is generally located on 
dry, exposed ridgetops. Its slightly more mesic position than the Pseudotsuga/Holodiscus 
is indicated by the presence of Tsuga heterophylla, both in the overstory and understory 
(table 8). The Tsuga/Castanopsis association typically has a rather open overstory tree 
canopy and a very dense shrub layer dominated by Rhododendron macrophyllum and 
Castanopsis chrysophylla (fig. 47). Although both Tsuga and Pseudotsuga seedlings and 
saplings are commonly present, Tsuga would be expected to be the eventual climax 
dominant if these sites were protected from disturbance. Because of the complete 
dominance of shrubs, the herb layer is very poorly develop~d and consists largely of 
scattered clumps of X erophyllum tenax and Linnaea borealis. 

The Tsuga heterophylla/Rhododendron macrophyllum/Gaultheria shallon association 
occupies cooler and moister sites than the Tsuga/Castanopsis . Although Pseudotsuga 
menziesii may still be dominant in the overstory, most old-growth stands also include a 
considerable component of mature Tsuga heterophylla. Tree regeneration is clearly domi­
nated by Tsuga, and Pseudotsuga regeneration is completely lacking (table 8). Thuja 
plicata is the only other commonly occurring tree species. The Tsuga/Rhododendron/ 
Gaultheria association is characterized by moderately dense tree overstory and shrub 
layers (fig. 48). Dominant shrub species are Rhododendron macrophyllum and Gaultheria 
shallon. As is the case with the Tsuga/Castanopsis association, the herb layer is very 
poorly developed (table 8). 

Figure 47.-A stand representative of the Tsuga helero­
phy lla/Caslanopsis chrysophylla association typical of 
low elevation ridgetops in the T.HlRa helerophy lla Zone; 
note the dense tall shrub layer dominated by Casl£ln opsis 
and Rhododendron lIl(lcrophylllllll (H. J. Andrews 
Experimental Forest, Oregon). 

Figure 48.-A stand representative of the TSliRa helero­
phy ll(l/ Rhododendron lIl(lcrophy ll/lIIl/Cau/lheria shallon 
association showing the typically dense shrub layer (H. J. 
Andrews Experimental Forest, Oregon). 
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The Tsuga heterophyllalRhododendron macrophyllumlBerberis nervosa association 
and its relatives typify the climatic climax for the Tsuga heterophylla Zone (figs. 49 and 
50). Trees in old-growth stands consist primarily of Pseudotsuga menziesii, Tsuga 
heterophylla, and Thuja plicata. Tsuga heterophylla is, theoretically, the sole climax 
species based on size-class analyses. However, long-lived Pseudotsuga menziesii and Thuja 
plicata are often present in stands undisturbed for 500 years or more. The understory is 
generally balanced between layers in the TsugalRhododendronlBerberis association 
(table 8). Major shrubs are Berberis nervosa, Acer circinatum, Vaccinium parvifolium, 
Rubus ursinus, and Rhododendron macrophyllum. Typical herbs are Linnaea borealis, 
Viola sempervirens, Coptis laciniata, and Goodyera oblongifolia. The most common moss 
is Eurhynchium oreganum. Polystichum munitum and Gaultheria shallon are often 
present, but not as understory dominants. 

The Tsuga heterophyllalPolystichum munitum association occupies moist sites, e.g., 
toe slopes and north aspects, within the Tsuga heterophylla Zone. Stands typically are 
made up of old-growth Pseudotsuga menziesii and Tsuga heterophylla, providing a 
relatively dense overstory canopy (table 8). The sparse shrub layer is dominated by 
Berberis nervosa; other common shrub species are Acer circinatum and Vaccinium 
parvifolium. The most outstanding characteristic of the understory vegetation is the 
robust growth of Polystichum munitum (fig. 51). Less noticeable, but generally present 
herbaceous species include Linnaea borealis, Tiarella unifoliata, and Coptis laciniata. 

49.-A stand representative of the Tsuga herero­
phyllalRhododendroll /IIacrophyllu/IIl Berberis nervosa 
association which is the regional climatic climax for 
the Tsuga hererophylla Zone in the Cascades of Oregon 
(H. J. Andrews Experimental Forest). 

Figure SO.-Shrub and herb layers within the Tsuga 
hererophyllalRhododendroll /IIacrophyllu /IIIBerberis 
Ilervosa association. Visible here are Rhododendron and 
Berberis in the shrub layer, and Linnaea borealis and 
Viola se/llpervirens in the herb layer. 
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The moist end of the community spectrum in the Tsuga heterophylla Zone of the 
Oregon Cascades is occupied by the Tsuga heterophylla/Polystichum munitum-Oxalis 
oregana association. Stands typifying this association are generally found on very moist 
streamside slopes. The overstory usually includes Pseudotsuga menziesii, Tsuga 
heterophylla, and Thuja plicata (table 8). Very large Pseudotsuga are encountered in old­
growth stands, as growth conditions are near optimum for the species. Size-class analyses 
indicate TSo/,ga heterophylla will be the major climax species, but Thuja plicata also 
reproduces in sufficient quantity to perpetuate itself in some stands. The understory is 
dominated by a lush growth of herbs (fig. 52), including Polystichum munitum, Oxalis 
oregana, Vancouveria hexandra, and Achlys triphylla. Frequently, such moisture-loving 
herbs as Asarum caudatum, Blechnum spicant, and Athyrium filix-femina are present in 
at least small amounts. Mosses and liverworts are also common, including Eurhynchium 
oreganum and Scapania bolanderi. 

Recent studies of forest vegetation on terraces and flood plains along the McKenzie 
River in the western Cascades of Oregon have resulted in the description of two climax 
associations on alluvial soils (Hawk 1973). The distribution of these two units, which are 
closely related to the associations just discussed, is largely controlled by soil characteristics. 
Deep, fine-textured soils with abundant moisture support a Tsuga heterophylla/Acer 
circinatum/Polystichum munitum-Oxalis oregana association. The tree layer in this 

Figure SI.-Polyslichum munilum is the major understory 
dominant in stands representative of the Tsuga helero­
phylla/Polyslicilum munilUIl1 association (H. J. Andrews 
Experimental Forest, Oregon). 

Figure S2.-Polyslichull1 lI1unilum and Oxalis oregana 
dominate the lush herbaceous understory on moist sites 
in the Tsuga ilelerophylla Zone (Tsuga helerophylla/ 
Polyslicilum munilull1-0xalis oregana association in the 
H. J. Andrews Experimental Forest, Oregon). 
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association includes Pseudotsuga menziesii, Thuja plicata, Libocedrus decurrens, and 
scattered Abies gralldis, as well as Tsuga heterophylla. However, dominance of Tsuga 
in the understory suggests its eventual climax role. Riverside sites with coarse-textured, 
stony soils support a more drought-tolerant assemblage of species-the Tsuga heterophylla/ 
Berberis Ilervosa-Gallltheria shallon/Limzaea borealis association. An outstanding feature 
of stands characteristic of this association is extensive areas of very shallow soil and 
exposed stones which, although virtuaily devoid of vascular species, are covered with a 
dense moss layer made up of EurhYllchillm oreganum, Hylocomillln splendens, and 
Rhytidiadelphus triqlletrus. 

The forest communities within the TSllga heterophylla Zone of the Oregon Coast 
Ranges have been intensively studied and classified in four areas ranging from Coos 
County on the south to Clatsop County to the north (Corliss and Dyrness 1965, Bailey 
1966, Hines 1971, Meurisse and Youngberg 1971, and Meurisse 1972). The spectrum of 
climax forest associations which emerges from these studies is very similar to that 
encountered in the western Cascades of Oregon (table 9). At the dry end of the moisture 
gradient, Bailey (1966) and Corliss and Dyrness (1965) have identified a Pseudotsuga 
menziesii/Holodiscus discolor/Gaultheria shalloll association which is characterized by 
climax Pselldotsllga. The species composition of this unit is similar to the Pseudotsuga/ 
Holodiscus association of the Oregon Cascades, except for substantially greater abundance 

Table 9. - Climax associations within the T~lIga hctcmphl'lla Zone in the Oregon Coast Ranges arranged along a moisture gradient 1 

Genera!lzed 

spectrum Coos County 
(Bailey 19661 

Benton and Lincoln 

Counties 
(Corliss and 

Dyrness 19651 

Tillamook 

County 

(Meurisse and 

Youngberg 19711 

Clatsop. Tillamook, and 

Lincoln Counties 

(Hmes 19711 

Pseudotsugd menziesli/ 

Holod,scus discolor / 

Gaulthefla sllallon 

Pseudotsugal 

Holodlscusl 
Gaultheria 

Pseudotsugal 

Holodiscus/ 
Gaultheria 

Tsuga heterophvlla-

Pseudotsuga menziesi;/ 
Rhododendron macrophvllum/ 

Berbefls nervosa 

Tsuga·Pseudotsuga/ 
Rhododendron/ 
Berberis 

Tsuga heterophv11al 
Vacclnium membranaceuml 

Xerophvllum tenax 

Tsuga/Vaccinium/Xerophvllum 

T.wga heterophvllal 

Acer clfcfnatuml 

Gaultheffa shallon 

Tsuga heterophvllal 

Acer circinatuml 

Berberis nervosa 

TsugalAcerlGaultheria Tsuga heterophvllal 

Berberis nervosal 

Trientalis fatHaffa 

Tsuga heterophv11al 

Gaultheffa shallon-

PofVstlchum mumtum 

TsugalGaultheria-

Pofystichum 

Tsuga/Gaultheria· 
Polvstichum 

Tsuga heterophvlla/ 
Vaccinium avaldoliuml 

Pofystichum munitum 

Tsuga heterophvlla/ 
Pa1vsflchum mum tum 

Tsuga heterophvlla/ 
Polystichum munitum-

Oxafis aregana 

Tsuga/Polvstichum Tsuga/Polvstichum 

Tsuga heterophvllal 

PolVstlchum mumtum-

Oxalls oregana 

Thula pl/cata/ 
Adiantum pedatum-

AthvrfUm fillx-femlf1a 

Tsuga/Polvst/chum·Oxal/s Tsuga/Polvstichum·Oxalis Tsuga heterophvlla/ 
Pa1vstichum munitum-

Adiantum pedatum 
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of Gaultheria shallon. The Tsuga heterophylla-PseudotsugalRhododendron macrophylluml 
Berberis nervosa association described by Bailey (1966) (table 9) appears to be equivalent 
to the Tsuga heterophyllalCastanopsis chrysophylla association in the Cascades (table 8). 
Both are typified by sizable amounts of Pseudotsuga regeneration as well as Tsuga, and 
in both units, Castanopsis chrysophylla and Rhododendron macrophyllum are diagnostic 
species. The Tsuga heterophyllalVaccinium membranaceumlXerophyllum tenax associa­
tion (Hines 1971) occurs on shallow, stony soils at high elevations in the headwater areas 
of the Trask and Wilson Rivers. Vaccinium membranaceum is actually a minor component 
of these stands, and the species composition of the association closely resembles that of 
the Tsuga heterophyllalAcer circinatumlGaultheria shallon association. Both are char­
acterized by a well-developed shrub layer dominated by Acer circinatum, Gaultheria 
shallon, and Berberis nervosa. 

The regional climatic climax for the Tsuga heterophylla Zone in the Oregon Coast 
Ranges is thought to be the Tsuga heterophyllalPolystichum munitum association. On 
this basis, we can conclude that modal sites in the Coast Ranges tend to have more 
favorable moisture regimes than comparable areas in the Cascades which are occupied 
by the Tsuga heterophyllalRhododendron macrophyllumlBerberis nervosa association 
(table 8). Coastal stands typical of the TsugalPolystichum association generally include 
considerable quantities of Oxalis oregana and variable amounts of such shrubs as Acer 
circinatum, Vaccinium parvijolium, and V. ovatum (fig. 53). The wet end of the moisture 
gradient in the Coast Ranges is occupied by the Tsuga heterophyllalPolystichum munitum­
Oxalis oregana association (table 9). As a result of wetter site conditions in the Coast 
Ranges, this unit differs appreciably from typical TsugalPolystichum-Oxalis stands in 
the Oregon Cascades. Perhaps the most noticeable difference is the greater occurrence of 
such moisture-loving ferns as Adiantum pedatum, Athyrium filix-femina, and Blechnum 
spicant in the coastal stands. 

Figure 53.-A stand representative of the 
Tsuga helerophylla/Po/yslichulII lIIunilulII 
association in the southern Oregon Coast 
Ranges with the shrub layer dominated 
by VacciniuIII ovalulII (Cherry Creek 
Research Natural Area). 
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None of the work discussed thus far has included consideration of Thuja plicata com­
munities on wet sites. Such vegetation types are frequently encountered in the Tsuga 
heterophylla Zone of western Washington. The Thuja plicata-Tsuga heterophylla/Oplopanax 
horridum/Athyrium filix-femina association is typical of very wet lower slopes and stream 
terraces and is characterized by an extremely lush understory of shrubs, dicotyledonous 
herbs, and ferns (fig. 54). Although Pseudotsuga menziesii may be present, tree size-class 
analyses indicate eventual codominance of Tsuga heterophylla and Thuja plicata in climax 
stands. Understory dominants include Oplopanax horridum, Athyrium filix-femina, 
Blechnum spicant, Vaccinium spp., Gymnocarpium dryopteris, and Dryopteris austriaca, 
Trautvetteria caroliniensis, Anemone deltoidea, Viola glabella, Streptopus spp., Smilacina 
spp., Tiarella trifoliata, and Achlys triphylla. Another community, found on swampy sites, 
is typified by Thuja plicata and Lysichitum americanum plus a wide variety of semiaquatic 
species. 

Slightly drier habitats in the Washington Cascades support a Thuja plicata/Acer 

Figure 54.- Thuja p/icara and 
dense understories of shrubs and 
herbs, such as Oplopal1ax hor­
ridUlII and A Ihyriulll filix-felllinll, 
are typical of old-growth stands 
on wet benches and stream ter­
races in the Tmga heterophylla 
Zone (Mount Baker National 
Forest, Washington). 
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circinatum/herb community.H On these sites, competitive interrelationships apparently 
favor the dominance of Thuja plicata over Tsuga heterophylla. However, climax stands 
generally contain at least a small component of Tsuga heterophylla. The most conspicuous 
understory species in this community are Acer circinatum and Tiarella unifoliata. Other 
important species are Oplopana.r horridu 11/, Rubus parviflorus, Clintonia uniflora, Smilacina 
stellata, Athyriu m filix-femina, Ga/ium triflorum, Osmorhiza chilensis, Gymnocarpium 
dryopteris, and DispOltll1l smithii. 

There are many variations of the general community pattern throughout the Tsuga 
heterophylla Zone. There is a general response to decreasing moisture (or, conversely, 
increasing moisture stress) from north to south, for example. In Washington, sites suf­
ficiently dry to develop the PselldotsligalHolodiscus community are relatively rare. Instead, 
Pseudotsllga mellziesiilGaultheria shalloll community, in which Tsuga heterophylla is the 
probable climax, is usually found on the poorest quality sites. Similarly, communities 
with Polystichum-type understories are more widespread in Washington. There is a 
rather regular increase of PselldotslIga importance from north to south within the zone, 
given stands of similar age. A notable difference between communities described in Oregon 
and in Washington is in the importance of Rhododelldroll macrophyllum. In many Tsuga 
heterophylla Zone communities in Oregon, Rhododelldroll macrophyllum is a dominant; 
in Washington, it occurs sporadically. 

Some of the few detailed descriptions of forest communities available for the Tsuga 
heterophylla Zone of western Washington have been provided by Fonda and Bliss (1969). 
Their work centered in the eastern portion of the Olympic Peninsula in what they termed 
"the eastern montane zone." The driest community encountered was located on south­
or west-facing slopes at 550 to 900 meters in rain-shadow areas (e.g., the Elwha and 
Dungeness drainages). Stands are now dominated by 270- to 300-year-old Pselldotsllga 
mellziesii and, because of the dry nature of the sites, Tsuga heterophylla is only very 
slowly extending its range. In these areas, the shrub layer is well developed and 
completely dominated by Gaultheria shalloIL.Othercommon shrubs include Rosa gYlI/nocarpa, 
Berberis IlelTosa, and SYlllplwricarpos albus. The distinctive herb layer is made up 
of such species as Chilllaphiia II III bellata, Adel/ocaliion bicolor, Achlys triphylla, Call/panula 
scollieri, Vicia alllericalla, Trisetuill cerll II II III , Hieracillill albifloTu Ill, and Bronws sp. On 
moister sites, away from the influence of the rain shadow, stands contain abundant TSlIga 
heternphylla regeneration even though overstories are often dominated by P.<lelldotslIga 
lIIenzies/i. Such stands, situated at 600- to 1,100-meter elevation, have two principal 
understory types. On the drier west- and south-facing slopes, understories are dominated 
by dense Gaultheria slwlioll, accompanied by such herbs as Chinwphila IImbel/ata, C. 
lIIel/ziesii, and Xel"Ophyl/ulll tel/a.r. On the other hand, stands occupying north- and east­
facing slopes have a more poorly developed shrub layer consisting of Vaccillilllll parvljolill m, 
V. omlijolilllll, GUIIltheria shullol/, and Berberis lIer1'OSa, and a herb layer containing 
Po[ystichllill III II lIi(1I III , LillI/am borealis, Tiar!!llo IlIlIjoliata, and Listera ('(IllriIiO. 

Successional Patterns 
The early stages of secondary succession following logging and burning in this zone 

have been the subject of a number of studies. Unfortunately, however, much of this research 
has been limited to the first 5 to 8 years after complete tree removal, and, therefore, detailed 

H 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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successional patterns for the entire period of forest reestablishment have not been worked 
out. Timber harvesting operations in the Tsuga heterophylla Zone generally involve 
clearcut logging, followed by controlled burning of the logging slash to reduce wildfire 
hazard. During the first growing season after burning, the sparse plant cover is made up 
of residual species from the original stand, plus small amounts of invading herbaceous 
species such as Senecio sylvaticus, Epilobium angustifolium, and E. paniculatum (fig. 55) 
(Dyrness 1965, 1973). A moss-liverwort stage has also been noted during the first year 
(Isaac 1940, Ingram 1931). 

Vegetation the second year is dominated by invading annual herbaceous species, which 

Figure SS.-Herbaceous stages in secondary succession in the Tsuga he/erophyl/a Zone; range poles 
are 4 feet tall and marked in 6-inch segments (H. J. Andrews Experimental Forest, Oregon). 

A. Virtually bare condition during the first growing 
season following slash burning. 

C. 	During the third year, EpilobiulIl angus/ifoliulIl 
replaces Senecio, which has almost completely 
dropped out of the stand. 

B. 	The second year after slash burning, invading 
Senecio sylva/iclIs dominates the site. 

D. 	By the fifth growing season after slash burning, 
the invading shrub, Ceanolhus velulinus, is begin­
ning to gain dominance over the herbaceous 
invaders (here, mainly Epi/obiLllIl anguslifoliulIl 
and E. paniculalulIl). 



produce large numbers of small, wind borne seeds (fig. 55). Over much of the zone, a very 
high proportion of the second-year cover is made up of Senecio sylvaticus, a species which 
is present in only very small amounts in subsequent years (Brown 1963, Dyrness 1973, 
Isaac 1940). West and Chilcote (1968) have shown this short-term dominance is related 
to high nutrient requirements which are generally satisfied only on recently burned sites. 
Perennial invading herbaceous species, such as Epilobium angustifolium, Cirsium vulgare, 
and Pteridium aquilinum, rapidly build up their populations until the fourth or fifth year 
when their rate of increase slackens (fig. 55) (Ingram 1931, Isaac 1940, Yerkes 1960, 
Gashwiler 1970). 

This successional stage, sometimes called the weed stage, gradually gives way to a 
shrub-dominated period (fig. 56). These shrubs, including residual species such as Acer 
circinatum, Rubus ursinus, Berberis nervosa, Rhododendron macrophyllum, and Gaultheria 
shallon, as well as invaders such as Ceanothus velutinus and Salix spp., then dominate 
the site until they are overtopped by tree saplings, generally Pseudotsuga menziesii 
(Kienholz 1929, Ingram 1931, Isaac 1940). 

Herbaceous species surviving from the original forest stand (e.g., Polystichum munitum, 
Trientalis latifolia, and Oxalis oregana) are reported to be of only minor importance in 
early successional stages in the Cascade Range (Kienholz 1929, Isaac 1940, Yerkes 1960). 
However, in the Coast Ranges of Oregon, residual species, especially Polystichum munitum, 
often constitute an important component of the seral vegetation following logging. In 
addition, both shrub and total plant cover tend to be substantially greater on Coast Ranges 
cutting units than in the Cascades (Morris 1958). Typical shrub species near the coast 
include Rubus spectabilis, Rubus parvijtorus, and Gaultheria shallon. 

The vegetation in early stages of succession following logging and burning is character­
istically very heterogeneous. Much of this variability is attributable to site differences 
caused by a wide range of types of logging disturbance and degrees of burning severity 
(Dyrness 1965, 1973). The effects of burning in control of species composition are perhaps 
the most notable. For example, annual invading herbaceous species, such as Senecio 
sylvaticus and Epilobium paniculatum, show a marked preference for burned areas; 

Figure 56.-A stage of shrub dominance typically follows herbaceous stage in Tsuga heterophylla Zone 
secondary successions; Rhododendron macrophyllulII. residual from the original forest stand, dominates 
this IO-year-old c1earcut (Santiam River drainage, Willamette National Forest, Oregon). 
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whereas residual species such as Polystidllllll 1IIIIIIitllili and Tl'ielltalis latifi)lia occur more 
frequently on unburned sites. Of the shrubs, C('(lilot/IIIS spp. are often almost entirely 
restricted to burned areas, and residual species (e.g., Rliodociellc/I"OII I//(lC/"Opltylllllll and 
VUCCillillll1 pal"l'Uillilllll) generally are much more common on unburned sites (Morris 1958, 
Steen 1966). 

The relationships between early stages of secondary succession and plant communities, 
present in the original PS(,II({ot:wyu 1I1I'IIZi('sii-T:';IIYU liet('ropli!fliu stands, have been 
studied on Vancouver Island by Mueller-Dombois (1965) and in the southern Oregon 
Coast Ranges by Bailey (1966). Both workers found that in these coastal areas the 
characteristic forest plants were present in sufficient quantities after logging and burning 
to permit successful identification of the preexisting communities. Mueller-Dombois con­
cluded that the cutowr vegetation is denser than that found under the original stand due 
to spreading forest weeds, semitolerant of shade, and invading shade-intolerant weeds. 
Both weed groups compete for the same vacant spaces, but in general, the intolerant weeds 
appear to be more successful in burned areas and the semitolerant forest \veeds in unburned 
localities. 

Kellman (1969), working in southern British Columbia, found that species present in 
stands before logging maintained themselves in logged areas, although \vith reduced 
frequency, and gradually increased in importance as secondary succession advanced. 
Invading species, responding mainly to tree canopy removal, were largely concentrated 
in severely disturbed areas. I n his study areas, patterns of species occurrence showed 
considerable variation from stand to stand; thus, he was unable to find consistent differ­
ences in species distributions which could be related to successional stages. Kellman 
concluded "that no discrete communities, as measured by the methods employed, existed 
in the vegetation studied. It is proposed that these unique groupings were determined 
either by chance or by correlations between species' propagule availabilities within the 
stand, with the species' distributions being controlled only weakly by environmental 
factors." 

Although much work remains to be done in classification and description of seral 
communities in the TSllya Ii('/('mpli.llliu Zone, sufficient information is available for western 
Oregon to suggest broad successional trends (table 10). Seral communities on dry sites 
most often contain conspicuous quantities of GUIlIt/IlTiu s/!Uliol/, a species which is also 
very characteristic of the climax associations. The most important seral tree species is 
Pseilciotsilga 1/1(,llziesii, although in some areas of the Coast Ranges AnT I/wcmpltylllllll 

may also be dominant. On intermediate sites, early seral communities are often shrub 
dominated and include such species as to((('('illilill/ })(f),I'Ui,lilill/, V. O/"((tlllll, and Rlllws 

spectabilis, as \vell as G(/Illthc)'ia .~li(/ll()lI. The most widely distributed seral tree species 
on moist to wet sites in the Coast Ranges is A.1IIIIS I'll!;/'(!. L'nderstory vegetation in 
stands of AlllIIS mlim is most frequently dominated by Rllhlls s}J('ctuhilis in the shrub 
layer and Poly., t iellllill 111/11/ it /1 III in the herb layer. Other species characteristic of seral 
communities on moist sites include .-{eel" eil"cillutllill and Lotll.' cl"o:.;·~ifi'li/ls. 

The composition and density of the seral forest stands are dependent on the type of 
disturbance, available seed source, and environmental conditions. A very common occur­
rence is the development of dense, nearly pure, essentially even-aged stands of PSCllciotslI ga 

II/cl/ziesii (fig, i57). This tendency is encouraged by the extensive planting and seeding of 
this species after logging or wildfires. These stands are often dense enough to eliminate 
most of the understory vegetation (fig. 58), Reestablishment of the characteristic understory 
species and invasion of western hemlock then take place as mortality begins to open up 
the stand at 100 to 150 years of age. On the other hand, stands of PS(,IIc/ot.'W,fJu may be 
relatively open, resulting in persistent understories dominated by GUlIIt//(l"ia s/wlioll or 
.4c(' I" ci!'cillu flii/l. Other common types of young stands in the zone are (1) those dominated 
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Table )O. - Sera) communities and hypothesized equivalent climax associations reported for the Twga 
hCfcmphdla Zone in western Oregon arranged along a moisture gradient from dry (top) to wet (bottom) 

Climax associationLate seral communitiesEarly sera I communities 

Pseudotsuga menziesiilHolodiscus 
shallon (Corliss and Dyrness 1965) 

Pteridium aquilinum-Gaultheria 
discolorlGaultheria shallon 

Pteridium aquilinum-Gaultheria Pseudotsuga menziesiilGaultheria 

shallon (Corliss and Dyrness 1965) 
 shallon (Corliss and Dyrness 1965) 

Tsuga heterophyllalAcer circinatuml 
Vaccinium parvifoliuml Acer macrophyl/uml 5ymphoricarpos Gaultheria shal/on 

Gaultheria shallon, mol/is (Bailey and Poulton 1968, 
Rubus parvifloruslTrientalis Bailey and Hines 1971) 


latifolia (Bailey and Poulton 

1968, Bailey and Hines 1971, 

Meurisse and Youngberg 1971 ) 


Tsuga heterophyl/alRhododendron 
circinatumlGaultheria shallon 

Pseudotsuga menziesiilAcer 
macrophyllumlGaultheria shallon 

(Dyrness, Franklin, and Moir, 
unpublished) 

Tsuga heterophyl/alRhododendron 
circinatumlBerberis nervosa 

Pseudotsuga menziesiilAcer 
macrophyl/umlBerberis nervosa 

(Dyrness, Franklin, and Moir 
unpublished) 

Vaccinium ovatum-Rubus 
spectabilis, 

Vaccinium parvifoliumlGaultheria 
shallon (Meurisse and Youngberg Tsuga heterophyl/alGaultheria shal/on­
1971 ) Polystichum munitum 

Vaccinium parvifoliumlGaultheria 
shallon (Bailey and Poulton 
1968) 

Pseudotsuga menziesiilAcer 

Polystichum munitum 


Alnus rubralRubus spectabilisl 
circinatumlPolystichum 
munitum (Corl iss and 
Dyrness 1965) 

(Corliss and Dyrness 1965) 

Acer circinatumlPolystichum Tsuga heterophyl/alPolystichum 
munitum (Bailey and Hines 19711 munitum 

Alnus rubralAcer circinatum, 
Alnus rubralPolystichum munitum 

(Bailey and Poulton 19681 

Alnus rubralRubus spectabilisl 
Polystichum munitum 
(Corliss and Dyrness 1965) 

Pteridium aquilinum-Lotus 
crassifolius, Tsuga heterophyl/alPolystichum

Alnus rubralRubus spectabilisl munitum-Oxalis oregana

POlystichum munitum (Meurisse 

and Youngberg 19711 

Ptefldium aquilinum-Lotus 
crassifo IIUS, 

Alnus rubralRubus parviflorus 
(Bailey and Hines 19711 
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Figure 57.-Dense, nearly pure, essentially even-aged Figure 58. - Young conifer stands in the Tsuga hetero­
Pseudotsuga menziesii stands typically develop on cut­ phylla Zone are often dense enough to completely 
over areas in western Washington and northwestern eliminate most of the understory; dense 66-year-old
Oregon by natural seeding or planting. Pseudotsuga m enziesii stand near Cottage Grove, 

Oregon. 

by Alnus rubra, particularly on Polystichum munitum-characterized habitats (Bailey and 
Poulton 1968), and (2) stands in which Tsuga heterophylla or Thuja plicata are major 
components right from the beginning of secondary forest development. The latter two 
situations are most commonly found in wetter parts of the Tsuga heterophy lla Zone ; i.e., 
the northern Washington Cascade Range, the west side of the Olympic Mountains , and in 
the Coast Ranges. 

Truly climax forests are rare, but examples of old-growth forests which have been 
undisturbed for 400 to 600 years are relatively common. From these, we can draw some 
conclusion about the potential climax species. The eventual replacement of Pseudo tsuga 
by Tsuga heterophylla in the absence of disturbance has been described by many authors 
(e.g., by Munger 1940, Hansen 1947, Cooper 1957, and Barrett 1962, in general terms; 
and by Bailey 1966, Fonda 1967, and Orloci 1965, for specific areas). As mentioned, 
T.'iuga heterophylla may appear with the Pseudotsuga and a mixed stand develop. On 
other sites, significant T.'iuga invasion may not occur for 50 or 100 years after disturbance. 
The point is that on most sites in the zone, Tsuga heterophy lla is able to reproduce itself 
beneath the forest canopy and the relatively intolerant Pseudotsuga is not (fig. 59). 
Numerous examples can be found of mixed old-growth Pseudotsuga-Tsuga forest in which 
abundant seedlings, saplings, and poles of Tsuga heterophylla are present and those of 
P.'ieudotsuga are completely lacking. 

However, there is some variation within the zone regarding the climax tree species. 
On environmentally median sites, Tsuga heterophylla appears to be essentially the sole 
climax species. On very dry sites, Tsuga heterophylla is absent and, consequently, 
Pseudotsuga mellziesii attains a climax role. On the wet to very wet sites, Thuja plicata 
will certainly be a part of any climax forest; size-class analyses do not support climax 
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status for this species on modal or dry sites, however, even though many ecologists have 
hypothesized a Tsuga-Thuja climax for most of the region. The tendency for Thuja plicata 
to be a part of the mixed stands, successionally intermediate between the pioneer 
Pseudotsuga forests and the climax Tsuga heterophylla forests, has perhaps misled some 
ecologists in interpreting its successional role. 

Figure 59.-The shade-tolerant, climax 
Tsuga heterophylla is capable of repro­
ducing under a forest canopy, but the 
intolerant Pseudotsuga m enziesii is not; 
Tsuga saplings developing under a Pseudo­
tsuga overstory (Santiam River drainage, 
WiIIamette National Forest, Oregon). 

Special Types 

Puget Sound Area 
Here, large areas differ from the surrounding Tsuga heterophylla Zone in community 

types. Prairie, oak woodland , and pine forest are encountered, for example. Climate and 
soil are both major factors in these differences. The area lies in the rain shadow of the 
Olympic Mountains. Precipitation is typically between 800 and 900 millimeters in the 
Puget lowlands, although it drops as low as 460 millimeters on the northeastern side of 
the Olympic Peninsula and in the San Juan Islands (U.S. Weather Bureau 1960b). And, 
as pointed out earlier, a continental ice sheet covered the Puget Trough during the 
Pleistocene epoch (Vashon glaciation). Consequently, most soils have developed in glacial 
drift and outwash . Such soils are often coarse textured, poor in nutrients, and excessively 
drained. 

Although plant communities around Puget Sound are similar to others in the Tsuga 
heterophylla Zone, there are many notable features which are not common elsewhere: 
(1) stands with Pinus contorta, Pinus monticola, and even Pinus ponderosa as major 
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constituents along with Pseudotsuga menziesii, and with Gaultheria shallon as an extremely 
common understory species; (2) Quercus garryana groves-many being actively invaded 
by PselldotslIga mellziesii; (3) extensive prairies often being invaded by Pseudotsuga 
IIIcllziesii and associated with groves of Quercus; (4) abundant poorly drained sites with 
swamp or bog communities; and (5) occurrence of species rarely or never found elsewhere 
in western Washington or northwestern Oregon, e.g., Juniperus scopuloru m, Populus 
trclIIlIloidcs, PillllS pOllderosa, and Betnla papyriJera. None of these communities or 
community mosaics, except the bogs (Rigg 1917, 1919, 1922a, 1922c, 1958; Fitzgerald 
1966), have been studied in detail, although generalized accounts of one or more may be 
found in Lang (1961), Barrett (1962), Hansen (1947), and Rigg (1913). Roemer (1972) 
describes comparable communities from the east coast of Vancouver Island. The San Juan 
Islands will be discussed in Chapter XI. 

Prairies are a conspicuous feature of the landscape south of Puget Sound. These grassy 
openings include the Tacoma Prairies (Hansen 1947) and Wier Prairie (Lang 1961) near 
Olympia, Washington. The development of prairie (grassland) soil profiles in many of the 
openings indicates they have been free of forest for many years. The origin and maintenance 
of these prairie openings are thought to have been due to two main factors: (1) the occur­
rence of droughty, gravelly soils derived from glacial outwash materials coupled with 
low summer precipitation and (2) frequent burning of the prairies by natural causes, 
Indians, and possibly early white settlers. Lang (1961) has described the composition of 
nearly undisturbed portions of Wier Prairie as consisting primarily of bunches of 
Festllca idal/ocilsis with the intervening space covered by a thick moss layer, principally 
RliacolllitriulII callescellS. Species penetrating the moss layer include Carex pellsylvallica, 
Dodecatheon hendersonii, Camassia quarnash, SaxiJraga integriJolia, Sisyrinchium 
aII.CJllstlj()lill III , Arillcria lIIaritima, Viola adullca, V. lIuttallii, Zigadenus venenosus, and 
Baisall}()rliiza de/toidea. Many of these species clearly suggest high soil water contents 
during the winter and early spring. 

Since settlement, the extent of these prairies has been rapidly diminishing as a result 
of invasion by Pselldotsllga mCllziesii and Qllercus garryana (fig. 60). Accelerated tree 
invasion has been attributed to the advent of fire protection, grazing, and other means. 
Qllercus garrOl/alla stands within the prairie-woodland mosaic generally include the follow­
ing understory species: Cytisus scoparius, Symphorirarpos albus, Arctostaphylos uva-ursi, 
Carn pellsyIL'(lIIica, Festllca idal/oellsis, and Fmgaria vesca var. bmcteata (Lang 1961). 
Psendotsllga lIIellziesii stands recently established on what were formerly prairie sites 
are characteristically dense with sparse understory layers made up of such species as 
SYlllpllOricarpos alblls, OSlIIarollia cerasiJorlllis, Goodyera oblollgzjolia, Comllorliiza 
lIIaclilata, and SUllicllla crass/caulis (Lang 1961). Pinus contoTta (generally) and relict 
stands of Pill liS pOllderosa are also associated with the gravelly soils and prairies. 

"Mima mounds" are found on some of these prairies (fig. 60). These mounds range 
from swellings on the prairie surface to a maximum of about 2.1 meters in height and 
average about 12.2 meters in diameter. Several different theories of origin have been 
proposed, two of which are seriously considered. Dalquest and Scheffer (1942) attributed 
them to gopher activity (Thomoll/Ys talpoides). Newcomb (1952) related them to the glacial 
climate by proposing the mounds were due to thrusting action of ground ice wedges. 

Eventually, the Puget lowlands may be recognized as a separate vegetative zone similar 
to the Coastal Douglas-fir Zone found in British Columbia (Krajina 1965). Its close 
relations with this zone are obvious. Many of the Puget lowland communities also appear 
related to those found in the Willamette valley; possibly some ecologists would group 
them together. However, both coastal British Columbia and the Puget Sound areas were 
glaciated and do involve large bodies of ocean water which significantly affect the local 
climate. Neither of these circumstances applies to the Willamette and other interior valleys 
of western Oregon. 
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Figure 60. -Mirna Prairie near Olympia, Washington, 
showing (1) distribution of the mima mounds, which 
average 12 meters in diameter and 2 meters in height, 
and (2) invasion of a prairie area by Pseudotsuga menziesii 
(photo courtesy V. B. Scheffer). 

Grass Balds in the Oregon Coast Ranges 

Scattered peaks in the Oregon Coast Ranges, most often composed of intrusive igneous 
bedrock, support meadow vegetation generally described as grass balds. These openings 
are conspicuous features in otherwise uninterrupted forest vegetation. The most outstanding 
examples of grass balds are located on or near the summits of the following mountains: 
Marys Peak, Monmouth Peak, Grass Mountain, Prairie Peak, Roman Nose Mountain, 
Tyee Mountain, and Saddle Mountain. Elevations range from 779 meters for Tyee Mountain 
to 1,249 meters for Marys Peak. Merkle (1951) and Detling (1954) have provided lists 
of species occurring in grass balds situated on Marys Peak and Saddle Mountain, respect­
ively. However, the only phytosociologically oriented study of these bald communities is 
that of Aldrich (1972). Aldrich, in his study of six grass balds, identified and described 
two climax associations, the Lomatium martindalei and Elymus glaucus associations, 
and three seral communities designated as the Carex rossii, Cynosurus echinatus, and 
Viola adunca communities. 

According to Aldrich (1972), the Lomatium martindalei association is limited to shallow 
soils adjacent to rock outcrop areas and is made up of low-growing mosses, grasses, and 
herbs. Important characteristic species are Lomatium martindalei, Aim praecox, and 
Hypochaeris radicata. Other species often present include Lupinus lepidus, Aira 
caryophyllea, Koeleria cristata, and Agoseris heterophylla. The Elymus glaucus associa­
tion occurs on deeper soils and is characterized by Elymus glaucus, Bromus carinatus, 
Galium aparine, Carex pachystachya, and Poa pratensis. The Carex rossii and Cynosurus 
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echinatus units are il}terpreted as seral communities within the Elymus glaucus habitat 
type. The dominant plant in the Carex rossii community is Pteridium aquilinum. Other 
important species include Collinsia parvijlom, Delphinium menziesii, Thermopsis montana 
var. venosa, and Galium oreganum. Important species within the Cynosurus echinatus 
community include, in addition to Cynosurus , Taraxacum officinale, Bromus rigidus, 
Geranium molle, Bromus commutatus, and Arrhenatherum elatius. The Viola adunca 
community is characterized by high cover of Carex californica and Festuca rubra and the 
occurrence of Viola adunca and Iris tenax. 

Talus Communities 

Nonforested talus or scree slopes occur in many parts of the Tsuga heterophy lla Zone. 
Very often the communities on these sites are dominated by the shrub A cer circinatum. 
These should probably be described as a series of communities because of the great variety 
in stand composition and structure, depending on substrate (size, arrangement, and 
chemistry of rocks , moisture conditions), elevation , exposure, etc. Some typical associates 
of A cer circinatum on more xeric talus include Cryptogramma crispa, Fes tuca occidentalis, 
Holodiscus discolor, Symphoricarpos mollis , Corylus cornuta var. californica, Cheilan thes 
gmcillima, S elaginella wallacei, X erophyllum tenax, Synthyris renif ormis, Rhacomitrium 
canescens var. ericoides, Aim caryophyllea, and Ceanothus sanguineus. A cer circinatum­
dominated talus communities may be found well into the Abies amabilis Zone and be 
intergraded with the Alnus sinuata communities described later in this chapter. 

Talus communities dominated by Acer macrophyllum occur in the Oregon Coast Ranges 
(Bailey and Poulton 1968). Similar communities have been noted in northern Washington 
(fig. 61). 

Figure 61.-Talus communities dominated 
by A cer lI/11crophyllulI/ (background) or 
A cer circillatulI/ (foreground) are wide­
spread in the Twga he lerophy lla Zone 
(Lake Twentytwo Research Natural Area, 
Mount Baker National Forest, Washing­
ton). 
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Port-Orford-cedar Variant 

Near its southern edge in the Oregon Coast Ranges, Chamaecyparis lawsoniana is 
added to Tsuga heterophylla Zone forests. In these forests, Chamaecyparis is associated 
with species such as Pseudotsuga menziesii, Tsuga heterophylla, Abies grandis, Thuja 
plicata (only on wetter sites), Lithocarpus densijlorus , Rhododendron macrophyllum, 
Arbutus menziesii, and Pinus lambertiana (fig. 62). It appears to have the same ecological 
role as Pseudotsuga menziesii, a long-lived but seral dominant. Old-growth specimens 
of Chamaecyparis lawsoniana develop thick bark and are quite resistant to fire . Old but 
vigorous specimens frequently have numerous fire scars (fig. 63). Structural analyses of 
old-growth stands indicate Chamaecyparis is not capable of reproducing under closed 

Figure 62.-Chamaecyparis la w­
soniana is found in the southern 
part of the Tsuga heterophylla 
Zone and attains optimal de­
velopment there; note the dense 
understory of evergreen shrubs 
(Siskiyou National Forest, Ore­
gon). 

92 



Figure 63.-0Id-growth Chamaecyparis 

lawsoniana are quite fire resistant, and 

vigorous specimens frequently have deep 

basal fire scars (Coquille River Falls 

Research Natural Area, Siskiyou National 

Forest, Ore2on). 


forest conditions and is replaced by more tolerant associates-Abies grandis and Tsuga 
heterophylla. 9 

Chamaecyparis lawsoniana is considered in this discussion of the Tsuga heterophylla 
Zone because it attains optimum development there. In fact, it grows in several different 
zones and on a wide vatiety of sites in southwestern Oregon-from sand dunes along the 
coastal strip to over 1,500 meters in the Siskiyou Mountains and down into the interior 
valleys; from swampy sites to dry, rocky ridges; and even on serpentine soils (Whittaker 
1960, Fowells 1965). Indeed, it is difficult to understand why the natural range of the 
species is so restricted geographically. Chamaecyparis lawsoniana is seriously threatened 
by a killing root disease, Phytophthora lateralis, which was recently introduced into its 
natural range. This disease has already decimated Chamaecyparis lawsoniana in the 
coastal region and could possibly eliminate it from most of its natural range. 

Abies all1abilis Zone 
The Abies amabilis Zone lies between the temperate mesophytic Tsuga heterophylla 

Zone of the lowlands and the subalpine Tsuga mertensiana Zone. It occurs on the western 
slopes of the Cascade Range from British Columbia south to about 44 0 north latitude, 
generally at elevations from 1,000 to 1,500 meters in Oregon, 900 to 1,300 meters in 
southern Washington (Franklin and Bishop 1969), and 600 to 1,300 meters in northern 
Washington. The Abies amabilis Zone is also conspicuous in the Olympic Mountains, 
except in the rain shadow on the northeastern slopes of the peninsula (Fonda 1967, Fonda 
and Bliss 1969). Where local conditions are favorable, comparable communities are found 
(1) on eastern slopes of Washington's Cascade Range, (2) south to 43 0 north latitude in 
Oregon 's Western Cascades Province, (3) on wet, cool sites (streamsides and benches) in 
the Tsuga heterophylla Zone, and (4) in isolated locales in the northern Oregon Coast 
Ranges (Hines 1971). 

Weare uncertain as to whether the Abies amabilis Zone should be considered a sub­
alpine or cool temperate formation. In earlier work, the subalpine designation is more 
common (e.g ., Franklin 1966). More recent work in connection with the Coniferous Forest 
Biome, U.S. International Biological Program (fig. 29) , suggests the cool temperate designa­

9 Data on file at Forestry Sciences Laboratory, Pacific Northwest Forest and Range Experiment 
Station, Corvallis, Oregon. 
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tion may be more proper. Vegetative analyses often show a preponderance of temperate 
over subalpine elements although many of the environmental features (e.g., short, cool 
growing season and significant winter snowpack) are more characteristic of subalpine 
areas. Fonda and Bliss (1969) designate their Abies amabilis- Tsuga heterophylla forests 
as "montane" rather than subalpine, and Krajina (1965) refers to his zonal analog as the 
"Wet Subzone, Coastal Western Hemlock Zone." In any case, our Abies amabilis Zone 
includes most of the poorly defined Canadian Zone (Barrett 1962) as well as the upper 
edges of the Humid Transition Zone (Franklin and Bishop 1969). 

Environmental Features 
The Abies amabilis Zone is wetter and cooler than the adjacent Tsuga heterophylla 

Zone and receives considerably more precipitation in the form of snow (table 11), much 
of which accumulates in winter snowpacks as deep as 1 to 3 meters. The complex of soil­
forming processes leads toward podzolization. This trend is less pronounced in the south 
where Haplorthods (Brown Podzolic soils) are the rule, and most pronounced in the north 
where Cryorthods (Podzols) are typical. Organic matter accumulations are of a mor or 
duff-mull type. These generally average only 3 to 7 centimeters thick (Williams and 
Dyrness 1967), except in northern Washington where accumulations up to 30 centimeters 
or more in thickness are encountered along with well-developed bleicherde (A2) and 
ortstein (B2ir) mineral horizons. 

Table 11.- Climatic data from representative weather stations within the Abies amabilis Zone 

Temperature Precipitation 

Station 
Eleva- Lati- Longi Average Average June Average 
tion tude tude Average Average January Average July Average through annual 

annual January minimum July rnaximurr annual August snowfall 

Meters - Degrees C. - - - - - ­ Millimeters Centi­- -­- -­ ~ - - - - meters 

Snoqualmie Pass, 991 47 c 25' 121 25' 5.5 - 3.2 - 6.6 14.4 21.1 2,656 227
Wash. 

Spirit Lake, Wash. 1,063 46' 16' 12209' 5.6 - 2.0 -4.4 14.9 22.3 2,253 140 

Government Camp, 
1,280 45' 18' 121'45' 5.6 - 1.7 -4.9 14.0 20.8 2,190 190Oreg. 

982 

718 

792 

Source: C. S. Weather Bureau (1956, 1965a I. 

Forest Composition 
Forest composition in the Abies all/ubilis Zone varies widely, depending upon stand 

age, history, and locale (Franklin 1965a, 1965b). Typical tree species are Abies amabilis, 
TSlIgu heterophylla, Abies pl'Ocera, PseuciotslIga mellziesii, Tlmja plicata, and Pinus 
mOllticola (fig. 64). Around Mount Adams and in Oregon, Abies lasiocarpa, Abies graudis, 
Picea ellge/III([lIlIii, Pilll(s CiJlltlil'ta, and L((l'i,( liccidelltulis may also occur in the zone. 
At its upper margin, Tsugu 1I1£'l'teIlSi((l/([ and C/w/l/aecyparis Jlootkatel/sis appear. Under­
stories are usually dominated by ericaceous genera, such as VucciJlilllll, Menziesia, 
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Figure 64.-Mixed stands are typical of the Abies all7abilis 
Zone; overstory dominants in this stand are Abies 
procera , Pseudotsuga lIlenziesii , and Tsuga heterophylla 
(background), but poles (foreground) and reproduction 
are the climax Abies (llIlabiiis (Wildcat Mountain Re­
search Natural Area, Willamette National Forest, 
Oregon). 

Gaultheria , Chimaphila, Rhododendron, and Pyrola. Cornus canadensis, Clin tonia unifiora, 
Rubus lasiococcus , R. pedatus, Linnaea borealis, Xerophyllum tenax , and Viola 
sempervirens are also common species. Rhytidiopsis robusta is the most constant and 
conspicuous bryophyte. 

Composition of forest communities within the Abies amabilis Zone varies markedly 
on both geographic and local scales. Most synecological studies have recognized a series 
of community types within a study area (e.g., Franklin 1966, Fonda and Bliss 1969, Hines 
1971), although others (Thornburgh 1969, Del Moral 1973) have found a continuum 
viewpoint useful. In southern Washington and northern Oregon, much of the variation 
in community composition is associated with moisture regimes (Franklin 1966) . Some 
understory constancy and coverage data for an exemplary group of associations along a 
moisture gradient within the Mount Rainier Province (Franklin 1965b) are provided in 
table 12. The Abies amabilisIVaccinium alaskaense association is the zonal climax in this 
area. It is characterized by well-developed shrub, herb, and moss layers (fig. 65). Vacciniu m 
alaskaense , V. ovalif olium , Cornus canadensis , Clintonia unifiora, Linnaea borealis , and 
Rhyt idiopsis robus ta typify these modal communities. Drier sites are occupied by associa­
tions with depauperate understories dominated by low shrubs such as Gaultheria shallon 
and Berberis nervosa or, on lithosolic sites, by the coarse liliaceous X erophyllum tenax 
(Abies amabilislXerophyllum tenax/Lithosol and Abies amabilislGaultheria associations 
in table 12). More mesic sites have communities with herb-rich understories dominated 
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by species such as Tiarella unifoliata, Streptopus roseus, Achlys triphylla, Gymnocarpium 
dryopteris, Vancouveria hexandra, and Smilacina stellata (Abies amabilislStreptopus 
roseus association in table 12) (figs. 66 and 67). On some habitats, Oxalis oregana and 
Blechnum spicant are also characteristic herbs. Communities on the wettest forested sites 
have dense, lush understories typified by a variety of succulent herbs, Athyrium filix-femina, 
and Oplopanax horridum (Abies amabilislOplopanax horridum association in table 12). 

Table 12. - Constancy and coverage of selected plants species in five plant associations within the Ahies amahilis Zone representing 
a moisture gradient from dry (on left) to wet (on right) (from Franklin 1966) 

Stratum Abies amabilis/ 
Xerophyllum tenax/ Abies amabilis/and 

species Lithosol Gaultheria shal/on 

Constancy ICover Constancy 1Cover 

Shrubs: 
Acer circinatum 100 13 80 13 
Gaultheria shallon 100 9 100 40 
Berberis nervosa 100 8 100 13 
Vaccinium parvifolium 100 7 100 2 

trlVaccinium membranaceum 100 4 60 
2Vaccinium alaskaense 100 tr 80 2 

Oplopanax horfidum 

Shrub total - 47 - 76 

Herbs: 
Xerophvl/um tenax 100 50 100 1 
Lmnaea borealis 100 3 100 2 
Chimaphila umbellata 67 1 80 tr 
Cornus canadensis 67 1 40 tr 
Achlvs triphvlla 67 1 60 1 
Clintonia unif/ora 33 1 60 1 

-Rubus lasiococcus -
-Smilacina stel/ara -

-Tiarella unifoliata -
Trillium ovatum 80 tr 
Gvmnocarpium dryopter;s 


Athyf/um filix-femina 


Herb total - 58 - 8 

Mosses: 

Abies amabilis/ Abies amabilis/ Abies amabilis/ 
Vaccinium alaskaense Streptopus roseus Oplopanax horridum 

Constancy 1Cover Consta ncy1Cover Constancy ICove 

- - -- Percent ----------------- - ------------ ­

65 6 50 2 83 4 
38 1 
54 3 - -
65 2 33 1 
73 4 100 2 17 tr 

100 33 100 10 83 1 
50 tr 100 31 

- 48 - 16 - 41 

65 5 
81 3 17 tr 
77 4 
88 6 67 1 

62 1 
 100 14 100 18 
73 2 100 6 83 5 
23 1 83 4 83 tr 
50 tr 83 3 67 3 
77 tr 100 18 100 12 
- tr 100 1 100 1 
- 33 8 100 42 

67 tr 
-

100 19 
- 23 - 88 - 128 

Eurhynchium oreganum 67 1 100 11 50 1 17 tr 50 1 
RhVtldlOpsis robusta 100 12 100 7 100 14 100 1 83 2 
Homalothec;um megaptilum 33 Ir 100 2 35 tr - - - -
Brachythecium velutinum - - 20 tr 35 tr 83 tT 100 1 

Moss total - 19 - 26 - 17 - 2 - 10 

I tr represents trace (less than 0.5 percent cover). 
~ Indudes Vaccinilllll (}vaiijil/ium when present. 

Similar types of communities are found in other regions of the Abies amabilis Zone. 
In the Olympic Mountains, herb-rich communities characterized by Oxalis oregana and 
Blechnum spicant are much more common than in southern Washington (Fonda 1967, 
Fonda and Bliss 1969). In the northern Washington Cascade Range, the climatic climax 
communities are similar to the Abies amabilislVaccinium alaskaense association except 
for a somewhat greater abundance of mesic herbs and of Rubus pedatus. In general, the 
community mosaic in the northern Cascade Range is shifted toward the moist end of the 
spectrum because of the cooler, moister climate. The Abies amabilis Zone in the High 
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Figure 6S.-Understory in an Abies amabilis/Vacciniul11 
alaskaense community, the zonal climax in the southern 
Washington Cascade Range; Vacciniull1 alaskaense, 
X erophyl/ul11 tenax, Cornus canadensis, Clintonia uni­
flora, and Rhytidiopsis robusta are notable species (Wind 
River Research Natural Area, Gifford Pinchot National 
Forest, Washin,;on). 

Figure 66.-Abies procera attains maximum development 
on mesic sites in the Abies amabilis Zone; these sites 
are characterized by herb-rich understories (near Mount 
St. Helens, Gifford Pinchot National Forest, Washington). 

Figure 67.-Lush herbaceous understories 
typify forest understories on moist sites 
in the Abies alllabilis Zone; Achlys 
triphyl/a, Vancouveria hexandra, Gym­
nocarpiulll dryopteris, and Streptopus 
roseus on Abies amabilis/Streptopus habi­
tat type (Gifford Pinchot National Forest, 
Washington). 
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Cascades around Mount Adams and in Oregon is characterized by communities with 
depauperate understories dominated by Vaccinium m embranaceum and X erophyllum 
tenax (Franklin 1966). In the Western Cascades of Oregon, many Abies amabilis Zone 
communities have added Rhododendron macrophyllum as an understory dominant (fig. 
68) (see footnote 7). Herb-rich and Vaccinium alaskaense-Cornus canadensis associations 
are also present south to at least 44 0 north latitude. One distinctive community dominated 
by Picea engelmannii and Abies amabilis with a lush herbaceous understory is character­
istic of wet, frosty habitats throughout the northern Oregon Cascade Range. Generally, 
the proportion of communities with an understory dominated by herbs and by Vaccinium 
spp. (except V. membranaceum ) appears to increase and decrease, respectively, as one 
moves south in the Cascade Range in Oregon. 

Communities in which Abies amabilis is a major climax component occur sporadically 
and not as an identifiable zone in high rainfall areas (over 2,000 mm. annually) in the 
northern Oregon Coast Ranges (Hines 1971). The community types present include herb­
rich (Tsuga heterophylla-Abies amabilislVaccinium ovalif oliumlOxalis oregana) and 
Rhododendron-dominated types (Tsuga heterophylla-Abies amabilislRhododendron 
macrophyllumlCornus canadensis ). An anomaly in this area is a frequent occurrence of 
stands of Abies procem at higher elevations (750 to 1,000 meters) from which Abies 
amabilis is absent (Hines 1971, Merkle 1951, Neiland 1958, Franklin 1964) . 

Figure 68.-Understory of community 
on Abies amabilis/Rhododendron mac­
rophyllum- Vaccinium alaskaense/Cor­
nus canadensis habitat type (H. J. 
Andrews Experimental Forest, Ore­
gon). 

Successional Patterns 
The major climax species throughout the zone is A bies amabilis (Thornburgh 1969, 

Fonda and Bliss 1969, Franklin 1966); size and age class analyses of many stands illustrate 
this clearly (fig . 69). A typical successional sequence begins with invasion of the site by 
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Figure 69.-Abies amabilis is the 
major climax species in this 
zone dominating the reproduc­
tion in old-growth stands; Abies 
amabilis saplings in an Abies 
procera stand (Wildcat Moun­
tain Research Natural Area, 
WiIlamette National Forest, 
Oregon). 

Pseudotsuga menziesii or Abies procera, or both. Western hemlock may be established 
simultaneously or develop later under a forest canopy, or both. In any case, Pseudotsuga 
and Abies procera fail to reproduce. The heavy-seeded, fire-sensitive Abies amabilis is 
usually last to invade the site (Schmidt 1957), coming in under the mixed canopy of 
Pseudotsuga menziesii, Abies procera, and Tsuga heterophylla; if seed sources are available, 
Abies amabilis can also function as a pioneer species, however. 

Four hundred to 500 years after disturbance, a typical mixed stand includes scattered, 
large (100- to 150-cm d.b.h.) Pseudotsuga menziesii, more abundant but somewhat smaller 
(70- to 100-cm. d.b.h.) Tsuga heterophylla, and abundant seedlings, saplings, and poles 
of Abies amabilis . Many stands with this or a similar structure are encountered in the 
Cascade Range. 

Stand structure analyses· indicate Tsuga heterophylla is a minor climax species along 
with Abies amabilis, especially at lower elevations within the zone. Climax species on 
wet sites are not easily predicted since seedlings and saplings of all species are relatively 
scarce. It does appear that both Tsuga heterophylla and Thuja plicata are at least minor 
climax species. 

Replacement of the shade-tolerant Tsuga heterophylla by Abies amabilis on most sites 
is probably a consequence of mechanical factors (Thornburgh 1969). Fragile Tsuga seed­
lings are unable to survive winter accumulations of litter and snow characteristic of forest 
floors in the zone, whereas those of Abies amabilis are (Thornburgh 1969, Kotor 1972). 
Surviving Tsuga heterophylla reproduction is invariably confined to down logs and mounds 
of rotten wood. Tsuga heterophylla seedlings do conduct photosynthesis more efficiently 
at low light intensities, and reportedly they grow faster than those of Abies amabilis 
(Thornburgh 1969). 

Abies amabilis sometimes occurs within the Tsuga heterophylla Zone and grows to 
large size there (e.g., see Hades Creek in Franklin et al. 1972). Fire, slow growth rates, 
and a sensitivity to moisture stress have been mentioned as possible factors restricting 
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Abies amabilis at lower elevations (Schmidt 1957, Thornburgh 1969, Kotor 1972). Kotor 
(1972), in particular, has proposed that Abies amabilis is physiologically unsuited for 
the generally drier habitats found in the lowlands and has provided some evidence to 
substantiate this hypothesis. Successional relationships between Tsuga heterophylla and 
Abies amabilis are reversed at lower elevations with Tsuga playing the climax role. The 
lesser shade tolerance and slower growth rate of Abies seedlings (Thornburgh 1969) and 
greater drought tolerance of Tsuga seedlings (Kotor 1972) are certainly key factors in 
the seral role of Abies amabilis in such habitats. 

Early stages in forest succession (from disturbance through development of a closed 
forest canopy) have not been studied in detail. However, major dominants during the 
preforest stage of succession are generally species present in the forest stands before 
disturbance. Some examples are all the Vaccinium spp., Xerophyllum tenax , and S orbus 
spp. Pteridium aquilinum is often a major invader not present before disturbance. An 
exception to these generalizations is on wet sites where disturbance may produce dense 
shrub communities of Sam bucus , Rubus spectabilis, and Ribes spp. 

Special Types 

Alnus sinuata Communities 

Alnus sinuata characterizes a community type found most often in this zone. These 
shrub communities occupy sites subject to deep winter snow accumulations and extensive 
snow creep; they often suffer recurrent snow avalanches as well. Consequently, Alnus 
sinuata individuals, 3 to 5 meters tall, have strongly bowed stems (fig. 70). In the Washing­
ton Cascade Range, repeated avalanching is at least partially responsible for creation 
and maintenance of these communities (fig. 71). In Oregon, Alnus sinuata communities 

Figure 70.-A/nus sinuata communities are 
on sites subject to heavy snow accumula­
tions and snow creep or avalanching; Figure 71.-A/nus sinuara communities are 
hence, the 3- to S-meter-tall A/nus have permanently maintained on some sites by 
strongly bowed stems (H. J. Andrews recurrent snow avalanches (Mount Rainier 
Experimental Forest, Oregon). National Park, Washington). 



appear on sites that are not avalanche tracks but do have heavy snow accumulations and 
abundant seepage water. High water tables have been ascribed to a nearly impervious 
subsoil in some areas,llI but in others there appears to be no difference in substrate 
between forest and shrub communities (Daubenmire and Daubenmire 1968, Aller 1956). 
AillllS Sililiuta communities are to all appearances a stable community type or are only 
very slowly encroached upon by forest vegetation. The only conifer capable of surviving 
and reproducing on sites with recurrent avalanches is C!/(!II/(l ecypu l'i8 ilOotku te liS is. Since 
the sites occupied by A..llIlIs silllluta communities are normally very wet, the understory 
is typically rich in dicotyledonous herbs, such as MOlltia spp., ferns, and Carices and 
usually includes Opio}Jallu.r !/Orridllill. Similar communities occur in higher forested 
zones on the east slopes of the Cascade Range, in the northern Rocky Mountains (Dauben­
mire and Daubenmire 1968), and in the Blue Mountains where Ai III!.''; ii/calia dominates 
(personal communication, Dr. F. C. Hall). Avalanche tracks on which P()pIIiIlS tl'clIlII/oides 

is the major shrub are also encountered in the northeastern Washington Cascade Range 
and Okanogan Highlands. 

Meadow Communities 

There are many types of mountain meadow and other nonforested communities associated 
with the Ahir:.~ uillohiiis Zone. A mesic meadow type, dominated by Pteridi/IIII aqllilillllill 

and Rllblls purl'lliol'lls, is extremely widespread and is often contiguous with AillllS sillllata 

communities and may intergrade with subalpine meadow types at higher elevations 
(personal communication, Mr. G. W. Douglas). Hickman (1968) categorized and listed 
constituent species for the different vegetation types found in forest openings along the 
ridges and peaks of Oregon's Western Cascades Province; the majority of these are 
associated with the Ahies u IIlIlbilis Zone. Included in Hickman's lists are three different 
meadow types, and seep, talus, and outcrop communities. 

1:\'ug(f /lIe rleIlsi([ Il(f Zone 
The TSllga II/ertellsial/u Zone is the highest forested zone along the western slopes and 

crest of the Cascade Range and in the Olympic and Klamath Mountains. Elevational 
limits of the TSlIga 1Ill'l't1'l/.')iul/a Zone are generally between 1,300 and 1,700 meters in 
northern Washington, 1,250 and 1,850 meters around Mount Rainier (Franklin and 
Bishop 1969), and 1,700 and 2,000 meters in the southern Oregon Cascades. The zone 
extends varying distances east of the Cascade crest until it is gradually replaced by the 
Ahies iusi()('ul'}Ju Zone more typical of interior subalpine environments. A similar replace­
ment of TS11rJo II/crtci/sial/a forests by those of Abir:s lasi()caJ'}Ja occurs in the rain shadow 
portion of the Olympic Mountains (Fonda 1967, Fonda and Bliss 1969). TSllgu lIIertellsial/u­
dominated forests reappear in portions of the northern Rocky Mountains in association 
with those of Ahies iusio('ur]Ja and Picea 1'l/gcllllallllii (Daubenmire 1952, Daubenmire and 
Daubenmire 1968, Habeck 1967). 

The T.~/IWI lIu'I't1'l/siul/u Zone can be divided into major subzones-a lower subzone of 
closed forest and an upper parkland subzone. In the lower subzone, there is essentially 
continuous forest cover of TS/I[Ju IIl1'rtel/sialla and its associates. The upper subzone is a 
mosaic of forest patches and tree groups interspersed with shrubby or herbaceous sub­
alpine communities. In this section, we will be concerned only with the lower subzone; the 

10 Cnpublished soil survey data from the H. J. Andrews Experimental Forest on file at Forestry 
Sciences Laboratory, Pacific Northwest Forest and Range Experiment Station, Corvallis, Oregon. 
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subalpine meadow-forest mosaic will be considered during the discussion of timberline 
and alpine regions. 

As defined here, the TSliga mertellsialla Zone is comparable to the Mountain Hemlock 
Zone of Krajina (1965); his parkland and forest subzones are also identical. The Tsuga 
lIIertensiana Zone also includes most of the Hudsonian Life Zone (Barrett 1962) and, 
perhaps, the upper part of the Canadian Zone as well. Douglas (1970, 1972) refers to the 
parkland subzone of the TSllga mertensiana Zone as the "subalpine zone" and considers 
the closed forest subzone simply a component of a midelevation "Pacific silver fir zone" 
(personal communication). This view is partially justified by the occurrence of Abies 
amabilis as a major climax species in the closed Tsuga mertensiana forests in most of 
Washington and northern Oregon. Similar Tsuga mertensiana forests, without Abies 
amabilis, extend north to Alaska, south to California, and east to Montana, however, 
and the group constitutes a vegetationally and environmentally distinctive formation. 
Consequently, it seems parochial to eliminate one segment of the formation on the basis 
of Abies amabilis, and we have elected to recognize a closed forest subzone of the Tsuga 
III ertel/siana Zone. 

Environmental Features 
The TSllga mertensiana Zone is wet and is the coolest of the forested zones in western 

Oregon and Washington (table 13). Annual precipitation ranges from about 1,600 to 2,800 
millimeters. This includes 400 to 1,400 centimeters of snowfall which accumulates in 
snowpacks up to 7.5 meters deep. The sharp increase in snow accumulation within this 
zone is a consequence of the elevation of the freezing isotherm during the winter months 
(Peterson 1969, Brooke et al. 1970). Detailed micro- and macroclimatic data collected in 
British Columbia (Brooke et al. 1970) are certainly representative of Tsuga mertensiana 
Zone in northern Washington and probably beyond. These data suggest a snow duration 
of at least 6 months but seldom more than 8 months in the closed forest subzone. 

Soils within the zone are podzolic, although the degree of podzolization varies greatly. 
In the north, Cryorthods (Podzols and Gley Podzolic soils) are common, with well-developed 
mor or duff-mull humus layers 5 to 10 centimeters thick. In central and southern Oregon, 
Cryorthods (Podzols) are rare; and weakly developed Haplorthods (Brown Podzolic soils) 
with a relatively thin (2 to 5 centimeters), but densely matted, felty mor humus layer 
are the rule (Williams and Dyrness 1967). 

Table 13. - Climatic data from representative weather stations within the Tsuga mertensiana Zone 

Temperature Precipitation 

Station 
Eleva- Lati- Longi- Average IAverage June Average 
tion tude tude Average Average January Average July Average through annual 

annual January minimum July Imaximum annual August snowfall 

Meters 
I 

Millimeters Centi -- - - - - - - - - - Degrees C. - - - - - - - - - ­ meters 

Mount Baker 
1,362 48°52' 121°40' 4.5 -2.6 -5.7 12.1 17.5 2,821 313 1,398Lodge, Wash. 

Paradise Ranger 1,B21 46°47' 
Station, Wash. 

121°44' 3.4 -3.4 -7.0 11.6 17.4 2,635 226 1,362 

Crater Lake 
National Park 2,124 42°54' 122°0B' 3.B -3.7 -B.4 13.4 21.9 1,643 99 1,324 

Headquarters, Oreg 

Source: U. S. Weather Bureau (1956, 1965a, 1965b). 
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Forest Composition 

Forest composition within the zone varies considerably with locale (table 14). Relatively 

few species are found as dominants- Tsuga mertensiana in old-growth forests throughout 
the zone (fig. 72) and Abies lasiocarpa or Pinus contorta, or both, in seral stands in drier 
portions of the zone. Abies amabilis is conspicuous in the zone in Washington and northern 
Oregon but drops out completely in the southern Oregon High Cascades and Siskiyou 
Mountains. Abies amabilis and Chamaecyparis nootkatensis are major associates, and 
Pseudotsuga menziesii, Abies lasiocarpa, and Pinus monticola are minor associates in 
wetter portions of the Tsuga mertensiana Zone in the Olympic Mountains (Fonda and 
Bliss 1969). There are a wide variety of understory species of which many are Ericaceae, 
Rosaceae, and Compositae. 

The spectrum of communities found within the Tsuga me'rtensiana Zone varies locally 
with gradients in temperature, moisture, and accumulation and duration of snow, as well 
as geographically (Brooke et al. 1970, Franklin 1966). Some of the associations which 

Figure 72.-Pure, old-growth 
stands of TSLIga lIl ertensiana are 
common throughout the TSLI ga 
lIIerl ensiana Zone; note the 
clumping tendency of the trees 
in this stand near timberline 
(Gifford Pinchot National Forest, 
Washington). 



Table 14. - Relative importance of tree species in the closed-forest subzone of the Tsuga mertensiana Zone. 

Species 

Washington Oregon 

Western 
Cascades 

Eastern 
Cascades 

Olympic 
Mountains 

Northern 
Cascades 

Southern 
Cascades 

Abies amabi!is 1M m M M -

Abies !asiocarpa m M m M -
Abies magnifica var. shastensis - - - - M 
Abies procera m - - m -

Chamaecyparis nootkatensis M m M m -
Picea enge!mannii - m - m m 
Pinus a!bicau!is - m - m m 
Pinus contorta m M m M M 
Pinus montico!a m m m m m 
Pseudotsuga menziesii m m m m -

Thuja p!icata m - - - -

Tsuga heterophylla m m m m -
Tsuga mertensiana M M M M M 

I M indicates a species is a major constituent of either seral or climax forests or both; m indicates a 

species is a minor component. 


have been described are (the latinized association names of Brooke et al. (1970) have been 
altered to our format): 

AS8ociatioil 

Abies alllabilis-Tsuga mertellsialla/ 
Xerophylllllll tella.t" 

Abies amabilis-Tsliga mertel/sialla/ 
Vaccinil/III membrallacel/II/ 

Abies all/abilis/Veratmm t·iride 
Abies amabilis/ 

Menziesia JerFugillea 
Cllamaecyparis nootkateilsisl 

RllOdodelldrrm alb(fiol'lllll 
TSllga mertellsiana/Vaccillillill 

11/ e III bra lIaceum 
Ts 11 ga me rte liS ia na/Cladot II a 1111111 s 

pyrolaefiorus 
TSIIga mertensialla-Abies all/abilis/ 

Vaccillium alaskaellse 
Abies alllabilis/Streptoplls rosells 
Til uja plicata/Oplopanax horridlllll 
Challwecyparis lIootkatelisis/ 

Lysichitl/m a III erica II II III 

II See footnote i. 

Loca t iOIl AI/thor 

Central Oregon Western Cascades (11) 

Southern Washington-northern Oregon Franklin 1966 
Southern Washington-northern Oregon Franklin 1966 

Southern Washington-northern Oregon Franklin 1966 

Southern Washington-northern Oregon Franklin 1966 
Brooke et al. 

British Columbia 1970 

" " 

" " 
" " 
" " " 
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One of the most widespread associations is the Tsuga-Abies/Vaccinium membranaceum 
type which occurs from British Columbia to central Oregon. In southern Washington, this 
community has a depauperate understory composed of Vaccinium membranaceum, 
X erophyllum tenax, Pyrola secunda, Rubus lasiococcus, and perhaps a few additional 
species (Franklin 1966). The understory is frequently enriched as the upper limits of 
closed forest are reached by species such as Vaccinium deliciosum and Phyllodoce 
empetrijormis . A variant of this community, in which the understory is completely 
dominated by X erophyllum tenax is common in the southern Washington and north­
ern Oregon Cascade Range (fig. 73). These communities dominated by Vaccinium 
membranaceum and X erophyllum tenax are obviously closely related to Daubenmire and 
Dauhenmire's (1968) Abies lasiocarpa/Xerophyllum association in the Rocky Mountains 
as well as Fonda and Bliss' (1969) Abies lasiocarpa type in drier portions of the Olympic 
Mountains. 

On wetter, cooler habitats, e.g., north slopes and along drainages, communities have 
dense shrub understories 1 to 1V2 meters in height. The most extreme example in southern 
Washington is a Chamaecyparis nootkatensis/Rhododendron albiflorum association (fig. 
74) (Franklin 1966). A tangle of Vaccinium ovalij olium, V. membranaceum, Rhododendron 

Figure 73.-Communities with understories dominated by 
Xerophy /lum tenax and Vaccinium membranaceum are 
very widespread on poorer sites in the Tsuga mertensiana 
Zone; a Tsuga mertensiana-Abies amabilis/Xerophyllum 
tenax community on a ridgetop with shallow soil 
(Wildcat Mountain Research Natural Area, Willamette 
National Forest, Oregon). 

Figure 74.-Representative stand of the Chamaecyparis 
nootkatensis/Rhododendron albifiorum association; Abies 
amabilis and Tsuga mertensiana are associated with 
Chamaecyparis in the overstory and Men ziesiaJerruginea 
and Vaccinium spp. with Rhododendron in the dense, 
tangled shrub layer (Snoqualmie National Forest, 
Washington). 
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albifiorum, Menziesia jerr1lgillea, and Sorbus spp. is characteristic of this shrub layer. 
Typical herbs include Rllbus pedatus, R. lasiococCllS, Valeriana sitchensis, Viola 
sempervirens, Listera caurina, and Erythronium montanum. 

Interestingly, the Tsuga mertellsianalCladothamll/{s pyrolaefiorus association described 
from British Columbia has a similar dense tangle of shrubs in the understory but is 
reportedly found on habitats drier than normal (Brooke et al. 1970). Communities on wet 
sites in that area are characterized by understory species such as Lysichitum americanum 
and Coptis asplenijolia where seepage is slow-moving or stagnant, and Oplopanax 
horridum, Athyrium filix-jemina, and a variety of other herbs where seepage is fast 
flowing. 

Herb-rich understories are characteristic of habitats with a temporary seepage influepce 
and deep soils. Associations of this type include the Abies amabilislVeratrum viride 
(Franklin 1966) and Abies amabilislStreptopus roseus (Brooke et al. 1970). Modal 
habitats in British Columbia and the central Cascade Range, particularly toward the 
lower edge of Jhe Tsuga mertensiana Zone, are occupied by communities with understories 
dominated by shrubs such as Vaccinium alaskaense, Menziesia jerruginea, V. 
membranaceum, a few herbs such as Rubus pedatus or R. lasiococcus and the moss 
Rhytidiopsis robusta. Associations of this type include the Abies amabilislMenziesia 
jerruginea (Franklin 1966) and Tsuga mertensiana-Abies amabilislVaccinium alaskaense 
(Brooke et al. 1970). 

The most extensive Tsuga mertensiana forests are those found along the crest of the 
Cascade Range in central and southern Oregon, and these have not yet been the subject 
of published reports. These forests are generally much simpler structurally and floristically 
than those mentioned above. The sparse understories are usually dominated by Vaccinium 
membranaceum or V. scoparium along with minor amounts of other species such as 
Chimaphila umbellata and Arctostaphylos nevadensis. The absence of data on these 
forests is a major gap in our knowledge of the forests of this zone. Some suggestions 
about the nature of some of these types can be found in the discussion of the Abies magnifica 
shastensis Zone in Chapter VI. 

Successional Patterns 
Large acreages of the Tsuga mertensiana Zone have been burned over during the last 

150 years in southern Washington and Oregon. Consequently, seral communities are often 
conspicuous. Early stages in succession have not been studied, but they often involve 
domination of the site by fire-resistant species conspicuous in the understory-Vaccinium 
membranaceum and Xerophyllurn tenax, for example. 

Forest development on burned areas is often very slow, as would be expected in the 
severe environment of this zone. In some cases, semipermanent communities of Vaccinium 
spp., Xerophyllum, Sorbus spp., and Spiraea have been created by repeated burning. 
Indians used this method to perpetuate fields of Vaccinium membranaceum from which 
they collected berries for food. Many of these areas are valuable recreational resources 
which will be managed to perpetuate the Vaccinium resource (Minore 1972b) (fig. 75). 

Successional sequences of tree species vary geographically. On moist sites, Tsuga 
mertensiana and Abies amabilis can function as pioneer species. On dry sites, and par­
ticularly in Oregon's High Cascades Province, seral forests of Pinus contorta (fig. 76) 
or Abies lasiocarpa (fig. 77) are often the first to develop. The distributional pattern and 
successional role of Abies lasiocarpa suggest it has a greater tolerance of drought than 
Abies amabilis and Tsuga mertensiana, and this hypothesis has been partially verified 
experimentally by Lowery (1972). Studies of seedling root growth, root-shoot ratios, and 
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gure 7S.-Fields of Va::cinillm lIlelllbranacelim and 
other shrubs have been created and maintained by 
repeated burning in the TSlIga mertensiana and Abies 
amabilis Zones (near Mount Adams, Washington). 

Figure 76.-Pinus contorta is a major pioneer species in 
High Cascades portions of the Tsuga mertensiana Zone; 
here, Tsuga mertensiana is developing in a stand of dead 
and dying Pinus contorta (near Olallie Butte, Mount 
Hood National Forest, Oregon). 

Figure 77.-Seral forest of nearly pure Abies lasiocarpa 
developed on a warm, south slope within the Tsuga 
mertensiana Zone; similar stands are common through­
out much of the Washington Cascade Range (proposed 
Steamboat Mountain Research Natural Area, Gifford 
Pinchot National Forest, Washington). 

survival under different levels of moisture stress all indicate Abies lasiocarpa is more 
drought tolerant. In any case, these pioneer forests are gradually replaced by Tsuga 
mertensiana and, except in southern Oregon, by Abies amabilis (Franklin and Mitchell 
1967). 

In Washington and northern Oregon, Abies amabilis appears to be the major climax 
species in closed-forest portions of the Tsuga mertensiana Zone (Franklin 1966, Thornburgh 
1969). Although nearly all old-growth stands do contain mature Tsuga mertensiana, 
reproduction is often almost absent; a full range of Abies amabilis size classes is usually 
present. Tsuga mertensiana and Chamaecyparis nootkatensis may be minor climax 
species on some habitats. In southern Oregon, more tolerant arborescent associates are 
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absent from Tsuga mertensiana stands and Tsuga is the climax species. Apparently, 
regeneration develops after the old-growth stands begin to break up, since significant 
Tsuga mertensiana regeneration is not common under closed-forest canopies. 

Special Types 
As mentioned earlier, most of the subalpine nonforested communities will be discussed 

in Chapter X on timberline and alpine vegetation. There is one class or type of "meadow" 
community which is more typically found in the forested subzone of the Tsuga mertensiana 
Zone and , less frequently, in the Abies amabilis Zone. These are the marshes, boggy 
meadows, or moors which are found in poorly drained depressions or on wet, poorly 
aerated soils on gentle slopes. Brooke et al. (1970) describe such areas as the Eriophorum­
Sphagnum association which includes as character species Carex aquatilis, Eriophorum 
polystachion, Equise tum palustre , Viola palustris, Sphagnum squarrosum, S. magellanicum, 
Scirpus cespitosus , and Trientalis aTctica. They indicate a wide range of variation in this 
association which develops on open stagnant water or where drainage is greatly impeded . 
Accumulations of organic matter may rise above the ground surface with scattered small 
pools of open water interspersed . 

Almost no descriptions of these mountain wet meadows, bogs, or moors are available 
for Oregon or Washington. However, they do occur and often are conspicuous features 

Figure 7S.-Boggy meadows, marshes, or moors are characteristic of poorly drained areas in the forest 
subzone of the Tsu ga lIlertensiana Zone and Abies amabi/is Zone, particularly in the Washington 
Cascade Range. Left: Carex aquatilis/Sali x pedicel/aris community showing marginal shrub belt 
dominated by Spiraea, Lonicera, A/mis, and Salix (proposed Steamboat Mountain Research Natural 
Area, Gifford Pinchot National Forest, Washington). Right: Marshes and bogs dominated by 
Carices; M enyanthes tYifo/iata is conspicuous in the smaIl foreground pond (proposed Goat Marsh 
Research Natural Area, Gifford Pinchot National Forest, Washington). 
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in some subalpine forest landscapes. One such area near Mount Adams l2 (fig. 78) has 
Cal'ex aqllatilis, Sali.r pedicellari::;, Eriopl/onllll polystachioll, Vaccinilllll occidentale, 
Agro:;tis tli IIrberial/a, Aster occidentalis, Care:r luzu lina, and Kalmia pollfolia as dominants. 
There are many distinctive associated species including Equ isetu 11/ sp., Cicuta douglasii, 
Car-ex II/lIricata, Dodecatheoll jeffreyi, Call/assia qllamash, Epilobillnl glandulosulII, 
Pediclllari:; grocnlandica, Scnecio SUblllldllS, JUIICItS ellsifoliu::; var. lIIontallus, Tofieldia 
gllltil/osa, Care.!' disperllla, and Sanfraga oregal/a. An ecotonal belt of shrubs 1 to 2 meters 
high is characteristic between forest and moor, and in this area, Spiraea douglasii, 
LOllicera cael'/llca, AI/illS sillllata, Salix phylicifolia, and Viburnum edule dominated the 
ecotone (fig. 78). In an extensive marshy landscape near Mount St. Helens 13 (fig. 78), 
Carex aqllatilis, C. rostrata, C. lenticularis, Scirpus microcarpus, Eriophorum polystachion, 
Cala magrostis canadensis, Glyceria elata, and Ju ncus ensifolius var. montanus are major 
species in one or more of the varied community types. Menyanthes trifoliata characterizes 
some shallow ponds. Marshes and moors of these types frequently provide ~abitat for 
unusual plants such as Drosera spp. and Utricularia spp. (see Gold Lake Bog Research 
Natural Area in Franklin et al. 1972). 

12 Data from proposed Steamboat Mountain Research Natural Area on file at USDA Forest 
Service, Forestry Sciences Laboratory, Corvallis, Oreg. 

13 Data from proposed Goat Marsh Research Natural Area on file at USDA Forest Service, Forestry 
Sciences Laboratory, Corvallis, Oreg. 
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CHAPTER V. INTERIOR VALLEYS OF 

WESTERN OREGON 


"Interior" valleys refer to the valley bottoms and lowlands enclosed by the Cascade 
Range on the east and the Coast Ranges or Siskiyou Mountains on the west. The major 
units of this type are the Umpqua, Rogue River, and Willamette valleys. Because of their 
location they are relatively warm, dry regions, too dry for many of the mesic species found 
on adjacent mountain slopes, such as TSliga heterophylla. These areas were settled relatively 
early (during the middle of the 19th century) and have been subjected to extensive human 
influences. Cities, farmlands, and other developments dominate the landscape (fig. 8) and 
even where "natural" vegetation remains, it has been largely molded by human activities­
fire control programs, clearing, logging, and grazing, for example, or a combination of 
these. Even the presettlement Indians had substantially influenced the vegetational mosaic 
by their extensive use of wildfire in hunting activities (Johannessen et al. 1971). 

The vegetational mosaic today includes Quercus woodlands, coniferous forests, grass­
lands, sclerophyllous shrub communities (sometimes referred to as chaparral), and riparian 
forests. All must be considered seminatural in character because of human activities. 
We can refer to these valley mosaics as the "Interior Valley" or "Pinlls-Quercus­
Pselldotsllga" Zone, recognizing that this is a typological unit rather than one based on 
climax community types. As will be seen, it is not yet clear what the climax types are 
in the various valleys except that the zonal or climatic climaxes are almost certainly 
forest communities and that they vary in each of the valleys. 

The reader should recognize that even though these three major interior valleys share 
many features in common, there are significant differences between them. Further, this 
treatment is heavily weighted toward the most mesic, the Willamette valley, because of 
the near absence of data for the Rogue River and Umpqua valleys. Detling (1968) has 
taken a different approach, typifying vegetation of the Willamette valley as "Pine-oak 
Forest" and that of the main Umpqua and Rogue valleys as "Chaparral" with a peripheral 
belt of Pine-oak Forest in the latter. 

Environmental Features 
The interior valleys of western Oregon are the warmest and driest regions west of the 

Cascade Range (table 15). This is primarily because they are in the rain shadow of the 
Coast Ranges or Siskiyou Mountains. This effect is accentuated by their location at the 
dry end of the general north to south decrease in precipitation and increase in temperature 
found in western Washington and Oregon. Summers are hot and dry, potential evapo­
transpiration far exceeding the moisture buildup during the mild, wet winters. There is, 
of course, a climatic gradient across these valleys; precipitation gradually decreases 
moving east and down the eastern slopes of the Coast Ranges to a minimum within the 
valleys and increases again ascending the western foothills of the Cascade Range. Also, 
the valleys become increasingly hot and dry from north to south. For example, the 
Willamette valley is the wettest and the upper Rogue River valley (around Medford, 
Oregon) is the driest. More locally, the Willamette valley is hotter and drier in the upper 
valley (around Eugene) than it is 100 miles to the north at its mouth (Portland). 

Soils in the Interior Valley Zone include many types found infrequently elsewhere in 
the Pacific Northwest. Some of the more important soil great groups are Albiqualfs, 
Argixerolls, Haplohumults, and Haploxerolls (Prairie, Planosol, Alluvial, Reddish Brown 
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Table 15. ~ Climatic data from representative stations within the Interior Vall('y Zone 

Area and 

Station 


-~------

Salem, Oreg. 

Temperature Precipitation 

Eleva­ Lati­ Average\~~~i. ~A-ve-r-a-gp-.'-A-v-e-ra-g-e"""-~-a-vn-eu-r:-~-:-:"",~t~~~~;~'~.c",C I'hJ'~:~htion tude annual 
annual January minimum July r"aximlJrr annual August snowfall 

I -~- -- -----t-=-----:- ­
Meters - - - - - - - - - Degrees C. - ~,1illimeters _ _ _ Centi­r--- --- -~ -- --r--- f-- ­ meters 

60 4455' 123~ -~.~ ~-~ ~-~1--- ~-- ;8-~ i 1,038 55 

Corvallis, Oreg. 44° 38' 123" 12' 62 11.3 4.0 .6 18.9 27.1 1,004 47 

---------+_----r---~-----+---~----~----+_----~---i----_+----~----

Eugene, Oreg. 110 44° 07' 123 13' 11.2 3.7 .1 19.1 27.9 1,040 53 18 

-------+---+-----~------~------~-------~----~-------+-2~--
Rosebu rg, Oreg. 154 12.1 5.2 1.6 19.9 47 17 

----------+------~-----~-----_r------+_----_+------+__----+_-- -- ­ r---- ­
Grants Pass, Oreg. 282 42"26' 1230 19' 12.1 3.9 I -.3 21.2 173/.3 767 31 

------------+------+----------j~---- t------ ­ -- -~---- t-------r---- ­--L---­ ------t------ ­
i 

g 42 31.8 497 35
_M__e_df_o_rd_,_o_r_e_.___ ,--_4._0_0__.L.._ _"_2_2_'-'--1_2_2_5_2_'--'--__12_.2_~__ ~~ J=~2L _22.3__ 

-----~--- -~------

Source: c. S. Wl'alher Bureau II 965a I. 

Lateritic, and Sols Bruns Acide great soil groups). Chromoxererts (Grumusols), swelling, 
clayey soils dominated by montmorillonite clay, are found in these interior valleys. Litho­
solic soils (Xerumbrepts) are common on many of the valley foothills, particularly in the 
Umpqua and upper Rogue River valleys. These shallow rocky soils accentuate the diffi­
culties for vegetation during the droughty summer months. 

QuerCllS Woodland 
Forest stands, groves, and savannas dominated by the deciduous oaks, Qllercus garryana 

and Querclls kellogg ii, and by the evergreen Arbutlls IIlellziesii are a conspicuous feature 
of the Interior Valley Zone (fig. 79). Thilenius (1964) indicates there are over 400,000 
hectares of oak woodlands in northwestern Oregon alone. Quercus ganyal/a is often the 
sole dominant in the Willamette valley, although AceI' lIIacrophylillill, Pseudotsuga 
menziesii, or Arl)l(tlls menziesii may be present. Qllercus kelloggii is found from the 
southern Willamette valley south. In the Umpqua valley, mixed stands of both Qllerclls 
spp. and Arhutlls mellziesii are common, often with scattered Pselldotsllga menziesii 
(Gratkowski 1961a) (fig. 80). In the Rogue River valley, Qllerclls garr!follo appears to be 
more important than Qllercus kelloggii on the most xeric habitats. 

W illamette Valley 
QllercliS communities have been studied in detail only in the Willamette valley. Thilenius 

(1964, 1968) recognized four major QllerclIs go rr!f0l/a communities in the central valley 
area and named them after understory dominants: Cory/us cornlito-Po/ysticJw In munitum, 
Aille/ol/chier o/lIi(o/iu-SYlllplioricarpos a/blls, Prlllllls aL'illm-S!fmpliol'icarpos a/blls, and 

19 
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Figure 79.-Woodlands of Q;urcus garryanna and Q. kelloggii are typical of the Interior Valley 
Zone; oak savanna in the Rogue River Valley. 

Figure 80.-Mixed stands of Quercus 
Rarryana and A rbu/us lIIenziesii with 
scattered Pseudo/suRa lIIenziesii are 
typical of many low hills in the 
Umpqua valley; note the Rosa 
eRllin/eria and Rhus diveniloba in 
the foreground pasture. 
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Rhus diversiloba. Characteristic understory species for these communities are listed in 
table 16. The Corylus cornuta-Polystichum munitum and AmelanchieT alnifolia­
Symphoricarpos albus are types found on the least disturbed sites. Prunus avium, an 
extremely tolerant introduced shrub or tree, dominates the understory in the third com­
munity type. Prunus avium saplings often .produce nearly impenetrable thickets. 

The Quercus garryana/Rhus diversiloba community is most widespread and occupies 
the most xeric habitats (Thilenius 1964, 1968). It is also found on sites which have been 
or are heavily grazed and can be the consequence of this grazing. Rhus diversiloba occurs 
in two growth forms-a ground cover and a liana-which are usually connected by a 
dense, shallow root system (fig. 81). It is generally less palatable to livestock than any of 
its associates. Thilenius (1964) hypothesized that even if the ground cover Rhus diversiloba 
is grazed, it can draw on liana Rhus, which is out of reach of grazing animals, for photo­
synthate. He further suggests that once Rhus diversiloba has replaced its associates, it 
maintains dominance even when grazing is stopped. 

Thilenius (1964) recognized a Rhus-Gramineae variant of the Rhus diveTsiloba com­
munity which includes an abundance of herbs (fig. 82) (introduced species are indicated 
by an asterisk): Poa pmtensis*, Dactylis glomerata*, Agrostis idahoensis, Festuca rubra, 
Torilis aTVensis*, Holcus lanatus*, Elymus glaucus, Danthonia californica, Plantago 
lanceolata*, BTomus rigidus*, Hypericum peTfomtum*, and Sanicula crassicaulis. 

Table 16. - Characteristic species of major Quercus garryana communities in the central Willamette valley 

Layer Corylus cornu tal 
Polystichum munitum 

Amelanchier alnifolial 
Symphoricarpos albus 

Prunus aviuml 
Symphoricarpos albus 

Rhus 
diversi loba 

Tree 

Tall Shrub 

Low Shrub 

Herb 

Quercus garryana 
Acer macrophyllum 
Pseudotsuga menziesii 
Abies grandis 

Corylus cornuta 
Prunus avium' 
Amelanchier alnifolia 
Holodi~cus discolor 
Osmaronia cerasiformis 
Crataegus douglasii 

Polystichum munitum 
Symphoricarpos albus 
Rubus parviflorus 
Rhus diversiloba 
Pteridium aquilinum 
Rubus ursin us 
Rosa eglanteria' 
Rosa gymnocarpa 

Tellima grandiflora 
Galium spp. 

Quercus garryana 
Pseudotsuga menziesii 
Acer macrophyllum 

Amelanchier alnifolia 
Osmaronia cerasiformis 
Prunus avium' 

Symphoricarpos albus 
Rhus diversiloba 
Polystichum munitum 
Rosa nutkana 
Rosa eglanteria' 

Galium spp. 

Quercus garryana 
Pseudotsuga menziesii 
Acer macrophyllum 

Prunus avium' 
Corylus cornuta 
Amelanchier alnifolia 

Symphoricarpos albus 
Rhus diversiloba 
Polystichum munitum 
Rubus ursinus 

Galium spp. 

Quercus garryana 

Pseudotsuga menziesii 

Acer macrophyllum 


Rhus diversiloba 

Rosa eglanteria' 

Symphoricarpos albus 


Rubus ursinus 


Poa pratensis' 


Torilis arvensis' 

Galium spp. 

Osmorhiza chilensis 

Satureja douglasii 

Fragaria virginiana var . 


platypetala 
Elymus glaucus 

Source: Thilenius (1964) . 
, Exotic species. 
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Figure St.-Rhus diversiloba occurs as 
interconnected liana and shrub forms 
in Quercus woodlands which is be­
lieved to be one reason for its increase 
after it is grazed; both forms are visible 
here and are probably connected by 
their root systems (Pigeon Butte Re­
search Natural Area, William L. Finley 
National Wildlife Refuge, Oregon). 

Hall (1956) also provides some data on composition of a Quercus garryana woodland. 
Typical species in a relatively undisturbed stand were Rhus diversiloba, Amelanchier 
alnifolia, Ligusticum apiifo lium, Elymus glaucus, Bromus vulgaris, Osmorhiza chilensis, 
Vicia americana, and Trisetum cernuum. Thinning the Quercus resulted in an increase 
in most of these species as well as addition of Sanicula crassicaulis and Fragaria sp. as 
important species. Clearing resulted in abundant Quercus coppice but Rhus diversiloba 
and Elymus glaucus were the only understory increasers. 

Umpqua and Rogue Valleys 
Whittaker (1960) described Oak Woodland as the driest forested formation in his transect 

across the Siskiyou Mountains. In his driest exemplary locale (adjacent to but not in the 
Rogue River valley), oak woodlands dominated by an overstory of Quercus kelloggii and 
garryana and an understory of grasses occupied east and southeast slopes; Arbutus 
menziesii was absent, but Ceanothus integerrimus, Arctostaphylos viscida, and Cercocarpus 
betuloides were important high shrubs. Northeastern slopes (more mesic sites) were 
occupied by open stands of Pseudotsuga menziesii, Pinus ponderosa, and Libocedrus 
decurrens over a well-developed lower canopy of Quercus garryana. Quercus coverage 
decreased and grass coverage increased on increasingly xeric sites, and south or southwest 
slopes were grassland with only widely scattered Quercus spp. or none at all. 

Waring (1969) described a Black Oak Type (Quercus kelloggii ) in the foothills of the 
eastern Siskiyou Mountains which commonly included Pseudotsuga menziesii, Pinus 
ponderosa, Arbutus menziesii, and occasional Quercus garryana. Typical understory species 
were Rhus diversiloba, Apocynum pumilum, Lonicera hispidula var. vacillans, Balsamorhiza 
deltoidea, Arctostaphylos viscida, Festuca californica , Lupinus albifrons, Brodiaea 
multiflora, Boschniakia strobilacea, Castilleja spp., Gilia capitata, and Plectritis macrocera. 

Obviously , a number of diverse entities are here lumped under "Quercus Woodland ." 
They range from very open savannas with grass understories to dense forest stands and 

114 



Figure 82.-QuerCII,\' ~lIrrylll/lI communities with grass-Rhus dil'ersi/oha 
understories are widespread in the Willamette valley; CorY/li s COrJIIIIll 

var. califlmlica (left foreground) is more common than Rhus in this 
80-year-old stand near Albany, Oregon. 

from pure Que'reus types to communities with an abundance of conifer associates, par­
ticularly Pseudotsuga menziesii and Pinus ponderosa , Obviously included are communities 
both seral and climax. Some of these successional relationships will be considered later 
in this paper. 
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Coni fer Forests 

Conifer forests occupy large areas of the foothill regions in and around the interior 

valleys. Pseudotsuga mellziesii is probably the most common species. Abies grandis is 
also common, particularly on more mesic sites. Pinus ponderosa increases in frequency 
from north to south. In the central Willamette valley, it is found primarily on specialized 
habitats-coarse alluvial deposits along river channels which are subject to high water 
tables in winter and drought in summer-rather than on the uplands. In the southern 
Willamette valley and in the Umpqua and Rogue River valleys, it is more widespread 
on uplands in association with other conifers and hardwoods (Gratkowski 1961a). 
Libocedrus decllrre11s appears from the southern Willamette valley south and is con­
spicuous in some valley forests. Pinus lambertiana and P. jeffreyi (on serpentine) are 
characteristic of the Rogue River valley (Gratkowski 1961a). Tsuga heterophylla is 
effectively excluded from all but the peripheries of the most mesic valley, the Willamette. 
Thuja plicata, which is somewhat more tolerant of dry climates, is sporadically present 
on mesic habitats (ravines, streamsides, etc.) in the Willamette valley particularly, but 
not exclusively, at the northern end around Portland. 

Hardwoods are typical conifer associates and include Acer macrophyllum, Quercus 
garryana, Q. kelloggii, and Arbutus menziesii. Several other valley hardwoods are primarily 
riparian and will be discussed later. The intergradation possible between the previously 
discussed Quercus-dominated communities and those dominated by conifers should be 
obvious. Hardwoods often function as pioneer species which produce, in time, various 
hardwood-conifer mixtures. 

W illamette Valley 
Coniferous stands in the Willamette valley are composed mainly of Pseudotsuga 

menziesii (Hansen 1947, Sprague and Hansen 1946, Habeck 1961, Anderson 1967). Abies 
grandis and Acer macrophylill m are also widespread components. Quercus garryana and 
Arbutus menziesii are usually present as remnants of pioneer stands which prepared the 
way for the conifers. 

Total community descriptions are sparse in the literature but are available for two 
areas near Corvallis in the west-central valley (Sprague and Hansen 1946, Anderson 1967). 
Anderson (1967) recognized at least two community types which typify some of the foothill 
coniferous forests: the Corylus cornllta californicalBromlls vulgaris and Acer circinatuml 
Gaultheria shallon (Corylus cornuta californica-Holodiscus subtype) communities. Compo­
sitional data for these communities are provided in table 17. It is apparent from a com­
parison of Anderson (1967) and Thilenius (1964) that most of the understory dominants 
can be found under both Quercus garryana and Pseudotsuga menziesii canopies. Some 
additional comments on understory composition in Willamette valley conifer stands can 
be found in Sprague and Hansen (1946) and Sabhasri and Ferrell (1960). 

Some interesting coniferous communities have been examined in the foothills of the 
upper Willamette valley southwest of Eugene. 1 In one area, Pseudotsllga menziesii 
dominates with Libocedrlls declarells as the major associate. Both species are typically 
of the same age, but the Libocedrus forms a lower stratum below the dominant Pseudotsuga 
canopy. Acer macrophyllu m is a constant associate, Abies grandis is confined to moister 
habitats, and Pinus ponderosa is conspicuous along some streams. Major understory 
species are Acer circinatu m, Gallitheria shallon, Corylus cornuta var. californica, Holodiscus 

I Data on proposed Camas Swale, Fox Hollow, and Mohawk Research Natural Areas, on file at 
USDA Forest Service Forestry Sciences Laboratory, Corvallis, Oregon. 
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Table 17. - Characteristic species in two coniferous forest communities found in the foothills of the 

WiJlamette valley 


Layer 
Corylus comuta califomical Bromus 

vulgaris 

Acer circinatuml Gaultheria shallon 
(Corylus comuta califomica-

Holodiscus subtype) 

Tree Oominant - Pseudotsuga menziesii, 
Abies grand is, Acer macrophyllum 
Occasional - Quercus garryana 

Dominant - Pseudotsuga menziesii 
Occasional - Abies grandis, Acer 
macrophyllum, Comus nuttallii 

Shrub Corylus comuta var. califomica, 
Holodiscus discolor, Rosa gymnocarpa, 
Symphoricarpos albus, Rhus diversiloba 

Acer circinatum, Corylus comuta 
var. califomica, Holodiscus discolor, 
Rosa gymnocarpa 

Herb Bromus vulgaris, Aster radulinus, 
Fragaria vesca var. bracteata, 
Satureja douglasii, 
Vicia americana var. truncata, 
Berberis nervosa, Synthyris reniformis, 
Madia madioides, Osmorhiza chilensis 

Gaultheria shallon, Berberis nervosa, 
Adenocaulon bicolor, Polystichum 
munitum, Anemone deltoidea, 
Galium triflorum, Festuca 
occidentalis 

Source: A nde rso n ( 1967). 

Figure 83.-Mixed forest of PselldOISll 1(a 
lIl enz iesii and Pinus ponderosa which 
is characteristic of many coniferous 
stands in the interior valleys from the 
upper Willamette valley south; this dry, 
ridgetop stand has a shrub layer domi­
nated by HolodisclI s discolo r and Rhlls 
diven ·i1oba (proposed Fox Hollow Re­
search Natural Area near Eugene, 
Oregon). 

discolor, Taxus brevij olia, Rhus dive1"siloba, Phi ladelphus lewisii, Polystichum munitu m, 
Syn thyris renij ormis , Cardamine pu lcherrima var. tene lla, Calypso bulbosa, Hieracium 
albiflorum, Fragaria sp., Festuca sp., and Adenocaulon bicolor. A series of east-west 
oriented ridges crosses a second area, producing an alternation of forest stands on the 
north and south aspects. South slopes and ridgetops have a mixture of Pseudotsuga and 
Pinus ponderosa with minor amounts of Libocedrus , Quercus garryana, Q. kelloggii, and 
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Arbutus menziesii , especially near the ridgetop (fig. 83). The understory is characterized 
by Holodiscus discolor, Rhus diversiloba, Gaultheria shallon , Corylus cornu ta var. calijornica, 
Synthyris renijormis, and mosses. The Pseudotsuga/Acer circinatum/Polys tichum munitum 
community on the north slopes offers a sharp contrast ; Gaultheria shallon (especially on 
upper north slopes), Berberis nervosa, Holodiscus discolor, Abies grandis , and A cer 
macrophyllum are often additional associates. Communities with understories dominated 
by herbs, particularly Polystichum munitum, are not unusual in valley coniferous forests, 
but they are confined to distinctly cooler and moister habitats. 

Umpqua and Rogue Valleys 
Very little is known about the composition of coniferous stands in the Umpqua and 

Rogue River valleys other than the major tree dominants . Gratkowski (1961a) reports 
Pseudotsuga menziesii forest as common on hill crests and more mesic slopes in the 
Umpqua valley, often in association with Pinus ponderosa and Libocedrus decurrens . 
The Rogue River valley forests are perhaps the most diverse found in the three valleys, 
with Pseudotsuga still important but Pinus ponderosa, P. lambertiana, and Libocedrus 
decurrens also common (Gratkowski 1961a). Pinus jejjreyi woodlands, which are found 
on serpentine substrate, are also present but are discussed in Chapter XI. 

The only other coniferous forest data are from the foothills around the Rogue River 
valley (Whittaker 1960, Waring 1969). Whittaker's (1960) data are hard to interpret, 
but it appears that he classes low-elevation conifer forests in the western Siskiyou Moun­
tains with the "Mixed Evergreen Formation," Pseudotsuga-Sclerophyll in this case. These 
forests varied greatly with moisture regime but appeared to include: (1) a tree layer of 
Pseudotsuga menziesii (sometimes with Pinus ponderosa or lambertiana or both) ; (2) 
smaller trees of Castanopsis chrysophylla, Lithocarpus densiflorus , Arbutus menziesii, 
and Quercus kelloggii; and (3) understory shrubs such as Quercus chryso lepis , Berberis 
nervosa, Rhus diversiloba, and Rosa gymnocarpa. Ceanothus integerrimus and 

Figure 84.-Pinlls ponderosa/Ceanolhus 
cunealliS community which is one of the 
most xeric coniferous forest types found 
in the Rogue River valley (near Cave 
Junction, Oregon). 
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Figure 85.-Pinus ponderosa-Pseu­
dOlsuga lIlenziesii I A rCloslaphy­
los viscida community which is 
found on some of the Rogue River 
valley foothills (Ashland Research 
Natural Area, Rogue River Na­
tional Forest, Oregon). 

Arctostaphylos viscida characterized the understory on driest sites. Gratkowski (personal 
communication) indicates the major conifers on the valley floor in this area are Pinus 
ponderosa and Libocedrus decurrens with Arctostaphylos viscida and Ceanothus cuneatus 
as understory dominants (fig. 84). 

In the floristically poorer, eastern Siskiyou Mountains, Waring (1969) recognized a 
Ponderosa Pine Type as the most xeric of his coniferous types (fig. 85). Pseudotsuga 
menziesii, Arbutus menziesii, and, sometimes, Abies concolor were associated with the 
Pinus ponderosa. Arctostaphylos patula, A. viscida, A. nevadensis, Achillea millefol ium 
var. lanulosa, Solidago canadensis, Apocynum pumilum, and Lupinus spp. typified the 
understory. 

Grasslands 
Grasslands occupied extensive areas of the interior valleys before they were settled 

(fig. 86) and continue to do so today. Many of the earlier prairies have been lost to forest 
and woodland (Johannessen et al. 1971), but new ones have been created by settlers and 
later farmers by clearing or burning or both (fig. 87). Other grasslands occupy sites that 
appear incapable of supporting tree growth, e.g., grass balds associated with self-mulching 
soils (Grumusols) or lithosolic, extremely xeric, southerly exposed slopes. Almost all 
grassland areas (and Quercus savanna) have been heavily grazed by domestic livestock­
cattle, sheep, or Angora goats-and are extensively used as unimproved pastureland 
today (fig. 88). 

The nature of the original grassland communities is strictly conjectural, since grazing 
and introduction of alien species have altered all stands to some degree. Turner (1969) 
has suggested these grasslands probably looked similar to parts of the "California annual­
type grassland" with Danthonia californica and Stipa spp. typical dominant species. 
Habeck (1961) provided a list of grasses which may have been characteristic of dry and 
moist sites in the Willamette valley. Species on well-drained sites included Agros tis hallii , 
Agropyron caninum, Bromus carinatus, B. vulgaris, Danthonia calif ornica, Elymus 
glaucus, Festuca octofiora, F. californica, F. rubra, F. occidentalis, Melica subulata, Poa 
scabrella, Sitanion jubatum, and Stipa lemmonii. Habeck (1961) suggests a large number 
of forbs were probably also present on the native prairies. 
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PRAIRIES OF THE 
WILLAMETTE VALLEY, 
1853 
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Figure 86.-Extent of prairie or grassland vegetation in the Willamette valley in 1853 (modified from 
Johannessen et al. (1971». 
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Figure 87.-Many of the grasslands in the Interior Valley Figure 88.-Grassland areas in the Interior Valley Zone 
Zone were created by clearing or burning (or both) of are heavily grazed. Typically low-lying pasturelands are 
forest lands; burning hill pasture in the Umpqua valley, improved (foreground), and hill grasslands and oak 
Oregon. woodland (background) are used as unimproved pasture 

(near Corvallis, Oregon; photo courtesy R{/n~e M{/n{/~e­
lI/el1l , Ore~ol1 State University). 

There are very few descriptive data even for existing valley grasslands, and these are 
all confined to the vicinity of Corvallis in the Willamette valley (Livingston 1953, Turner 
1969, Valassis 1955, Owen 1953), although the general patterns probably have much 
wider relevance. Typical constituent species are (introduced species are indicated by an 
asterisk) : 

Perennial Grasses-Danthonia calijornica, Festuca rubra, F. arundinacea*, Agrostis 
hallii, A.' idahoensis, Poa pratensis*, P. compressa*, Elymus glaucus, Danthonia 
intermedia, Holcus lanatus*, Stipa occidentalis var. minor, Sitanion hystrix, Carex 
spp., Lolium perenne*, Dactylis glomerata, Koeleria cristata, and Arrhenatherum 
elatius* . 

Annual Grasses-Bromus rigidus*, B. commutatus*, B. mollis*, Elymus caput-medusae*, 
Cynosurus echinatus*, Festuca bromoides*, F. myuros*, Avena jatua*, Aira caryo­
phyllea*, Briza minor*, and Gastridium ventricosum*. 

Forbs- Torilis nodosa*, Daucus carota*, Ranunculus occidentalis, Lactuca serriola*, 
Sherardia arvensis*, ,Vicia americana, V. te trasp erma * , Erodium cicutarium*, 
Hypericum perjoratum*, Taraxacum officinale*, Fragaria chiloensis, Plantago 
lanceolata*, Galium divaricatum* , Veronica peregrina, Lathyrus sphaericus*, Erio­
phyllum lanatum, Hypochaeris radicata*, Achillea millejolium var. lanulosa, and 
Sanicula bipinnatifida. 

There is obviously a very high proportion of introduced species in the existing commu­
nities; they include all the annual grass dominants. One of these, Elymus caput-medusae, 
is an extremely undesirable species which dominates many stands (Turner et al. 1963, 
Turner 1969). 
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Moir and Mika2 have made the most comprehensive floristic analysis of near-natural 
prairie communities in the Willamette valley. Their study was confined, however, to a 
bottomland prairie located in the Willamette Floodplain Research Natural Area (Franklin 
et al. 1972); the tract had been grazed by domestic livestock but was never plowed. Three 
major prairie communities were identified: (1) Deschampsia caespitosa-dominated grass­
land, (2) Rosa eglanteria-dominated shrub thickets, and (3) a Poa pratensis-Agrostis spp. 
community which was typically ecotonal between the first two types. The Deschampsia 
community was a tall-grass type which occurred on the lower, flatter portions of the 
landscape (fig. 89). Important codominant species include Holcus lanatus, Poa ampla, 
Juncus spp., Danthonia californica, and Bromus japonicus. In slight depressions Hordeum 
brachyantherum, Beckmannia syzigachne, and Alopecurus geniculatus become more 
important. Camassia quamash, Montia linearis, and Eleocharis acicularis dominated the 
swales. The shrub thicket community occupied central portions of distinctive hummocks 
within the prairie proper (fig. 89). Crataegus douglasii, Amelanchier alnifolia, Rhamnus 
purshiana, Rhus diversiloba, and Symphoricarpos albus were major associates of the Rosa. 
Shrub cover was typically 60 to 90 percent. Certain species of tall forbs such as Sidalcea 
campestris were sometimes conspicuous in shrub thickets. The Poa-Agrostis community 
was of shorter stature than the Deschampsia type and, as mentioned, was often located 
in the ecotones between tall grass and shrub communities (fig. 89) or within openings in 
the shrub type. Danthonia californica, Festuca pratensis, Carex spp., Geranium dissectum, 
and Aster chilensis were other significant species in the Poa-Agrostis type. Fraxinus 
latifolia and other shrubs or trees appear to have invaded the Poa-Agrostis type much 
more aggressively than the Deschampsia type; Fraxinus latifolia did occur in each of 
the communities, however, suggesting a potentially forested climax in the absence of fire. 

Turner (1969) was the only investigator who examined community composition on 
several sites. Elymus caput-medusae and Danthonia californica were generally the domi­
nants on his study sites. At one location, Turner thought there might be three grassland 
types: Festuca rubra-dominated on the most mesic habitat, Stipa occidentalis var. minor­
dominated on the most xeric, and Danthonia californica-dominated on the intermediate 
habitat. From his descriptions, we would judge that several of the native perennial grasses 
have considerable ability to resist grazing pressure and persist even though alien annuals 
are the most widespread dominants. 

Livingston (1953) provided a short list of grasses for Quercus savanna used as un­
improved pasture: Melica geyeri, Dactylis glomerata, Poa compressa, Lolium perenne, 
Bromus mollis, Festuca myuros, and Cynosurus echinatus. 

The successional status of valley grasslands is little known. Johannessen et al. (1971) 
clearly feel that the vast majority, if not all, of the prairies are potentially forested if fire 
and other disturbances are eliminated. Moir and Mika (see footnote 2) found trees 
(Fraxinus latifolia) and tall shrubs in their prairie communities. Scattered bushes of 
Rosa eglanteria and Rhus diversiloba are found in many grasslands (fig. 90) and can 
become dominant over parts of pastures. Sprague and Hansen (1946) describe invasion 
of some grasslands by Quercus spp. It is our belief that most Willamette valley grasslands 
are seral communities created and maintained by fire or other human influences. Succes­
sional rates vary widely, however, and are probably much slower on some of the poorly 
drained, heavy floodplain soils than on better drained sites. Furthermore, other habitats 
appear to be climax grassland sites including some with relatively deep fine-textured, 
self-mulching soils (Grumusols) as well as xeric lithosolic sites. Both conditions are often 
noted as grass balds on valley hillsides. 

2 William Moir and Peter Mika. Prairie vegetation of the Willamette valley. Benton County. Oregon. 
Unpublished report on file at USDA Forest Service Forestry Sciences Laboratory. Corvallis, Oregon. 1972. 
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Figure 89.-Prairie communities in the floodplain of the Willamette valley (Willamette Floodplain 
Research Natural Area, William L. Finley National Wildlife Refuge, Corvallis, Oregon). Left: Shrub 
thickets dominated by R osa eglal1teria and Poa pratensis-Agrostis spp. community which is often 
ecotonal between the thickets on raised topography and Desc/wlllpsia community. Right: Deschalllpsia 
caespitosa community, typical of lower lying areas with seasonally wet soils. 

Figure 90.-Grasslands are sometimes invaded by Rosa eglallteria or 
Rhlls diversi/oba in the Interior Valley Zone; R osa eglallteria is 
common in this annual grassland dominated by BrolllllS lIIol/is, 
CYIIOSllrIIS echillatll .\', Lolilllli perelllle, and DallclIs carow (photo 
cOllrtesy Rallge Mallagelllellt, OreWIl1 SlIIte Ulliversity). 
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Sclerophyllous Shrub Communities 

Communities of sclerophyllous shrubs are conspicuous in southern interior valleys, 

especially the Rogue River valley (Gratkowski 1961a) (fig. 91). Very little is known about 
these r:ommunities. Gratkowski (1961a) lists Ceanothus cuneatus (especially on the most 
xeric sites) and Arctostaphylos viscida as major brushfield dominants in the valley bottoms. 
Other characteristic or abundant brushfield species listed by Gratkowski (1961a) are: 
Ceanothus integerrimus, C. cordulatus, Rhus diversiloba, R . trilobata, and Lithocarpus 
densifiorus with Cornus glabrata and Quercus chrysolepis on moister sites. 

Detling (1961, 1968) views at least some of these shrub communities as southern Oregon 
chaparral, a northern extension of Californian chaparral types. He lists Ceanothus 
cuneatus, Arctostaphylos viscida, and A. canescens, as chief constituents of Oregon chap­
arral, Ceanothus cuneatus occupying the most xeric sites. Other chaparral species are 
Cercocarpus betuloides, Eriodictyon californicum, Garrya fremontii, Rhamnus californica 
var. occidentalis, Rhus trilobata, Amelanchier pallida, and Chrysothamnus nauseosus var. 
albicaulis. Detling (1961) indicates some chaparral communities are climax (e.g., Ceanothus 
cuneatus on the Rogue River valley floor), whereas others depend on fire for continuance. 
He found a Pinus ponderosa/Arctostaphylos canescens community in the Illinois valley 
in which Pinus ponderosa was believed climax, but indicates none of the chaparral com­
munities (as he defined them) were normally associated with Pseudotsuga menziesii. 

Figure 9 I.-Chaparral is conspicuous in southern interior valleys; Ceanothus cuneatus (left) and 
A rc/ostaphy/os viscida (right), on the background slope, are typical in the Rogue River valley and are 
mixed with Quercus spp. in this area. 

Riparian Communities 
Hardwood forests are typical of riparian habitats and other poorly drained sites 

subject to annual flooding; however, these communities have not been studied. Populus 
trichocarpa (fig. 92) is one of the most characteristic dominants along the major rivers, 
with stands of this species attaining maximal development in the lower Willamette and 
Columbia Rivers (from the Columbia Gorge west). Nearly pure stands occur on many of 
the islands and line the shores in this area, often in association with communities of 
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Figure 92.-Populus trichocarpa 

is typical of riparian sites in 

the Interior Valley and Tsuga 

heteroph y lla Zones, often 

forming pure stands on islands 

in the lower Willamette and 

Columbia Rivers (near Wind 

River, Washington, Gifford 

Pinchot National Forest). 


tall (up to 10 meters) Salix spp. (Salix rigida, lasiandra, fluviatilis, sessilifolia, and 
scouleriana). Salix spp. also. often form a part of the nearly impenetrable understory 
found in many Populus trichocarpa stands. Interestingly, a Populus trichocarpa planta­
tion was the first artificially established forest stand in the Pacific Northwest; this stand, 
planted on an island in the lower Willamette River, has since been harvested for pulpwood. 

Fraxinus latifolia is a very characteristic species on seasonally flooded and swampy 
habitats in the interior valleys as well as in adjacent, higher elevation forest zones (fig. 93). 
Lichen-draped stands dominated by this species line many channels along sluggish streams 
and rivers in the Willamette and other interior valleys . Understories vary widely from 
almost nothing under dense stands, or in areas with recent silt deposits, to herbaceous 
(with Carex spp. typical constituents) or densely shrubby types. 
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Figure 93.-Forests of Fraxinus /alifo/ia are common on seasonally flooded habitats along the channels 
of sluggish streams and rivers in the Interior Valley Zone; shown here are external (left) and internal 
(right) views of such a forest (with some Qllercus Rarryalla) during a typical winter flood (note 
abundant cover of epiphytic lichens) (William L. Finley National Wildlife Refuge, Oregon). 

Several other tree species are characteristic of the floodplain, riparian, or gallery 
forests. Acer macrophyllum is common in some areas (fig. 94), although it is not par­
ticularly characteristic. In many low-lying areas, Quercus garryana is associated with 
the Fraxinus. Alnus rubra is strictly riparian in the Interior Valley Zone and is mixed 
with increasing proportions of Alnus rhombifolia from the Willamette valley south. As 
mentioned earlier, Pinus ponderosa is a flood plain forest constituent in some areas and 
Umbellularia californica is a riparian species in at least some portions of the Umpqua 
valley (see Myrtle Island Research Natural Area in Franklin et al. 1972) (fig. 95). 

Successional Relationships in the Interior Valleys 
Successional relationships of the communities within the Interior Valley Zone are 

essentially unknown except in the Willamette valley. Before the Willamette valley was 
settled, much of it was occupied by prairies and oak savannas (Smith 1949, Habeck 1961, 
Johannessen et al. 1971). Dense forests were confined primarily to the mountain foothills 
and floodplains (gallery forest). Indians were probably responsible for most of the fires 
which created and maintained these open conditions (Kirkwood 1902, Morris 1934, 
Johannessen et al. 1971). 

The most notable change since the settlement of the Willamette valley (other than 
land conversion to farms and urban areas) has been the replacement of prairie and Quercus 
savanna by closed Quercus forest. Habeck (1961, 1962) has documented this change, using 
land survey records from the 1850's. Thilenius' (1964, 1968) detailed analyses of Quercus 
garryana stands confirm the fact that most closed canopy Quercus forests have originated 
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Figure 94.-A cer II1Gcrophyllu 111 is a 
common hardwood on both riparian 
and upland sites in the Interior Valley 
Zone; this lOO-year-old stand is located 
along the Santiam River near Jefferson, 
Oregon. 

Figure 9S.-Ulllbelllllaria califor­
/lica sometimes occupies riparian 
habitats within the Interior Valley 
and adjacent forest zones in 
southwestern Oregon (Myrtle Is­
land Research Natural Area in 
the North Umpqua River, Ore­
gon). 
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since 1850. He found scattered large trees of open-grown form and averaging 237 years 
old, which were surrounded by smaller Quercus of forest-grown form, averaging 74 to 
105 years of age (fig. 96). 

Fire control activities instituted by the settlers are believed responsible for this major 
successional change. The hypothesis that open Quercus savannas were maintained by fire 
is strengthened by the fire resistance displayed by large, isolated trees during fall field 
burnings. 

Figure 96.-Two-aged stands of Quercus 
garryana are common in the Willamette 
valley consisting of scattered, large trees 
200 to 300 years of age and of open­
grown form (remnants of a former savanna 
stand) and a majority of smaller trees 
typically 75 to 100 years of age and of 
forest-grown form. Such forests resulted 
when burning of the Qu ercus savannas 
ceased with valley settlement, allowing 
establishment of closed forest (Pigeon 
Butte Research Natural Area, William L. 
Finley National Wildlife Refuge, Oregon). 

There are various opinions regarding the species which will succeed Quercus garryana 
and constitute the forest climax of the Willamette valley (fig . 97). Quercus garryana 
provides a favorable environment for establishment of Pseudotsuga menziesii seedlings 
(Sprague and Hansen 1946, Collins 1947, Owen 1953) . Large Quercus often shelter 
abundant conifer reproduction. Old Quercus snags of open-grown form can be found in 
many foothill Pseudotsuga menziesii stands, victims of the conifer seedlings they sheltered 
(fig. 98). Consequently, Sprague and Hansen (1946) felt Quercus garryana stands would 
be replaced by Pseudotsuga menziesii and that these stands might, in turn, be replaced 
by climax forests of Abies grandis or Abies grandis and Pseudotsuga menziesii. Habeck 
(1962) agreed that Pseudotsuga menziesii was increasing in importance, and Quercus 
garryana was not reproducing under its own canopy. However, he felt that the significance 
of A cer macrophyllum had been overlooked and concluded Quercus garryana would be 
succeeded by Pseudo tsuga menziesii or Acer macrophyllum or both. Johannessen et al. 
(1971) emphasize the fact that coniferous stands have increased in density since 1853 in 
the Willamette valley and have, in some cases, been grown, logged, and regenerated on 
sites which were grasslands or savannas prior to that time. 

Thilenius (1964) concluded that several successional sequences are likely, depending 
on local conditions. These include replacement of Quercus garryana forest by: (1) 
Pseudotsuga menziesii and A cer macrophyllum, the former more abundant on drier and 
the latter on moister sites; (2) Abies grandis , either directly or with an interceding stand 
of Pseudotsuga ; and (3) Quercus g arry ana , reproduction being sufficient in some com­
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munities (especially Rhus diversiloba) for it to qualify as climax. Thilenius (1964) also 
wondered whether the exotic Prunus avium might sometimes replace Quercus forest; the 
ability of Pseudotsuga menziesii seedlings to develop in understory Prunus thickets will 
be critical. 

Successional sequences in the interior valleys to the south (e.g., Umpqua and Rogue 
River) have not been studied. Some which have been observed are replacement of (1) Quercus 
spp.-Arbutus menziesii stands by conifers, (2) Pinus ponderosa stands by Pseudotsuga, 
and (3) Pseudotsuga menziesii stands by Abies grandis. As to the climatic climax species 
in the Interior Valley Zone, there is evidence for Abies grandis in the Willamette valley 
and Pseudotsuga menziesii in the Umpqua valley. In various parts of the Rogue River 
valley, Pseudotsuga, Pinus ponderosa~Quercus spp., and chaparral may be the potential 
climatic climax. 

We conclude (as did Thilenius 1964) that a wide variety of climax communities are 
possible in the Interior Valley Zone depending on the particular habitat. It seems most 
likely that the climatic or zonal climax vegetation is forest in all three valley systems 
and probably coniferous forest. This is certainly the case in the Willamette valley. The 
probable climatic climax species appear to be: (1) Abies grandis in the Willamette valley; 
(2) Pseudotsuga menziesii and A. grandis in the central (warmer and drier) and peripheral 
(cooler and wetter) portions of the Umpqua valley, respectively; and (3) Pinus ponderosa, 
Pseudotsuga, and A. grandis along a gradient from the central portion to the peripheries 
of the Rogue River valley . 
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Quercus garryana 
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/
Acer macrophyl/um 
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Acer macrophyl/um +Pseudotsuga rnenziesii 


Figure 97.-Successional sequences suggested for 
upland sites in the central Willamette valley; any 
of the community types are possible climaxes on 
selected sites except, perhaps, for Quercus 
!-:lIrryllllll savanna (interpreted from Sprague and 
Hansen 1946; Habeck 1961, 1962; Thilenius 1964). 

Figure 98.-0Id Qllercus snags of open-grown 
form can be found in many Willamette valley 
Pselldo/.l'llgll IIlell ~.iesii stands, overtopped and 
killed by the Pseudo/.l'llgll reproduction they 
sheltered (p/w/O cour/e.n ' Rallge MlIlIlIgl'1l1l' II/, 

Oregoll SIll/l' Unil'l' /'si/r). 
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CHAPTER VI. FOREST ZONES OF 

SOUTHWESTERN OREGON 


Southwestern Oregon is an extremely interesting and complex region environmentally, 
floristically, and synecologically. Climate ranges from cool and moist in the coastal regions 
to hot and dry in the interior valleys, which are the driest locales west of the Cascade 
Range. The geology and, consequently, soils are extremely varied. Floristically the region 
combines elements of the California, north coast, and eastern Oregon floras, with a large 
number of species indigenous only to the Klamath Mountains region (Whittaker 1960, 
1961). This environmental and floristic diversity combines with a long history of pre­
historic and historic disturbances, primarily by fire, to produce an extremely varied array 
of communities. 

This chapter deals with portions of southwestern Oregon lying outside the Tsuga 
heterophylla, Picea sitchensis and Interior Valley Zones. It includes the main body of the 
Siskiyou Mountains! and western slopes of the Cascade Range. Most of the region is 
potentially occupied by forest communities of some kind. 

The major southwestern Oregon tree species can be arrayed in relation to tolerance of 
moisture stress: 

Species Tolerance 

Quercus garryana High 
Quercus kelloggii 
Pinus ponderosa 
Arbutus menziesii 
Libocedrus decurrens 
Pseudotsuga menziesii 
Pinus lambertiana 
Pinus monticola 
Abies concolor 
Chamaecyparis lawsoniana 
Abies magnifica var. shastensis 
Tsuga mertensiana 
Tsuga heterophylla Very low 

We might expect a systematic sequence of zones along the moisture and temperature 
gradients (which are broadly correlated with elevation) based on this array and the 
relative shade tolerance of the species: 

Species Tolerance 

Tsuga heterophylla High 
Abies concolor 
Tsuga mertensiana 
Chamaecyparis lalcsoniana I 

I The Siskiyou Mountains are the northernmost range in the Klamath Mountains group (Irwin 1966). 
Since this is the only range in this group encountered in Oregon, we will use the term "Siskiyou 
Mountains." 
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Species Tolerance 

Pselldotsuga lIIellziesii l. 
Libocedrus decu I're ns J 
Abies lIIagllz(ica var. s/wstellsis 
Pillus lambert/alia 
PillllS mOlltico/a 
Pill liS ponderosa 
Arbll tllS menziesii 
Quercus gan'yal/o 1 
Qucrclls kelloggii J Luw 

In fact, history and environmental complexity often make it impossible to distinguish 
zones, particularly in the heavily disturbed valley regions. Furthermore, very few data 
on plant communities are available for the interior valleys and western slopes of the 
Cascade Range. Therefore, we have taken a more typological approach. The "zonal" outline 
is as follows (no climax implication is intended in naming the first three zones): 

Interior Valley Zone (Pill us-Qu ercus-Pseudotsli ga) 
Mixed-Evergreen Zone (Pselldotsuga-sclerophyll) 
Mixed-Conifer Zone (Pseudotsuga-Pinus-Libocedrus-Abies) 
Abies can c%r Zone 
Abies magnifica shal>tens/s Zone 

The Interior Valley Zone has already been considered in Chapter V. The Abies II/(/g II z(ica 
shastensis Zone is bounded at its upper limits by the TSllgo mertellsialla Zone (discussed 
earlier) wherever elevations are sufficiently great (Siskiyou Mountains and Cascade Range). 

The arrangement of these zones in the Cascade Range and eastern and western Siskiyou 
Mountains is illustrated in figure 99. The major difference is the replacement of the 
Mixed-Conifer Zone by a Mixed-Evergreen Zone in the western Siskiyou Mountains. 
Waring (1969) has identified the boundary between these two zones (his eastern and 
western Siskiyou division) and related the boundary to environmental factors. It will be 
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Figure 99.-Arrangement of vegetation zones in the Cascade Range and western 
Siskiyou Mountains of southwestern Oregon. 
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Figure IOO.-Logging in southwestern Oregon's 
forested zones has typically been by clearcut­
ting; because of greater environmental severity 
(hotter, drier) than in northwestern Oregon, 
forest regeneration is frequently poor as on 
this clearcut within the Mixed-Conifer Zone 
(ph oto courtesy R . H. Waring). 

Figure IOI.-Present logging activities on difficult-to-regenerate sites increasingly use shelterwood or 
selection systems; external (left) and internal (right) views of a partially cut, mixed-conifer forest in 
which logs were removed by helicopter (pho tos courtesy R. H . Waring). 

obvious that most of the major formations found in southwestern Oregon are actually 
the northern extensions of formations which are considered typical of the California Coast 
Ranges and Sierra Nevada. As we will point out, separation of the Mixed-Conifer and 
Abies concolor Zones may not be justified on the basis of climax tree species, i.e., both 
may simply be aspects of a much broader Abies concolor Zone. 

Fire has played an extremely important role in southwestern Oregon. Fire danger 
can reach very high levels during the long, hot, dry summers. Fires, both naturally caused 
and Indian-set, were common prior to the arrival of the white man. Early settlers were 
responsible for additional burning, but formal fire control activities have been in effect 
since the early 1900's. As will be seen, many of the communities are created and per­
petuated by fires; e.g., some sclerophyllous shrub (chaparral) types and Pinus attenuata 
forests. Fire and fire control activities are having a profound influence on the shape of 
the future landscape. 

Logging is now the major disturbance in the forests of southwestern Oregon. To a large 
extent, clearcutting continues. However, because environments are generally much more 
severe (temperatures higher and sites drier) than in northwestern Oregon, clearcutting 
has been much less successful in regenerating new forests (USDA Forest Service 1973) 
(fig. 100) . Shelterwood cuttings, which provide some protection for the seedling environ­
ment, are being used more extensively to overcome this problem (fig. 101). Such systems 
are entirely appropriate to regeneration of Pseudotsuga and Pinus spp. in most of this 
region, and even selective logging may be necessary and appropriate on the most severe 
sites. 
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Mixed-Evergreen (Pseudotsuga-Sclerophyll) Zone 
In the western Siskiyou Mountains, modal sites are generally occupied by a mixed forest 

of evergreen needle-leaved trees (upper strata) and sc1erophyllous broad-leaved trees (lower 
strata) (fig. 102). Whittaker (1960, 1961), who has written the only significant publica­
tions on this zone, felt Mixed-Evergreen Forest should be recognized as a major community 
type of North America. Several studies of the vegetation in this zone are in progress and 
should greatly expand our knowledge of it during the next decade. 

Figure l02.-Mixed-evergreen 
forest includes upper stratum 
of conifers and a lower stra­
tum of sclerophyllous hard­
woods; this stand is domi­
nated by Ps1' lldo tslIg({ 111 1'11­
;:, iesii and Arblltlls 1II1'll ;:i1's ii 
with an understory of Litho ­
carplls d 1'll.l"ijlorlls (near Ore­
gon Caves, Siskiyou National 
Forest, Oregon). 

Environmental Features 
Environmentally, this zone is almost unknown. It is relatively warm and wet during 

the winter months and hot and dry during the summer. Annual precipitation would appear 
to be between 600 and 1,700 millimeters or more, depending on elevation and distance 
from the coast. Less than 20 percent falls during the growing season (Gratkowski 1961a). 
Average annual temperatures of about 47° to 49 ° F., average July temperatures of 62 ° to 
66 ° F., and average January temperatures of 32 ° to 36° F. are likely. 
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Soils have not been studied, but they are certainly diverse since there is a very wide 
variety of parent material. Differences in soils have important phytosociologic implications, 
as shown by Whittaker's (1960) contrasting of vegetation on diorite, gabbro, and serpentine 
in this area. Major soil great groups present in this zone probably include Haplohumults, 
Haploxeralfs, and Haplumbrepts (Reddish Brown Lateritic, Western Brown Forest, and 
Noncalcic Brown), as well as numerous shallow lithosolic soils. 

Forest Composition 
Without question, the most important tree species in the Mixed-Evergreen Zone are 

Pseudotsuga menziesii and Lithocarpus densifiorus; these are also judged to be the major 
climax tree species. A variety of other trees may be present, hardwoods being the more 
characteristic: Arbutus menziesii, Castanopsis chrysophylla, and Quercus chrysolepis. 
Q. vaccinifolia or Q. sadleriana or both are often shrubby components.2 Conifers which may 
be present include Pinus lambertiana, P. ponderosa, and Libocedrus decurrens. Pinus 
jeffreyi is found on serpentine sites, and Chamaecyparis lau:soniana and Acer macrophyllum 
may be present on moister habitats. Umbellularia californica may occur as a shrub on 
ultrabasic soils. Pinus attenuata often regenerates after wildfires and will form extensive 
pure stands after repeated fires within this zone, particularly on the drier sites. It is 
capable of pioneering on either normal soils or soils derived from ultrabasic rock. Pinus 
attenuata is strictly dependent upon wildfires because of its totally serotinous cones. The 
clusters of unopened cones along the boles and branches give individuals and stands a 
distinctive appearance. 

For published community descriptions within the Mixed-Evergeeen Zone, we are heavily 
dependent upon Whittaker (1960); we will use his description of vegetation growing on 
diorite, with average moisture conditions as modal for the zone. The upper canopy level 
is dominated by Pseudotsuga menziesii, although Pinus lambertiana is frequently present. 
The lower tree canopy of sclerophyllous trees is dominated by Lithocarpus densifiorus 
associated with Quercus chrysolepis, Arbutus menziesii, and Castanopsis chrysophylla. 
The shrub layer averages about 30-percent coverage and is typically composed of Quercus 
chrysolepis, Berberis nervosa, Rubus ursinus, Rosa gymnocarpa, and Rhus diversiloba. 
The herbaceous layer is not well developed (6.5-percent coverage) but includes Whipplea 
modesta, Achlys triphylla, Trientalis latifolia, Goodyera oblongifolia, Pteridium aquilinum, 
Apocynum pumilum, Disporum hookeri, Lonicera hispidula, Festuca occidentalis, and 
Melica harfordii. 

Whittaker (1960) described a Chamaecyparis lawsoniana-Pseudotsuga menziesii forest 
on more mesic sites in which these species are dominants. Small sclerophyllous trees are 
present but not dominant. Taxus brevifolia, Acer circinatum, Corylus cornuta var. 
californica, and Cornus nuttallii are typical understory species along with Gaultheria 
shallon, Berberis nervosa, Rubus ursinus, Linnaea borealis, Polystichum munitum, and 
Achlys triphylla. 

Whittaker (1960) refers to communities on more xeric dioritic sites as "Sclerophyll­
Pseudotsuga" as they are characterized by an overstory (with less than 50-percent coverage) 
of Pseudotsuga menziesii and a closed canopy of sclerophylls. Lithocarpus densifiorus 
is characteristically the dominant sclerophyll, but Arbutus menziesii and Quercus chrysolepis 
are also abundant. Typical shrubs are Rosa gymnocarpa, Rhus diversiloba, and Rubus 
ursinus; Pteridium aquilinum is the only major herb. Whittaker (1960) indicates he found 
similar stands without Pseudotsuga menziesii or Pinus lambertiana on south slopes 

2 According to W. H. Emmingham, Quercus vaccilllfo/ia in the Illinois River area is primarily, if not 
exclusively, a serpentine species and most understory Querc/ls on normal soils is a shrubby or sprout 
form of Q. chlysolepis or is Q. sadlel7"ana. 
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(Lithocarpus-Arbutus-Quercus chrysolepis communities); he felt these were the result of 
more severe fires since Pseudotsuga menziesii seedlings were present. Gratkowski (1961a, 
1961b) also mentions extensive tracts of Lithocarpus-Arbutus communities in the Siskiyou 
Uplands and indicates excellent conifer reproduction is often present where a seed source 
exists. 

In Whittaker's (1960) study area, vegetation on gabbro was intermediate between that 
on diorite and on serpentine. The canopy levels were more open. Umbellularia californica 
and Arctostaphylos cinerea were added to the sclerophyllous species, and Pinus ponderosa, 
Libocedrus decurrens, and Pinus lambertiana were more important than on diorite. 

Emmingham3 recently completed a study of the vegetation along the Illinois River which 
is located largely within the Mixed-Evergreen Zone. In one area identified as typical of the 
zone (proposed Store Gulch Research Natural Area), Pseudotsuga menziesii is associated 
with Lithocarpus densifiorus and Quercus chrysolepis in the tree layer. Pinus lambertiana, 
Arbutus menzies ii, and Quercus kelloggii are less abundant tree species. Except for shrubby 
Lithocarpus and Quercus chrysolepis, Rhus dil'ersiloba is the major shrub with sporadic 
occurrences of Berberis nervosa, Lonicera hispidula, Rosa sp., Holodiscus discolor, Corylus 
cornuta var. californica, and Philadelphus gordonianus. Herb cover is sparse-most impor­
tant are Achlys triphylla, Apocynum sp., Campanula sp., Disporum hookeri, Goodyera 
oblongifolia, Polystichum munitum var. imbricans, Pteridium aquilinum, Hieracium albi­
fiorum, Xerophyllum tenax, and grasses. This community can perhaps best be called the 
Pseudotsuga menziesii-Q1{ercus chrysolepis-Lithocarpus densifiorus/Quercus chrysolepis­
Lithocarpus densifiorus type (note the dominance of two of the same species in both the 
overstory tree and shrub layers). It is often found on steep slopes and very stony soils 
sometimes referred to as rock mulch type. Toward the coast, a variant of this community 
with a nearly solid understory of Vaccinium ovatum is encountered. 

Other communities in the Illinois River area are largely variants of the modal com­
munity. Several vary mainly in the proportions among the dominant Quercus, Lithocal"jJus, 
and Pselidotsliga. On shallow, stony soils or rock outcrops is a Qllercus chrysolepis­
Lithocarpus densifioru s-Pseudotsuga menziesii/Rh us diversi loba/moss community type. 
It often is found near canyon bottoms where erosion has prevented formation of deep soils. 
On slightly deeper soils than are found under the modal community or at higher elevations 
on rock mulch soils is a Pseudotsuga mellziesii-Lithocal"jJlIs dells(flor'lIs/Lithocal"jJlts 
dellsifiol'll.s/Polystichlllll /IIllllitulIl-herb community type. PillllS lalllbertialla increases in 
importance in this type when found on hornblende diorite parent material as opposed to 
soils derived from the more typical metavolcanic rocks. Benches or ridgetops with deep 
soils are occupied by a Pseudotsuga lIlellziesii-PillltS spp./LitllOca/'plis dellsifiol'lls-Quercus 
chrysolepis-Castallopsis cll rysoph ylla/Pteridiulll a qu ilillUIIl community. Pseudotsllga, 
Pi/lus pO/lderosa, and P. la IIIbertialla are important trees. However, Qllel'clls kellogg ii, 
Arbutus menziesii, and Castallopsis chrysophylla are also significant tree components. 
Lithocarplls and Querclls clll'ysolepis are confined to the shrub layer. Finally, on relatively 
deep soils situated above 750-meter elevation is a Pseudotsuga mellziesii/Lithocal"jJus 
dellsifiorus-Quercus chrysolepis/Goodyera oblollgifolia community which resembles pure, 
nearly closed canopy Pselldot:mga types found elsewhere in southwestern Oregon. On 
north aspects, Gaultheria slialloll may be an important shrub; elsewhere, the understory 
is poorly developed, and neither Lithocal"jJlIs dellsl:flor'lIs nor Qllerclls chrysolepis can 
maintain themselves as trees. Such sclerophyllous species may attain tree size after fires 
but are eventually overtopped and suppressed by Pselidotsliga. 

3 Personal communication. William H. Emmingham, Oregon State University, Corvallis. 
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Special Types 

Except for the unique vegetation found on serpentine sites (discussed in Chapter XI), 

brushfields are the most conspicuous "special communities" found within the Mixed­
Evergreen Zone (fig. 103). Many of the large and abundant brushfields found in the 
Siskiyou Uplands (Gratkowski 1961a) lie within this zone. Gratkowski (1961a) describes 
these communities as "... dense evergreen chaparral [which] is part of the Chaparral 
Association of the Broad Sclerophyll Formation...." Typical constituent species are: 
Arctostaphylos canescens, A. patula, Lithocarpus densifiorus, Quercus chrysolepis, Q. 
vaccinifolia, Q. sadleriana, Castanopsis chrysophylla var. minor, Garrya fremontii, G. 
buxifolia, Rhamnus californica, Ribes marshallii, Ceanothus cordulatus, and Berberis 
pumila. Gratkowski (1961b) indicates that communities dominated by Arctostaphylos 
patula, Ceanothus cordulatus, and Quercus chrysolepis are particularly abundant. 

The chaparral and forest communities appear to be successionally related in many 
cases; that is, the former are often fire-induced seral types, especially in moist areas 
(e.g., nearer the coast). Since most shrub dominants sprout after fire, successive burns 
can eliminate conifers and increase shrub density. On the other hand, chaparral is probably 
climax on many sites (Gratkowski 1961a): e.g., dry eastern slopes of the Siskiyou Mountains 
and sites with severe southerly exposures and shallow soils further west. Gratkowski 
(1961a) feels soil moisture during the dry summer season may be inadequate for tree 
growth on many of these sites. 

Emmingham (personal communication) f(;~ls thac the shrub fields which are climax, 
or only very slowly replaced by trees, can be identified by the dominance of hard-leaved 
shrubs, such as Arctostaphylos canescens and A. patula. Fields dominated by softer 
leaved shrubs or stands of Lithocarpus densifiorus and Arbutus menziesii are expected 
to succeed to conifers or conifer-Lithocarpus ~·nixtures. 

Grass balds of various compositions may also be encountered in this zone. At least 
some owe their origin to fire; the herbaceous vegetation provides an unfavorable habitat 
for tree regeneration, and heavy browsing of seedlings which do become established helps 
perpetuate herbaceous cover. 

Figure l03.-Chaparral, forming fields of sclerophyllous 
shrubs, is very abundant in the Mixed-Evergreen Zone; 
this typical community is composed of Arctostaphylos 
spp., Qu ercus chrysolepis, and Ceanothus spp. (Siskiyou 
Mountains, Oregon). 
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Mixed-Conifer (Pinus-Pseudotsuga-Libocedrus-Abies) 
Zone 

Mixed forests of Pseudotsuga menziesii, Pinus lambertiana, P. ponderosa, Libocedrus 
decurrens, and Abies concolor (or A. grandis) typify midelevations in the southwestern 
Oregon Cascade Range and eastern Siskiyou Mountains (Waring 1969). They are northern 
extensions of the well-known Sierran montane or mixed-conifer forest (Oosting 1956, 
Kuchler 1964). The Mixed-Conifer Zone occurs from about 43 ° north latitude south along 
the western flanks of the Cascade Range at elevations of about 750 to 1,400 meters. It is 
also found in the eastern Siskiyou Mountains, but usually at slightly higher elevations 
(Waring 1969, Dennis 1959). The Mixed-Conifer Zone is generally bounded by the Interior 
Valley and the Abies concolor Zone at its lower and upper limits, respectively; to the 
north it grades into the Tsuga heterophylla Zone. 

Environmental Features 
Very few environmental data are available for the Mixed-Conifer Zone except for the 

eastern Siskiyou Mountains (Waring 1969). Precipitation varies from about 900 to 1,300 
millimeters, with very little occurring during the summer months (table 18) . Mean 
temperatures are about the same as in the Tsuga heterophylla Zone, but summers are 
distinctly warmer and drier. Waring (1969) has demonstrated that the moisture regime 
in mixed-conifer forests is more favorable than in the Ponderosa Pine and Black Oak types 
discussed earlier. 

Forest soils in the Mixed-Conifer Zone of southwestern Oregon are extremely varied 
due to the complex geological history and topography. Soils typically belong to the 
Haplohumult, Haplumbrept, Xerumbrept, and Haploxerult soil great groups (Reddish 
Brown Lateritic, Gray-Brown Podzolic, Western Brown Forest, and Lithosolic great soil 
groups). Representative Haploxerults (Reddish Brown Lateritics) have thin organic layers 
(2 to 5 cm.), dark reddish-brown, slightly acid surface soils and red to dark-red strongly 
acid subsoils. Organic matter averages only 4 to 5 percent in the surface soil. 

Table 18. - Climatic data from representative stations within the Mixed-Conifer Zone 

Temperature Precipitation 

Station Eleva- Lati- Longi· Average Average June Average 
tion tude tude Average Average January Average July Average through annual 

annual January minimum July rnaximurr annual August snowfall 

Meters - - - - - - .. - - Degrees C. - - - - - - - - - ­ Millimeters Centi ­
meters 

Butte Falls, Oreg. 635 42°32' 122°33' -­ -- -­ -­ -­ 931 64 --

Prospect, Oreg . 630 42°44' 122°31' 9.9 1.9 -3.2 19.0 31 .1 1,059 62 162 

Siskiyou Station, 1,295 42°03' 122°36' 9.1 1.3
Oreg. 

-3.2 18.4 24.5 863 53 --

Toketee Falls,Oreg. 617 43°16' 122°26' 10.5 1.9 -1.4 20.4 30.4 1,219 85 114 

Source: U. S. Weather Bureau (l965a); Johnsgard (1963). 
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Forest Composition 

The major forest tree species in the Mixed-Conifer Zone are Pseudotsuga menzies'ii, 

Pinus lambertiana, P. ponderosa, Libocedrus de currens, and Abies concolor.4 These species 
occur in many combinations and degrees of mixture (Hayes 1959) (fig. 104). Pseudotsuga 
menziesii is probably the most abundant species, but it tends to decrease and Pinus spp. 

4 The Abies under discussion here is part of the Abies grandis-A. concoloJ' species complex, widespread 
in southwestern and eastern Oregon. Some southwestern Oregon populations approach Abies grandis most 
closely morphologically; others approach Abies concoloJ' morphologically and ecologically (Hamrick 1966, 
Hamrick and Libby 1972, Daniels 1969). For convenience, we will refer to all the morphologically 
variable populations in the Mixed-Conifer and Abies concoloJ' Zones as Abies concoloT. 

Figure l04.-Major forest trees 
in the Mixed-Conifer Zone are 
Pseudolsuga mell ziesii, Pinus 
/amberlianCl , Libocedrus de­
currens, Pinus ponderosa, and 
Abies cOl1c%r; the first three 
of these are readily identifi­
able in this typical south­
western Oregon mixed-conifer 
stand. 



Figure IOS.-Ahies cOllc%r is often represented only by seedlings and saplings in existing mixed-conifer 
stands, such as this Pillus pOllderosa forest (Rogue River National Forest, Oregon). 

tend to increase in importance from north to south within the zone. Pinus lalll be1·tiana 
and P. ponderosa usually occur as scattered individuals (Hayes and Hallin 1962) but give 
the forests much of their character. The proportion of L ibocedrus deCU1Tens tends to be 
greatest on relatively xeric sites in this zone. Libocedrus is clearly superior to most of 
its associates in drought tolerance, a probable consequence of extensive development of the 
seedling root system (Pharis 1967, Stein 1963). Abies concolor is often represented mainly 
by seedlings and saplings in existing mixed-conifer stands (fig. 105). Other typical tree 
species include Acer macrophyllum, Arbutus mellziesii, and Pinus monticola. Tsuga 
heterophylla and Thuja plicata are frequently encountered on more mesic habitats in the 
northern parts of the Mixed-Conifer Zone. Castanopsis chrysophylla may occur as either 
a shrub or small tree. 

The only detailed community analyses which have been reported for the Mixed-Conifer 
Zone are from the Abbott Creek Research Natural Area (Franklin et al. 1972) along the 
Rogue-Umpqua River divide (Mitchell 1972, Mitchell and Moir5). Three major forest 

:; Roderic J. Mitchell and William H. Moir. Vegetation of the Abbott Creek Research Natural Area. 
Unpu blished manuscript on file at USDA Forest Service, Forestry Sciences Laboratory, Corvallis, 
Oregon (1973). 
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communities were identified along with a fourth type which is centered primarily in an 
Abies con color Zone (Abies cOllcolorlLinllaea borealis type): Abies COllco[or-Tsllga 
heterophyllalAcer circinatulII-Taxus brevifolia, Abies concolorlWhipplea modesta, and 
Pseudotsuga mellziesii-Libocedrus decllrrellslArctostaphylos lIeradellsis. These three 
communities reflect a moisture gradient. The Abies-Ts/lgaIAcer-Taxus community type is 
found on the moistest sites along stream terraces, on lower slopes, and in ravines. 
PseudotsHga menziesii, Pi/ills lambatial/a, and occasionally, Pinus monticola are seral 
species. Abies COli color and TS/lga heterophylla appear to share climax status. The 
relatively dense understory (fig. 106) contains a number of species characteristic of sites 
with low moisture stress (table 19) (Waring 1969, Waring et al. 1972, Minore 1972a). 
The shrub layer is particularly well developed. It is obvious that many species more 
characteristic of the Tsuga heterophylla Zone find their niche in this community-Tsllga 
heterophylla, Taxus brevifolia, Acer circinatu /1/, Limzaea borealis, and even Rhododendron 
macrophyllll III, for example. 

The Abies concolor-Pselldotsuga lIIellziesiilWhipplea modesta community is, in one 
form or another, the most extensive. Pselldotsuga, Libocedrus decurreHs, and Pinus 
lambertiana characterize the overstory in mature stands. Abies concolor and Pseudotsllga 
dominate the reproductive size classes; hence, their climax designation. The understory 
is extremely sparse in this community (typically less than 20-percent total cover) (fig. 106) 
and few in species (table 19). The Pseudotsllga menziesii-Libocedrus decurrells1 
Arctostaphylos nevadellsis community occupies the most xeric forested habitats. Both tree 
species characterize reproductive size classes as well as the overstory in these dry open 
forests (fig. 106), although Pinus lambertiana and even P. ponderosa may be present. 
Abies COil color is absent or a minor component. The understory is dominated by two mat­
forming shrubs, Arctostaphylos lIewdellsis and Ceanot/llls prostratlls (table 19). A 
scattering of larger shrubs (e.g., Arctostaphylos patula and Garrya fremontii) and herbs 
is also characteristic. Two crustose lichens, Lecidea atrobrmmea and Rh izacarpoll 
geographicu In, commonly coat rock surfaces. 

The Abies cOllcolorlLinllaea borealis community does occur on mesic sites within the 
Mixed-Conifer Zone (intermediate in environment between those occupied by the Abies­
TsugalAcer-Taxus and AbieslWhipplea communities), but we will consider it in the 
discussion of the Abies cOllcolor Zone. 

Releves are also available for stands in the Mixed-Conifer Zone in the central portion 
of the South Umpqua River drainage.o Major differences from the Abbott Creek area are 
occurrence of communities in which Gaultheria shalloll is an understory dominant and 
a greater preponderance of stands in which TSllga hete10 0phylla is the projected climax 
dominant. Tentative community types include Pseudotsuga menziesiilBromus orcuttianus­
Whipplea modesta, Pseudotsuga-Ahies 9 ra lid isl Holodisclls discolor-Ga lIltheria sha llon, 
Pseudotsllga-A. 9 ra ndislGa liltheria, and Pselldotsllga- Tsuga he terophyllalGa IIlthe rial 
Linnaea borealis. The PselidotsugalBromus-Whipplea community has a very sparse shrub 
layer of Berberis nervosa, B. aquzjolillm, Rosa gYlllllocarpa, and Rubus ursillus, and a 
distinctive herb layer composed of Brolillls, Whipplea, and a variety of associates, e.g., 
Synthyris reniform is, Lathyrus polyphyllus, Adenocaulon bicolor, Satureja douglasii, and 
Festuca occidentalis. Pseudotsuga menziesii is the tree species reproducing most effect­
ively, but several other trees (Libocedrus decurrens, Abies grandis, and Pinus lambertiana) 
are usually also represented by seedlings and saplings. The Pseudotsuga-AbiesIHolodiscus­
Gaultheria and IGaultheria communities have well-developed shrub layers with the 
dominant Gaultheria shallon (average 60-percent cover) associated with Holodiscus discolor 
in the former type and Berberis nervosa and Rubus ursinus in both types. Herb layers are 

6 Data from South Umpqua Experimental Forest on file at USDA Forest Service. Forestry Sciences 
Laboratory, Corvallis, Oregon. 
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Figure I06.-Community types found within the Mixed-Conifer Zone of the Abbott Creek Research 
Natural Area (Rogue River National Forest, Oregon). Upper left-a dense shrubby understory of 
Acer circi llalllll1 and TaxlI s hrevij(J /ia characterizes the mesic Ahies cOllc%r-T.wRa hl' l l' rophy llll/ 
Acer- Tax lIs community type; the major overstory species here is PSl' lIdOI,\'IIRa 1I1 l' II Z. i l'sii . but a large 
Pi llllS /(//lIherriclI1a and sapling T.\'IIRa hl' l erophy l/a are also visible. Upper right-the Ahies conc% r/ 
Lill//aea /Joreali,\' community is also found on moist sites as well as in the higher elevation A hi l's 
cOll c% r Zone; the understory is relatively rich but consists of low-growing species, primarily Lillnal'lI 
hor l'a/is and Ruhus ni va/il' in this nearly pure A hies stand. Lower left-an A hies conc% r -Pseudolsuga 
/lIl'11 z. iesii/Whipp/l'lI 111 odes III community showing typical overstory components (Li/Jocl'drus decllrrel/.\' 
and Pselldo l,\'IIRlI) and abundant seedlings consisting of equal numbers of PSl' lIdOI,\'IIRa and Lihocl'drus. 
Lower right-dry site community of Pselldol,\'IIRlI-Lihocedrus/Arc!Oslllphy /o,\' lIevadellsis including a 
Pinlls pOllderosa (behind stake); ClISllllIOpsis chrY,HJphy l/a and Arhlllll ,\' lI1ell z. i es ii form a lower stratum 
of evergreen hardwoods in this stand but are not characteristic of the community. 
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Tahle 19. - Coverage of selected understory species in four forest comnHlIlity types found in the '1ixed­
Conifer and .·1 hie.1 ('( 11/(( )I()r Zones of the Ahhott Creek Research Natural Area 1 2 

Layer and species 

Community type.' 

Abco-Tshel 
Acci-Tabr 

Abco-Psmel 
Whmo 

Psme-Lidel 
Arne Abco/Libo 

- - - - - - - - - - - - - - - - - - - - Percent - - - - - - - - - - - - - - - - - - - ­
Tall shrubs: 

Castanopsis chrysophyl/a tr tr 4 
Corylus cornuta californica tr tr 1 
Taxus brevifolia 22 1 
Acer circinatum 44 

Low shrubs: 
Berberis nervosa 4 tr 3 
Pachistima myrsinites 2 tr tr 1 
Rubus ursinus 3 tr 4 
Symphoricarpos mol/is 2 tr tr 
Vaccinium membranaceum 4 1 3 
Gaultheria ovatifolia tr 2 
Rubus nivalis 5 
Garrya fremontii tr 1 
Arctostaphylos nevadensis 14 
Ceanothus prostratus 5 
Arctostaphylos patula tr 

Herbs: 
Whipplea modesta 4 4 6 
Disporum hookeri tr tr tr 1 
Goodyera oblongifolia tr tr tr tr 
Hieracium albiflorum tr tr tr tr 
Anemone deltoidea 1 tr 1 
Iris chrysophy/la tr 1 tr 
Achlys triphyl/a 4 tr 8 
Bromus vulgaris tr tr tr 
Chimaphila umbellata 2 9 
Viola sempervirens tr 2 
Linnaea borealis 6 18 
Arenaria macrophy/la tr 
Apocynum androsaemifolium tr 
Pyrola secunda 

1 Source: !{odnic 1. Mitchell dnd William II. t\\oir. Vegetation of the Abbott Creek Research Natural 
An?d. Unpublished manuscript on fill' at USDA Forest Service Forestry Sciences Laboratory. Corvallis. 
Oregon. 

2 tr = coverage of less than 0.5 percent. 
.1 Ahl'o-Tshc / Acci-Tahr = A hies C()llc%r-Tlliga ill' /crlJpilyl/a / A cer circilla/lIm- Tax liS hrcpit(llia; A I1co­

I'sme/WllJno = A blcs COllc(}/ur-PsclIuo/sllga IIlCIlZicsii/Whilll}/ca moucsta, Psme-Llde/ Arne =l'sclIuotSliga 
II/CIl::I('sii-l.ihoccurlis uccllrrclls/:l rctostapill'ius IlCl'aucllsis; Ahco/ Libo = A hies COil c%r/ l_illllaca horca/is. 
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relatively sparse consisting mostly of Whipplea modesta, Xerophyllllm tel/ax, Lillllaea 
borealis, and Polystic/tulII mUllitum. Abies grandis is clearly the major climax species, 
although Pseudotsuga and Libocedrlls may be minor climax species in the IHolodisclls­
Gaultheria community. The Pselidotsuga-TsugalGaultheria community is the most mesic 
type. AceI' eireillatu III , Ta.rus breuijolia, and RI/bus lIivalis are important additions to this 
community, with Gaultheria slwlloll and Berberis Ilervosa remaining the low shrub domi­
nants. Linllaea borealis, PolysticlwlII IIlUnitllm, and Whipp/ea modesta are the most impor­
tant herbs, although several other species have high constancies only in this community 
(Trillilllll ovotUII1, Chimaphila IImbellata, Viola semperuirells, ElirhYlichill1ll oregamllll). 
TSllga heterophylla is the major climax tree species. 

Minore (1972a) examined the distribution of forest species in the entire South Umpqua 
drainage and developed some environmental indices based upon plant indicators. His 
report gives no insight into community composition, but the original plot data have 
complete lists of vascular plants present.' Three environmental "cells" out of a 12-cell 
matrix of three moisture and four temperature classes include sufficient numbers of plots 
for examining shifts in species constancies-the warm dry, cool moist, and cold moist 
cells (table 20). The warm dry and cool moist environments correspond to the Mixed­
Conifer Zone with the cold moist environment obviously tending to be more representative 
of the Abies cOl/color Zone which will be discussed next. Minore's data confirm the general 
pattern of shifts in species indicated by others as one moves from dry to moist sites 
within the Mixed-Conifer Zone. 

The Mixed-Conifer forests have also been studied in the eastern Siskiyou Mountains 
(Waring 1969, Dennis 1959). The same tree species occur there, although Libocedl"lls 
deClilTe liS appears to be less common than in the Cascade Range. Characteristic under­
story species are Coryllis conI/Ita var. cal(fiwllica, H%disclls disc%r, Castallopsis 
ch I'y ,')(J ph Ylla, Sy III pI/() ricu I'pOS III oll is, R II b llS III'S i 1111 s, Rosa g y IllllOccupa, Ade /I ()ca II/ () II 

bic%r, Hieracillill ullJljiol"ll III , and Sellecio illtegerTillllls. 
Waring (1969) and Waring et al. (1972) have identified the environmental niches 

(particularly temperature and moisture relations) for over 50 tree and understory species 
in the eastern Siskiyou Mountains, over half of which are found in the Mixed-Conifer Zone. 

Successional Patterns 
Successional relationships have not been studied in the Mixed-Conifer Zone. It is knovill 

that brushfields frequently develop on burned- or logged-over forest lands within the zone 
(Gratkowski 1961a, Hayes 1959) (fig. 107). Dominants in such communities include 
CCUllotlllls /'eilitilll/s, C. sUlIgllillells, C. illtegel'l'illlllS, C. prostratl/s, C. ('()I'dlllatlls, 
Costal/opsis chrysophylla, QUCI'CIIS chl'ysolepis, Allie/aI/chicI' aillifillia, Arctostaphylos 
C(lI/escel/S, and Litl/()c(ll'pIiS dells(tfol'lls (Gratkowski 1961a). These brushfield communities 
can significantly slow the rate of forest succession or, with repeated fire, become semi­
permanent communities. Under more normal conditions, they are overtopped and killed 
by conifers which often become established in their shade (fig. 108). 

Ccallotlllls cell/tillllS is important as a brushfield dominant or invader following logging 
or fire in the Mixed-Conifer Zone as well as many other zones: e.g., in parts of the TSliga 
hetel'Ophyllu (Morris 1958, Zavitkovski 1966), Ahies COIICO/Ol', and A. /IIugll/ficu slwstellsis 
Zones, and in many of the forest types of eastern Oregon and Washington (Dyrness and 
Youngberg 1966, Mueggler 1965). In western Oregon, Ceallot/lIIs ,'e/lltiIIlIS var. /aaigatlls 
and var. /'e/lltiIllIS are generally found below and above 800 meters, respectively (Gratko'Yski 

, Data on fill' at lTS[)A Forest Sen'in', Forl'stry Seien('('s Laboratory, Corvallis, Oreg'on, 
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Table 20. - Constancy values for important species in stands occupying different environments in the 

South Umpqua River drainage l 


Environment~ 

Warm Cool Cold 
dry moist moist 

form and speciesLife (n = 11) (n = 11) (n = 13) 
- - - - - - - - - - - - - - - - - - - - Percent - - - - - - - - - - - - - - - - - ­

Trees: 
Arbutus menziesii 91 9 0 
Pinus ponderosa 73 9 0 
Pinus lambertiana 73 45 23 
Pseudotsuga menziesii 100 100 92 
Libacedrus de currens 64 64 69 
Castanopsis chrysophylla 36 45 23 
Tsuga heterophylla 0 64 15 
Abies grandis 55 91 100 
Abies magnifica shastensis 0 9 38 

Shrubs: 
Rhus diversiloba 73 9 0 
Berberis piperiana 73 45 0 
Holodiscus discolor 91 64 23 
Symphoricarpos albus 82 64 54 
Rosa gymnocarpa 91 82 77 
Rubus ursinus 91 91 54 
Corylus cornuta californica 45 36 54 
Gaultheria shallon 45 73 8 
Berberis nervosa 45 91 69 
Acer circinatum 9 36 54 
Vaccinium membranaceum 0 0 54 
Ribes binominatum 0 0 46 

Herbs: 
Lonicera hispidula 91 9 0 
Habenaria unaiascensis 64 9 0 
Fragaria vesca crinita 55 18 0 
Carex concinnoid£:s 64 27 0 
Satureja douglasii 64 36 0 
Cynoglossum grande 45 36 0 
Madia madioides 82 36 8 
Iris chrysophy//a 73 27 15 
Whipplea modesta 100 91 38 
Pteridium aquilinum 100 55 38 
Calypso bulbosa 45 73 0 
Synthyris reniformis 73 64 46 
Campanula prenanthoides 64 18 38 
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Table 20. Constancy values for important species in stands occupying different environments in the 
South Umpqua River drainage I (Continued) 

Environment 2 

Warm Cool Cold 
dry moist moist 

Life form and species (n = 11) (n = 11) (n = 13) 
- - - - - - - - - - - - - - - - - - - - Percent - - - - - - - - - - - - - - - - - ­

Herbs (continued): 
Phlox adsurgens 64 36 46 
Elymus glaucus 55 0 38 
Festuca calitornica 55 9 31 
Bromus orcuttianus 91 73 69 
Disporum hookeri 91 82 77 
Vicia americana 91 55 46 
Goodyera oblongifolia 73 45 46 
Hieracium albitlorum 82 91 92 
Trientalis latitolia 82 82 85 
Adenocaulon bicolor 73 82 77 
Polystichum munitum 64 73 46 
Festuca occidentalis 64 73 54 
Linnaea borealis 55 82 38 
Vancouveria hexandra 73 82 92 
Osmorhiza chilensis 55 64 69 
Achlys triphylla 45 73 85 
Chimaphila umbellata 36 55 54 
Viola sempervirens 36 64 69 
Galium aparine 27 91 85 
Trillium ovatum 27 64 85 
Campanula scouleri 9 64 54 
Pyrola picta 9 27 54 
Bromus carinatus 18 9 62 
Anemone del to idea 0 64 46 
Montia sibirica 0 36 62 
Smilacina stellata 0 27 77 
Clintonia unitlora 0 18 69 
Galium oreganum 0 0 62 
Phacelia mutabilis 0 0 54 
Actaea rubra 0 0 46 

I Data colkL"ted by Don Mlnore on rile at llSDA Forest Service Forestry Sciences Laboratory, Corvallis, 
Oregon 

2 Environments are defined by ~emperature and mOisture Indices based on mdicator spel'les as outlined 
by Minore (1972a) 
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Figure 107.-Brushfields often develop on burned or logged-over lands within 
the Mixed-Conifer Zone; the Cat Hill brushfield, partially shown here, 
probably originated after a fire in the IS50's and has since been reburned 
(near Blue Rock, Rogue River National Forest, Oregon). 

Figure 10S.-Shrubs are major ele­
ments of early successional com­
munities on many forest sites in 
the Mixed-Conifer Zone and are 
gradually overtopped and killed 
by coniferous trees; A r c/o.l' /(/phy ­
/0.1' spp. giving way to a mixed 
stand of P.I'l' lIdo/.I'IIKlI 1II I' II Zi l's ii 
and PillllS p o nderoslI (Ashland 
Research Natural Area, Rogue 
River National Forest, Oregon). 
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1961a, Zavitkovski 1966). In this area, Ceanothus velutinus is generally absent from under­
stories of older stands lacking recent disturbance, but it often appears in abundance follow­
ing logging and slash burning (Morris 1958) (fig. 109). This reproduction is from seed 
stored in the forest floor (Gratkowski 1962); heat from fires and increased insolation breaks 
the seedcoat dormancy. The relationship of Ceanothus velutinus to establishment and 
growth of coniferous reproduction has been hotly debated for 50 years (Zavitkovski and 
Newton 1968). It can fix nitrogen (Wollum 1962, 1965; Wollum et al. 1968) and may 
provide a favorable microenvironment for establishment of conifer seedlings under some 
conditions (Gratkowski 1962, Zavitkovski and Newton 1968). On other sites, it may 
seriously hinder establishment of coniferous stands. 

Figure l09.-After forest lands have 
been logged and burned, Ceanolhus 
velulinus reproduces from seed 
stored in the soil, despite its general 
absence from understories of older 
stands; it frequently hinders estab­
lishment and growth of conifer 
seedlings in the Mixed-Conifer Zone. 

Successional relationships among the tree species are not completely known, but some 
general patterns are apparent. First, Abies concolor (or Abies grandis) is the major climax 
species over the entire Mixed-Conifer Zone; past fires and present logging activities have 
restrained Abies from attaining overstory dominance in much of the zone, but its domi­
nance in reproductive size classes clearly shows the successional trend. On warm, dry 
forested habitats, Pseudotsuga or Libocedrus or both appear to be the major climax 
primarily because Abies is unable to tolerate these stressful environments; the successional 
relationship between Pseudotsuga and Libocedrus is not clear, however, and reproduction 
of either may dominate in a given stand. On the majority of mesic habitats, Abies concolor 
is again the major climax species since it is the most tolerant tree species present; how­
ever, in northern portions of the Mixed-Conifer Zone, it is joined or successionally dis­
placed by Tsuga heterophylla and, possibly, Thuja plicata on mesic forest habitats. Pinus 
lambertiana and Pinus ponderosa are considered to be seral species although P. ponderosa 
may achieve climax status on poorly drained or swampy sites (Stephens 1965). 

The successional picture is incomplete without some consideration of the "gap-phase" 
phenomenon, however. Small openings are frequently scattered through mixed-conifer 
forests, and these provide favorable environments for regeneration of species which are 
theoretically seral and are considered relatively intolerant of shade (fig. 110). Pinus 
lambertiana, Pseudotsuga menziesii, Libocedrus decurrens, and even Pinus ponderosa 
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Figure IIO.-Small openings are typical of 
mature mixed-conifer forests and provide 
opportunities for regeneration of less 
tolerant species; Pselldo rslIRli IIlell z.iesii. 
PillllS /{//I/h erri(ll/ll. A hies CO l/c%r, and 
LirhoCli rplI ,\' dellsijlorus seedlings are pre­
sent in this opening (Abbott Creek Re­
search Natural Area, Rogue River Na­
tional Forest, Oregon). 

perpetuate themselves in these forest "gaps" or openings. These openings are a pervasive 
feature of mixed-conifer forests; and, for that reason, it can be argued that the majority 
of the tree species are a part of the "climax" forest. Also, many of these so-called intolerant 
species show considerably more shade tolerance than commonly supposed (e.g., see Atzet 
and Waring 1970). In any case, it seems clear that, because of severe environmental 
stresses, forest gaps, and the long-lived nature of the trees, elimination of so-called seral 
species and attainment of dominance by the climax species are a very slow process in much 
of the Mixed-Conifer Zone. 

Special Types 
A major group of nonforested communities found within the Mixed-Conifer Zone is that 

found on very shallow soils. These communities occupy sites which are typically warm 
and extremely dry during the summer. One of the more common appears to be a "moss 
meadow" type in which Rhacomitrium canescens var. ericoides is the typical dominant 
(fig. 111); this community is also found in the Interior Valley Zone. Several spring annuals 
are also characteristic of this community. Other communities which have been described 
on dry, nonforested sites include: (1) an ATctostaphylos nevadensis-Ceanothus prostratus 
community dominated by these mat-forming shrubs but with a scattering of herbs such 
as Senecio integeTTimlls exaltatus and xerophytic ferns such as Cryptogramma densa 
(fig. 111); (2) grassy meadows on shallow, stony soils dominated in one area by Stipa 
lem monii, Stipa occidentalis, and Sitanion hystrix (fig. 111) with many associated annual 
and perennial forbs-Sanicula graveolens, Lomatium nudicaule , Gilia capitata, Navarretia 
diva1-icata, Peride1-idia bolanderi, Polygonum majus, and Collinsia parvifiora; and (3) "rock 
garden" types associated with rocky outcrops and characterized by Sedum oregonense, 
caespitose Polygonaceae (Spraguea umbellata, Eriogonum compositum, E. nudum, and 
E. umbellatum), and xeromorphic ferns (Pellaea glabella, Cryptogramma densa, and 
Cheilanthes gracillima) (fig. 111). These Stipa meadows and rock garden types are similar 
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Figure 111.-Xeric "meadow" communities are characteristic of sites with very shallow and 
often stony soils. Upper left-forest openings dominated by cryptogams, particularly Rhacomitrium 
canescens var. ericoides, are characteristic of sites with almost continuous bedrock at the surface. 
Upper right-Arctostaphylos nevadensis-Ceanothus prostratus form dense mats on some very stony 
slopes. Lower left-Bromus carinatus-Stipa spp.-Sitanion hystrix-Eriogonum spp.-Senecio crassulus 
community with scattered Arctostaphylos patula. Lower right-"rock garden" community asso­
ciated with rock outcrops and dominated by Sedum oregonense, caespitose Polygonaceae, and 
xeromorphic ferns. (Photo at upper left from proposed Camas Swale Research Natural Area 
near Eugene, Oregon; remainder from Abbott Creek Research Natural Area, Rogue River 
National Forest, Oregon.) 

in many respects to the nonforested communities described by Hickman (1968) in the 
Western Cascades Province of northern Oregon. 

Among the special types of forest encountered in the Mixed-Conifer Zone, we again 
encounter swamps in which Fmxinus latifolia is a characteristic species. These communi­
ties occupy small poorly drained basins and often have a rich diversity of species including 
some found only here (e.g., Fraxinus , Alnus sp., several Carex spp., Camassia quamash), 
but also others widespread in the zone and often thought of as dry-site species-Rhus 
diversiloba and Pinus ponderosa, for example. As mentioned, Pinus ponderosa appears 
to be the climax tree on some of these poorly drained habitats (Stephens 1965). 
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Abies conc%r Zone 

The Abies concolor Zone, as discussed here and in the previous edition of this work, 

is a relatively narrow belt located at the upper margin of the Mixed-Conifer Zone. Its 
worthiness for zonal recognition is somewhat marginal, especially in southwestern Oregon; 
its status in California may be somewhat clearer. In light of the limited extent of the zone 
and its close relationship to the Mixed-Conifer Zone (in which we also identify Abies 
con color or grandis as the major climax), the forests discussed here could be considered 
simply as upper altitudinal variants of the Mixed-Conifer Zone [Griffin's (1967) "White 
Fir Phase"] or even as stands ecotonal between the temperate Mixed-Conifer and sub­
alpine Abies magnifica shastensis Zones. With these reservations in mind, we choose to 
continue to distinguish an Abies concolor Zone because: (1) in many areas, a fairly 
distinct belt of nearly pure Abies concolor stands occurs; (2) many species found in forests 
in the Mixed-Conifer Zone are drastically reduced in importance or absent in Abies 
concolor stands and, conversely, additional species not present in the mixed-conifer 
forests are conspicuous; and (3) there is clear evidence of a cooler (but not necessarily 
moister) environment in Abies concolor as compared with mixed-conifer stands (see table 2 
in Waring et al. 1972). 

Forests dominated by Abies concolor are the major feature of the Abies concolor Zone. 
This zone grades into the Mixed-Conifer and Abies magnifica shastensis Zones at its lower 
and upper limits, respectively. As mentioned, it occupies a relatively narrow elevational 
band, occurring at about 1,400 to 1,600 meters in the Cascade Range and 1,650 to 1,800 
meters and 1,400 to 1,800 meters in the eastern and western Siskiyou Mountains, respect­
ively (Waring 1969, Whittaker 1960). However, around Lake of the Woods and along 
the southwestern flank of the southern Oregon Cascade Range, there are extensive tracts 
at the appropriate elevations, and consequently, Abies concolor forests are widespread 
and well developed there (fig. 112). The Abies concolor Zone of southwestern Oregon 
extends around the southern end of the Cascade Range into southeastern Oregon, an area 
discussed later. Forests of the general type described here do occur at higher elevations 
along the western Cascades north to about the McKenzie River. The Abies concolor Zone 
correlates with the "White Fir Phase" of the Mixed-Conifer Forest in northern California 
(Griffin 1967) and is considered an element of Merriam's Canadian Life Zone (Dennis 1959). 

Environmental Features 
Climatic and edaphic data for the Abies concolor Zone are not available, but some 

evaluations of moisture, temperature, and nutrient regimes are, based upon monitoring 
of the plants themselves (Waring 1969, Waring et al. 1972, Griffin 1967). The zone does 
experience lower temperatures, less plant moisture stress, and less soil drought than the 
adjacent Mixed-Conifer Zone. It is the lowest zone where significant winter snow accumu­
lations occur; Waring (1969) mentioned that heavy snowfalls are damaging to brittle­
limbed species such as Pinus ponderosa and Arbutus menziesii. Haplorthods, Vitrandepts, 
and Haplumbrepts are typical soil great groups (Gray-Brown and Brown Podzols, Regosols, 
and Western Brown Forest soils). 

Forest Composition 
Abies concolor is the major tree species within the Abies concolor Zone, often forming 

pure or nearly pure stands (fig. 112). The most common associate is Pseudotsuga menziesii. 
Pinus lambertiana, P. ponderosa, and P. monticola may be present in small numbers. 
Libocedrus decurrens is often associated on mesic sites. Abies magnifica shastensis is 
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Figure 112.-Ahies cOl/c% r for­
ests are especially extensive and 
well developed along the south­
ern and southwestern flanks of 
the Oregon Cascade Range; this 
pure A hies cOl/c%r forest is 
typical of those found near Mount 
McLoughlin (Rogue River Na­
tional Forest, Oregon). 

increasingly common toward the upper limits of the Abies concolor Zone. Pinus COlltorta 
is encountered as a pioneer species in the Cascade Range. 

Abies concolor stands in the Western Cascades Province tend to be richer in species 
and have a higher coverage of herbs than those in the adjacent High Cascades Province. 
The only community descriptions we have for the Western Cascades Province are those 
of Mitchell (1972) and Mitchell and Moir (see footnote 5). They recognized an Abies 
concolor/Lillnaea borealis community type in their study area which was often character­
ized by nearly pure stands of Abies cOl/color (fig. 106); as mentioned earlier, this community 
type also occurred on mesic habitats well within the Mixed-Conifer Zone. Data from the 
AbieslLinnaea community (table 19) indicate a relatively rich understory of herbs and low 
shrubs. Linnaea borealis, Achlys triphylla, and Chimaphila umbellata were the most 
important herbs, and Rubus Ilivalis was the shrub with highest cover. 

Stand analyses from the High Cascades Province have not been published, but Abies 
concolorlCastallopsis clwysophylla-Ceallothus velutillus and Abies concolorlCeanothus 
velutinus communities appear to be present. The latter (described in the section on the 
Abies grandis Zone in Chapter VII) is similar in many respects to the AbieslCeanothus 
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association described by Dyrness and Youngberg (1966). In fact, many Abies concolor 
stands in the High Cascades Province have dense canopies with very depauperate under­
stories primarily composed (around Lake of the Woods, for example) of a few ericads 
(e .g. , Chimaphila umbellata) and scattered evergreen shrubs (e.g., Castanopsis). 

Characteristic understory species in Abies concolor forests of the Siskiyou Mountains 
are (Whittaker 1960, Waring 1969, Dennis 1959): 

Shrubs-Holodiscus discolor, Rosa gymnocarpa, Berberis nervosa, Corylus cornuta var. 
californica, Acer glabrum var. douglasii, Rubus ursinus, R . nivalis, Amelanchier 
alnifolia, and Castanopsis chrysophy lla. 

Herbs-Campanula scouleri, Lathyrus polyphyllus, Anemone deltoidea, Achlys triphylla, 
Trientalis latifolia, Tiarella unifoliata, Galium triflorum, Adenocaulon bicolor, Van­
couveria hexandra, Clintonia uniflora, Trillium ovatum, Hieracium albiflorum, Arenaria 
macrophylla, Phacelia heterophylla, and Fragaria vesca var. bracteata. 

Successional Patterns 
Abies concolor appears to be the sole climax species on modal habitats (fig. 113). 

Libocedrus decurrens may be a climax associate on more mesic habitats and Pseudotsuga 
menziesii or Libocedrus decurrens or both on xeric habitats. Abies concolor probably 
replaces Abies magnifica shastensis on most sites where mixed stands of the two species 
occur. 

Figure 1l3.-Abies conc% r ap­
pears to be the sole climax 
species on modal sites in the 
A . conc% r Zone; Abies COIl­

c%r regeneration completely 
dominates under this mixed 
stand of A . conc% r, A. mag­
nifica shaslensis , and Libo­
cedrus decurrens. 

Special Types 
A variety of nonforested communities is found in the Abies concolor Zone. Brushfields 

similar to those found in the Mixed-Conifer Zone are encountered. Ceanothus velutinus 
remains a typical dominant, and Ribes spp. appear increasingly in the Cascade Range. 
Arctostaphylos patula is a major shrubby associate in the eastern Siskiyou Mountains 
(Dennis 1959) . 
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Many different kinds of mountain meadows and barren openings are also found within 
the Abies concolor and adjacent Abies magnifica shastensis Zones. The compositions of 
these various meadow communities are not known with the exception of a species list from 
a series of mesic meadows in the Abbott Creek Research Natural Area (Dr. William R. 
Moir, personal communication). It includes as important components Valeriana sitchensis, 
Veratrum californicum, Polygonum bistortoides, Mertensia ciliata, Hackelia jessicae, 
Rudbeckia occidentalis, Swertia umpquaensis, Agastache urticifolia, Ligusticum apiifolium, 
L. grayi, Lupinus spp., Orthocarpus imbricatus, Phleum alpinum, Bromus vulgaris, 
Elymus glaucus, and Melica spectabilis. Moir found these particular meadows similar in 
many respects to the mesic tall forb communities described from the Wasatch Mountains 
of Utah. 

There is extensive evidence of invasion of many of the meadows by tree species. 
Libocedrus decurrens is conspicuous as a pioneer tree in many areas (fig. 114). This is 
notable, for example, along the divide between the Rogue and Umpqua Rivers and on high 
ridges in the Umpqua River drainage and is occasionally observed as far north as 44 0 

north latitude in the Western Cascades Province (R. J. Andrews Experimental Forest). 
The largest specimens of Libocedrus observed by the authors are found in and around 
high-elevation meadow communities. Abies concolor (or grandis) may also function as a 
pioneer in invading meadows along with A. magnifica shastensis at highest elevations. 

Figure 114.-Invasion of mea­
dows by Libocedrus decur­
rem is common within the 
Abies conc%r Zone (Abbott 
Creek Research Natural Area, 
Rogue River National Forest, 
Oregon). 
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Abies magnifica shastensis Zone 

Abies magnifica shastensis8 dominates the forests between the subalpine Tsuga 

mertensiana Zone and the Abies concolor Zone (fig. 115). The Abies magnifica shastensis 
Zone is generally found at elevations between 1,600 and 2,000 meters in the Cascade Range 
and 1,800 and 2,200 meters in the Siskiyou Mountains (Dennis 1959, Whittaker 1960). 
It is well developed on the western slopes of the Cascade Range (e.g., in the vicinity of 
Crater Lake National Park), but it also occurs on the east side of the Cascade divide 
to nearly 43 0 north latitude. The forests of this zone are closely allied with Abies magnifica 
or Red Fir forests of the California Cascade Range and Sierra Nevada (Oosting and 
Billings 1943, Kuchler 1964, Griffin 1967). They are generally considered a part of 
Merriam's Canadian Life Zone (Bailey 1936, Dennis 1959). 

Figure 115.-Pure, even-aged 
stands of A hies II/agnifica shas­
lensis are common within the 
A. II/agnifica s/Jaslensis Zone of 
southwestern Oregon (Rogue 
River National Forest, Oregon). 

MTaxonomic controversy surrounds this southern Oregon Abies (Franklin 1964). It has been referred 
to as both Abies procem and A. magnifica shastensis. Populations in southwestern Oregon appear to be 
part of a species complex involving Abies procem and A. magnifica; it has been suggested these con­
stitute hybrid populations between these species or a midpoint on an ecocIine involving the whole 
complex. For convenience, we will I'efer to these populations as AiJies lI1agllifica shustellsis which they 
resemble ecologically. Although Whittaker (1960) referred to his populations as Allies /loiJi/is (synonym 
for A . procem), he stated (personal communication) that elements of Abies lIIag/lifica, A. IIwgllifica 
shustensis, and A. procem were all present. 
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Environmental Features 

Environmental data are lacking for the Abies magnifica shastensis Zone. The Crater 

Lake climatic station (table 13) is near its boundary with the Tsuga mertensiana Zone. 
Two major climatic features are known: (1) much of the annual precipitation falls as snow, 
which accumulates in winter snowpacks with maximum depths of 2 meters or more; 
(2) critical plant moisture stresses do not occur during the short summers (Waring 1969, 
Griffin 1967). Soils tend toward Haplorthods (Brown Podzolic) with well-developed mor 
humus layers; podzolic A2 horizons are not encountered. 

Forest Composition 
Abies magnifica shastensis is the major tree species within the Abies magnifica shastensis 

Zone (fig. 115). Abies co/Icolor, Pinus monticola, P. contorta, and Tsuga mertensiana are 
the most common associates. Many other species are not common but may be present, 
especially on specialized habitats, including Pseudotsuga menziesii, Pil/us pOI/derosa, 
Libocedrus decurrells, Picea engelmannii, Abies anwbilis, and A. lasiocarpa. 

The composition and density of understory in Abies magnifica shastensis stands vary 
widely. Volland 9 describes several stand types along the crest of the High Cascades, 
and Mitchell (1972) and Mitchell and Moir (see footnote 5) describe several stands located 
along the Rogue-Umpqua River divide (Abbott Creek Research Natural Area in Franklin 
et al. 1972). The High Cascade communities (fig. 116) include the following: 

Name 

Abies magnifica shastensis/ 
Rubus /lrSilllls/Brolllll.'! vulgaris 

Abies magllzjica "hastel/sis/ 
Chilllaphiia IIl11bellata 

Abies liIagn(jica shastellsis/ 
Vaccinill In ()/'all!olium!herb 

Abies lIIagl/(jica slwstel/sis­
TSliga mertellsialla/ 
Vaccillillm scoparilllll 

Abies lIIagn(jica shastel/si.-;/ 
Castal/opsis elll'ysophylla­
Arctostaphylos lIel'adellsis 

Major 
associated trees 

Abies concolor, 
Pseudotsllga menziesii, 
Pinus monticola 

TSliga mertensialla, 
Pil/us monticola, 
Abies cOllcolor 

Pill/ls contorta 

Characteristic 
understory plants 

Rubus IIrsilllls, 
Ribes lobbii, 
Symphoricarpos sp., 
Berberis lIervosa, 
B/'OIIlIIS vlIlgaris 

Chimaphila Ilillbellata, 
Care.l' pel/sylvalliea 

Vaceinilllil ovalifolilllll, 
Chimaphila IIli1bellata, 
Slililacina stellata, 
Rubus ursilllls, 
OSlllorliiza sp., 
Pyrola spp., 
BI'OIIlU8 vlIlgaris 

Arctostaphylos lIevadeilsis. 
Chimaphila IImbellata, 
Care,).' pel/sylvallica, 
Vacc/llillm scopa rill III 

Arctostaphylos lIevadellsis, 
A.patliia 

"Personal communication, Leonard A. Volland, January :21,1973. 
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Figure 116.-Several major Ahi£'.I' 1I1(1RllijiClI .1//(/.I'I£'II.1'i.l' communities have been recognized in the High 
Cascades Province of southern Oregon (all photos from proposed Wickiup Springs Research Natural 
Area, Rogue River National Forest, Oregon). Upper left: A . 1I1(1RllijiclI .I'/l(I.1'I£'II.1'i.l'/Chilll(lphi/lI III1//)el/(/(ll 
community with ClIr£'x P£' II.1'Y/l'lllliclI and 81'011111.1' l 'It/RlI ri.l' as major associates. Upper right: Depauperate 
variant of preceding community with only very scattered colonies of the aforementioned herbs. Lower 
left: A. 1I/(IRllijiclI .I'/IlI.1'1 £'II.1'i.l'- T.I'lIRlI III (' rt £' II.1'illllll/ VlIccillilllll .l'coplIrilllll community found at higher 
elevations in the zone. Lower right: A. 1I1(1Rllificll .l'hml(,II.1'i.l'/ VlIccillilllll ()1 'lI/(j(J/iIIlIl/herb community 
found on moister sites in the zone. 



The Abies magnifica shastensislRubuslBromus type is typically a mixed-conifer forest 
found at the lower elevational limits of A. magnifica shastensis which is clearly seral to 
Abies concolor on this habitat. The A. magnifica shastensislChimaphila type is a de­
pauperate community which characterizes a large proportion of the zonal forests. The 
A. magnifica shastensislVaccinium ovalifoliumlherb type is a richer community found 
on more mesic habitats. A wide variety of succulent herbs with substantial coverage are 
associated with the Vaccinium. The A. magnifica. shastensis-Tsuga mertensianal 
Vaccinium scoparium community is particularly common near the upper limits of A. 
magnifica shastensis forests. The A. magnifica shastensislCastanopsis-Arctostaphylos 
community is found on the eastern slopes of the High Cascades. A depauperate community, 
it is typically associated with very stony soils, usually having exposed igneous rock talus. 
At higher elevations, rock stripes are frequently associated features. 

Abies magnifica shastensis communities in the Abbott Creek Research Natural Area 
are a complex of varied herb-rich types (fig. 117). A. magnifica shastensis is considered 
to be climax with Tsuga mertensiana and, possibly, Abies concolor as climax associates 
and Libocedrus decurrens as a pioneer associate. Major understory species are Ribes 
binominatum, R. viscosissimum, Rubus ursinus, Asarum caudatum, Adenocaulon bicolor, 
Achlys triphylla, Rubus parviflorus, Vicia americana, Smilacina stellata, Osmorhiza 
chilensis, Circaea alpina, Vancouveria hexandra, Galium oreganum, Hieracium albiflorum, 
Galium triflorum, and Trientalis latifolia. The Abies magnifica shastensis forests along 
the Rogue-Umpqua and Umpqua-Willamette River divides appear to be, in general, more 
luxuriant than the A. magnifica shastensis forests in the adjacent High Cascades Province 
and Siskiyou Mountains because many northern elements (e.g., Abies amabilis) find their 
southern limits there. 

Figure 117. - Abies lIIagnifica shasrensis forests on moist sites are typified by lush herbaceous under­
stories and mesic shrubs such as Ribes binolllinarulII or VacciniulIl ovali!oliulII; note the dense cover 
of herbs and deciduous shrubs on the right photo and scattering of Tsuga lIIerrensiana saplings and 
poles on the left photo (Abbott Creek Research Natural Area, Rogue River National Forest, Oregon). 
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Community analyses are not available from the Siskiyou Mountains; but typical species 
listed for Abies magnifica shastensis forests are (Waring 1969, Whittaker 1960, Dennis 
1959): 

Shrubs- Vaccinium membranaceum, Ribes marshallii, R. viscosissimum, Arctostaphylos 
patula, A. nevadensis, and Castauopsis chrysophylla. 

Herbs-Anemone deltoidea, A. oregana, Valeriana sitchensis, Arenaria macrophylla, 
Campanula scouleri, Achlys triphylla, Arnica latifolia, A. cordifolia, Osmorhiza chilensis, 
Hieracium albifiorum, Viola glabella, Polemonium californicum, and Stellaria crispa. 
From these data and our own observations, some general community patterns appear 

in Abies magnifica shastensis forests. Modal habitats have relatively depauperate under­
stories (Chimaphila umbellata or Carex pensylvanica types). Moister habitats are occupied 
by communities with rich herbaceous understories usually with shrub associates (Vaccinium 
ovalifolium- or Ribes sp.-herb types). On colder, more rigorous habitats, Tsuga mertensiana 
becomes a major associate and Vaccinium scoparium typifies the understory. Under dense 
forest stands on modal habitats, the understory may be nearly absent and consist only of 
small ericads and orchids, many of which are nearly or completely aclorophyllous [the 
"Pirola-Corallorrhiza union" of Oosting and Billings (1943) and elements of Furman and 
Trappe's (1971) "mycotrophic aclorophyllous angiosperms"]: Chimaphila umbellata, 
C. menziesii, Pyrola secunda, P. picta, P. aphylla, P. dentata, Corallorhiza maculata, 
C. mertensiana, Pterospora audromedea, Allotropa virgata, and Sarcodes sanguinea. 

Successional Patterns 
Successional relationships in the Abies magnifica shastensis Zone are not completely 

understood. Any of the tree species may invade an area directly following fire or logging, 
but Pinus contorta and P. monticola are confined strictly to a seral role on normal forest 
sites. Interesting two-storied stands of scattered old Abies magnifica shastensis over a 
Pinus contorta lower canopy are sometimes encountered; reproduction of Abies magnifica 
shastensis is typically present within the understory. 

Abies magnifica shastensis exhibits varied behavior. In many stands it appears to be 
climax; i.e., it is reproducing in sufficient numbers to maintain the population. In other 
areas, Abies magnifica shastensis stands are apparently succeeded by Abies concolor or 
Tsuga mertensiana (particularly at the lower and upper limits of the zone, respectively), 
or even by Abies amabilis (on some protected sites toward the north end of the zone). 
This variable behavior is interesting since Abies magnifica is the major climax species 
in the Sierran Abietum magnificae (Oosting and Billings 1943), whereas Abies procera 
is never climax in the northern Cascade Range (Franklin 1966, Thornburgh 1969). 

Special Types 
Brushfields are encountered with the Abies magnifica shastensis Zone. Ribes spp., 

Vaccinium membranaceum, and Ceanothus velutinus are typical dominants. Dennis (1959) 
described two shrub communities within this zone in the eastern Siskiyou Mountains­
Arctostaphylos patula/Ceanothus velutinus and Artemisia tridentata/Lonicera conjugialis. 
Both included scattered Abies magnifica shastensis and Pinus monticola. Shrub communi­
ties dominated by Cercocarpus ledifolius are also encountered in the Siskiyou Mountains. 

A variety of wet and dry meadow communities is associated with the Abies magnifica 
shastensis forest, as mentioned earlier. Volland (personal communication) describes small 
nonforested openings in Abies magnifica shastensis forest dominated by Lupinus latifolius, 
Carex pensylvanica, Sitanion hystrix, and Stipa occidentalis with occasional Bromus 
carinatus and Haplopappus bloomeri (fig. 118). Abies appears to be slowly invading these 
meadows. 
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Figure 118.-A variety of meadows and nonforested openings are found in the Ahie,1 II/(/RllijiClI .I'//(/.I'fell.l'i,I' 

Zone; this opening is dominated by ClIrex peI/.IY/I'lIl1iclI, Siwllioll hY.I'frix, and Sfipll occidellw/i,I' and 
has abundant gopher activity as well as some invading tree seedlings and saplings (near Freye Lake, 
Winema National Forest, Oregon). 
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CHAPTER VII. FOREST ZONES OF 

EASTERN OREGON AND WASHINGTON 


Conifer forests are conspicuous in the dry interior regions. They clothe the eastern 
slopes of the Cascade Range and extend, with only minor interruptions, around the 
northern edge of Washington to the northern Rocky Mountains. Forests also dominate in 
the Blue, Ochoco, and Wallowa Mountains of Oregon. 

In this region, elements of the continental Rocky Mountain forests meld with some of 
those from coastal areas. In addition, forest species mix with species from steppe and 
shrub-steppe communities, especially near lower timberline. It is a country typified by 
the "western yellow pine" (Pinus ponderosa) forests. 

Forests of the interior region have been studied by foresters and ecologists for many 
years. Shantz and Zon (1924) and Hansen (1947) provided generalized accounts. Notable 
synecological studies include those of Daubenmire (1952, 1953, 1956, 1966, 1969b), 
Daubenmire and Daubenmire (1968), Driscoll (1962, 1964a, 1964b), Hall (1967, 1968, 
1971), Berry (1963), Dealy (1971), Dyrness and Youngberg (1958, 1966), McLean (1970), 
Swedberg (1961), Trappe and Harris (1958), Volland (1963), West (1964, 1969a, 1969b), 
Tisdale (1968), and McMinn (1952). Weaver (1943, 1955, 1959, 1961, 1964, 1968) has 
written extensively about the role of fire in these forests. The intricate relationship 
between Pinus ponderosa and Pinus contorta in the central Oregon pumice region has 
received special consideration by Kerr (1913), Munger (1914), Tarrant (1953), Youngberg 
and Dyrness (1959), Cochran (1972), and Berntsen (1967). 

Through these studies, many forest associations have been identified, characterized by 
different climax tree species: Juniperus occidentalis, Pinus ponderosa, Pseudotsuga 
menziesii, Abies grandis, Thuja plicata, Tsuga heterophylla, Abies lasiocarpa, Pinus 
contorta, and Libocedrus decurrens. Abies concolorl and Abies magnifica shastensis2 

associations, so widespread in California and southwestern Oregon, are also encountered 
on eastern slopes of the southern Oregon Cascade Range. At higher elevations, near the 
crest of the Cascade Range, occur Tsuga mertensiana and sometimes Abies amabilis 
associations. These have already been discussed. 

This abundance of climax forest types and the complex array of seral communities 
result from an abundance of coniferous species and environmental diversity. Climax 
associations are generally arrayed elevationally as zones, the consequence of differing 
responses of tree species to temperature and moisture gradients interacting with differing 
degrees of tolerance. Daubenmire (1966) has illustrated this phenomenon for forests of 
eastern Washington and northern Idaho (fig. 119). At various points along the gradient, 
increasingly tolerant species enter the forest communities producing a sequence of steps 
based on the climax tree species. 

1 Abies grandis and Abies concolor form a continuously varying biological complex in eastern Oregon. 
Most of the Abies grandis found in northeastern Oregon (Blue Mountains and Cascade Range) intergrades 
with Abies concolor. In this area we will, for convenience, refer to the populations as Abies grandis since 
the complex resembles this species morphologically. In south-central Oregon, we will refer to the complex 
as Abies concolor. These two species and the zones they typify occupy analogous positions synecologically 
and environmentally in their respective "areas." 

2 See footnote 8 in Chapter VI. 
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I Pinus albicaulis 

I Tsuga mertensiana 

I Abies lasiocarpa 

1Picea engelmannii I 
LOWER l Tsuga heterophvlla ~ 

TIMBERLINE l Thuja plicata I UPPER 

~ I Pinus monticola I TIMBERLINE 

I Abies grandis ____l 
I Pinus contorta I 

I Larix occidentalis I 
I Pseudotsuga menziesii I 

Pinus ponderosa I 
WARM and DRY COLD and WET 

Figure 119.-Coniferous trees in eastern Washington and northern Idaho showing the usual order 
in which the species are encountered with increasing altitude; horizontal bars designate upper and lower 
limits of species relative to the climatic gradient, portions of a species range where it is climax in the 
face of intense competition indicated by heavy lines (from Daubenmire 1966). 

For discussion of interior forests, we will group the series of climax associations into 
seven zones: 

Juniperus occidentalis 
Pinus ponderosa 
Pinus contorta 
Pseudotsuga menziesii (plus Libocedrus decurrens ) 
Abies grandis (plus Abies concolor) 
Tsuga heterophylla (plus Thuja plicata) 
Abies lasiocarpa 

All these zones delineate important phytogeographic units, but they do not all occur on a 
single mountain slope nor do they necessarily occur as sequential belts. Furthermore, the 
Pinus contorta Zone does not really qualify as part of a zonal series since P. con torta 
does not occur as a climatic climax. Since climax P. contorta forests are so conspicuous 
in parts of eastern Oregon, they are treated at the zonal level, however. 

Typical zonal sequences at various locations in eastern Oregon and Washington are 
indicated in table 21. Obviously, a great variation is possible. Lack of a zone in a particular 
area can result from species absence, as a consequence of macroclimate or history, or from 
localized edaphic conditions. For example, in northern Idaho, Tsuga heterophylla, Th uja 
plicata, and Abies grandis Zones are all common (Daubenmire and Daubenmire 1968). 
To the south , along the Rocky Mountains within Idaho, Tsuga, Thuja, and finally Abies 
grandis drop out in turn, gradually altering the zonal sequence. Similarly, Tsuga 
heterophylla and Thuja plicata are absent from the eastern slopes of the southern Oregon 
Cascade Range and Blue Mountains, whereas Juniperus occidentalis is generally absent 
from eastern Washington. Examples of the influence of localized edaphic and climatic 
conditions include the Pinus ponderosa-Pinus contorta complex on Mazama pumice in 
south-central Oregon and the tendency on finer textured soils for elimination of a 
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Pinus ponderosa Zone between steppe and the Pseudotsuga menziesii Zone (as illustrated 
by Brayshaw 1965). 

A most important regional variation in zonal sequences involves the relative importance 
of the Abies grandis and Pseudotsuga menziesii Zones. The Abies grandis Zone (including 
Abies concolor) is probably the most extensive forested zone in eastern Oregon; the 
Pseudotsuga menziesii Zone is poorly represented or absent. Indeed, Pseudotsuga is 
essentially totally absent from the forests on the eastern slopes of the southern Oregon 
Cascade Range and the mountains of the Basin and Range Province to the east! Conversely, 
on eastern slopes of the northern Washington Cascade Range and in the Okanogan 
Highlands Province, the Ps eudotsuga menziesii Zone becomes relatively more important 
than the Abies grandis Zone until, in adjacent British Columbia, the latter is absent 
(McLean 1970, Brayshaw 1965). 

Table 22 provides an overview of forest composition and successional relationships in 
the forested zones of eastern Oregon and Washington. 

Table 21. - Typical zonal forest sequences at locations in eastern Washington and Oregon 
adapted from the indicated sources I 

and 
northern Idaho 

Daubenmire 1952, 1966) 

Northwestern Washington Eastern slopes, 
Washington Cascade 

Range 
(Franklin and Trappe 

1963) 

Eastern slopes, 
central Oregon 
Cascade Range 

(Swedberg 1961 ; 
West 1964) 

Eastern slopes, 
southern Oregon 
Cascade Range 

(Dyrness and Youngberg 
1958,1966) 

Ochoco a!;1d 
Blue Mountains, 

Oregon 
(Hall 1967) 

) 

Pinus ponderosa 

Pseudotsuga menziesii 

Abies grandis 

Tsuga heterophylla 

Abies lasiocarpa 

or 

Tsuga mertensiana 

I 

(Pinus ponderosa) 

Pseudotsuga menziesii 

Abies grandis 

(Tsuga heterophylla 

and/ or 

Abies amabilis) 

Abies lasiocarpa 

or 

Tsuga mertensiana 

Juniperus occidentalis 

Pinus ponderosa 

(Pseudotsuga menziesii) 

Abies grandls 

(Abies amabilis) 

Tsuga mertensiana 

Juniperus occidentalis 

Pinus contorta 

Pinus ponderosa 

Abies concolor 

(Abies magnifica 

shastensis) 

(Tsuga mertensiana) 

(Juniperus occidentalis

Pinus ponderosa 

Abies grandis 

(Abies lasiocarpa) 

I Species names in parentheses indicate the enclosed zone may be absent or only fragmentally represented. 
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Table 22. - Importance and ecological role of major tree species in representative forest zones and locales in eastern Oregon and 
Washington I 

Species 

Eastern Washington 
Cascade Range 

Central Oregon 
Cascade Range 

Ochoco and 
Blue Mountains 

Southern Oregon 
Cascade Range 
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Abies amabilis - - - - c - - - - c - - - - -

Abies grandis or concolor - - C S s - - - C s - C - - C 
Abies lasiocarpa - - - s C - - - s C - - - - -

Abies magnifica shastensis - - - - - - - - - - - - - - s 
Libocedrus decurrens - S S s s - - c s - - - - - s 
Larix occidentalis - S S s s - - s s - - S - - -

Larix Ivallii - - - - s - - - - - - - - - -

Picea engelmannii - - s s Sc - - - s s - s - - -

Pinus contorta - S S s s - - s S S - S C S s 
Pinus lambertiana - - - - - - - - s - - - - - s 
Pinus monticola - - S S s - - - s s - s - - s 
Pinus ponderosa C S S s - - C S S s C s c C S 
Juniperus occidentalis - - - - - C s s - - s - - s -

Populus tremuloides s s s - - - s s s - - - s s s 
Pseudotsuga menziesii - C S S s - - C S s - Sc - - -

Thuja plicata - - - sc - - - - - - - - - - -

Tsuga heterophvlla - - - C s - - - - - - - - - -

Tsuga mertensiana - - - - c - - - s C - - - - s 

Ie = IllaJor l'lima, spel·il'S. c = millor c1imJx species, S = major seral ,pecies. Jild s = millor seral specit's, 
2.. 1hie" gralldis-"I. cOllc%r compkx. 

juniperus occidellf([/is Zone 
The J/lil iP(,I·II.~ orcide 1/ ta Iis Zone is the northwestern representation of the Pinyon­

Juniper Zone so conspicuous in the Great Basin region (Billings 1951). It is generally a 
savanna zone (fig, 120), occupying habitats intermediate in moisture between PillllS 
jJolldel'Osa forest and steppe or shrub-steppe (Driscoll 1964b). The JII iliperlls occidel/talis 
Zone is found only in eastern Oregon, reaching maximum development in central Oregon 
around the Deschutes, Crooked, and John Day Rivers. Similar communities occur at 
various localities throughout southeastern Oregon. For example, Faegri (1966) has 
described an area of J/I 1/ ip(' 1'/1 s ()ccid (' II tal is-A.rt(' ill isia vegetation situated on the slopes 
of Steens Mountain just below a subalpine Populus trel/lllioides belt. Driscoll (1964b) has 
suggested a physiographic subdivision of the zone into three units based on soil parent 
materials. Elevational range of the zone appears to be between about 760 and 1,400 meters, 
although most stands Driscoll (1964b) sampled were between 1,200 and 1,400 meters. 
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Figure 120.-The Jllniperus occidentalis Zone is primarily a savanna region, ecotonal between Pinus 
pOllderosa forest and A rtellli.l'ia shrub-steppe (near Bend, Oregon). 

Environmental Features 
The Junip erus occidentalis Zone is the most xeric of the tree-dominated zones in the 

Pacific Northwest. Annual precipitation is low. At Bend, in the Pinus ponderosa-Juniperus 
occidentalis transition, it averages 312 millimeters, but in the center of the zone 200 to 
250 millimeters is typical (table 23). Most precipitation falls during the winter, and the 
hot summer months are often completely dry. 

The zone includes Camborthids (Sierozems), Haplargids (Sierozem and Brown soils), 
and Haploxerolls (Chestnut) soil great groups. Haplargids (Brown soils and associated 
Regosols) are most common. Surface soils are typically light colored, coarse textured 
(sandy loams), low in organic matter (e.g., 1 to 4 percent), and slightly acid (pH 6.0) to 
neutral. Soils average around 76 centimeters in depth, although roots may penetrate 
underlying cracked bedrock. Subsoils typically have white calcareous or siliceous deposits 
on peds or rocks. 
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Table 23. - Climatic data from representative stations within the Juniperus occiden lalis zone 

Temperature Precipitation 

Station 
Eleva· Lati · Longi - Average Average June Average 
tion tude tude Average Average January Average July Average through annua l 

annual January minimum July maximum annual August snowfall 

Meters ... . .. . . . . Degrees C . . ......... Millimeters Centi · 
meters 

Bend, Oreg. 1,097 44°04' 121 ° 19' 8.0 -0.9 - 6.5 17.9 28.7 318 50 

Redmond, Oreg. 913 44° 17' 121 ° 10' 9.1 -. 1 - 5.9 18.8 29.5 216 42 

Prineville, Oreg. 866 44°21' 120°54' 8.0 -.56 - 6.6 18.1 29.8 238 41 

92 

61 

35 

Source: U. S. Weather Bureau (1965a). 

Community Composition 
Driscoll 1962 1964a 1964b has p rovided the only comprehensive descri ption of com­

munities in the Juniperus occidentalis Zone. His general description of the vegetation of 
the zone is as follows (Driscoll 1964b): 

Juniperus occidentalis is the dominant tree species of the area. An occasional 
Pinus ponderosa may be found in canyon bottoms or on north slopes where soil 
moisture is more effective. Natural wide spacing of individual junipers provides the 
aspect of a savanna.... ATtemisia tridentata is most often the dominant shrub in 
the understory . Occasionally it is displaced wholly or to codominance by PUTshia 
t1'identata. Other shrubs characteristic of the area are Chrysothanmus nauseosus , 
C. viscidifiorus, Tetradymia canescens, Leptodactylon pungens, and Artemisia 
arbuscula. R ibes cereum, G1·ossularia velutina, [Ribes velutinum ], and Grayia 
spinosa occur infrequently. Suffrutescents are represented by various species of 
Eriogonum. 

Agropyron spicatum and Festuca idahoensis are the characteristic grasses of 
relatively undisturbed communities. Poa secunda and Stipa thurbe1'iana are common. 
Other grasses include Sitanion hystrix, Stipa comata, BTomus tectorum, Festuca 
octofiora, and Koeleria cristata. 

Forbs commonly do not constitute major components of relatively undisturbed 
communities. Some of the more common perennial forbs are Agose1"'is sp., Achillea 
millefolium, Eriophyllum lana tum, Astragalus spp., Erigeron linearis, and Lupinus 
spp. 

From the 11 associations and variants described by Driscoll (1964a, 1964b), we have 
chosen five which typify major variations in Juniperus occidentalis communities (table 24). 
The Juniperus/Artemisia/Agropyron association was found on well-drained loamy soils 
and, therefore, is designated as the climatic climax. Artemisia tridentata (average maxi­
mum height of 0.6 m.) and Agropyron spicatum typified the shrub and herb components, 
both attaining maximum status here. Chrysothamnus nauseosus was the only other shrub. 
Stipa thurberiana, Poa sandbergii, Lomatium triternatum, Bromus tectorum, and Festuca 
octofiora were other notable species (table 24). 

The remaining four associations shown in table 24 are all interpreted as constituting 
topoedaphic climax associations. The Juniperus / Festuca association is characterized by 
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Table 24. - Constancy and average cover (constancy/cover) of important species in five associations found 
within the JUlliperus I!cciLiellralis Zone of central Oregon (from Driscoll 1964b) 

Life-form and species 

Association 

Juniperus/ 
Artemisia/ 
Agropyron 

Juniperus/ 
Festuca 

Juniperus/ 
Agropyron 

Juniperus/ 
Artemisia-

Purshia 

Juniperus/ 
Artemisi 
Agropyr 
Astragal 

a/ 
on­
us 

------------------ Percent----------- --­
Trees: 

Juniperus occidentalis 100/10 100/77 100/43 100/7 100/28 
Shrubs: 

Artemisia tridentata 100/8 100/1 100/1 100/8 100/7 
Chrysothamnus nauseosus 100/1 20/tr 34/tr 34/tr 
Chrysothamnus viscidiflorus 100/tr 84/1 100/2 5011 
Purshia tridentata 100/1 100/tr 100/6 34/tr 

Graminoids: 
Festuca idahoensis 60/1 100/11 100/2 100/2 
Agropyron spicatum 10019 100/2 100/5 100/1 100/7 
Poa sandbergii 100/1 100/1 100/1 60/tr 100/1 
Koeleria cristata 100/tr 100/tr 100/tr 100/1 
Bromus tectorum 100/2 100/tr 100/1 100/3 100/1 
Stipa thurberiana 8012 80/1 100/tr 60/tr 50/tr 
Festuca octoflora 100/1 34/tr 34/tr 
Sitanion hystrix 40/tr 100/tr 17/tr 

Herbs: 
Astragalus sp. 100/tr 60/tr 50/tr 
Astragalus lectulus 60/tr 17/tr 100/tr 
Achillea millefolium 100/tr 60/tr 100/tr 100/tr 100/tr 
Lomatium triternatum 100/1 100/tr 34/tr 20/tr 
Collinsia parviflora 100/tr 100/tr 100/tr 100/tr 84/tr 
Gavophvtum nuttallii 80/tr 84/tr 100/1 50/tr 
Phlox douglasii 20/tr 100/tr 100/tr 20/tr 100/1 
Eriophyllum lanatum 100/tr 68/tr 40/tr 34/tr 
Cryptantha ambigua 20/tr 80/tr 100/tr 100/1 100/tr 
Erigeron /inearis 20/tr 80/tr 100/tr 100/tr 100/tr 
Co/lomia grandif/ora 80/tr 68/tr 100/tr 17/tr 
Mentze/ia a/bicau/is 100/1 
Montia perfo/iata 20/tr 100/tr 
Eriogonum vimineum var. baileyi 60/tr 68/tr 20/tr 84/tr 
Eriogonum umbellatum 20/tr 80/tr 34/tr 20/tr 17/tr 
Penstemon humi/is 80/tr 17/tr 

t r = trace. 

high cover of Juniperus occidentalis and Festuca idahoensis and a notable lack of shrub 
cover. The Juniperus/Agropyron association also has low amounts of shrub cover and is 
typified mainly by the occurrence of such grass species as Agropyron spicatu m, Festuca 
idahoensis, Poa sandbergii, and Bromus tectorum. The Juniperus/Artemisia-Purshia 
association is lowest in Juniperus occidentalis and highest in shrub coverage (Artemisia 
tridentata and Purshia tridentata). The Juniperus/Artemisia/Agropyron-Astragalus 
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association (fig . 121) was found to occupy the most xeric sites . Festuca idahoensis is gen­
erally found only in Juniperus shade in stands typical of this association. Of the few 
characteristic perennial herbs , A stragalus lectulus was most abundant within this 
association. 

A Juniperus occidentalislArtemisia tridentatalCarex fi lifolia community has been 
described in the Horse Ridge Research Natural Area east of Bend, Oregon (Franklin et al. 
1972). This community is similar to the Juniperusl Festuca community of Driscoll 
(1946b) but occupies sites that are slightly more moist. The understory in these stands 
is dominated by Artemisia tridentata, Carex fi lif olia, and Festuca idahoensis (fig . 122). 
Other commonly occurring species are Agropyron spicatum, S itanion hystrix , Koe leria 
cristata, S tipa thurberiana, Eriogonum umbellatum, Senecio canus , Collinsia parvijlora, 
Linanthus septentrionalis , Astragalus curvicarpus, Tetradymia glabrata, Erigeron filif olius, 
and Chrysothamnus viscidijlorus . 

Figure 121.-The Jllnip erus occidenlalis/ Artelllisia Iri ­
del1lala/A gropy ron spica til Ill-A stragalus lecllllLIs associa­
tion was the most xeric described by Driscoll (I964b). 

Figure 122.-A stand typical of the Jllll ipertl s occidenlalis/ 
A rt elllisia tridentata/Carex !ilifo lia community; grami­
noids visible are Carex !i lifo lia, Festll ca occidentalis, 
and A gropy roll spicallllll (Horse Ridge Research Natural 
Area). 

Succession 
Very little is known concerning successional relationships in the Juniperus occidenta lis 

Zone. Burning can kill Juniperus occidentalis (fig. 123) and temporarily produce an 
herb- or shrub-dominated community which is gradually reinvaded by trees. Sparsity of 
Juniperus occidentalis in some associations was explained in this way (Driscoll 1964b). 
The fire-sensitive Purshia tridentata is similarly affected. Grazing by cattle can result in 
a reduction of the preferred Agropyron spicatum and Festuca idahoensis; deer browsing 
affects primarily Purshia triden tata and Juniperus. 
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Figure 123.-Fire-killed Juniperus occiden­
la/is clump, probably caused by a lightning 
strike (Horse Ridge Research Natural 
Area). 

Pinus ponderosa Zone 
Pinus ponderosa forests are widely distributed in eastern Oregon and Washington. 

They occupy: (1) a narrow band (15 to 30 km. wide) on the eastern flanks of the entire 
Cascade Range (generally); (2) much of the high pumice plateau extending east from the 
High Cascades Province; (3) large areas in the Blue Mountains Province (Ochoco, Blue, 
and Wallowa Mountains) of northeastern Oregon and extreme southeastern Washington; 
and (4) extensive tracts in the Okanogan Highlands Province of northeastern Washington. 
The band of Pinus ponderosa forests generally increases in elevation from north to south. 
Throughout much of Washington they are at approximately 600 to 1,200 meters in elevation . 
In the Blue Mountains Province and northeastern Oregon generally, the elevational range 
is about 900 to 1,500 meters. Elevations in the south-central Oregon pumice area are 
considerably higher-about 1,450 to 2,000 meters. 

At their upper limits, Pinus ponde?"osa forests may grade into forests of Pseudotsuga 
menziesii , Abies gmndis, or A. concolor depending on the locale (table 21). Throughout 
much of Oregon, they abut Artemisia tridentata steppe or open Juniperus occidentalis­
Artemisia tTidentata woodland at their lower limits. At lower elevational limits in 
Washington, Pinus ponderosa forests grade into either grassland or Artemisia steppe. 
At some locations in northern Oregon and southern Washington, there is an ecotonal belt 
of Quercus gar?yana between Pinus ponderosa forest and steppe. 

The discussion of the Pinus ponderosa Zone which follows considers seral Pinus 
ponderosa forests as well as forests in which the Pinus is climax . The Pinus ponderosa 
Zone, in the strict sense, includes only the latter; in this narrower definition, the Pinus 
ponderosa Zone correlates with the Ponderosa Pine-Bunchgrass Zone of Krajina (1965) 
and Brayshaw (1965). It is important to realize that in many locations there is no belt 
of climax Pinus ponderosa forests between steppe and areas of Pseudotsuga menziesii 
(Brayshaw 1965, Johnson 1959) or Abies grandis (Hall 1967) climax. The Pinus ponderosa 
Zone, more broadly defined, correlates roughly with Merriam's Arid Transition Zone 
(Barrett 1962, Bailey 1936) and includes representation of Kuchler's (1964) Ponderosa 
Shrub and Western Ponderosa Forests. 
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Environmental Features 
The climate of the PilllIS pondeTosa Zone is characterized by a short growing season 

and minimal summer precipitation (table 25). Average annual precipitation ranges from 
about :~55 to 760 millimeters, much of it falling as winter snow. Diurnal summer tempera­
tures fluctuate widely, with hot days and cold nights. In many areas, frost may occur 
any night of the year. The months of July, August, and September are very dry, with 
rainfall averaging less than 25 millimeters. Much of this summer rain is ineffective, as it 
usually comes during brief, high-intensity convection storms. Winter temperatures are 
generally low; as a result, snow often accumulates to considerable depths. 

Since PillllS pOllderosa occupies drier sites than any other forest type (except JII II ipel'lls 
occidelltaiis), its distribution is closely correlated with supplies of available soil moisture. 
This is often reflected by a distinct relationship between occurrence of Pillus pOllderosa 
and soil texture, especially at the dry end of its range. Many studies have shown better 
survival and growth of Pilil/s ponderosa on coarse-textured, sandy soils than on fine­
textured, clayey soils (Pearson 1923, Howell 1932, Stone and Fowells 1955, Fowells and 
Kirk 1945). These effects can be largely attributed to more extensive root proliferation 
on coarse-textured soils. On xeric sites, a mosaic of Pillus pOllderosa communities (on 
coarse-textured soils) and steppe or shrub-steppe communities (on finer textured soils) 
is common (Hall 1967). An extreme example is a disjunct stand of PillllS pOllderosa in 
central Oregon, located 64 kilometers from the nearest other PillllS pOllderosa forest 
(fig. 124). Despite less than 250 millimeters annual precipitation, abundant regeneration 
attests that the stand is maintaining itself. Berry (1963) attributed existence of this 
anachronistic forest primarily to the uniformly sandy soils it occupies. 

Table 25. - Climatic data from representative stations in the vicinity of the Pinus ponderosa Zone 

Temperature Precipitation 

Station 
Eleva- Lati- Longi· Average Average June Average 
tion tude tude Average Average January Average July Average through annual 

annual January minimum July rnaximurr annual August snowfall 

Meters - - - - Degrees C. - - - - - - . ­ _. Millimeters Centi ­
- - -. -' meters 

j---­ r-

Chiloquin, Oreg. 1,280 42°35' 121°47' 6.3 -3.1 -9.4 16.3 28.4 441 43 .­

-­c--------.-­ c------­ ---­

Joseph, Oreg. 1,341 45°21 ' 11r15' 6.4 -5.3 -10.6 17.5 26.6 411 94 --

Starkey, Oreg. 1,036 45° 14' I 118°23' 6.3 -3.6 -10.0 16.2 28.0 457 89 

I 
i I 

Cle Elum, Wash. 579 
I 

47° 11' 120°55' 7.4 I -3.2 -7.7 18.1 27.8 537 41 219 

Leavenworth, Wash. 344 4r34' 120°40' 8.4 -5.1 -9.9 20.4 30.8 590 44 252 
I 

Northport, Wash. 411 48°55' 11r47' 8.3 -4.5 -8.2 20.6 31.4 477 96 141 

Source: U. S. Weather Bureau (1956, 1965a, 1965b) and Johnsgard (1963). 
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Figure 124.-Coarse-textured 
soils favor development of 
Pinus ponderosa in forest­
steppe ecotonal areas; this dis­
junct stand, the Lost Forest, is 
an extreme example, occupy­
ing sandy soils located 64 kilo­
meters within the central Ore­
gon shrub-steppe. 

Intensity of soil profile development varies with elevation and parent material. At lower 
elevations within the zone, soils tend to be coarse textured and generally have weakly 
differentiated A, B, and C horizons. Haplumbrepts (Western Brown Forest soils) are the 
most common soils showing substantial profile development. They have moderately dark­
colored and thick A horizons grading into B horizons distinguished by color. and sometimes 
by structure, since clay eluviation is not characteristic. Surface soils are generally slightly 
acid, and reaction often becomes more neutral with depth. Soils on moister, cooler sites 
generally show some evidence of podzolization-e.g., they may have moderately thick 
accumulations of duff and litter and thin Al horizons underlain by distinct, light-colored 
A2 (bleicherde) horizons. Soil reaction ranges from slight to medium acidity. These soils 
are generally classified as Haplorthods (Gray Wooded soils). 

The Pinus ponderosa Zone includes large areas of immature regosolic soils, particularly 
the 5,OOO,OOO-hectare pumice plateau of south-central Oregon. These Vitrandepts are 
developed in deposits of dacitic and rhyolitic pumice erupted from Mount Mazama (Crater 
Lake) and Newberry Crater, respectively. Thin A horizons have moderate to low organic 
matter content and grade into relatively unweathered pumice sand and gravel. A finer 
textured buried soil is generally encountered at 1/ 2 to 3 meters. These coarse-textured 
pumice soils apparently enable Pinus ponderosa to extend its range east into areas where 
the vegetation would otherwise be Artemisia steppe. The frequent coincidence of eastern 
boundaries of Pinus ponderosa forest and pumice soil areas provides evidence for this. 
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Forest Composition 

Pinus ponderosa is associated with a rich variety of tree species. Only four of these­

Juniperus occidentalis, Populus tremuloides, Pinus contorta, and Quercus garryana­
are generally associates in climax Pinus ponderosa stands (the narrowly defined Pinus 
ponderosa Zone). Even these associates are restricted to specific habitats in the zone or 
geographically. Juniperus occidentalis occurs as a minor component of xeric Pinus 
ponderosa stands in much of southeastern Oregon (Dealy 1971; Swedberg 1961, 1973; 
West 1964). Groves of Populus tremuloides occur on riparian and poorly drained wet areas 
throughout the Pinus ponderosa Zone and adjacent forest and steppe zones as well (fig. 125) 
(Johnson 1961, Dealy 1971, Daubenmire 1952). Quercus garryana is associated only on 
the east slopes of the Cascades in northern Oregon and southern and central Washington. 
Pinus contorta and P. ponderosa, frequent seral associates in more mesic zones (e.g., 
Pseudotsuga menziesii Zone), are the sole constituents of extensive forests in the pumice 
region of south-central Oregon (Dyrness and Youngberg 1966). 

The remaining tree species found in Pinus ponderosa stal1ds are generally present only 
on sites where Pinus ponderosa is seral; e.g., more mesic zones such as the Abies grandis 
or Pseudotsuga menziesii. Any of these may occur as accidentals within climax Pinus 

Figure 12S.-Groves of Populus tremu/oides 
are common on riparian and poorly 
drained habitats within the Pinus ponde­
rosa Zone (Colville Indian Reservation, 
Washington). 
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ponderosa stands, however. Abies grandis, Pseudotsuga menzies ii, Larix occidentalis, and 
Pinus monticola are associated with Pinus ponderosa essentially throughout northeastern 
Oregon and eastern Washington (including eastern slopes of the Cascade Range) Swedberg 
1961, 1973; Hall 1967 ; Daubenmire and Daubenmire 1968) . L ibocedrus decurrens occurs 
only along the eastern slopes of the central and northern Oregon Cascades (Swedberg 
1961, 1973; West 1969a; Sherman 1969). Abies concolor is a major constituent of some 
seral Pinus ponderosa stands of the southern and central Oregon Cascade Range and 
pumice region (Volland 1963, Dyrness and Youngberg 1966). 

Community composition in Pinus ponderosa stands varies widely with geographic 
location, soils, elevation and aspect, and successional status. The history of stand dis­
turbances, such as by fire and logging, influence overstory density which, in turn, can 
have profound effects on understory composition and density (Moir 1966, Robinson 1967, 
Sherman 1966). The open nature of typical mature Pinus ponderosa stands (fig. 126) 

Figure 126.-The open nature of many mature Pinus ponderosa stands provides niches for helio­
phytic species, including many typical of steppe and shrub-steppe communities; Pinus 
ponderosa-Junipenu occidentalislArtemisia tridentata savanna (Lost Forest Research Natural Area, 
northern Lake County, Oregon; photo courtesy C.Johnson). 
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provides abundant niches for heliophytic species, including many typical of steppe and 
shru b-steppe communities. 

Pill liS p()lIdcr()sa community types or associations have been identified in many localities: 
(1) south-central Oregon (Volland 196:), Dyrness 1960, Dyrness and Youngberg 1966, 
Dealy 1971), (2) the Blue Mountains of northeastern Oregon,:! and (:3) eastern Washington 
(Daubenmire 1~)52, Daubenmire and Daubenmire 1968). West (1964, 1969a) and Swedberg 
(1961) found a continuum viewpoint useful in interpreting PillllS pOllderosa communities 
along environmental gradients on the eastern slopes of Oregon's Cascade Range. All 
these studies show that some characteristic understory dominants, such as Fcstllca 
ida/lOclisis and Pllrsliia tridclltota, occur throughout much of the zone-from northeastern 
Washington to south-central Oregon. However, many others have more restricted distribu­
tions, so that the character of the understory tends to vary with locale. Consequently, 
communities will be considered by geographic location. 

In eastern Washington, six PillllS pOlldcl'Osa associations have been recognized (Dauben­
mire and Daubenmire 1968) (table 26): 


Pi 1111 s po lid (' rosa /S!J III p/IO rica rp()s a ll!ll S, 


Pill liS pOlidcrosa/PliysoCalfJlls 1l101I'OCCIIS, 

PillllS pOlldcrosa/Festllco idahoi'lisis, 

PillllS pOlicicro,sa/Agl"OpYJ'oll spicotll III , 

PillllS pOlldcrosa/Stipo cOlllata, and 

Pillus pOlldcrosa/Pursliia tridelltata. 


The first two associations comprise a shrubby group found on deep, fine-textured, fertile 
soils. PillllS reproduction is sparse but sufficient to produce an all-aged forest. The PilillS 
pOllcicro,sa/SYlllpliol'icarpos a/blls association is considered a climatic climax (Daubenmire 
1952), since it occurs on loamy soils and undulating topography. The understory is 
dominated by a nearly continuous, 0.5- to 1-meter-tall cover of low, deciduous shrubs, 
mainly SYlllplioricalfJos alblls, Spiraea betll/ifolia var.lucida, Rosa woodsii, and R. lilith-alia. 
There is a rich variety of herbaceous, mainly perennial, associates, of which several 
grasses (e.g., Calalllagl"Ostis I'IIbescclIs, rhizomatous Agropyroll spicatlllll) have the highest 
constancies. The PillllS pOlicicrosa/PliysocalfJlIs IIIO/WCCIIS association occupies slightly 
more mesic sites and adds a taller shrub layer (2 m.) of Pliysocal'jJlls IlIUI l'aCCIIS, Holodisclls 
discolor, and C(,OIlOtJIIIS sUllgllil/elis to the SYlllp/lOricarpos understory discussed above. 

The other four PillllS pOllderosa associations-Festllca idalioclisis, Agropyroll spicatll III , 
Stipa COl/lata, and Pllrsliia triciclltata-Daubenmire and Daubenmire (1968) refer to as a 
grassy group (fig. 127). Understories are dominated by xerophytic grasses; soils are stony, 
coarse textured, or shallow; and reproduction of PililiS is episodic. The first three associa­
tions were grouped in a Pi/illS pOl/derosa/Agropyro/l spicatlllll association in an earlier 
study (Daubenmire 1952). Each has an understory dominated almost exclusively by a 
single large perennial bunchgrass-Festllca idahoensis, caespitose Agropyron spicatulII, 
or Stipa ('olllata. The PilillS pOllderosa/Pllrsliia tridelltata association has a Pllrsliia­
dominated shrub layer superimposed on a variety of perennial grasses including Festllca 
ida1ioclIsis, caespitose AgroPY/"()11 spica til III , Stipa cOl/wta, and Aristida 1()lIgiseta. In some 
stands, forbs such as Boisalllorliiza sagittata and Erigerol/ cOlllpositliS are abundant. 
Two of these associations-the Pililis/Agl'Opyroll and Pilills/Fcstuca-extend into British 
Columbia (McLean 1970). 

Cooke (1955) has provided data on occurrence of fungi, mosses, and lichens in PilillS 
ponderosa/Agropyroll spicatulII and Pill liS pOlldel'osa/Symplioricarpos albus stands in 
eastern Washington and adjacent Idaho. 

Studies have indicated that soil moisture regime is the most important single factor 
influencing the distribution of these climax vegetation types (McMinn 1952, Daubenmire 
1968b). Supplies of available soil moisture are exhausted early in the growing season in 

3 F. C. Hall (1967) and personal communication. 
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Tahle 26. -- Constancy and average cover (constancy/coverage) of selected understory species in PillllS 

p(}lIderosa associations in eastern Washington and northern Idaho (calculated from Daubenmire and 
Daubenmire 1968) 

Association 1 

Life-form and species Pipo/Syal Pipo/Phma Pipo/Putr 

Tall shrubs: 
Amelanchier alnifolia 
Prunus virginiana melanocarpa 
Crataegus douglasii 
Holodiscus discolor 

Medium shrubs: 
Symphoricarpos albus 
Rosa woodsii and nutkana 
Physocarpus malvaceus 
Spiraea betulifolia lucida 

Low shrubs: 
Berberis repens 
Eriogonum heracleoides 
Eriogonum niveum 
Arceuthobium campylopodum 

Perennial graminoids: 
Agropyron spicatum 

Festuca occidentalis 

Calamagrostis rubescens 

Bromus vulgaris 

Carex geyeri 

Elymlls glaucus 

Poa compressa 

Festuca idahoensis 

Koeleria cristata 

Poa sandbergii 

Stipa occidentalis 


Perennial forbs: 
Achillea millefolium lanulosa 
Lithospermum ruderale 
Tragopogon dub ius 
Brodiaea douglasii 
Erythronium grandiflorum 
Fragaria sp. 
Gal/um horeale 
Osmorhiza chilensis 
Potentilla gracilis 
Sisyrinchium inflatum 
Vicia americana 
Apocynum androsaemifolium 
Balsamorhiza sagittata 
Ranunculus glaberrimus 
Antennaria dimorpha 
Erigeron compositus 

------------------- Percent -----------------­

88/2 100/3 11/tr2 29/tr 83/NA J 

50/1 57/5 100/NA 
43/1 86/1 17/NA 

86/16 14/tr 17/NA 

100/46 100/32 11/tr 83/NA 
100/6 100/3 20/tr 67/NA 

13/tr 100/62 
62/9 100/7 

13/tr 57/1 
13/tr 20/tr 50/NA 

11/tr 20/tr 71/1 17/NA 
66/tr 40/tr 43/tr 50/NA 

75/5 29/2 56/10 100/61 29/1 100/NA 

50/1 29/2 11/tr 
62/10 86/5 17/NA 
13/tr 71/2 
25/20 57/12 
88/5 43/1 

50/6 29/2 
13/tr 100/76 14/3 67/NA 

78/4 20/3 67/NA 
56/1 100/11 86/14 67/NA 
11/tr 57/39 17/NA 

88/tr 71/tr 89ltr 60/2 71/tr 100/NA 
62/tr 14/tr 33/1 60/tr 14/1 67/NA 
50/tr 14/tr 44/tr 60/tr 29/tr 67/NA 
62/tr 57/tr 11/tr 50/NA 
38/5 86/4 
38/tr 86/1 22/tr 29/tr 50/NA 
25/1 100/1 

13/1 71/2 
62/tr 43/tr 11/tr 14/4 
50/tr 43/tr 89/1 20/2 29/tr 
38/2 57/2 
25/1 11/7 50/NA 
25/6 89/4 80/2 57/1 83/NA 
25/tr 78/3 80/6 57/tr 67/NA 

56/tr 40/tr 86/1 17/NA 
11/tr 20/tr 71/1 
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Table 26. (Continued) 

Association I 

Life·form and species Pi po/Putr 

- ---- ­ -- ­ - ­ -------Percent -------------- ­ -- ­
Perennial forbs: (cont'd.l 

Lithophragma bulbifera 89/2 80/3 43/1 33/NA 
Lotus nevadensis 56/6 60/tr 
Frasera albicaulis 11/tr 29/4 50/NA 
Arabis holboel/ii pendulocarpa 67/NA 
Melilotus alba 50/NA 

Annuals: 
Col/insia parviflora 62/tr 43/tr 89/1 100/2 100/1 100/NA 
Mantia perfoliata 88/3 86/2 11/tr 33/NA 
Galium aparine 75/6 71/4 17/NA 

Bromus japonicus 13/3 22/tr 40/tr 14/tr 50/NA 

Bromus tectorum 50/tr 78/tr 80/1 86/2 83/NA 

Mantia linearis 25/tr 89/2 100/1 86/2 

Mvosotis micrantha 13/tr 100/3 60/2 86/2 

Draba verna 14/tr 100/1 100/3 86/3 50/NA 

Epilobium paniculatum 89/tr 100/tr 71/1 83/NA 

Festuca microstachvs 33/tr 60/tr 29/2 67/NA 

Madia exigua 33/1 20/1 71/1 50/NA 

Microsteris gracilis 11/tr 20/2 71/1 50/NA 

Stel/aria nitens 78/tr 60/1 71/1 50/NA 
Holosteum umbel/atum 22/tr 60/1 29/2 
Bromus commutatus 11/tr 67/NA 

I Pipo/Syal = PinUS pon<icrI!su/S\'1Il1)/ioricarpos a/hus association: Pipo/Phma Pinus ponderosa/ 
I'/iy.locarpus ma!tacclis association, Pipo/Feid = Pinus ponclerosa/Festuca ida/wcnsis association: Pipo/Agsp 
= Pinus !'ilnclcrosa/ ..lgropvron spicatum: Pipo/Stipa = Pinus pondcrosa/Stipa sp. association: Pipo/i'utr = 
Pinus {wnLiel"lJsa/Purs/iia triLienta[(] association 

2 tr = traCl' . 

.1\.\ = data were not colleL"led. 


areas of the more xeric habitat types; e.g., Pillue; pOllcierosa/Agl'Opyl'O/I spica til III. Mesic 
associations are characterized by a delayed onset of soil drought. 

Six climax Pillus pOllderosa associations have been identified in the Blue Mountains 
Province (see footnote 3). The Pilllls pO/lderosa/Agropyro/l spicatuill and PillilS pOllderosa/ 
PUI'.'-:liia tridel/tata/AgroPYl'o/l spica til III associations are often found in areas transitional 
between steppe or shrub-steppe and forest. In the extreme southern Blue Mountains, a 
PillllS pOl/derosa/Pul'shia tridel/tata/Care,r rossii association is found on some coarse­
textured soils. Sita/lioll hystri.r and Stipa occiciel/talis are common associates in the herb­
poor understory. PillllS pOlldcl'osa/EIYllluS g/altcils communities are limited to areas 
adjacent to dry meadows. The Pillus pO/lderosa/Festllca idahoellsis associations are 
characterized by an abundance of other grasses and sedges in the understory, including 
Agl'Opyroli spicutll 1/1 , Sita/liol/ liystri.r, Cala magrostis nlllesce/l.'!, Care.!' /'(issii, and C. geyeri. 
At higher elevations, adjacent to Abies gral/dis forests, the PillllS pOI/derosa/Care.!' geyeri 
association occurs. Constituent species include Cerc()carplls ledlfo/ills and Poa IlelTosa. 

Many Pilllls pO/lderosa stands on the eastern slopes of Washington's Cascade Range 
(Rummell 1951, Weaver 1961) and in the Blue Mountains (Hall 1967) have an understory 
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Figure 127.-Grassy Pinus ponderosa communities often consist of a mosaic of arborescent and 
herbaceous patches, the latter developing well only in treeless openings; a Pinus ponderosa!Agropyron 
spica/LlIIl community in eastern Oregon. 

dominated by Calamagrostis rubescens or mixed Calamagrostis and Care x geyeri. Almost 
without exception, Pinus ponderosa is seral to Pseudotsuga menziesii or Abies grandis 
in these stands where a principal understory dominant is Calamagrostis. F. C. Hall 
(personal communication) identified two communities of this type in the Blue Mountains, 
one with herbaceous associates (e.g., A1'nica cordifolia, Hiemcium albiflorum, and Carex 
concinnoides), the other with herbs and a shrubby layer of Symphoricarpos albus, Spimea, 
and Rosa. 

Understory vegetation found in Pinus ponderosa stands on pumice soils in south-central 
Oregon differs considerably from that found on nearby residual soils. Total plant cover 
tends to be lower, especially in the more xeric communities, and the herbaceous flora is 
more depauperate on pumice soils. Sclerophyllous shrubs such as Arctostaphylos patula4 

and Ceanothus velutinus assume much more importance in these areas (fig. 128). 
Communities occurring on pumice soils, in order of increasing effective moisture, are 

(Dyrness and Youngberg 1966) (table 27): 
Pinus pondeTosalPurshia tridentata, 
Pinus ponderosal Purshia tridentatal Festuca idahoensis, 
Pinus ponderosalPurshia tridentata-Arctostaphylos patula, 
Pinus ponderosalCeanothus velutinus-Purshia tridentata, and 
Pinus ponderosalCeanothus velutinus. 

With the exception of the seral PinuslCeanothus, these communities are considered to be 
edaphic climaxes because of the immaturity of the pumice soils. The PinuslPurshia 
community is situated at lowest elevations and is characterized by open stands having 

4 This taxon has been variously identified as ArctostaphyLos patuLa Greene, A. panyana var. pinetoru'm 
(Rollins) Wiest. & Schr., A. patuLa ssp. pLatyphylla (Gray) P. V. Wells, and A. obtusifoLia Piper. These 
revisions were made to distinguish the nonsprouting types prevalent in eastern Oregon from the crown­
sprouting A1'ctostaphyLos patula. For convenience, we will refer to this entire group as ArctostaphyLos 
patuia Greene. 
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Figure 12S.-Sclerophyllous shrubs such as Ceanofhlls velL/finus are important understory species in 
Pinus ponderosa stands on pumice soils in south-central Oregon; a Pinus ponderosa/Ceanofhus 
velufinus community. 

little advance pine regeneration (fig. 129). Grass and herbaceous cover is sparse; character­
istic species are Stipa occidentalis, Sitanion hystrix, Gayophytum nuttallii, and Cryptantha 
affinis. The PinuslPurshialFestuca community occurs on finer textured soils derived from 
water-lain pumice deposits. Numerous dense stands of Pinus ponderosa seedlings and sap­
lings are present in the understory. Characteristic species include Stipa occidentalis, 
Carex rossii, Achillea millefolium var. lanulosa, Paeonia brownii, and Eriophyllum lanatum. 

The PinuslPurshia-Arctostaphylos community is situated at slightly higher elevations 
than the PinuslPurshia and is accompanied by greater amounts of tree reproduction and 
seral Pinus contorta. This community shares many species with the PinuslPurshia but 
has additional herbs such as Phacelia heterophylla, Fragaria chiloensis and Epilobium 
angustifolium. In the PinuslCeanothus-Purshia community, Ceanothus velutinus replaces 
Arctostaphylos patula in the shrub layer. More abundant tree reproduction and occasional 
patches of Salix sp. indicate more mesic conditions. Characteristic grasses and herbs are 
Stipa occidentalis, Carex rossii, Sitanion hystrix, Apocynum androsaemifolium, and 
Hieracium cynoglossoides. In the PinuslCeanothus community, Abies concolor generally 
dominates the tree reproduction (fig. 128) and is, therefore, assumed to be climax (Volland 
1963, Dyrness and Youngberg 1966). The PinuslCeanothus type is restricted to higher 
elevations, and characteristic species include Chimaphila umbellata and Pyrola picta. 

Recently, three additional Pinus ponderosa communities occupying pumice soils on the 
east slopes of the Oregon Cascades have been described. 5 These communities are largely 
differentiated from those discussed above by the occurrence of substantial quantities of 
Carex pensylvanica and are designated as the Pinus ponderosalPurshia tridell tatalCarex 
pensylvanica, Pinus ponderosalPurshia tridentata-Ceanothus velutinuslCarex pensylvanica, 
and Pinus ponderosalPurshia tridentata-Arctostaphylos patulaICa?'ex pensylvanica com­
munities. 

5 USDA Forest Service. Vegetation-site key and descriptions of least-disturbed plant communities 
within the pumice deposition zone, Winema National Forest. Report on file at the Forestry Sciences 
Laboratory , Corvallis, Oregon, 1972. 
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Table 27. - Constancy and average cover (constancy/coverage) of selected understory species in PillllS 

ponderosa communities on pumice soils in south-central Oregon (from Dyrness and Youngberg 1966) 

Life-form and species 

Association 

Pinus/ 
Purshia 

Pinus/ 
Purshia/ 
Festuca 

Pinus/ 
Purshia· 

Arctostaphylos 

Pinus/ 
Ceanothus-

Purshia 
Pinus/ 

Ceanothus 

-- ------------------- Percent ------- ------------­
Tree regeneration: 

Pinus ponderosa 83/2 100/12 100/4 100/5 100/2 
Pinus contorta 33/tr 20/tr 50/1 33/tr 100/1 
Abies concolor 83/2 

Shrubs: 
Purshia tridentata 100/19 100/14 100/15 100/2 50/tr 
Arctostaphylos patula 33/tr 60/tr 100/14 100/1 100/6 
Ceanothus velutinus 50/1 100/25 100/33 

Graminoids: 
Stipa occidentalis 100/5 100/3 100/4 100/2 100/2 
Carex rossii 100/1 100/1 100/1 10012 83/1 
Sitanion hystrix 100/1 100/1 100/1 100/1 83/tr 
Festuca idahoensis 17/tr 100/14 17/tr 

Herbs: 
Gayophytum nuttallii 100/1 80/tr 100/1 100/1 100/tr 
Cryptantha affinis 83/tr 100/tr 100/tr 100/tr 83/tr 
Collinsia parviflora 100/tr 100/tr 67/tr 83/tr 50/tr 
Viola purpurea 100/1 100/tr 100/tr 100/tr 67/tr 
Senecio integerrimus 67/1 60/tr 17/tr 
Lomatium triternatum 33/tr 100/tr 17/tr 
Arabis rectissima 67/tr 20/tr 17/tr 83/tr 33/tr 
Madia minima 67/tr 80/tr 
Achillea millefolium lanulosa 100/1 
Antennaria corymbosa 40/tr 17/tr 
Paeonia brown;; 20/tr 
Eriophy/lum lanatum 40/tr 17/tr 
Phacelia heterophy/la 33/tr 20/tr 100/tr 33/tr 
Lupinus caudatus 100/tr 83/tr 17/tr 
Phlox gracilis 80/tr 33/tr 
Fragaria chiloensis 100/tr 100/2 17/tr 100/1 
Antennaria geveri 80/tr 83/tr 67/tr 33/tr 
Epilobium angustifolium 100/tr 33/tr 100/1 
Hieracium cynoglossoides 17/tr 50/tr 33/tr 
pyrola picta 17/tr 67/tr 
Chimaphila umbellata 67/tr 50/tr 
Apocynum androsaemifolium 10011 50/tr 

tr = trace. 
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Figure 129.-Pinus ponderosalPurshia tridentata communities in the central Oregon pumice region are 
characterized by open stands with little Pinus regeneration. 

Height growth of Pinus ponderosa saplings on pumice soils is often very slow for the 
first 50 to 80 years, after which the growth rate greatly accelerates. Studies by Hermann 
and Petersen (1969) indicate that the accelerated growth rate is due to roots reaching 
the buried soil beneath the pumice. They attributed increased rates of growth to improve­
ment of moisture relations and, possibly, nutrition within the buried soil. 

On residual soils in south-central Oregon, Festuca idahoensis is much more widespread, 
generally dominating the herbaceous layer under Pinus ponderosa stands (Dealy 1971). 
Apparently, the climatic climax in this area is represented by the Pinus ponderosa/ 
Purshia tridentatal Festuca idahoensis association. On residual soils, this association 
includes such species as Chrysothamnus viscidiflorus, Berberis rep ens , Poa nervosa, and 
Balsamorhiza sagittata, which are absent in pumice soil areas. In addition to the modal 
PinuslPurshia/Festuca association, Dealy (1971) has recognized two phases-Festuca 
idahoensis and Care x rossii . The Festuca phase is marked by a substantial decrease in 
abundance of Purshia tridentata (2-percent cover versus 7-percent for modal Pinusl 
PurshialFestuca stands). The Carex rossii phase is characterized by less Pinus ponderosa 
cover, greater amounts of Purshia tridentata, and a decided dominance of Carex rossii 
in the herb layer. 

Other forest communities occupying residual soils in the Pinus ponderosa Zone of 
south-central Oregon include Pinus ponderosa/Arctostaphylos patula/Festuca idahoensis, 
Pinus ponderosa/Cercocarpus ledifolius/Festuca idahoensis, and Pinus ponderosal 
Artemisia tridentata/Bromus carinatus (Dealy 1971). The presence of Abies concolor 
regeneration within the Pinus/Arctostaphylos/Festuca community indicates that it is a 
seral grouping within the Abies Zone. The Pinus/Cercocarpus/Festuca community is 
found on drier sites than those characteristic of the Pinus/Purshia/ Festuca association. 
Species of secondary importance include Juniperus occidentalis, Purshia tridentata, 
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Artemisia tridentata, Chrysothallllllis viscid(ffo)'us, Carex rossii, Sitanion hystri:r, Agro­
pyron spicatum, and Stipa occide 1/ talis. Important additional species in the Pinus ponderosa/ 
Artemisia tridelltata/Brollllls carinatus association include Symphoricarpos alblls, 
Eriogouum microthecurn, Poa nervosa, Sitallioll hystrix, Stipa occidentalis, Achillea 
millefolill III , and Lathyrus sp. 

Successional Patterns 
The importance of fire in shaping the vegetation within the Pinus ponderosa Zone is 

stressed by virtually every ecologist who has worked there. Fire scars at the base of 
almost every large tree offer abundant evidence of repeated fires. Before fire control was 
initiated about 1900, fires burned through Pinus ponderosa stands at intervals variously 
reported as 8 to 20 years (Weaver 1955, 1959; Soeriaatmadja 1966; Hall 1967). Generally, 
these were ground fires which consumed only surface organic debris, including branches 
and down trees, a portion of the understory vegetation, and many of the young tree 
seedlings. 

Because Pinus ponderosa is more fire resistant than most associated tree species, past 
fires have had a profound effect on its distribution. Although young Pinus ponderosa 
seedlings are readily killed by fire, older trees possess thick bark which offers effective 
protection from fire damage. Competing tree species, such as Abies grandis and Pseudotsuga 
menziesii, are considerably less fire tolerant, especially in the sapling and pole size 
classes. As a result, periodic fires in the past served to maintain Pinus ponderosa in 
ecotonal areas where, without fire disturbance, the climax tree species would have attained 
dominance (Weaver 1955, 1959, 1961). Fire control activities during the past 60 to 70 
years have, on the moister sites, resulted in gradual replacement of Pinus pOllderosa 
by such species as Abies con color, A. grandis, Libocedrus decurrens, and Pseudotsuga 
menziesii (Swedberg 1961; Johnson 1961; West 1969a, 1969b). 

Fire has also inft.uenced the understory vegetation. Several workers reported that 
burning substantially reduces shrub cover and increases grass cover, especially on more 
xeric sites (Brayshaw 1965, Hall 1967, Daubenmire and Daubenmire 1968). Purshia 
tridentata is most readily eliminated of the common shrubs, although on some sites fire 
reduction and consequent competition from increases in canopy density may have the same 
effect (Sherman 1966). On the other hand, the shrubs Arctostaphylos patula and 
Ceanothus velutinus may increase in importance following severe fires (fig. 130), since 
heat generated by burning aids in germination of seeds of these species (Gratkowski 1962, 
Johnson 1961). In the absence of fire, these species apparently perpetuate themselves, at 
least in pumice soil areas, by vegetative regeneration (Dyrness 1960). 

Dense, stagnated stands of Pinus ponderosa saplings are common throughout the zone 
(fig. 131), especially on shallow, stony soils of low productivity. These stands have been 
attributed to fire exclusion during the past half century (Weaver 1955, 1959, 1961). It is 
claimed that, previously, periodic fires regulated amounts of advance regeneration and 
resulted in the open, grassy, parklike stands that early settlers described. However, 
Daubenmire and Daubenmire (1968) feel that the dense, patchy, episodic reproduction 
in their grassy Pinus ponderosa associations cannot be completely attributed to fire 
control since a patchy structure is absent in Pinus/Symphoricarpos and Pinus/Physocarpus 
stands. Furthermore, it is possible that many Pinus ponderosa thickets actually originated 
with fires. Brayshaw (1965) observed that burning immediately preceding a heavy seed 
year assisted establishment of unusually numerous pine seedlings by greatly reducing 
competition from other vegetation. 

In many areas, there is a strong tendency for climax Pinus ponderosa forests to be even 
aged by small groups rather than to be truly uneven aged. Daubenmire and Daubenmire 
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(1968) commented that grassy Pinus ponderosa stands consist of " ... a mosaic of dense 
patches of trees, each tending to be distinctive in height and age." West (1969b) recognized 
four structural patterns in central Oregon Pinus ponderosa forests: (1) differences in 
amount of Pinus ponderosa regeneration along a moisture gradient, (2) a mosaic of 
virtually even-aged regeneration groups as a result of past fires, (3) variation in stand 
density within even-aged groups primarily as a result of chance factors during establish­
ment, and (4) a tendency toward regular dispersal of individual trees within a regeneration 
group due to competition. 

Figure 130.-Fires in PillllS POII­
derosa forests on the east 
slope of Oregon's Cascade 
Range may give rise to com­
munities dominated by sclero­
phyllous shrubs such as A rCIO­
slaphy los pawla and Ceal1o­
Ihlls velulillll S. 

Figure 13 I.-Dense, stagnated 
thickets of Pillus pOl1derosa 
saplings are common on shal­
low, stony soils in the Pillus 
pOl1derosa Zone; these are fre­
quently attributed to the ex­
clusion of periodic, natural 
wildfires during the last 50 
years. 
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West (1968) reported that at least 15 percent of Pinus ponderosa seedlings develop 
from unrecovered rodent caches in central Oregon (fig. 132). Rodent caches are also 
significant in the establishment of Purshia tridentata (Sherman and Chilcote 1972). Cache 
placement pattern is strongly correlated with sites which are free of pine litter. As a 
result of fire exclusion, litter-free sites are becoming less abundant, and a decrease in 
Purshia populations may be anticipated. Heavy needle litter associated with dense stands 
of Pinus ponderosa also has a negative effect on the establishment and growth of under­
story herbs and grasses (Pase 1958, Moir 1966). McConnell and Smith (1971) found that 
heavy needle litter significantly decreased initial survival of Festuca ovina and concluded 
that "thick accumulations of needle litter (and its byproducts) under dense ponderosa pine 
canopies may exert a strong selective influence on the eventual composition and cover of 
understory vegetation." 

Heavy livestock grazing has, in some respects, effects on understory vegetation opposite 
to those of burning. That is, heavy grazing pressures often favor shrubs at the expense of 
grass cover. For example, Brayshaw (1965) reports that heavy grazing may extend the 
Symphoricarpos type into areas formerly dominated by Agropyron. On the other hand, 
grazing in Pinus /Symphoricarpos stands may eliminate all native shrubs and herbs, 
resulting in a sward of Poa pratensis and P. compressa (Daubenmire and Daubenmire 
1968). Changes in grass species may also occur as a result of grazing pressure. Under-

Figure 132.-Pinus ponderosa seedlings 
often develop from unrecovered seed 
caches of rodents in the Oregon Cascade 
Range. 

Figure 133.-Logging in the Pinus ponderosa 
Zone is usually carried out on a selective 
basis to eliminate overmature, low-vigor 
trees (of which several are visible here) 
susceptible to attack by the western pine 
beetle (Pringle Falls Research Natural 
Area, Deschutes National Forest, Oregon). 

182 



stories in the Pinus ponderosa/Festuca idahoensis association in northeastern Washington 
can be shifted, apparently irreversibly, to domination by Bromus tector/( In, Linaria 
dalmatica, and Hypericum pelioratuin (Daubenmire and Daubenmire 1968). 

Logging in the Pinus ponderosa Zone is usually carried out on a single-tree selection 
basis. Most often, older trees which are more susceptible to attack by the western pine 
beetle (Dendroctonus brevicomis) are removed first, leaving the younger, more vigorous 
trees in the stand as growing stock (fig. 133). Selective logging of Pinus ponderosa in 
areas transitional to Abies grandis or A. concolor substantially accelerates the succes­
sional trend toward dominance by these climax tree species. Some forest managers attempt 
to reserve these sites for the growth of Pillus ponderosa through the removal of Abies seed 
sources wherever practical (Volland 1963). 

Pinus ponderosa seedlings are commonly hand planted following logging or wildfire, 
often with little success. Frequently, the principal cause of seedling mortality is a lack of 
available soil moisture during the dry summer months. However, it is becoming in­
creasingly apparent that another threat to Pinus ponderosa plantations is widespread 
mortality caused by pocket gophers (Thomomys spp.) (Crouch 1971). 

Logging also affects the understory vegetation and reproduction of Pinus ponderosa. 
In one study (Garrison and Rummell 1951; Garrison 1961, 1965), selective logging by 
tractors reduced herb and shrub coverage by 33 percent, denuding some areas and burying 
others in slash. The understory required about 14 years to reCOVer to nearly its original 
condition. Deforestation generally results in dominance by those understory species 
present before logging, with invading species playing only a very minor role in the post­
disturbance period (Daubenmire 1952); a notable exception is Crataegus douglasii on 
Pillus/8ymphoricarpos sites (Daubenmire and Daubenmire 1968). 

Nonforested Communities 
Pinus ponderosa forests form a mosaic with shrub-steppe or steppe communities in 

many locales (hg. 134). For example, in eastern Washington, Pinus ponderosa stands 
first appear within a matrix of steppe, and increase in extent in more mesic areas until 
steppe or shrub-steppe communities constitute islands within a matrix of Pinus ponderosa 
forest (Daubenmire and Daubenmire 1968). Many of the nonforest communities in the 
Pill IlS ponderosa Zone are identical with those found within the steppe zones, e.g., the 
PlIl'shia tridentata/Festllca idahoensis association (Daubenmire 1970); others occur only 
in forest zones. McLean (1970) describes an Artemisia tridentata/Festuca idahoensis 
community with scattered trees in the Pinus ponderosa Zone of southern British Columbia. 

One of the best described Pinus ponderosa-steppe mosaics is that encountered in the 
Ochoco Mountains of eastern Oregon (Hall 1967). Hall described three associations which 
occur in natural forest openings: 

Artemisia rigida/Poa sandbergii with 8itanioll hystrix and Trifolium macrocephalum 
as major associates; 

Artemisia arbllscllia/Agropyron spicatum with Poa sandbergii and PUl'shia tridentata 
as major associates; and 

Artemisia arbllscllla/Festllca idahoensis with Phlox douglasii, Balsamorhiza serrata, 
and Poa sandbergii' as associates. 

Hall (1967) attributed the presence of these nonforested communities to soil conditions, 
specifically to periodic moisture saturation, heavy soils which impede tree root penetra­
tion, and soil drought during the summer. He also mentioned a Pllrshia tridentata­
Cercocarplls ledljc)lius-dominated community, characteristic of rock outcrops in the lower 
part of the Pinus ponderosa Zone. 
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Figure 134.-Pinus ponderosa forest and steppe or shrub-steppe often form an intricate mosaic in 
ecotonal areas with the communities on coarser and finer textured soils, respectively (near Tonasket, 
Okanogan National Forest, Washington). 

Daubenmire (1970) mentioned two communities, encountered as edaphic climaxes 
within the forested zones of eastern Washington. The Artemisia rigidalPoa sandbergii 
association is widely distributed on lithosolic soils from steppe through the Pseudotsuga 
menziesii Zone. The Festuca idahoensis-Eriogonum heracleoides association is found 
only in forest "parks" and includes Antennaria rosea and Castilleja miniata as characteristic 

species. 
In south-central Oregon, many nonforested openings on stream terraces and flood 

plains are occupied by a Purshia tridentatalStipa occidentalis-Carex pensylvanica com­
munity (see footnote 5). Soils in these areas are generally derived from deep alluvial 
deposits of pumice or basic scoria. Other characteristic species include Haplopappus 
bloomeri, Eriogonum umbellatum, Ribes cereum, Bromus carinatus, Senecio canus, Aster 
canescens, Spraguea umbellata, and Phacelia sp. Dealy (1971) describes an Artemisia 
tridentatalStipa occidentalis-Lathyrus community occurring on soils derived from basalt. 
Species composition of this community closely resembles the understory characteristic 
of the Pinus ponderosa/Artemisia tridentatalBromus carinatus association. Accordingly, 
Dealy (1971) recognizes the Artemisia/Stipa-Lathyrus community as a fire-caused seral 
grouping within the PinuslArtemisia/Bromus habitat type . 

Severe fires or destructive logging practices can eliminate Pinus ponderosa and give 
rise to shrub-dominated communities, as mentioned earlier. Reestablishment of trees in 
such communities may be very slow. 
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Pinlls contorta Zone 

Pure, or nearly pure, stands of PillilS cUl/torta are widely distributed throughout forested 

areas of eastern Oregon and Washington. The majority are seral, having developed after 
fire or logging. However, PillllS cOlltorta is considered an edaphic or topoedaphic climax 
on many sites in the pumice plateau of south-central Oregon. Since other areas where 
Pilllll> cOllturta may be a climax tree species are small and very scattered, our PillilS 
cO/ltorta Zone will be limited to the pumice plateau; note that "zone" is not used here in a 
strict synecological sense but rather to identify a large area in which, because of soils 
and topography, PillllS cOl/torta is the major climax type. However, it is interesting that 
Moil' (1969) has recently provided experimental evidence for a PillllS CUll torta Zone in the 
Rocky Mountains. 

PillllS cOlltorto is well known for rapid invasion of severely disturbed sites, justifying 
its designation as a pioneer species. Pollen analyses indicate it was one of the first trees 
to occupy the infertile materials deposited at the close of the last glacial period in the 
southern Oregon Cascades (Hansen 1946). After gradual replacement by PillilS pOllderosa 
during the succeeding 25 centuries, PilillS cUliturta quickly regained dominance with the 
widespread deposition of Mount Mazama pumice 6,600 years ago. It has retained domi­
nance on pumice and ash soils at several other locations in the Oregon and central 
Washington Cascades (Roach 1952, Herring 1968). PillllS cOlltorta forests are extensive 
on volcanic ash and pumice in the Blue Mountains of northeastern Oregon (Trappe and 
Harris 1958) but are rarely found on south slopes where this material is thin or absent. 
These forests are apparently fire created and generally seral to Ahies gral/(lis. 

PillilS cOl/torta has unusually wide ecologic amplitude-thriving on wet, poorly drained 
sites, as well as coarse-textured, droughty soils. After fires, prolific seeding allo\vs it to 
quickly invade and establish dominance, especially on more extreme sites where competi­
tors are absent. For this reason, pure stands of PillllS cUl/torta are often found only on 
very wet or dry soils, and the more productive, medium-textured soils support other tree 
species (Stephens 1966). 

Environmental Features 
The climate of the PillilS cOl/t()rta Zone is characterized by (1) low summer rainfall, 

(2) wide diurnal temperature fluctuations, especially in the summer, and (3) a relatively 
short growing season (table 28). Since elevations within the zone range from approxi­
mately 1,200 to 1,525 meters, growing-season frosts are not uncommon, and much of the 
precipitation occurs as snow. Average annual precipitation ranges from about ;)50 to 
700 millimeters. 

Topographically. the pumice plateau includes broad, level areas in enclosed depres­
sions, gently rolling terrain. and numerous small volcanic cones. PillllS (,Oil torta stands 
are generally on nearly level terrain in depressions locally known as lodgepole flats. 
Temperature measurements show that cold-air drainage from surrounding slopes often 
produces substantially lower nighttime temperatures in these low-lying areas. For example, 
Berntsen (1967) found minimum spring temperatures were as much as 4.5 0 C. higher 
on a slope supporting PillllS pOllderosa than those registered in an adjacent PilillS cOllturta 

stand at the base of the slope. 
Climax stands of Pill/IS (,Ulltorta are found on both well and poorly drained pumice 

soils. All are Vitrandepts (Regosols) developed in aerially deposited pumice, mostly from 
Mount Mazama (Crater Lake). Poorly drained soils occupy low topography in basinlike 
depressions or areas adjacent to intermittent streams. These soils have a dark-gray 
sandy loam or loam A 1 horizon underlain by a light-gray to white C horizon composed of 
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Table 28. - Climatic data from representative stations within the Pinus conlorla Zone 

Temperatu re Precipitation 

Station 
Eleva- Lati - Longi- Average Average June 
tion tude tude Average Average January Average July Average through 

annual January minimum July maximum annual August 

Meters - - - - - - - - - . Degrees C. - - - - - - - - - ­ Millimeters 

Chemult, Oreg. 1,449 43° 14' 121 °47' 5.3 - 3.9 

Crescent, Oreg. 1,357 43° 27' 121 °42' 5.1 - 3.1 

Lapine, Oreg. 1,336 43°40' 121 ° 29' 5.6 - 3.3 

- 11 .1 

- 11.2 

- 10.8 

15.3 28.2 676 66 

14.3 26.8 485 56 

15.5 29.8 361 64 

Average 
annual 

snowfall 

Centi ­
meters 

417 

--­

--­

Source: U. S. Weather Bureau (1965a) and Johnsgard (1963). 

Figure 135.-Better drained 
pumice soils in south-central 
Oregon typically have dark­
colored Al and AC horizons 
overlying the lighter colored 
gravelly C; note the abrupt 
boundary between Mazama 
pumice and buried soil. 



pumice gravel and sand. Depth to water table is generally 60 centimeters or less through­
out the growing season. On better drained sites, the pumice soil exhibits (1) a thin, dark 
grayish-brown, loamy coarse sand Al horizon underlain by (2) a yellowish-brown, gravelly, 
loamy coarse sand AC horizon which grades, in turn, into (3) relatively fresh, unweathered 
pumice gravel and sand (fig. 135). 

The pumice soils of the area under consideration have some distinctive chemical and 
physical properties which are partially responsible for the vegetational features (e.g., 
see Cochran 1969, 1971; Youngberg and Dyrness 1965). 

Forest Composition 
Seventeen Pill liS cOlltortu-dominated communities have been identified in the pumice 

soil region of central Oregon (Youngberg and Dahms 1970, Dealy 1971),6 but it is the 
climax species in only eight of these: 

COII/lllllllity Allthor 

Pillus c(Jl/torta/PII rshia tridel/tata Youngberg and Dahms 1970 (6) 

Pinus contol'ta/Pllrshia tridelltata-Ribes ccreuil/ Youngberg and Dahms 1970 (6) 
Pinus contorta/Pllrshia tridelltata/Festllca idahoellsis Youngberg and Dahms 1970 (6) 

Pinus conto/'ta/Arctostaphylos IIl'a-1Irsi Youngberg and Dahms 1970 (6) 

Pillus cOlltorta/DalltllOllia eallforllica Dealy 1971 
Pinus co n to rta/Va cci II ill m III igo II os 11111 !herb 
Pil/us co II torta/Ca I'ex-EI.If 11111 s-herb 
Pinus cOlltorta/Stipa occidelltalis 

The P. cOlltorta/Pllrshia and P. cOlltorta/Pllrsliia-Ribes communities are found on well­
drained soils with the former the most widespread and characteristic community of the 
entire zone (fig, 136). The sparse understory in the P. cOlltorta/Pursltia type is similar in 
composition to that occurring in nearby PillllS pOllderosa/Pllrshia tridel/tata stands. 
PI/rshia tridelltata, Stipa thllrberialla, Sitallioll hystri.r, and Carex rossii are characteristic. 
Ribes cerelUlI and Fmgaria eliiloel/sis are added to Pllrsliia as diagnostic species in the 
P. contorta/Pllrshia-Ribes type in which the Stipa, Sitallioll, and CareJ' are also char­
acteristic. 

The climax PilillS cOlltorta/Pllrshia tricielltata/Festllca idahoellsis community is found 
on seasonally wet soils. Pllrshia and FestllC(I are diagnostic and Ribe" L'iscosissimum, 
Pellstemoll sp., Sitallioll hystri.r, and Carex I'Ossii are characteristic understory species. 
Pinus contorta is found in this community on better drained soils but is not climax there 
(Youngberg and Dahms 1970), and a similar PillllS contorta/Festllca idahoellsis com­
munity is found on well-drained soils in the Silver Lake area in which P. cOlltorta is suc­
cessional to Abies cOllcolor (Dealy 1971). 

The Pinus cOlltorta/Arctostapliylos 111Ia-IIrsi community is found on seasonally ponded 
soils which have a water table at approximately 70 centimeters during the summer 
(Youngberg and Dahms 1970). Diagnostic species are Arctostaphylos and Trifolium 
longipes. Fragaria chiloellsis, Ribes L'iscosissinllllll, Festllca idahoellsis, Stipa tJlIlrberiana, 
and Carex rossii are also characteristic. Dealy (1971) describes the P. cmltorta/Danthonia 
callfornica community as "one step above a meadow." It occupies a moist site and has a 
rich herbaceous understory in which Danthonia, Carex sp., Deschampsia elongata, Juncus 
sp., Koeleria cl'istata, Muhlellbergiafilifol'lllis, All tell lIa ria corymbosa, Achillea millefoZillm, 
Aster sp., Fragaria virginiana, and Trifolium sp. are conspicuous. 

6 See footnote 5. 
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Figure 136.-The Pinus contor/al Purshia tridentata community is widespread in the central Oregon 
pumice region; Pinus cantor/a achieves climax status on poorly drained sites and in frosty depressions 
in this area (Pringle Falls Research Natural Area, Deschutes National Forest, Oregon). 

The Pinus contortalVaccinium uliginosum/herb and Pinus contortaICarex-Elymus-herb 
communities also occupy imperfectly drained pumice soils which are seasonally ponded. 
Species which distinguish the PinuslVaccinium/herb community are Vaccinium caespi­
tosum, V. u liginosum, Lonicera sp., Spiraea douglasii, Danthonia intermedia, Elymus 
glaucus, Calamagrostis inexpansa, and Fmgaria chiloensis . The PinusICarex-Elymus­
herb community is characterized by Carex lasiocarpa, C. nebrascensis , Elymus glaucus, 
Arnica chamissonis , and Fragaria chiloensis. 

The Pinus contortalStipa occidentalis community generally occupies lower slopes and 
basinlike depressions which are subject to frequent low temperatures as a result of cold 
air drainage. Because of the scattered distribution of Pinus contorta and the exposure 
of large expanses of bare soil, these areas are sometimes locally termed "pumice deserts ." 
Cover of Pinus conto1'ta seldom exceeds 30 percent; and Purshia tridentata, where present, 
is generally restricted to tree clumps. Although very scattered in occurrence, common 
herbaceous species include Stipa occidentalis , Carex rossii, Eriogonum umbellatum, 
Lupinus lepidus , Viola nuttallii var. vallicola, and Spm guea umbellata. 

Successional Patterns 
Kerr (1913) first reported the interesting forest patterns in this area. Pure stands of 

Pinus con torta occupy depressions and broad, level areas at lower elevations, but on 
every hill and slight rise in topography it is replaced by Pinus ponderosa. Munger (1914) 
concluded that Pinus contorta owed its widespread distribution to frequent fires and 
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contended that it was continually encroaching on sites previously occupied by Pinus 
ponderosa. Later, however, the effects of fire were discounted when soil investigations 
disclosed that many sites supporting pure stands of Pinus contorta were subject to 
permanent or fluctuating high water tables (Tarrant 1953). Further study of the area re­
vealed many sites where climax stands of Pinus contorta were growing on well-drained 
soils. Since these were generally located in enclosed depressions suggestive of frost 
pockets, it was postulated that Pinus contorta occupied these sites because of its greater 
resistance to low temperatures, especially during the early growing season (Youngberg 
and Dyrness 1959). Berntsen (1967) confirmed this hypothesis and indicated selection for 
Pinus contorta occurs during seed germination. Emerging Pinus contorta seedlings were 
appreciably more resistant to low temperatures than Pinus ponderosa seedlings. 

Consequently, two types of climax Pinus contorta stands have been recognized: (1) an 
edaphic climax in poorly drained soil areas and (2) a topoedaphic climax in frost pocket 
depressions where the soil is often well drained. Questions still remain as to factors 
responsible for favoring P. contorta over P. ponderosa on poorly drained sites, as seedlings 
of both species appear almost equally tolerant of very wet ~oils (Cochran 1972); hence; 
differential tolerance of species to high soil water content during early seedling stage is 
not the factor favoring P. contorta's occupancy of wet sites. The transition between nearly 
pure 'stands of Pinus contorta and those of Pinus ponderosa on adjacent slopes is often 
strikingly abrupt, although there frequently is a narrow band where the two species 
intermingle. Climax Pinus contorta stands are generally even aged and nearly pure, except 
for occasional clumps of Populus tremuloides in poorly drained areas. As stands reach 
old age and begin to break up, they are quickly replaced by abundant Pinus contorta 
seedlings (fig. 137). Cones in these populations are nonserotinous; therefore, seed fall 
occurs virtually every year (Mowat 1960). 

Figure 137.-Pinus contorta regeneration is often excessive on disturbed s~tes or in decadent stands, 
resulting in dense, stagnated patches of saplings. 
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Nonforested Communities 

Numerous wet meadows are interspersed with Pinus contorta stands at lowest elevations 

within the zone (fig. 138) . These meadows are on very poorly drained pumice soils and 
exhibit a mesic flora as a result of the shallow water table. Principal grasses are Poa 
spp ., Deschampsia caespitosa, and Sitanion hystrix. In addition, Juncus spp. and sedges 
such as Carex praegracilis and Carex nebrascensis are common. Herbaceous species 
vary appreciably depending on grazing pressure; however, two of the more common 
are Trifolium longipes and Ranunculus occidentalis (Dyrness 1960). 

Figure 138.-Numerous wet 
meadows dominated by grasses 
and sedges are interspersed 
with Pinus conlorta stands at 
lower elevations in the Pinus 
conlorla Zone (Bear Flat be­
tween Chemult and Silver 
Lake, Oregon). 

Pseudotsuga Inenziesii Zone 
Associations in which Pseudotsuga menziesii is climax are the next zonal step in some 

areas. In most of eastern Washington and adjacent British Columbia, a Pseudotsuga 
menziesii Zone is apparently well developed (Daubenmire 1952, 1966; Daubenmire and 
Daubenmire 1968; Brayshaw 1965; McLean 1970). In eastern Oregon, it is conjectural 
(West 1964, 1969a; Swedberg 1961) or absent (Dyrness and Youngberg 1966, Hall 1967), 
except in parts of the Wallowa Mountains (Johnson 1959, Head 1959). A typical elevational 
range for the zone is 600 to 1,300 meters in northeastern Washington. The Pseudotsuga 
menziesii Zone correlates with the Interior Douglas-fir Zone in British Columbia (Krajina 
1965) and the lower part of the Canadian Life Zone (Barrett 1962). 

The Pseudotsuga menziesii Zone normally abuts the Abies grandis and Pinus ponderosa 
Zones at its upper and lower limits, respectively (table 21). In places, climax Pinus 
ponderosa forests may be absent and the Pseudotsuga menziesii Zone borders shrub­
steppe; this is particularly common on fine-textured soils in north-central Washington. 
In other locations, Abies grandis forests are absent and Abies lasiocarpa abuts the upper 
limits of the Pseudotsuga menziesii Zone; e.g., see McLean (1970). 
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Environmental Features 

The Pseudotsuga menziesii Zone is more mesic than the Pinus ponderosa Zone. Tem­

peratures undoubtedly average cooler and annual precipitation higher (Krajina 1965), 
although Daubenmire (1956) could not identify climatic criteria distinguishing the zones 
at their ecotone. It is known that soil moisture conditions are more favorable in the 
Pseudotsuga menziesii Zone (Daubenmire 1968b, McMinn 1952, Brayshaw 1965). 

Forest Composition 
Pseudotsuga menziesii, Pinus ponderosa, P. contorta, and Larix occidentalis are the 

major tree species in the Pseudotsuga menziesii Zone (fig. 139). Quercus garryana may 
be present along the flanks of the Cascade Range from about 45 ° to 47 ° north latitude; 
in some locations, there even appears to be a belt or zone of Quercus woodland between 
coniferous forest (Pseudotsuga or Pinus ponderosa) and the steppe. Libocedrus 'decurrens 
also occurs from Mount Hood south. Populus tremuloides and Juniperus occidentalis are 
minor associates. 

Pseudotsuga menziesii associations have been identified only in eastern Washington 
and the Wallowa Mountains (Daubenmire 1952, Daubenmire and Daubenmire 1968, 
Johnson 1959, Head 1959). Daubenmire recognized two associations with shrubby under­
stories in his study area. The Pseudotsuga menziesii/Symphoricarpos albus association 

Figure 139.-Mixed stands of 
PseudolslIga lIlenz iesii and 
Larix occidenlalis are common 
in parts of the Pseudo lsu ga 
lIlen ziesii Zone; note repro­
duction of the climax Pselldo­
Isuga (Colville National For­
est, Washington). 



has an understory dominated by low shrubs: Symphoricarpos albus, Spiraea betulifolia, 
var. lucida, Rosa woodsii, and R. nutkana. Taller shrubs belonging to the Physocarpus 
union (Daubenmire 1952) are absent. Similar communities were noted in the Wallowa 
Mountains (Johnson 1959) and on the eastern slopes of the Cascade Range (see Wolf 
Creek Research Natural Area in Franklin et al. 1972). The Pseudotsuga menziesiil 
Physocarpus malvaceus association includes the aforementioned shrubs as understory 
constituents and Physocarpus malvaceus and Holodiscus discolor. 

The Pseudotsuga menziesiilCalamagrostis rubescens association is probably the 
most widespread, existing in the Wallowa Mountains (Head 1959) as well as in eastern 
Washington (Daubenmire and Daubenmire 1968). It has a nearly shrub-free understory, 
dominated by Calamagrostis rubescens along with other herbs such as Carex concinnoides, 
C. geyeri, and Arnica latifolia. Daubenmire and Daubenmire (1968) have recognized a 
phase of this type in which Arctostaphylos uva-ursi is an understory dominant. Similar 
forest communities occur in adjacent British Columbia (Brayshaw 1965, McLean 1970). 
McLean (1970) has also recognized Pseudotsuga menziesiilAgropyron spicatum and 
Pseudotsuga menziesiilFestuca idahoensis communities in southern British Columbia, 
however. 

Quercus garryana communities, which are probably within this zone, have been noted 
on south-facing slopes within the Mill Creek Research Natural Area (Franklin et al. 1972). 
The scrubbier stands of Quercus have understories dominated by Elymus glaucus in 
association with Symphoricarpos albus, Carex geyeri, and various forbs. Stands of larger 
Quercus include scattered Pinus ponderosa and a ground vegetation characterized by 
Carex geyeri, Purshia tridentata, Amelanchier alnifolia, Stipa spp., and Agropyron spicatum 
(rhizomatous habit). 

Successional Patterns 
Any of the four major tree species-Pseudotsuga menziesii, Pinus ponderosa, P. contorta, 

and Larix occidentalis-may dominate forest stands in the Pseudotsuga menziesii Zone. 
Pseudotsuga menziesii is climax (fig. 140), but the other three are better adapted to fires, 
which were common prior to 1900. Hence, any of these species may form pure or nearly 
pure stands, depending upon fire history and available seed source. This is one of the 
zones in which fire protection and selective logging of Pinus ponderosa are accelerating 
natural trends toward elimination of the pine. 

As mentioned, a zone of climax Pseudot.<luga menziesii forest is largely conjectural 
on the eastern slopes of the central Oregon Cascade Range. There are Pinus ponderosa 
forests with Pseudotsuga menziesii and Libocedrus decurrens reproduction (West 1964, 
1969a; Swedberg 1961; Sherman 1969) suggesting either one or both are climax. However, 
at least small numbers of Abies grandis seedlings are normally present whenever signifi­
cant numbers of Pseudotsuga are encountered. The question thus remains whether 
habitats with potential climax communities of Pseudotsuga menziesii exist in this area or 
whether the zonal sequence is Pinus ponderosa-Abies grandis. A better case can be made 
for climax Libocedrus decurrens habitats in at least some areas [see West's (1964, 
1969a) Warm Springs transect and Sherman (1969)]. Libocedrus appears tolerant of 
more xeric habitats than Pseudotsuga menziesii and is more shade tolerant than Pinus 
ponderosa. There is more evidence for a Pseudotsuga Zone on the eastern slopes of the 
northern Oregon Cascade Range (see Mill Creek and Persia M. Robinson Research Natural 
Areas in Franklin et al. 1972). 

The Pseudotsuga menziesii Zone definitely seems to be abs~nt in south-central Oregon 
and the Ochoco and Blue Mountains (Hall 1967). Hall recognized no association in which 
Pseudotsuga menziesii was a major climax dominant. 
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Figure 140.-Pseudotsuga //len­
ziesii replacing Pinus ponde­
rosa (Meeks Table Research 
Natural Area, Snoqualmie Na­
tional Forest, Washington). --........ .... .........~----------------.............. 


Special Types 
As mentioned earlier the Artemisia rigida/Poa sandb ergii and Fes tuca idahoensis­

Eriogonum heracleoides communities can occur in openings in the Pseudotsuga menziesii 
Zone of eastern Washington. In southern British Columbia, McLean (1970) found the 
Fes tuca-Eriogonum community at 800- to 900-meter elevation between the Pinus ponderosa 
and Pseudotsuga Zones and, in one area, extending to almost 2,000 meters where it 
merged with alpine grassland. A second nonforest type in McLean's (1970) Pseudotsuga 
Zone was the Artemisia tripartita/Agropyron spicatum community. 

A hies grandis Zone 
The Abies grandis Zone is the most extensive midslope forest zone in the Oregon and 

southern Washington Cascade Range and Blue Mountains of eastern Oregon. The Abies 
grandis Zone typically occurs at 1,100 to 1,500 meters in the central Oregon Cascade 
Range, 1,500 to 2,000 meters in the Ochoco and Blue Mountains (Hall 1967), and 1,650 
to 2,000 meters (Abies concolor Zone) in south-central Oregon (Dyrness and Youngberg 
1966). The Abies grandis Zone has no counterpart in British Columbia, and climax Abies 
grandis forests are included in the Tsuga heterophylla series in the northern Rocky 
Mountains (Daubenmire and Daubenmire 1968). This zone is analogous to the upper part 
of Merriam's Canadian Life Zone (Barrett 1962) and the forests within Kuchler's (1964) 
Grand Fir-Douglas-Fir type. 

The Abies grandis Zone is typically bounded by the Abies lasiocarpa Zone at its upper 
limits and the Pseudotsuga menziesii or Pinus ponderosa Zones at its lower limits. How­
ever, locally at higher elevations or on more mesic sites in the Cascade Range, it may 
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abut forests in which Abies amabilis, Tsuga heterophylla, Thuja plicata, or Tsuga mertensiana 
are climax. At its lower limits, it may be adjacent to A 1"temisia steppe without an inter­
vening belt of climax Pseudotsuga menziesii or Pinus ponderosa (Hall 1967). In northern 
Idaho and western Montana, an Abies gmndis Zone regularly intervenes between a 
Pseudotsuga and Tsuga or Thuja Zone. 

Environmental Features 
The Abies grandis Zone provides the most moderate environmental regime of any of 

the east-side forest zones (except for the areas where Tsuga or Thuja are present) 
(table 29). Neither moisture nor temperature conditions are extreme. Precipitation is 
generally higher and temperatures lower than in lower forested zones . Daubenmire (1956, 
1968b) concluded that differences in summer dryness and soil drought differentiate the 
Abies grandis and Tsuga hete-rophylla from the Pseudotsuga menziesii associations . Soil 
drought is of minor ecologic significance in the Abies grandis Zone (Daubenmire 1968b, 
McMinn 1952). The Abies grandis Zone is distinguished climatically from subalpine forests 
by its higher temperatures (Daubenmire 1956) and lesser accumulations of snow. 

Table 29. - Climatic data from representative stations in the vicinity of the Abies grandis Zone 

Temperature Precipitation 

Eleva- Lati - Longi - Average Average June AverageStation 
tion tude tude Average Average January Average July through annual 

annual 
Average 

January minimum August snowfallJuly maximurr annual 

Centi · Meters - - - - - - - - - - Degrees C. - - - . - - - - - ­ Millimeters meters 

45°31' 121 °36' - 1.3 Parkdale, Oreg. 8.4 5 .1 17.6 43 231530 26.9 1,064 

45°30' 118°24' 1,234 6.4 - 3.6 - 7.1 17 .6 Meacham, Oreg. 25.4 835 115 396 

.­.­ .­ .­45°41'Minam, Oreg. 1,092 117"36' 632 82 

Mount Adams 
Ranger Station, 46°00' 121 °32' - 2.1 - 6.1 18.4 1,157 597 8 .1 28.6 44 309 

Wash. 

_.Lake Wenatchee, 47°50' 120°48'600 988 51 450Wash. 

-4.6Pla in, Wash. 549 47"46 ' 120°40' 7.2 - 9.7 18.3 28.2 43632 

Source: U. S_ Weather Bureau (1965a, b) . 

Soils generally exhibit minimal development in the Abies gmndis Zone but are relatively 
deep, largely due to accumulations of volcanic ash throughout much of the zone's range. 
The dominant soil processes are podzolic, and typical soil great groups are Haplorthods 
and Haplumbrepts (Gray Wooded , Brown Podzolic, and Western Brown Forest). Vitrandepts 
(regosolic soils) with A-C profile sequences in pumice or ash parent materials are also 
common. Thin (2 to 5 cm.), mull-type humus layers are typical along with relatively thin, 
brown or dark-brown, weakly to moderately acid Al horizons. Continuous bleached A2 
horizons (bleicherde) are not common. Clay eluviation is minimal in B horizons which are 
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distinguished primarily by color. Abies cOllcolor sites in the pumice region are distin­
guished by A1-AC-C sequences. A horizons average only 30 centimeters thick; they are 
generally slightly acid (pH 6.2) with 8 to 9 percent of organic matter. 

Forest Composition 
Major tree species in the Ahies gmlldis Zone are Abies gnllldis (or A. cOllc()lor), Pill/IS 

ponderosa, P. cOlltorta, Larix occidelltalis, and P:';(,lIdotsllga mellziesii. Any of the four 
associates listed here may dominate seral forest stands. Many other species are present 
in limited numbers or in localized areas such as Picea ei/gellll(lIl/lii, Ahies lasiocarpa, 
Libocedl'lIs decllrrens, PilillS laillbertiai/a, P. II/()/Iticola, TSllga ii/('rtellsialla, and Ahies 
lIIagllifica var. slw.stellsis. 

Composition of Abies gl"O/ldis (or A. cOl/colol') associations has been studied in eastern 
Washington (Daubenmire 1952, Daubenmire and Daubenmire 1968), the central Oregon 
Cascade Range (Swedberg 1961, Sherman 1969, West 1964), the Ochoco and Blue 
Mountains (Hall 1967, 1971), the Wallowa Mountains (Johnson 1959, Head 1959), and 
south-central Oregon (Dyrness and Youngberg 1966). Most Abies gmndis associations 
can be related to two major groups: (1) Abies gmlldis/Pacli istillla iIIyrsiliites and Abies 
grandis/Vaccinilllfl melllbmnacell m' (Daubenmire 1952, Daubenmire and Daubenmire 
1968, Head 1959, Swedberg 1961, Hall 1967), and (2) the Abies gmiidis/Calaillagrostis 
I'llbescens (Hall 1967, Johnson 1959). 

The Abies gmlldis/Pacliistiilla lIIyrsillites and /Vaccillillill IlIembl"OlIac(,lIm associations 
have well-developed herbaceous understories. Characteristic species include: 
Shrubs-R()sa gYillilOcalpa, Pacliistillla lIIyrsillites, Ribes lacllstre, and Vaccillillill 

melllbmuacellm; and 
Herbs-Brollllls nilgal'is, Galillm t/"lfiomlll, Sillilacilla stellata, Thalictl'lllll (Jccidei/tale, 

Anlica cordijolia, Mitella stall/'opetala, Arenaria macrophylla, Rieracill III albztforll ill, 
Linllaea borealis, Adellocallioll bicolor, Alleillolle piperi, A. lyallii, Viola glabella, Trillill III 
ovatllm, Clintonia /li/lflora, Asal'llill cal/datum, Lllpillus latifolills, and Rllblls lasiococclls. 

Under very dens? canopies, a group of heliophytes forms a sparse understory (fig. 141) 
[the Pirola-Comllorrh iza union of Oosting and Billings (1943) or "mycotrophic achloro­
phyllous angiosperms" of Furman and Trappe (1971) again] ; typical species are Cli iillap/z ila 
umbel/ata, C. menziesii, COI"OUorhiza maclllata, Pyrola asal"ljiJiia, P. secllllda, P. picta, 
MOllotropa /zypopitys, and Listera cOllmllarioides. 

The Abies grandis/CalaiiwgTostis mbescens association is typically found on volcanic 
ash soils in the Ochoco and Blue MountainsH and apparently occurs at least sporadically 
along the eastern slopes of the Cascade Range as well (see Meeks Table Research 
Natural Area in Franklin et al. 1972). PillllS pOliderosa/Calalllagrostis mbescei/s or 
Pseudotsuga mellziesii/Calamagrostis rubescells communities are often seraI stages of 
this association in the Blue and Ochoco Mountains (fig. 142) (e.g., see Canyon Creek and 
Ochoco Divide Research Natural Areas in Franklin et al. 1972); however, as mentioned 
earlier, a climax Pselldotsllga/Calalllagrostis community does occur in northeastern 
Washington where an Ahies/Calaillagrostis community is absent (Daubenmire and 
Daubenmire 1968). 

7 F. C. Hall (personal communi< -1tion) has described three related Abies grulldis associations in the 
Blue Mountains Province to which we have referred by the collective term, "the Abies gralldis/Vaccillil/III 
membrallacellill type." These are: Abies gralldis/Vaceillilllli IIIClllbrallaCel/1II (by far the most widespread), 
Abies gralldis/Brolll/ls l"lIlgCU1S (southern Blue Mountains), and Abies gralldis/LillllClca borclliis (northern 
Blue Mountains). 

B F. C. Hall (1967, 1971), and personal communication. 
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Figure 141. - Understory vege­

tation is sparse under dense 

stands in the Abies grandis 

Zone; Abies grandis-Pseudo­

{suga lIIenziesii forest in the 

Blue Mountains of Oregon 

(range pole is marked in I-foot 

segments). 


The understory of the AbieslCalamagrostis association is rich in herbs: Calamagrostis 
rubescens, Carex geyeri, C. concinnoides, Arnica cordifolia, Lupinus caudatus (or 
laxijlorus), and Hieracium albijlorum. The shrub cover is normally sparse, but Hall (1967, 
1971) and Johnson (1959) have recognized variants in which understory shrubs such as 
Spiraea betulifolia var. lucida, Rosa sp ., Salix sp., and Symphoricarpos albus are typical 
[coniferlSpiraealCalamagrostis community type of Hall (1971), for example]. Hall (1971) 
also found it useful to separate Calamagrostis communities growing on residual soils 
from those on volcanic ash soils because of differences in response to grazing. 

On upper slopes in the Ochoco and Blue Mountains, the AbieslCalamagrostis and 
AbieslVaccinium associations generally occupy the south and north slopes, respectively. 

The Abies concolorlCeanothtts velutinus association of south-central Oregon has much 
higher shrub and lower herbaceous coverage than the Abies grandis associations 
(Dyrness and Youngberg 1966). Ceanothus velutinus, Arctostaphylos nevadensis, and 
A. patula are the major shrubs (26 .5-, 2.8-, and O.5-percent cover, respectively). Stipa 
occidentalis, Carex rossii, Sitanion hystrix, Gayophytum nuttallii, Cryptantha affinis, 
Fragaria chiloensis, Epilobium angus tifo lium, Chimaphila umbellata, and Apocynum 
androsaemifolium make up most of the sparse herbaceous layer which totals only 3.1­
percent cover. 

Abies concolor communities with herb rather than shrub-dominated understories have 
been identified in south-central Oregon: Pinus ponderosa-Abies concolorlFestuca 
idahoensis (Dealy 1971) and Pinus-AbieslCarex rossii (Hall on Goodlow Mountain 
Research Natural Area in Franklin et al. 1972). Abies concolor appears to be the climax 
species in both communities based on reproductive success. The Pinus-Abiesl Festuca 
type has a grass-dominated understory in which Festuca idahoensis, Carex rossii, Stipa 
occidentalis, Poa nervosa, Sitanion hystrix, Fragaria virginiana, and Arnica cordifolia 
are conspicuous (Dealy 1971). Carex rossii is the major understory species in the Pinus­
AbieslCarex type (fig. 143) . 
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Figure 142.-This Pil/ll s pOl/derosa/CtI /tl l/ w!{l"Os /is rub es­
cel/s community is being invaded by reproduction of 
A hies !{ral/dis which will eventually form the climax 
stand; Pselldo/sll !{tI /CtI /tl llltI!{ros /is or Pil/ll s/CtI /tl l/ w ­
gros/is communities seral to A hies !{rc/ I/dis are common 
in the Blue and Ochoco Mountains and in at least a 
few localities on the eastern slope of the Cascade Range 
(Ochoco Divide Research Natural Area, Ochoco Na­
tional Forest, Oregon; phof() cOllrtesy Dr. Fred Htl /I). 

Figure 143.-Pil/lls pOl/derostl-A bies cOl/c% r/Ctlrex rossii 
community (Goodlow Mountain Research Natural Area, 
Fremont National Forest, Oregon; phoro cOllrtesy Dr. 
Fred Htl lI). 

Successional Patterns 
Data on early successional stages following logging or burning on Abies grandis 

habitats are scarce. Cirsium vulgare was a major species on a clearcut and burned area 
in the Wallowa Mountains (Pettit 1968) ; Ceanothus sanguineus , Physocarpus malvaceus, 
Spiraea betu lifolia var. lucida, Astragalus sp., Fragaris spp., Ca1-ex rossii, Epilobium 
paniculatum, Bromus tectorum, and Rumex acetosella were also noted . Later in preforest 
succession, shrub communities are encountered in the A bies grandis Zone , at least in 
eastern Washington and northern Idaho (Daubenmire 1952, Mueggler 1965). Typical shrub 
invaders (Daubenmire and Daubenmire 1968) are Salix scouleriana, Spiraea betu lif olia 
var. lucida, Ceanothus velutinus, C. sanguineus, Amelanchier alnif olia, Sambucus cerulea, 
and S. racemosa var. arborescens. Mueggler (1965) related the composition of these 
shrub communities to type of originating disturbance and age . 

Throughout much of the A bies grandis and Abies concolor Zones in the Cascade Range, 
Ceanothus velutinus is again a major brushfield dominant, often behaving ecologically 
as described for southwestern Oregon. Ceanothus ve lutinus and species such as 
Castanopsis chrysophyUa and Arctostaphylos patula may form a sclerophyll scrub following 
wildfires in the central and southern Oregon Abies grandis-A. concolor Zones. 

As mentioned, Pinus contorta, P. ponderosa, and Pseudotsuga menziesii often dominate 
seral stands in the A bies grandis Zone. Fires were most important in instigating these 
stands, although they were generally less frequent than in the more xeric Pinus ponderosa 
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Zone. In the Blue Mountains, Pinus contorta is a common seral species on Abies grandis/ 
Vaccinium membranaceum habitats, and, as reviewed earlier, Pinus ponderosa is typically 
successional to Abies grandis/Calamagrostis rubescens. Most of the Pinus contorta forest 
described by Trappe and Harris (1958) is seral to Abies grandis (fig. 144). Sites occupied 
by Pinus contorta forests may go through a period of dominance by Pseudotsuga menziesii 
or Picea engelmannii prior to development of climax Abies grandis forests. Pinus ponderosa 
is the typical seral species on Abies concolor/Ceanothus velutinus habitats (Dyrness and 
Youngberg 1966), and Pseudotsuga menziesii is typical on Abies grandis/Pachistima 
myrsinites habitats in eastern Washington (Daubenmire 1952). 

Larix occidentalis is a major seral dominant in parts of the Blue Mountains (Abies 
grandis/Vaccinium membranaceum habitats) and eastern Washington and can form a 
nearly pure type following repeated fires (fig. 145). Picea engelmannii is not ubiquitous 
in the Abies grandis Zone but may be common in some areas; it is replaced only gradually 
since reproductive vitality is often high. Pinus monticola is an important species in 
localized areas. Libocedrus decurrens occurs sporadically as a seral species within the 
zone in the Cascade Range south of Mount Hood. 

Most of the seral species attain optimum growth in the Abies grandis Zone. Daubenmire 
(1961) found that Pinus ponderosa grew better on Abies grandis/Pachistima myrsinites 
habitats than on sites where Pseudotsuga menziesii or Pinus ponderosa were climax. In 
Montana, Larix occidentalis grew better in the Abies grandis than in the cooler Abies 
lasiocarpa or drier Pseudotsuga menziesii Zones (Roe 1967). Selective logging of Pinus 
ponderosa within the Abies grandis Zone has produced strong successional pressures 
toward its elimination since reproduction is composed of more tolerant species. Forestry 
practices are shifting toward clearcutting of old-growth forest , partially to eliminate rotted 
Abies and partially to favor the Pinus. 

Abies grandis or A. concolor are the major climax species. In some areas, Pseudotsuga 
menziesii may playa minor climax role. There are locations where Abies grandis-dominated 
forests occur which are themselves subject to replacement by the more tolerant Abies 
amabilis, Tsuga heterophylla, or Thuja plicata; these are considered elsewhere in this 
chapter. 

Figure 144.-Pinlls cantarta is a 
common seral species in the 
Abies grandis zone of eastern 
Oregon; Abies grandis and 
Picea engeilllannii succeeding 
Pin liS can tarta in the Blue 
Mountains of Oregon (range 
pole is marked in I-foot seg­
ments). 
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Figure 145.-Larix occidentalis forms nearly pure, seral stands in parts of the Abies grandis and 
Pseudotsuga menziesii Zones after fires; Larix reproduction with scattered Pinus contorta (Kath­
erine Creek, Wallowa-Whitman National Forest, Oregon). 

Special Types 
Nonforest communities are common in many parts of the Abies grandis Zone. Some of 

these (discussed earlier) are successional to forest, and others are climax shrub or 
grassland communities which are covered in the discussions of the Pinus ponderosa 
and Abies lasiocarpa Zones. Mountain meadows are the most important single group of 
permanent nonforest communities in the Abies grandis Zone. 

Mountain meadow communities are conspicuous, essentially permanent, herbaceous 
communities, typically found on relatively gentle topography along and near the heads of 
stream courses (fig. 146). These are not subalpine communities; and though associated 
with zones from the Abies lasiocarpa to Pinus ponderosa, they are probably most typical 
of the Abies grandis Zone. 

Deschampsia caespitosa , a perennial grass, typifies the dense herbacoues cover of 
climax mountain meadow communities (Reid and Pickford 1946) (fig. 147). Other major 
species are Festuca rubra , Care x spp., Juncus balticus , Aster occidentalis , Polygonu m 
bistortoides, Trifolium spp., and Senecio spp. 

Most Deschampsia meadows have been overgrazed by domestic livestock (fig. 148) 
and have deteriorated into other kinds of communities. Reid and Pickford (1946) recognized 
four major steps in deterioration: (1) perennial grass or climax, (2) mixed grass and weed 
(fig. 148), (3) perennial weed , and (4) annual weed . Serious erosional problems are 
associated with these changes in community composition. Major dominants in the 
perennial weed stage are Senecio spp., Achillea millefo lium var. lanulosum, Wyethia spp., 
Potenti lla spp., Aster occidentalis, Taraxacum officinale, and Poa pratensis. The annual 
weed stage is characterized by Bromus mollis , Muhlenbergia fil iformis , Polygonum 
douglasii, and Madia spp. Development of climax vegetation from these deteriorated 
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Figure 146.-Mountain mea­
dows are common on gentle 
topography along and near 
the heads of stream courses 
in the A bies grandis Zone; 
they constitute an important 
grazing resource. 

Figure 147.-Deschalllpsia caespirosa, a perennial grass, 
dominates mountain meadow communities in good 
condition. 

Figure 148.-Most mountain meadows have been severely 
overgrazed by domestic livestock, resulting in major 
compositional changes. 
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Figure 149.-Parkland community of Stipa 
occidentalis var. minor. Phlox diffusa. and 
Artemisia rigida with forest of Pinus ponde­
rosa in the background (Meeks Table Re­
search Natural Area, Snoqualmie National 
Forest, Washington; photo courtesy Dr. Fred 
Hall). 

communities is usually extremely slow, even if grazing is completely eliminated. 
Juniperus occidentalis or sclerophyllous shrub communities are other nonforested types 

found on dry, steep slopes or shallow soils in the Abies grandis Zone. In the Canyon Creek 
Research Natural Area, J. occidentalis characterizes shallow soils with Cercocarpus 
ledifolius, Poa sandbergii, Bromus tectorum, Carex geyeri, Crepis acuminata, and Achillea 
millefolium as major associates (Hall in Franklin et al. 1972). Ceanothus velutinus communi­

;ties characterize rock outcrops in association with Prunus emarginata, Salix scouleriana, 
Carex geyeri, and Poa pratensis. In the Ochoco Mountains, a J. occidentalis-Prunus 
emarginata/Festuca idahoensis community occupies shallow-soiled steep slopes in some 
parts of the Abies grandis Zone (Hall on Ochoco Divide Research Natural Area in 
Franklin et al. 1972). 

Tiedemann and others (Franklin et al. 1972) have described an interesting vegetational 
mosaic on Meeks Table Research Natural Area which is apparently located within the 
Abies grandis Zone. Here, a grassland community dominated by Stipa occidentalis var. 
minor, Poa sandbergii, Phlox diffusa, and Artemisia rigida is most common (fig. 149). 
On rocky outcrops with little soil, there is a lithosolic community characterized by 
Eriogonum douglasii, Poa sandbergii, Artemisia rigida, and Purshia tridentata; it shows 
a surprising similarity to some of the lithosolic communities found well within the steppe 
(Daubenmire 1970). Forests of Pinus ponderosa and Pseudotsuga menziesii with repro­
duction of Pseudotsuga and Abies grandis characterize the remainder of the landscape. 
These forests occupy soils which are generally much deeper and have substantially 
lower bulk densities than soils under the Stipa occidentalis var. minor community. 

Tsuga heterophylla Zone 
Habitats where Tsuga heterophylla or Thuja plicata are climax are encountered on the 

eastern slopes of the Cascade Range in Washington and northern Oregon. These con­
stitute the Tsuga heterophylla Zone. It is essentially an eastern extension of the wide­
spread coastal Tsuga heterophylla Zone, although the composition of seral forests and 
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understory is somewhat altered. This inland TSllga heterophylla Zone correlates with 
the Interior Western Hemlock Zone in British Columbia (Krajina 1965, Bell 1965, Smith 
1965) and the Tsuga heterophylla series of Daubenmire and Daubenmire (1968). 

Interior Tsuga heterophylla and Tllllja plicata forests are most common in the eastern 
Washington Cascades at elevations between 800 and 1,200 meters. In Oregon, they are 
increasingly rare to their southern limit at about 44°30' north latitude. Both species are 
absent from the Blue and Wallowa Mountains. Habitats sufficiently mesic to support Tsuga 
heterophylla or Thuja plicata are very often disjunct, occurring within areas of Abies 
grandis Zone. 

Environmental Features 
The Tsuga heterophylla Zone occurs under what appears to be the most equitable 

climatic regime of all the interior forest zones (Daubenmire 1956). Krajina (1965) indicated 
a precipitation range of 560 to 1,700 millimeters and mean annual temperatures of 2.5 ° to 
7.5° C. for the zone in British Columbia. Major soil great groups are Haplorthods, Cryor­
thods, and Xerochrepts (Brown Podzolic, Podzolic, and Gray-Brown Podzolic) including 
some soils with gleyed subsoils. Alban (1967) has described some contrasting influences 
of Tsuga and Thuja on soil properties in this zone. 

Forest Composition 
Forest tree species found within the T.'wga heterophylla Zone include most of those 

found in the adjacent Abies grandis and Abies lasiocarpa (or Tsuga mertensiana) Zones. 
Pseudotsuga menziesii, Abies grandis, and Pinlls monticola are the most abundant seral 
species (table 22). It is in this zone in northern Idaho that the well-known western white 
pine (Pinus monticola) forests are best developed (fig. 150). Thuja plicata and Tsuga 
heterophylla are typically present together, although Thuja plicata is sometimes found 
on sites too xeric for Tsuga heterophylla. 

Daubenmire and Daubenmire (1968) have described four Tsuga or Thuja associations 
in eastern Washington and northern Idaho: T8/1ga heterophylla/Pachistima myrsinites, 
Thuja plicata/Oplopanax horridum, Tltuja plicata/Pachistima myrsinites, and Thuja plicata/ 
Athyriumfilix-fe m ina. The TSlIga heteroph yl/a/Pach istillla myrsinites is the most important. 
Thuja plicata is usually present, but it does not reproduce well. The understory is com­
posed of the floristically rich Pachistima union (Daubenmire 1952) discussed earlier, 
the most constant species being Pachistillla myrsillites, Tiarella lillifoliata, Vaccinium 
membranaceum, Clintonia lin iflo ra , and Gymll()carpium dryopteris. The Thuja plicata/ 
Oplopanax horridum association is found in low-lying situations in association with the 
Tsuga/Pachistima association. Stands belonging to the Tlwja/Oplopanax have a dense 
understory including a shrub layer dominated by Oplopanax horridum, many members 
of the Pachistima union, Athyrilllll filix-felllilla, and Dryopteris austriaca. Successional 
relations in stands are unclear; reproductive vigor variously indicates Tsuga heterophylla 
and/or Thuja plicata may be climax. Associations comparable to both of these were 
recognized by Bell (1965). 

The Thuja plicata/Pachistima myrsinites and ThuJ'a plicata/Athyrium filix-femina 
associations constitute a comparable pair outside the range of Tsuga heterophylla. 
Daubenmire and Daubenmire (1968) have noted that the Thuja associations tend to have 
a southerly distribution and Tsuga associations a more northerly distribution in their 
study area; this is consistent with our observations that TlwJ'a extends its range into drier 
climatic regions than Tsuga, provided adequate soil moisture is available. The Pachistima 
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Figure 150.-Many seral species, such as the Pinus monlicola shown here, attain their 
best development in the mesic Tsuga helerophylla and Abies grandis Zones. 
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union typifies the understory in the TJwja/Pachistima association and a variety of mesic­
site herbs and Alnus sinuata, in the Thuja/Athyrium association. Abies grandis is a major 
long-lingering seral species in the Thuja plicata/Pachistima myrsinites association; Thuja 
plicata is the major climax species in both. 

Our observations suggest that the Tsuga heterophylla and Thuja plicata communities 
found in the valleys on the eastern slopes of the Washington Cascade Range (north of 
about 46° 15' north latitude) are very similar to those described by Daubenmire and 
Daubenmire (1968). One difference is increasing admixtures of western slope species 
(not found in extreme eastern Washington and northern Idaho) as the crest of the range 
is approached. 

Successional Patterns 
Early stages in forest succession on disturbed sites have been discussed by Daubenmire 

(1952), Daubenmire and Daubenmire (1968), and Mueggler (1965). Shrub communities 
are often conspicuous prior to development of a tree overstory. Most of the Tsuga 
heterophylla Zone on the eastern slopes of the Cascade Range is occupied by relatively 
youthful stands in which the seral Abies grandis, Pseudotsuga menziesii, Pinus monticola, 
Larix occidentalis, Pinus contorta, and Picea engelmannii are dominant. Tsuga heterophylla 
and Thuja plicata are often represented only by reproduction in these stands. 

The successional relationships between Tsuga heterophylla, Thuja plicata, and Abies 
grandis are complex. Daubenmire and Daubenmire (1968) state: 

Three species of trees in the Tsuga series [Abies grandis, Tsuga heterophylla, Thuja 
plicata] show ... an ability to continue reproduction ... but all have distinctive aute­
cologies so that for the most part only one is the climax dominant in anyone habitat type. 

It is on this basis they recognize each as the major climax in one or more of the Tsuga 
heterophylla series of associations. 

Abies lasiocarpa Zone 
Climax forests of Abies lasiocarpa characterize the subalpine forest zone at many 

locations in eastern Washington and Oregon. The Abies lasiocarpa Zone is well represented 
on the high secondary ranges extending east from the crest of the Washington Cascade 
Range (Franklin and Trappe 1963), in the Okanogan Highlands Province of northeastern 
Washington, and in the Blue and Wallowa Mountains of northeastern Oregon and south­
eastern Washington (Daubenmire 1952, Johnson 1959, Head 1959). Its lower elevational 
boundary is normally 1,500 meters or more in the Cascade Range and 1,300 to 1,700 
meters elsewhere. The Abies lasiocarpa Zone is a more continental analog of the Tsuga 
mertensiana Zone with which it merges in the Cascade Range. It is the local representative 
of the very widespread Rocky Mountain Abies lasiocarpa-Picea engelmannii forests 
(Oosting 1956) and correlates with the Engelmann Spruce-Subalpine Fir Zone recognized 
in British Columbia (Krajina 1965), the Abies lasiocarpa Zone of the northern Rocky 
Mountains (Daubenmire and Daubenmire 1968), and Merriam's Hudsonian Life Zone 
(Barrett 1962). 

The Abies Zasiocarpa Zone may be bounded at its lower limits by forests in which Tsuga 
heterophylla, Thuja plicata, Abies grandis, or Pseudotsuga menziesii are climax, depending 
upon locale. Where mountain masses are sufficiently high, it extends upward to the 
subalpine-alpine ecotone and, in these cases, typically includes an area of forest-meadow 
parkland. As with the Tsuga mertensiana Zone, we will concern ourselves only with the 
closed forest portion of the Abies lasiocarpa Zone in this section. 
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Abies lasiocalpa-Picea ellgelmannii forests are often conspicuous in frost pockets and 
other habitats characterized by drainage and accumulation of cold air. These often occur 
well below the expected elevationallimits for the Abies lasiocalpa Zone. In the Washington 
Cascade Range, the best developed Abies lasiocarpa-Picea ellgelmallnii forests occur in 
glaciated valley bottoms and not on the mountain slopes. 

Environmental Features 
Environmental data are extremely scarce for the Abies lasiocaipa Zone. It is the coolest 

and moistest of the forested zones. Cool summers, cold winters, and development of deep 
winter snowpacks are more important factors than total precipitation in differentiating 
the Abies lasiocarpa from lower forested zones, however. Mean July temperatures probably 
range from about 13° to 16° C. (Daubenmire 1956). Climatically, the Abies lasiocarpa Zone 
is more continental than the Tsuga mertensiana Zone, with lower winter and higher summer 
temperatures and less precipitation and snowpack accumulations, on the average. 

Zonal soils in the Abies lasiocarpa Zone are generally Cryorthods or Haplorthods 
(Podzols or Brown Podzolic soils) with well-developed but relatively thin mor humus layers. 
Regosolic and lithosolic soils are also common in some localities. Soils are more acid 
than in the lower forested zones-typically pH 4.5 to 5.9. 

Forest Composition 
Major forest tree species in the Abies lasiocarpa Zone are Abies lasiocarpa, Picea 

engellilanllii, and Pi/IUS cOlltorta (fig. 151). Pseudotsuga menziesii, Abies grandis, Larix 
occidentalis, and Pinus monticola may be conspicuous lower in the zone; Pinus albicaulis 
and, sometimes, Larix lyallii are abundant higher in the zone. Pinus ponderosa and 
Populus tremuloides are relatively uncommon. Abies amabilis, A. procera, and Tsuga 
mertensiana may be encountered as minor stand components, although locally Tsuga 
mertensiana dominates stands disjunct from the Tsuga mertensiana Zone. 

Daubenmire and Daubenmire (1968) recognized five Abies lasiocarpa associations in 
eastern Washington and northern Idaho: Abies lasiocarpalPachistima myrsinites, Abies 
lasiocarpalXerophyllll iii tenax, Abie:; lasiocarpalMenziesia ferrugillea, Abies lasiocarpal 
Vaccillium scoparium, and Pinus albicaulis-Abies lasiocarpa. The first three associations 
tend to form a topographic series within the zone: the AbieslPachistima occupies the 
lowest part of the zone; AbieslXerophyliu m is typical of upper south slopes and ridge­
tops; and AbieslMellziesia occupies the wettest and coolest sites-north slopes and 
ravines. The AbieslPachistima association has representatives of the Pachistima union 
(Daubenmire 1952) as its understory; Clintonia unijiora and Galium trijiorum are especially 
well represented. Many species occur only in this association and nowhere else in the 
Abies lasioca rpa Zone: AceI' glabru Iil, Arnica cordifol ia, H iemciu m albijioru m, A melanchier 
alnifolia, Aster conspicuus, Mitella stauropetala, Actaea rubra, Clintonia unijiora, Coptis 
occidel/talis, Viola glabella, Adenocaulon bicolor, Rubus parvijiorus, Arenaria macrophylla, 
Galium trijioru m, and Spiraea betulifolia. McLean (1970) identifies a comparable com­
munity in southern British Columbia. In the AbieslXerophylium association, the depauper­
ate understory is dominated by Xerophyllum tenax and Vaccinium membranaceum (see fig. 
77 for an exemplary stand located outside the Abies lasiocarpa Zone). The AbieslMenziesia 
association has a well-developed shrub layer in which Menziesia ferruginea is sometimes 
combined with Rhododendron albijiorum or Ledum glandulosum. McLean (1970) did not 
find a comparable community in southern British Columbia adjacent to the Okanogan 
Highlands Province. In northern Idaho, Daubenmire and Daubenmire (1968) have also 
recognized comparable Menziesia ferruginea and Xerophyllum tenax associations in 
which Tsuga mertensiana is the characteristic tree species. 
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Figure 151.-Mixed stands of 
Abies lasiocarpa and Picea 
engellll(lnnii typify the sub­
alpine forests in more conti­
nental mountain areas. 

The Abies lasiocarpa/Vaccinium scoparium association is widespread (Daubenmire and 
Daubenmire 1968, Johnson 1959) and seems particularly common in drier locales. 
Vaccinium scoparium is the major understory species; typical associates are Juniperus 
communis, Vaccinium membranaceum, V. caespitosum, Carex spp., Hieracium albiflorum, 
Arnica cordi/olia, and Aster spp. (Illingworth and Arlidge 1960). McLean (1970) found two 
phases of the Abies lasiocarpa/Vaccinium scoparium community-the Calamagrostis 
rubescens and Phyllodoce empetri/ormis phases-to be much more common than the 
"typical" association as described by Daubenmire and Daubenmire (1968); including 
the phases, the type is more common in southern British Columbia than in eastern 
Washington. 

The Pinus albicaulis-Abies lasiocarpa (Daubenmire and Daubenmire 1968) and Abies 
lasiocarpa-Picea engelmannii (Head 1959) associations described within the zone are 
relatively open forest types associated with the subalpine parkland. 
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Successional Patterns 

Preforest successional developments in the Abies lasiocalpa Zone are poorly known. 

Herbaceous stages characterized by species such as Epi/obium angustifolium may occur. 
Shrub communities similar to those found in lower forested zones (Daubenmire and 
Daubenmire 1968, Mueggler 1965) may develop on the most moderate sites; i.e., those 
potentially occupied by the Abies lasiocalpa/Pachistima myrsillites association. Elsewhere, 
disturbed areas are usually dominated by the same species that make up the forest under­
story-e.g., Xerophyllllm tellax, VOccillilim membrallocellm, and Menziesia ferruginea. 

Successional relationships among tree species in the Abies lasiocarpa Zone are better 
understood. PililiS cOlltorto is one of the most ubiquitous and conspicuous of the seral 
species. Picea engelmonnii is also very important in many areas, and conflicting opinions 
are common regarding its successional status. In the Rocky Mountains, some workers 
have concluded Picea engelmonllii is a climax species (Oosting and Reed 1952), others 
that it is subclimax (Fowells 1965). Daubenmire and Daubenmire (1968) state that Picea 
engelmallnii is a major climax species only in the Abies lasiocarpa/Vaccillium scoparium 
association; it is a persistent long-lived seral species in five other associations and a 
minor climax component in the Abies lasiocarpa/Pachistima myrsillites association. 
McLean's (1970) work in southern British Columbia confirms Daubenmire and Daubenmire's 
(1968) conclusions. The subtle trend toward elimination of Picea engelmannii was not 
considered in an earlier treatment (Daubenmire 1952) in which Picea engelmannii-Abies 
lasiocalpa associations and a zone were proposed. Franklin and Mitchell (1967) con­
cluded Abies losioco;-pa generally replaces Picea engelmolillii on the eastern slopes of 
Washington's Cascade Range. 

The relationship between TSliga mertensiano and Abies lasiocalpa is not completely 
clear. Locally, TSllga mertensialla is a dominant species in the northern Rocky Mountains 
Abies lasiocarpa Zone (Daubenmire and Daubenmire 1968, Habeck 1967). Sometimes it 
appears to be the major climax species, but in other cases reproduction of Abies lasiocarpa 
is also abundant. Factors differentiating sites with and without TSlIga mertensiana in this 
area have not been determined (Daubenmire and Daubenmire 1968). In some parts of 
Washington's eastern Cascade Range, and even as far south as central Oregon (Sherman 
1969), disjunct populations of TSllga mertensiana occur mixed with Abies lasiocarpa in 
which resolution of the successional question is not clear. Within the main Tsuga 
mertensiana Zone in the Cascade Range, Abies lasiocalpo is almost always seral, however 
(Franklin and Mitchell 1967). 

Hence, Abies lasioca ;-pa is the major and often sole climax species within the closed 
forest portion of the Abies lasioca;pa Zone of eastern Washington and Oregon. Only 
occasionally do Pieeo ellgelmannii or TSliga mertensiana challenge its dominance there. 

Special Types 
Permanent nonforest communities dominated by herbs or shrubs occur within the 

forest matrix. Many of these are clearly extensions of subalpine meadow types and will 
be discussed later. Two, more characteristic of the closed-forest portion of Abies lasiocarpa 
Zone, are grassy parks and Artemisia tridentata var. mseyona communities. 

Grassy parks or balds are frequently encountered on or near ridgetops in the Abies 
lasiocalpa Zone (Daubenmire and Daubenmire 1968, Secor 1960, Johnson 1959, Hall 1967) 
(fig. 152). These are typically dominated by grasses such as Agropyron spicatum, Festuca 
idahoensis, and F. ('iloidllla, although many other species may be conspicuous-e.g., 
Hiemcium aibertilllllll, Arenaria capillaris var. americana, and PO/ygol1um 
phytolaccaefolillm in northern Idaho and Artemisia orb1l8c1l1a, Phlox spp., Poo sandbergii, 
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and Achillea millejolium in the Ochoco Mountains. A lower fringe of Prunus emarginata is 
sometimes present. These grasslands are associated with south-facing slopes and are more 
xeric than adjacent forest stands (Daubenmire 1968b). Whatever their origin, wind-transfer 
of moisture (snow) from these balds and soil drought seem important in maintaining them 
as topographic climaxes. 

Artemisia tridentata var. vaseyana, a cold-requiring diploid ancestor of Artemisia 
tridentata var. tridentata, characterizes another group of nonforest communities associated 
with the Abies lasiocarpa Zone (as well as lower forest zones) (Daubenmire 1970, Johnson 
1959, Hall 1967, McLean 1970). Carex spp., Agropyron spicatum, and Festuca idahoensis 
are typical associates. 

Tiedemann (1972) describes an interesting mosaic of high-elevation grassland com­
munities in parks in the Abies lasiocarpa Zone. The pattern is one of "biscuit-scab" 
microtopography and of Stipa occidentalis var. minor dominated grasslands interspersed 
with sparsely vegetated barrens dominated by Madia glomerata. Across abrupt ecotones, 
perennial grass and forb communities are associated with areas with a soil surface 
15 to 20 centimeters lower, much bare soil, active frost heaving, and a dominance of 
annual forbs. Major species in the grassland are Stipa occidentalis var. minor, Festuca 
idahoensis, Deschampsia caespitosa, Care x raynoldsii, Agoseris glauca, Senecio 
integerrimus, S. serra, and Aster joliaceus. The annual forb communities are composed 
of Madia glomerata, Polygonum sawatchense, P. lenticularis, Lithophragma bulbijera, 
Collinsia parvijlora, and Cryptantha torreyana, as well as the perennial Sitanion hystrix, 
Lupinus wyethii, and Phacelia hastata. Study of soil properties indicates soils' 
under the annual community are poorer in nitrogen, sulfur, and exchangeable manganese 
and have higher bulk densities and lower organic matter than soils under the perennial 
communities. 

Figure IS2.-Wind transfer of snow and soil drought are important in maintaining grassy balds or parks 
frequently found on south slopes near ridgetops in the Abies lasiocarpa Zone (ph oto courtesy R . 
Dauben lJlire). 



CHAPTER VIII. STEPPE AND 

SHRUB-STEPPE OF THE COLUMBIA 


BASIN PROVINCE 


In the rain shadow of the Cascade Range is a large region of steppe and shrub-steppe 
vegetation including most of central and southeastern Washington and much of eastern 
Oregon. In this region of bunch grass and sagebrush communities (Shantz and Zon 1924), 
typical community dominants include shrubs such as Artemisia tridentata, Purshia 
tridentata, Artemisia rigida, A. arbuscula, and Atriplex confertifolia; large perennial 
grasses such as Agropyron spicatum, Festuca idahoensis, Elymus cinereus, and Stipa 
thurberiana; and alien invaders such as Bromus tectorum, Poa pratensis, and Elymus 
caput-medusae. Forest vegetation is generally confined to mountain slopes with sufficient 
precipitation, either regionally (e.g., approaching the Rocky Mountains) or locally (e.g., 
higher elevations on interior ranges such as the Blue Mountains). 

Climatically, the steppe areas can be typified as arid to semiarid with low precipitation, 
warm-to-hot dry summers, and relatively cold winters (table 30). Some marine influences 

Table 30. - Climatic data from representative stations within steppe areas of eastern Washington and Oregon 

Temperature Precipi tation 

Station 
Eleva- Lati- Longi - Average Average June A ve rage 
tion tude tude Average Average January Average July Average through annual 

annual January minimum July ~aximurr annua l August snowfall 

Meters - - - - - - - - - - Degrees C_ - - - - - - - - - ­ Millimeters Cent i -
meters 

Ellensburg, Wash. 526 4r02' 120°31' 8.4 - 4.7 - 9.3 20.6 28.9 t;'­ 33 i -­

- ------r-----­

Moses Lake, Wash. 368 4r07' 119° 12' 9.2 - 3.9 - 8 .3 21.3 30.7 I 212 35 -­
I 

46° 13' 119°08' 
I 

Kennewick, Wash. 119 12.0 - .2 - 4.3 24.2 33.3 190 1 24 34 

-­ ----­ ----- ­ -.---­

Pullman, Wash . 776 46°46 ' llr12' 8.6 - 2.2 -·5.3 20.1 28.1 610 !
1 

75 102 

The Dalles, Oreg. 31 45°36' 121 ° 12' 11 .8 .1 - 2.5 22.7 30.6 389 I 23 --

Pendleton, Oreg. 455 45°41' 118°51 ' 11.2 -. 7 - 4.3 23.1 33.2 320 44 47 

Burns, Oreg. 1,265 43°35' 119°03' 7.8 - 4.1 - 9.7 20.2 29.8 289 43 122 

Ontario , Oreg. 654 44°03' 116°58 ' 10.6 - 2.5 - 7.3 24.5 35.1 236 24 --

Lakeview, Oreg. 1,455 42° 11' 120°21' 7.8 - 2.6 - 7.9 19.2 29.2 364 41 136 

--'-­ ---- -­-­ - - -­ ~ -_._­

Source: U. S. Weather Bureau (1956 , J965a,b) . 
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are still felt (conditions are not so extreme as those in the Great Basin, for example), but 
continental-type climatic conditions prevail. 

A great variety of soils occurs in the steppe region. The zonal sequence from the hottest, 
driest sites to the wettest of the steppe habitats would run through Camborthids, Hap­
loxerolls, and Argixerolls (Sierozem, Brown, Chestnut, Chernozem, and Prairie great soil 
groups). From soils with light-colored, thin A horizons poor in organic matter and calcium 
accumulations high in the profile (Camborthids or Sierozem), the soils grade to thick, 
very dark-brown to black A horizons rich in organic matter in which calcium carbonate 
accumulations may be deep in the profile or absent (Argixerolls or Prairie). At the same 
time, the wide variety of intrazonal soils includes most notably those having accumulations 
of salts (Solonchak) and large amounts of exchangeable sodium (Natrargids or Solonetz). 

Fire and grazing were apparently of limited importance in steppe vegetation before 
arrival of Europeans and their livestock (Galbraith and Anderson 1971, Daubenmire 
1970, Heady 1968). Large herds of ungulates were never an integral part of the steppe 
communities in the Northwest as they were in the Great Plains. The limited grazing was 
confined to deer, wapiti, and antelope until arrival of the horse in the early 1700's; buffalo 
were never a factor in grass consumption (Galbraith and Anderson 1971). Cattle were 
introduced in the steppe vegetation in 1834 (Daubenmire 1970) and sheep about 1860; 
and the latter were generally more abundant until about 1940.1 The periods of 1860-70 
and 1892-93 were times of especially rapid expansion in cattle and sheep populations, 
respectively (Galbraith and Anderson 1971). Aboriginal man had little need to use fire 
in the steppes in contrast to forested regior.s or areas where he used fire as an adjunct 
in hunting. Daubenmire (1970) goes so far as to say that "there is no evidence that the 
distribution of vegetation types or species in eastern Washington is related to the past 
use of fire." 

Man has wrought massive changes in the steppe vegetation of the Northwest by the 
cultivation, animals, and plants he introduced. The best lands are cultivated almost 
entirely for wheat, peas, and similar crops. Some of the poorer lands, cropped for a time, 
have since been abandoned. Additional lands lacking sufficient natural moisture have been 
"reclaimed" through irrigation, most notably in the Columbia Basin Province. Remaining 
lands have been subjected to various degrees of grazing and often overgrazed by domestic 
and feral livestock. Overgrazing was considered a serious problem more than 60 years 
ago (Griffiths 1902, 1903; Cotton 1904). Chohlis (1952) suggested that range conditions 
generally improved from 1900 to 1950, however, and Daubenmire (1970) was inclined to 
agree after examining old photographs. Man-caused range fires were common in many 
steppe areas and still occur occasionally. 

To appreciate how grazing and wildfire can affect the natural vegetation, one should 
consider features of some of the major climax dominants and alien invaders (Daubenmire 
1970). These features are central to any consideration of succession and successional 
status in the steppes. 

1. 	Two of the major shrub species, notably Artemisia tridentata and Purshia tridentata, 
are fire sensitive and can be temporarily eliminated from a site by burning.2 

2. 	 Most of the major large perennial grasses, e.g., Agropyron spicatum and Festuca 
idahoensis, are not adapted to heavy grazing by ungulates. They evolved in an 
environment in which such animals were sparsely represented. They rarely recover 
to their former status after severe overgrazing but are relatively insensitive to fire. 

I Gerald S. Strickler, personal communication. 
2 Steppe shrubs species are generally sprouters. Pllrshia tridentata exhibits widely varying sprouting 

behavior, depending on environmental conditions (Blaisdell 1953, Blaisdell and Mueggler 1956, Driscoll 
1963). 
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3. Two 	alien species, Bromus tectorum and Poa pratensis, are well adapted to parts 
of the steppe region. They will invade or increase under heavy grazing pressure 
(in their respective areas) and relinquish occupied sites to native vegetation either 
very slowly or not at all when grazing pressures are lifted. Hence, shifts to these 
species are generally only reversed by human intervention. Recently, another alien 
species, Elymus caput-medusae, has entered parts of the steppe region and threatens 
to further alter the ecology of the region. 

The vegetation of the northwestern steppes has been studied by many scientists. Early 
generalized accounts include those of Colville (1896), Griffiths (1902, 1903), Cotton (1904), 
Weaver (1917), Shantz and Zon (1924), and Aldous and Shantz (1924). In recent years, 
more detailed reports cover synecological aspects of steppe and shrub-steppe vegetation 
in eastern Washington (Daubenmire 1940, 1942, 1956, 1966, 1970, 1972; McMinn 1952; 
Cooke 1955; Daubenmire and Colwell 1942; Brooks 1969) and portions of eastern Oregon 
(Poulton 1955, Eckert 1957, McKell 1956, Tueller 1962). Anderson (1956) has divided 
eastern Oregon into ecological provinces; Humphrey (1945) has considered major range 
types in both States; and Billings (1951) constructed a general zonational approach to 
the Great Basin which is relevant to a part of southeastern Oregon. 

From these accounts, it is possible to recognize numerous diverse community types, 
including many that would qualify as climatic climaxes (zonal associations) within a part 
of their range. In general, no single sequence of zonal belts of vegetation applies through­
out the steppe region. Consequently, we focus attention in this chapter on the steppes of 
Washington's Columbia Basin Province, where the entire vegetational mosaic is most 
fully understood. Here a cross section of the communities encountered in the steppe regions 
of the Pacific Northwest can be illustrated and related. The other major steppe region 
in central and southeastern Oregon will be described in Chapter IX and similarities and 
differences between this region and the Columbia basin suggested. 

The Columbia Basin Province of eastern Washington is a large, contiguous area of steppe 
and shrub-steppe vegetation-over 6,000,000 hectares (fig. 153). The vegetational mosaic 
has been thoroughly studied (see citations above); our discussion is abstracted almost 
entirely from Daubenmire's (1970) comprehensive regional account. Considered in turn 
are (1) zonal associations, (2) associations on specialized habitats, and (3) zootic climaxes 
(with comments on effects of Artemisia eradication). 

Zonal Associations 
Nine zonal associations, communities which can occur as climatic climaxes, have been 

recognized in the steppe region of the Columbia Basin Province (Daubenmire 1970). These 
are the: 

Artemisia tridentata/Agropyron spicatum, 
Artemisia tridelltata/Festuca idahoensis, 
Agropyron spicatum-Poa sandbergii, 
Agropyron spicatu m-Festuca idahoensis, 
Festuca idahoensis/Symphoricarpos albus, 
Festuca idahoensis/Rosa lIutkana, 
Artemisia tripartita/Festuca idahoensis, 
Festuca idahoellsis-Hieracill In cynoglossoides, and 
Purshia tridentata/Festuca idahoensis associations. 

The distribution of the zones characterized by these associations is shown in fig. 153; 
note that this does not delimit the total geographic ranges of these associations. As can 
be seen, the last five associations are found on the periphery of the steppe region near its 
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Figure 153.-Vegetation zones in the steppe region of eastern Washington; see text for discussion of 
the various zonal associations (map courtesy R . Daubenlllire, from his 1970 bulletin). 

contact with forest vegetation. These tend to be lush, meadowlike communities with 
conspicuous amounts of large perennial grasses and broad-leaved forbs. The term "meadow 
steppe" has often been applied to these types. The other four zonal associations lie in the 
more arid interior of the Columbia Basin Province. Vegetation is more open and forbs 
are less conspicuous in these communities. The contrasting physiognomy of representative 
steppe, shrub-steppe, and meadow-steppe communities is shown in fig. 154. 
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The nine zonal associations have differentiated in response to differences in temperature 
and total and seasonal distribution of precipitation. Where they occur on modal sites, 
as climatic climaxes, they characterize or distinguish regional units or zones of steppe 
vegetation. Four of these zones-the Artemisia/Agropyroll, Artelllisia/Festllca, 
Agropyroll-Festllca, and Festllca/SYlllpllOrical'pos Zones-are encountered along a 
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Figure 154.-Vegetation profiles along 2- by 100-centimeter transects in a shrub-steppe Arrelllisia 
Iridelllal(/l Agropyroll SpiC(/11I1II stand (upper), steppe Agr(}pn-(}II SpiCl/IIIIII-Fe,IIIIC(/ id(/hol'lIsis stand 
(middle), and meadow-steppe Feslllca idahoellsis/Srlllphoric(/rpos a/hilS stand (lower) (from Daubenmire 
1970): abbreviations are: 

Ac Achillea IIli/i£~fi)1i1l1ll 
Ag Agropyrol1 ,Ipicallllli 
An Alllel1l1(/ri(/ dililOrp/1lI 
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transect beginning in the driest part of the Columbia Basin Province and extending 
eastward up the gentle slope of the Columbia plateau to foothills of the Rocky Mountains 
(fig. 153). They provide an exemplary cross section of the zonal associations. The composi­
tion of some stands found along this transect belonging to the zonal associations is shown 
in table 31. This tabulation includes only pristine stands found on zonal habitats (sites 
with gently undulating topography and deep, well-drained silt loam soils). An association 
table for seven of these associations (table 32) and the following descriptions amplify 
this tabulation and encompass all stands belonging to the association under consideration; 
the reader should remember that any of these zonal associations may occur as a topographic 
climax in one or more adjacent zones. 

Table 31. - Percent canopy-coverage of species in climatic c1imall; steppe communities along a 96-kilometer longitudinal transect extending from the 
center of the Columbia Basin Province (left side of table) to the Washington-Idaho border (right side of table)l 

Association 

Artemisia/
Artemisia/Agropyron Agropyron-Festuca Festuca/SymphoricarposSpecies Festuca 

Stipa thurberiana 5 3 
Poa cusickii 2 9 + 
Stlpa comata 
Artemisia tndentata 

2 
18 

+ 
18 

13 
9 

2 
9 

9 
16 

14 
19 11 

1 
25 

-

13 
13 
4 

6 

Chrysothamnus viscidiflorus 
Plantago patagonica 
Phlox longifolia + 

-

12 

+ 
14 8 

+ 
-
7 

2 
11 
8 

9 

12 

+ 

2 

+ 
3 
+ 

8 
6 
1 

1 
3 7 

1 

+ 
2 
3 

2 
1 

+ 
5 

Erigeron filifolius 3 5 + + + 
Astragalus spaldingii 2 1 2 + + 6 2 13 
Poa sandbergii 40 50 29 61 55 73 36 44 38 5 19 39 16 23 45 2 + 2 + + + 
Achillea mille folium + + + + 2 1 2 3 1 + 22 10 6 9 25 25 
Agropyron spicatum 41 63 46 35 41 55 36 40 39 26 42 77 33 34 71 79 57 77 78 78 
Festuca idahoensis 9 23 39 29 7 71 75 8 81 30 41 35 40 40 
Senecio integerrimus 
Myosotis micrantha 

+ 
2 

2 8 3 2 
5 5 

Haplopappus liatriformis 
Koeleria cristata 

10 
5 

8 
3 + 

+ 
4 

+ 
4 

Hieraceum albertinum 5 + 4 11 1 1 
Lupinus sericeus 
Festuca scabrella 

6 
-

2 
51 

3 3 

Sidalcea oregan a 
Castilleja lutescens 
Arnica sororia 

8 
+ 
5 

2 9 5 5 
+ 

Solidago missouriensis 
Balsamorhiza sagittata 
Helianthella uniflora 

29 
- 41 14 

-
51 
31 

51 
31 

Astragalus palousensis 18 18 
Poaampla 
Rosa nutkana + R. woodsii 

57 
1 

53 
2 + 1 1 

Iris missouriensis + 29 2 1 1 
Potentilla gracilis 6 21 + 45 5 5 
Geranium viscosissimum - 21 + 4 
Galium boreale + 11 1 1 
Symphoricarpos albus 4 15 2 11 17 17 

~ledian annual precipitation 167 mm. • • 526 mm. 
~lean annual temperature 11.2'C. .. • 7.9°C. 

I Species with maximum coverages of less than 5 percent omitted; plus sign indicates coverage of less than 1 percent (from Daubenmire 1966). 
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Table 32. Constancy and average coverage (constancy Icoverage) of selected species in seven zonal steppe 
associations found in the Columbia Basin Province (from Daubenmire 1970) I 

Stratum and species 

Association 2 

Artrl Agsp 

in=151 
Artr/Feid 

in=61 
Agsp/Posa 

in=81 
Agsp· Feid 

in=ll) 
Feid ISyal 

in=15) 
Artp/Feid 

In 191 
Putr 'Felli 

in=10) 

--------------- -- Percent -- ------- - ----­
Medium shrubs: 

Artemisia tridentata tridentata 100113 100113 
Chryso thamnus nauseosus albicaulis 33/tr 50/tr 88/tr 64/tr 26/tr 10/tr 
Chrysothamnus viscidiflorus 53/tr 100/tr 25/1 18/tr 53/1 10/tr 
Artemisia tripartita 27/1 50/1 100/11 20/tr 
Tetradymia canescens 27/tr 83/1 32/2 20/tr 
Purshia tridentata 7/tr 80/14 

Low shrubs: 
Phlox longifolia 87/4 83/2 62/3 91/1 13/2 89/2 30/tr 
Erigeron filifolius 53/2 67/tr 12/tr 9/tr 5/tr 10/tr 
Eriogonum heracleoides 7/2 16/tr 84/2 90/10 
Symphoricarpos albus 100/10 
Rosa nutkana and R. woodsii 87/3 

Perennial grami noids: 
Agropyron spicatum 100/49 100/40 100/68 100/59 93/62 100/38 100/66 
Poa sandbergii 100/41 100/32 100/30 100/21 40/2 100/12 90/15 
Stipa comata 67/4 50/8 12/3 11/13 20/2 
Poa cusickii 60/5 9/tr 21/8 10/tr 
Festuca idahoensis 100/34 100/53 100/45 100/43 100/36 
Koeleria cristata 9/4 80/5 58/3 60/2 
Poa ampla 53/21 21/1 50/3 
Stipa occidentalis minor 7/4 58/4 10/tr 
Carex filifolia 63/20 10/4 

Perennial forbs: 
Achillea mille folium lanulosa 40/tr 67/2 75/2 100/2 100/8 79/1 90/2 
Astragalus spaldingl"! 27/8 83/1 38/2 54/4 13/3 42/4 
Balsamorhiza careyana 47/tr 50/tr 50/tr 18/tr 10/tr 
Brodiaea douglasii 47/tr 16/tr 38/tr 36/1 67/2 53/1 70/1 
Calachortus macrocarpus 73/tr 50/tr 38/tr 27/tr 79/1 30/1 
Erigeron pumilus intermedius 33/tr 100/tr 62/tr 9/tr 42/tr 40/tr 
Lithophragma bulbifera 47/2 67/tr 38/3 82/2 67/2 94/1 80/2 
Lithospermum ruderale 27/tr 83/tr 12/tr 18/2 87/1 79/tr 30/tr 
Lomatium macrocarpum 33/1 83/tr 75/tr 27/tr 30/1 
Lomatium triternatum 40/tr 83/tr 25/tr 82/2 60/1 58/tr 30/1 
Microseris troximoides 60/1 67/tr 12/tr 82/tr 68/1 40/tr 
Senecio integerrimus exaltata 7/tr 16/tr 27/tr 93/2 42/1 20/2 
Tragopogon dub ius 62/tr 54/tr 47/tr 58/tr 10/5 
Antennaria rosea 7/tr 11/1 50/6 
Balsamorhiza sagittata 13/tr 80/25 42/5 70/16 
Besseya rubra 9/tr 80/2 21/2 

Castilleja lutescens 67/2 11/3 10/tr 

Crepis atn·barba originalis 47/tr 27/1 32/tr 60/1 
Erigeron corymbosus 16/tr 36/3 33/2 94/3 60/2 
Geranium viscosissimum 73/7 5/1 
Geum triflorum 9/tr 93/13 16/5 10/tr 
Haplopappus liatriformis 9/3 67/6 5/tr 
Helianthella uniflora douglasii 53/13 
Hieracium albertinum 9/tr 100/5 11/1 10/tr 
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Table 32. - Constancy and average coverage (constancy/coverage) of selected species in seven zonal steppe 
associations found in the Columbia Basin Province (from Daubenmire 1970)' (Continued) 

Stratum and species 

Association 2 

Artr/ Agsp 
(n~15) 

Artr/Feid 
(n~6) 

Agsp/Posa 
(n~8) 

Agsp-Feid 
(n~11 ) 

Feid/Syal 
(n~15) 

Artp/FeidIPutr/Feid 
(n~19) (n~10) 

- I 

-- ­ -------------- ­ Percent ----------------- ­
Perennial forbs (cont'd.): 

Iris missouriensis 67/5 
Lithophragma parviflora 53/2 5/tr 20/7 
Lomatium dissectum multifidum 60/5 
Lupinus sericeus 18/tr 93/7 74/5 30/10 
Potentilla gracilis 9/tr 100/23 11/4 
Zigadenus venenosus gramineus 9/tr 73/1 63/1 30/1 

Annuals: 
Bromus tectorum 80/tr 100/2 100/3 91/1 40/tr 100/2 90/1 
Descurainia pinnata 60/tr 25/tr 9/1 11/tr 10/tr 
Draba vema 53/tr 67/6 100/2 100/3 87/1 68/2 40/1 
Epilobium paniculatum 20/tr 67/2 38/1 64/tr 93/tr 89/1 60/3 
Festuca octoflora 40/1 83/tr 75/2 18/1 42/tr 10/1 
Festuca microstachys 80/1 83/1 75/2 54/tr 33/1 63/1 30/tr 
Lactuca serriola (seedlings only) 20/tr 67/tr 62/tr 82/tr 73/tr 74/tr 10/tr 
Lappula redowskii 73/tr 67/tr 12/tr 27/1 26/1 10/tr 
Microsteris gracilis 33/tr 67/tr 36/1 67/1 68/1 60/1 
Myosurus aristatus 33/1 83/1 18/tr 42/tr 
Plantago patagonica 20/9 83/4 100/4 64/2 7/tr 68/1 30/2 
Holosteum umbellatum 16/1 55/4 64/1 13/tr 
Bromus japonicus 12/tr 9/1 67/3 21/1 30/tr 
Collinsia parviflora 20/tr 100/2 79/2 80/2 
Collomia linearis 16/tr 18/tr 13/tr 26/1 50/1 
Montia linearis 16/tr 9/2 80/1 53/1 20/1 
Stellaria nitens 12/2 36/1 80/1 26/1 40/tr 

'Average cover is based only on those plots in which a particular species occurred, not by dividing total 
cover by all stands included within an association: tr equals trace coverage (less than 0.5 percent). 

2 Association abbreviations are: 

Artr/Agsp = Artemisia tridentata/Agropyron spicatum 

Artr/Feid = Artemisia tridentata/Festuca idahoensis 

Agsp/Posa = Agropyron spicatum/Poa sandbergii 

Agsp-Feid = Agropyron spicatum-Festuca idahoensis 

Feid/Syal = Festuca idahoensis/Symphoricarpos albus 

Artp/Feid = Artemisia tripartita/Festuca idahoensis 

Putr/Feid = Purshia tridelltata/Festuca idahoensis. 


Artemisia tridentata/ Agropyron spicatum Association 
The driest of the zones has as a climatic climax the Artemisia/Agropyron association 

(fig. 155). This zone occupies the center of the Columbia Basin Province and extends west 
to the foothills of the Cascade Range. Four layers are found in this association (table 32): 
(1) a shrub layer composed principally of Artemisia tridentata var. tridentata and 1 to 2 
meters in height-very small amounts of other shrubs such as Chrysothamnus 
viscidifiorus, C. nauseosus var. albicaulis, Artemisia tripartita or Grayia spinosa may be 
present; (2) a layer of caespitose perennial grasses dominated by Agropyron spicatum­
variable amounts of Stipa comata, S. thurberiana, Poa cusickii, or Sitanion hystrix may 
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Figure lSS.-The Artemisia 
tridentata/Agropyron spica­
tum association is the climatic 
climax in driest parts of the 
Columbia basin steppe region; 
the range pole is 4 feet tall 
and marked in 6-inch segments 
(photo courtesy Range Man­
agement, Oregon State Uni­
versity). 

be present; (3) a layer of plants within 1 decimeter of the soil surface, including species 
such as Poa sandbergii, Bromus tectorum, and Lappula redowskii; (4) a surface crust 
typically composed of crustose lichens and acrocarpous mosses (e.g., Tortula brevipes, 
T. princeps, and Aloina rigida). Seasonal sequences in phenology are marked with mosses, 
small perennials, and annuals developing earliest and larger grasses and forbs flowering 
in June. Shrubs remain active all summer by tapping permanent moisture supplies in the 
subsoil; flowering extends from late June (Tetradymia canescens) to October (Artemisia 
tridentata). 

Some interesting spatial patterns and variations in coverage and composition are 
observed in Artemisia/Agropyron communities. Artemisia tridentata coverage in stands 
varies from 5 to 26 percent; yet this apparently is not related to past grazing. Artemisia 
coverage is not correlated with coverage of either grazing increasers or decreasers in the 
climax stands Daubenmire sampled. It may be that Artemisia coverage is reflecting 
subsoil variations to which the more shallow-rooted grasses are insensitive. Several species 
are shrub-dependent; Poa cusickii is found mainly under Artemisia or Grayia canopies 
in many stands, and Tortula also occurs in patches under shrub canopies. Bromus tectorum 
tends to form dense circular patches beneath shrub canopies which can be related to litter 
accumulation and, in some cases, mice burrowing. Composition and abundance of the 
annuals varies substantially, and not all species present appear every year; in two stands 
sampled for each of 7 years, annuals recorded were never all represented in any single 
year, and only three out of 10 (Festuca microstachys, F. octoflora, and Bromus tectorum) 
appeared every year. 

The Artemisia/Agropyron association occurs on two major types of soils-Mollic 
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Camborthids and Calcic Haploxerolls (Sierozem, Brown, Chestnut-Brown intergrades and, 
in one case, Solodized Solonetz by the old soil classification). The annual soil moisture 
cycle has been studied for this plant community (Daubenmire 1972). 

Successional changes in the Artemisia/Agropyron Zone are most often associated with 
grazing, fire, or cultivation. Grazing most seriously affects the larger perennial grasses 
since they are preferred and are not adapted to withstand grazing. Heavy grazing tends, 
therefore, to eliminate Agropyron spicatum, Festuca idahoensis, Poa cusickii, etc., and 
to increase annual grasses, particularly Bromus tectorum. Poa cusickii is preferred by 
horses, cattle, and sheep, with Agropyron as second choice. The smaller perennial Poa 
sandbergii is generally not significantly affected, particularly by sheep grazing, and 
Artemisia suffers mechanical damage only by cattle. Bromus tectorum will apparently 
relinquish ground only very slowly once grazing pressure is lifted. Fire seriously affects 
only one dominant, Artemisia tridentata. It is often completely killed by range fires, and 
although the remaining dominants can regenerate from subterranean organs, Artemisia 
must reoccupy the site by invasion and gradual expansion, a relatively slow process 
(fig. 156). A combination of both burning and overgrazing can result in development of 
an annual rangeland dominated by Bromus tectorum in which Chrysothamnus nauseosus 
may be the only significant shrub. Cropped and abandoned fields will also develop a 
community dominated by Bromus tectorum, but the tumbleweeds Salsola kali and 
Sisymbrium altissimum may dominate the old field for a year or two while the Bromus 
population builds up. 

The Artemisia/Agropyron association is the most extensive element in the steppe' 
mosaic of eastern Washington, and essentially identical communities are widely distributed 
elsewhere, including British Columbia (Tisdale 1947), central Oregon (Eckert 1957), 
southern Idaho, and Montana. Three other zonal associations (Purshia/Festuca, Artemisia 
tripartita/Festuca, and Artemisia tridentata/Festuca) can occur as topographic climaxes 
on moister sites within the Artemisia/Agropyron Zone. Conversely, the Artemisia/ 
Agropyron association can occur as a topographic climax on drier sites in adjacent zones. 

Figure IS6.-Artemisia tri­
dentata is sensitive to fire 
since it is a nonsprouterj the 
patchiness of A rtemisia in this 
A rtelllisia/Agropyron com­
munity suggests the influence 
of past burning (photo cour­
tesy Range Management, Ore­
gOIl State Ulliversity). 
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Artemisia tridentata/ Festuca idahoensis Association 

East along the transect, a second large perennial grass, Festuca idahoensis, is added 

to climatic climax communities, indicating presence in a second zone typified by the 
Artemisia tridentatalFestuca idahoensis association (table 31). The significance of this 
addition has been discussed by Daubenmire (1966); the addition indicates the moisture 
balance of the macroclimate in this zone is more favorable for plant growth. 

The only significant floristic difference between the Artemisia/Festuca and Artemisia/ 
Agropyron association is the addition of Festuca idahoensis as a major grass (tables 31 
and 32). Artemisia tridentata remains the dominant shrub. There is, however, a general 
increase in the summed coverage of perennial grasses from 38 to 87 percent in the 
Artemisia/Festuca type. Soils associated with this community are mainly Calcic Hap­
loxerolls or Lithic Mollic Camborthids with one Typic Natrixeroll (Brown and Solonetz 
great soil groups). 

Besides its distribution as a zonal type, this community occurs as a topographic climax 
on north-facing slopes in the Artemisia/Agropyron Zone and on south-facing slopes in 
the adjacent cooler, moister zones. The Artemisia/Festuca association is also found as 
disjunct stands on the northeast slopes of the Blue Mountains where it is associated with 
Solodized Solonetz soils; perhaps soil conditions reduce the effectiveness of the much higher 
precipitation in this part of the association's range. 

Response of the ArtemisialFestuca community to fire and grazing is essentially the 
same as that of the Artemisia/Agropyron association. 

Agropyron spicatum-Festuca idahoensis Association 
Along the transect from the central Columbia Basin Province to the east (table 31), 

the next zone encountered is characterized by the Agropyron-Festuca association (fig. 153). 
Artemisia tridentata is absent, leaving a monotonous cover of perennial bunchgrasses 
(fig. 157). This change again signals an improved moisture regime (Daubenmire 1966). 

The Agropyrun-Festuca association is sharply distinguished from most surrounding 
zonal communities-drier associations by the absence of Artemisia tridentata, and 

Figure lS7.-A monotonous, 
herbaceous cover dominated 
by perennial grasses charac­
terizes the climatic climax of 
the Agropyron spicatum-Poa 
sandbergii community (photo 
courtesy Range Management, 
Oregon State University) . 
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moister meadow steppe by the absence of A. tripartita, Symphoricarpos albus, and Rosa 
spp., and the scarcity of forbs. The Agropyron-Poa Zone, which splits the Agropyron­
Festuca into two segments (fig. 153), has a similar zonal association except that Festuca 
idahoensis is absent. 

Major dominants in the Agropyron-Festuca association are perennial bunchgrasses­
Agropyron spicatum, Festuca idahoensis, and Poa sandbergii (table 32). There are no 
shrubs and few forbs of consequence. South of the Snake River, communities of this type 
have several distinctive features, perhaps because of the higher elevations (up to 900 
meters on the Blue Mountains) and soil mosaic which incorporates abundant Solodized 
Solonetz. Daubenmire (1970) comments on variations in stands associated with areas 
where the B21 of the Solodized Solonetz lies near the soil surface. Opuntia polyacantha 
is a minor member of the climax community south of the Snake River and increases with 
grazing. 

A wide variety of soils are associated with the Agropyron-Festuca association: Hap­
loxerolls, Natrixerolls, Palexerolls, and Argixerolls (Brown, Chestnut, Chernozem, Plano­
sol, Solodized Solonetz, and Prairie-Grumusol great soil groups). 

Fire has little effect on this community since neither of the dominants is seriously 
affected. As with the prior associations, Bromus tectorum is the main increaser with 
grazing. 

Festuca idahoensis/Symphoricarpos albus Zone 
The moistest of the steppe zones are meadow steppe, and we take as our major example 

of this type the FestucalSymphoricarpos Zone found on the eastern margin of the 
Columbia Basin Province (fig. 153, table 31). Here, a whole group of species are added 
to the zonal communities producing a luxuriant growth (fig. 154) compared with the 
three previously discussed associations found to the east (Daubenmire 1966). 

The Festuca idahoensislSymphoricarpos albus association is actually a vegetational 
mosaic consisting of herbaceous and shrubby components (fig. 158). The herbaceous 
community provides the matrix consisting of a dense herbaceous layer dominated by 
perennial grasses (Festuca idahoensis, Agropyron spicatum, Koeleria cristata, and Poa 
ampla) and a great variety of perennial forbs (fig. 159) (table 32). In this community, 
Agropyron is rhizomatous, not caespitose as is the case in drier associations. Among 
the more important forb associates are Achillea millefolium, Balsamorhiza sagittata, 
Geum trifiorum var. ciliatum, Hieracium albertinum, Lupinus sericeus, Potentilla gracilis, 
Helianthella unifiora var. douglasii, Iris missouriensis, Geranium viscosissimum, Astragalus 
palousensis, and Castilleja lutescens. Dwarfed, inconspicuous sterile shrubs are scattered 
through the herbland including Symphoricarpos albus and Rosa nutkana or woodsii. 

This assemblage of grasses and forbs is common to the meadow steppe which encircles 
the Columbia basin. It is the shrubby component which varies from one link in this 
associational chain to the next. In the FestucalSymphoricarpos association, the shrubby 
islands or thickets within the herbaceous matrix are recognized as a Symphoricarpos albus 
phase. The shrub thickets are 0.5 to 3 meters in height and 4 to 25 meters in diameter. 
Composition may consist of Symphoricarpos alone, a low marginal zone of Symphoricarpos 
(0.5 meter tall) around a core of Rosa spp. (1 meter tall), or even a core of Prunus virginiana 
(2 to 3 meters tall) with marginal belts of Rosa and Symphoricarpos. Herbaceous species 
are the same as in the adjacent grassland, except highly heliophytic species may be 
purged; all are reduced in stature. Agastache urticifolia was the only native vascular 
plant found in thickets. The positions and sizes of the shrub thickets in the herbaceous 
matrix have not yet been explained. Daubenmire (1970) found no relationship to slope 
position or exposure or soil characteristics. There is no evidence that the thickets are 
spreading; grassland and shrub thickets form a stable mosaic. 

220 



Figure 158.-Complex vegetational mosaics are typical of steppe-forest ecotones, such as the 
Festuca idalwensislSymphoricarpos albus Zone; Physocarpus malvaceus-Symphoricarpos albus shrub 
community surrounded by a Festuca idahoensis-Agropyron spicatum grassland with scattered 
Pinus ponderosa Goseph Creek Canyon, Wallowa-Whitman National Forest, Oregon; photo 
courtesy C. Johnson). 

Figure 159.-The climax grasslands of the Fes /ll ca idah oelisis/SYlllph oricarpos Zone in the Columbia 
basin are sometimes referred to as meadow-steppe because of the dense cover of sod-forming grasses 
and the abundance of broad-leaved herbs (ph oto cOllrtesy R. Dallbel1l11ire ). 



Soils associated with the Festuca/Symphoricarpos association cover a wide range: 
Argixerolls, Argiudolls, Palexerolls, and Haploxerolls (Chernozem, Prairie, and Planosol 
great soil groups). A black Al horizon and absence or deep placement of a layer of calcium 
carbonate accumulation are characteristic of the soils. 

Fire has little effect on the Festuca/Symphoricarpos community, including the balance 
between herbaceous and shrub phases, since all important species can regenerate from 
underground organs. Recovery is apparently very rapid (Daubenmire 1970, p. 24). 

Heavy grazing results in major, irreversible changes, however. The perennial grasses 
and shrubs decline simultaneously since both groups are highly palatable. Annuals, 
particularly the invader Poa pratensis, replace the native species. Poa pratensis is not 
replaced when grazing is reduced or eliminated and will form an essentially pure sward 
given the opportunity by extended heavy grazing. 

Artemisia tripartita/ Festuca idahoensis Association 
The zonal meadow-steppe association on the northern and northeastern margins of the 

Columbia basin is the Artemisia tripartita/Festuca idahoensis (fig. 153). Daubenmire 
(1970) points out the sharp contrasts between this association and the sometimes adjacent 
Festuca/Symphoricarpos type: A. tripartita, Eriogonum heracleoides, Chrysothamnus, 
and Tetradymia are absent in the Festuca/Symphoricarpos type, and Symphoricarpos 
and Rosa are essentially absent in the A. tripartita/Festuca association. 

A dense sward of grasses and grasslike plants (Festuca idahoensis, Agropyron spicatum, 
Carer filifolia, and Poa sandbergii), a variety of forbs (Lupinus sericeus, Erigeron 
corymbosus, Achillea millefolium) , and a discontinuous layer of Artemisia tripartita 
(average cover 11 percent) characterize this association (table 32). The A. tripartita 
is relatively short (up to 5 dm., normally 1 to 2 dm.) making it much less conspicuous 
than Artemisia tridentata. Daubenmire (1970) does mention a clinal variation in species 
composition along an assumed moisture gradient. 

A wide variety of soils is associated with the A. tripartita/ Festuca association. These 
soils fall into the Haploxeroll, Argixeroll, and Palexeroll soil great groups (Brown, 
Chestnut, Chernozem, Prairie, and Planosol great soil groups). Rainfall is scarcely adequate 
to prevent formation of a calcium carbonate layer as indicated by increasing soil pH with 
depth. 

Fire has relatively little influence on this association since A. tripartita sprouts. Grazing 
results in reductions in the Agropyron and Festuca idahoensis, then other perennial 
grasses, with eventual replacement by Bromus tectorum, Festuca microstachys, and 
Plantago. Chrysothamnus also increases, but A. tripartita appears little affected by grazing. 

Purshia tridentata/Festuca idahoensis Association 
The Purshia/Festuca association is far more extensive and important than its distribu­

tion as a zonal climax would indicate (fig. 153). From about 46°30' north latitude north 
along the eastern slopes of the Cascade Range, it is well represented as (1) a topographic 
climax in the Artemisia/Agropyron Zone and (2) an edaphic climax alternating with 
Pinus ponderosa/Purshia communities in the Cascade foothills. 

Physiognomically, the Purshia gives this association the appearance of a shrub-steppe 
(fig. 160); however, the abundance of broad-leaved forbs also makes the term meadow­
steppe appropriate. Purshia tridentata is the only tall shrub of consequence (average 
14 percent cover) with Eriogonum heracleoides as the major low shrub. A dense herbaceous 
layer includes Agropyron spicatum, Festuca idahoensis, Poa sandbergii, and Balsamorhiza 
sagittata as dominants (table 32). 

222 



Figure 160.-Stand representative of the Purshia tridentatalFestuca idahoensis association which is 
abundant in the eastern foothills of the northern Washington Cascade Range; this association has 
physiognomic characteristics of both shrub (Pllrshia) and meadow-steppe (abundance of broad-leaved 
forbs) (near Ellensburg, Washington). 

Soils associated with the Purshial Festuca association are Typic Haploxerolls (Chestnuts) 
in the area where it is the zonal climax and Vitrandepts (Chernozem-Regosol intergrades 
and Regosols). 

Purshia tridentata in this association is deciduous and nonsprouting. Consequently, 
fire produces a major physiognomic change by eliminating the Purshia which is killed 
outright. This produces a stand resembling an EriogonumlFestuca or Artemisia tripartita/ 
Festuca type. Mice play an important role in reinvasion of Purshia into burned areas. 
Purshia is an important source of winter browse for deer and elk. Grazing of this associa­
tion by domestic livestock reduces the Agropyron and Festuca, increases Stipa occidentalis 
var. minor and Poa sandbergii during early stages in the retrogression, and ultimately 
leads to dominance of Bromus tectorum. 

Daubenmire (1970) recognizes a closely related Purshia/Agropyron spicatum com­
munity from which Festuca idahoensis is absent. 

Other Zonal Associations 
There remain three minor zonal associations of which one is a pure steppe type 

(Agropyron spicatumlPoa sandbergii association) and two are peripheral meadow-steppe 
types (fig. 153). 

The Agropyron/Poa association is basically like the Artemisia/Agropyron except for 
the absence of Artemisia tridentata (table 32). Agropyron spicatum, Poa sandbergii, and 
scattered individuals of Chrysothamnus nauseosus constitute most of the community. 
Soils are Camborthids or Haploxerolls (Sierozem, Brown, and Chestnut). This association 
occurs in two locations: along the Snake River (fig. 153) and along the Columbia River 
east of the Columbia Gorge. As with related associations, Agropyron decreases with 
grazing and Bromus tectorum increases; sheep grazing may favor Poa sandbergii over 
the Bromus, however. 
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The Festuca idahoensislRosa nutkana association is very similar to the Festucal 
Symphoricarpos type (table 32). Symphoricarpos albus is absent from the FestucalRosa 
type which is confined to the rain shadow of the Blue Mountains (fig. 153). The shrubby 
phase of this association is related to swales in the topography. 

The Festuca idahoensis-Hieracium cynoglossoides association is poorly known. A 
meadow-steppe type, it lacks any distinguishing shrub. Festuca idahoensis and Agropyron 
spicatum dominate in combination with an abundance of perennial herbs. This association 
is found in the vicinity of Goldendale, Washington, and abuts Quercus garryana woodland 
in the foothills of the Cascade Range. 

Associations on Specialized Habitats 
Within the steppe region are a wide variety of habitats which have soils sufficiently 

unusual in physical or chemical properties to develop climax communities not assignable 
to any of the zonal associations. Some of these are associated with particular zones as 
defined by the nine zonal associations; many are not. Consequently, some of the associa­
tions typical of such sites are handled separately in this section. 

Slipa comala Associations of Deep Soils 

Dominated by Gravel or Sand 


A series of communities, generally dominated by Stipa comata and a shrub associate, 
are found on regosolic soils of the type being considered here. The communities are: 

Artemisia tridentatalStipa comata, 
Purshia tridentatalStipa cornata, 
Stipa cornata-Poa sandbergii, and 
Artemisia tripartitalStipa cornata. 

These deep soils, dominated by gravels or sands, have low moisture-holding capacity; 
surprisingly, soils of strongly weathered volcanic ash appear to be ecologically equivalent 
despite their higher moisture-holding capacity as indicated by comparable communities. 
Because of this, Daubenmire (1970) suggests low fertility rather than moisture-holding 
capacity may be the key environmental factor differentiating the Stipa communities from 
the zonal associations. A comparison of soil properties under Stipa and Agropyron com­
munities shows that moisture equivalent, cation exchange capacity, and exchangeable 
magnesium differ significantly between the two groups. It is notable that the shrub 
associates seem insensitive to environmental differences reflected so strongly in the 
herbaceous layer (i.e., between the Agropyron and Stipa groups). 

The Artemisia tridentatalStipa comata association is very similar to the Artemisia 
tridentatalAgropyron spicatum physiognomically and floristically except for the substitu­
tion of Stipa for Agropyron. It is found throughout the A. tridentatalAgropyron and 
A. tridentatal Festuca Zones. Soils include Haploxerolls, Xeropsamments, Xerorthents, 
Camborthids, and Vitrandepts (Sierozem, Brown, and Chestnut-Regosol and Brown­
Regosol intergrades). 

The Purshia tridentalStipa comata association intergrades extensively with the Artemisia 
tridentatalStipa comata association differing only in the substitution of Purshia for 
Artemisia. In fact, the PurshialStipa can be seral to the ArtemisialStipa association. 
It is found in the Artemisia tridentatalAgropyron Zone on Camborthids, Xeropsamments, 
and Vitrandepts (Sierozem, Regosol, and Brown-Regosol intergrades). 
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The Stipa comata-Poa sandbergii association is dominated by these two herbs with 
widely scattered Chrysothamnus nauseosus as the only shrub. It is found within the 
Agropyron-Poa and Agropyron-Festuca Zones on sandy soils (Camborthids, Haploxerolls, 
and Torriorthents or Sierozems and Brown soils) . An Eriogonum niveum phase of this 
association (Eriogonum with 6- to 10-percent cover) is recognized which occurs in the 
Artemisia tridentata/Agropyron and Artemisia triparti ta/Festuca Zones. 

Associations on Shallow Soils 
Lithosolic sites are those where soils are stony and extremely shallow to bedrock.3 

These sites provide an extremely rigorous plant environment, with heat and drought in 
the summer and intense frost action (the result of excess water) during the winter. The 
lithosolic series of associations have in common a carpet of Poa sandbergii, a crust of 
mosses and lichens, and a lithosolic substrate (fig . 161) . Nearly all associations have a 
taller layer of shrubs, but the species vary-Eriogonum niveum, E. sphaerocephalum, 
E. douglasii, E. compositum, E. thymoides, E. microthecum, or Artemisia rigida. Many 
stands are outstandingly dominated by a single shrub species, but others have dominance 
divided among several (table 33). Several plant groups-Allium, Eriogonum, Lomatium, 
Cruciferae-have their best steppe representation in the lithosolic associations. 

Daubenmire (1970) recognizes a whole series of associations based on shifts in the 
dominance of the shrubs (table 33) but cannot satisfactorily relate their occurrence to 
soil factors or macroclimate; often stands of several associations are in close proximity. 
He suggests that variation in the fracture system of the underlying basalt may hold the 
key to explaining variation in shrub dominants. 

Figure 161.-Lithosolic sites in 
the Columbia basin steppe region 
are occupied by a series of associ­
ations of which Eriogol1lllll 
ni veil 111/ Poa salldbergii is one 
(pho l o cOllrl esy Range Manage­
lIlenl , Oregon Srale Ulli versiIY). 

3 Daubenmire's (1970) investi gations suggest that soil depth is not criti cal (i.e., soils are not "shallow") 
until the mean depth of soil declines to 10 to 30 cm. 
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Table 33. - Canopy cover of principal low shrubs, Poa sandbergii and Agropyron spicatum, in stands 
belonging to various lithosolic associations in the Columbia basin; stands interpreted as intergrades are 
not named (from Daubenmire 1970) 

Species I 

PosaAssociation 

------- -- ----- --Percent ---------------

Artemisia rigida/Poa sandbergii 	 33 29 
13 27 
32 25 3 
31 14 tr 
31 10 

2 34 tr 
34 10 tr tr 

I ntergrades 	 20 12 5 
36 19 4 tr tr 

126 13 tr 2 
2 6 2 tr tr 3 

26 17 1 6 tr 3 
14 9 tr 9 2 tr 

Eriogonum thymoides/Poa sandbergii 9 4 4 tr 
36 3 3 tr 3 
2£1 14 4 6 
38 1 1 
21 3 8 

9 tr 6 

Eriogonum sphaerocephalum/Poa sandbergii 	 28 6 2 8 
22 2 4 11 
58 tr 13 

Eriogonum douglasii/Poa sandbergii 	 25 6 
23 10 23 

Eriogonum niveum/Poa sandbergii 	 37 tr 
24 2 
26 7 tr 
34 5 tr 
26 1 tr 

36 14 

Eriogonum microrhecum·Physaria oregana tr 17 2 
2 tr 14 tr 

tr 15 
12 12 

Agropyron spicatum·Poa sandbergii 18 tr 70 
!1ithosolic phase) 5 47 

29 69 
29 39 

I Species abbreviations: Posa = Poa sandbergii; Arri = Artemisia rigida; Erth = Eriogollum thymoides; 
Hast = Haplopappus stenophyllus; Phho = Phlox hoodii; Ersp = Eriogonum sphaerocephalum; Erdo = 
Eriogonum doug/asii; Erni = Eriogonum niveum; Ermi = Eriogonum microthecum; Agsp = Agropyron 
spicatum. 

2 tr indicates trace amounts (less than 0.5 percent cover). 
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These lithosolic associations are less subject to modification by grazing than any other 
of the steppe associations because of the low stature of the vegetation and stony substrate. 

The Artemisia rigida/Poa sandbergii association is the most widespread member of 
this series. It occurs on basalt throughout the Columbia basin steppe and into the forests 
of the Cascade Range and Blue Mountains as far as the Pseudotsuga menziesii Zone. 
Sharp ecotones are encountered between this association and the Eriogo1lumniveum/ 
Poa sandbergii type. 

Noteworthy features of the remaining lithosolic associations are: (1) the tendency of 
Eriogonum niveum to invade recently bared gravelly soils and to occur mainly in pure 
stands rather than in mixture with other low shrubs; (2) the confinement of the Eriogonum 
douglasii/Poa association to the eastern flank of the Cascade Range; (3) the showy 
nature of the Eriogonum thymoides/Poa sandbergii association in the spring due to a 
large number of plants with conspicuous flowers; and (4) the distinctive substrate (coarse, 
unstable material from hydrothermally altered basalt) and group of character species 
(Eriogonum microthecum laxifiorum, Physaria oregana, and Mentzelia laevicaulis 
parvifiora) of the Eriogonum microthecum/Physaria oregana association as well as the 
absence of Poa sandbergii and a moss-lichen crust. 

Distichlis stricta Associations on Saline-Alkali Soils 
A carpet of Distichlis stricta links the associations found on saline-alkali soils which 

are high in salts, sodium ion, and pH: 
Distichlis stricta, 
Elymus cinereus-Distichlis stricta, and Sarcobatus vermiculatus/Distichlis stricta 

associations. 
Distichlis is a low (herbage less than 20 cm. high), perennial, strongly rhizomatous grass. 
Superimposed on this sward may be an open stand of either Sarcobatus (a deciduous, 
succulent-leaved shrub) or Elymus cinereus (a large, coarse bunchgrass). A notable 
common feature of these associations is the bareness of the fine-textured soils between 
the vascular plants, i.e., the absence of a surface crust of mosses and lichens. 

Vegetation has almost always been disturbed by grazing because green foliage is 
available all through the summer. Heavy grazing leads to increases in annuals (Lepidill In 

perfoliatum, Bromus tectorum, and Bassia hyssopifolia), although Distichlis is highly 
tolerant of grazing. 

A generalized and zonational pattern around a playa would show Distich lis occupying 
the lowest lying central areas and either the ElymuslDistichlis or SarcobatuslDistichlis 
types forming an outer ring. Distichlis and Sarcobatus appear equally tolerant of high 
salinity and pH, both being superior to Elymus in this regard. The pure Distichlis sward 
in playa centers may relate to a greater tolerance of poor soil aeration than either of its 
associates. 

Crataegus douglash Associations and Related 

Riparian Types 


On moister sites within the Festuca/Symphoricarpos and Festuca/Rosa Zones, the 
Crataeglls douglasii-Symphoricarpos albus and Crataegus douglasii/Heraclell In lanatum 
associations may occur. Both have a nearly complete woody plant cover 5 to 7 meters tall 
which is dominated by Crataegus douglasii. The Crataegus-Symphoricarpos association 
is typically found in moist draws and includes Symphoricarpos albus and many herbs 
common to the Festllca/SYlllphoricarpos association. Some examples are Galiu In boreale, 
Geranillmviscosissimum, Iris missouriensis, and Potentilla gracilis. Spiraea betulifolia, 
Crataeglls columbiana, Prill/US virgilliana, and Amelallchier alwfolia are often present. 
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The Crataegus/Heracleum association is found on aggraded valley floors. Understory 
dominants are Heracleum lanatum, Hydrophyllum fendleri var. a lbifrons , and Urtica 
dioica, singly or collectively. Only Lomatium dissectum is shared with the Festuca/ 
Symphoricarpos or Festuca/Rosa associations. However, many elements more common 
in forested zones may be present, such as Circaea alpina, Elymus glaucus, Geum macro­
phyllum, and Pteridium aquilinum. 

Both Crataeglls associations have been profoundly affected by human activities. Cattle 
heavily graze the major shrubs and herbs, including any Crataegus foliage within reach. 
The native understory is replaced by a Poa pratensis-Poa compressa sward which incor­
porates exotic forbs such as Cirsium vulgare, Dipsacus sylvestris, and Taraxacum officinale. 
The Crataegus itself is killed by herbicides. As a consequence, little remains of these types. 

Populus tremuloides phases of these associations, in which Populus and Crataegus 
alternate their dominance, are recognized. Populus grows through the Crataegus canopy 
and overtops it, resulting in reduced vigor of Crataegus. The short-lived PopulUS eventually 
dies back releasing the Crataegus, and new Populus sprouts start the cycle over again. 

Two related riparian types briefly described by Daubenmire (1970) are: the Populus 
trichocarpa/Cicuta douglasii association which replaces the Crataegus/Heracleum type 
in drier portions of the steppe; and the Alnus rhombifolia forests which occur in some 
riparian habitats, sometimes in association with Populus trichocarpa. 

Shrub/Poa sandbergii Associations 
Within the lowest, driest part of the Artemisia/Agropyron Zone is a series of three 

associations found on reasonably deep, loamy soils which are drier than those on associated 
zonal habitats. These are the Artemisia tridentata/Poa sandbergii, Grayia spinosa/ 
Poa sandbergii, and Eurotia lanata/Poa sandbergii associations. These associations lack 
a large perennial grass; and, in fact, the species used in the names are often nearly the 
only vascular plants present. These communities are associated with highly calcareous 
regosolic soils. 

Artemisia tridentata has a higher density (average cover, 24 percent; range, 8 to 35 
percent) in the Artemisia/Poa association than in any other type of undisturbed vegetation 
in the Columbia basin (fig. 162). Poa sandbergii is the only significant herb (average cover, 
47 percent; range, 41 to 51 percent), and only Bromus tectorum, Descurainia pinnata, 
and Microsteris gracilis have high constancy. Daubenmire (1970) has substantial evidence 
that this community is not a consequence of grazing (i.e., elimination of larger grasses 
and forbs from Artemisia/Agropyron communities). Soils are Mollic Camborthids 
(Sierozems). 

The Grayia spinosa/Poa sandbergii association is very similar except that the Artemisia 
is replaced by Grayia, a highly palatable shrub. 

The Eurotia lanata/Poa sandbergii association is dominated by Eurotia, a white-woolly 
shrub about 3 decimeters tall (fig. 163). Poa sandbergii and Bromus tectorum are the 
only significant associates. The Bromus reflects the heavy grazing which has occurred 
in this community because of year-round availability of highly palatable forage (the 
Eurotia leaves and twigs). Ecotones with adjacent communities are usually sharp (fig. 
163), but the reasons are not clear. 

Sporobolus cryptandrus and 

Aristida longiseta Associations 


Sporobolu8 cryptandrus and Aristida longiseta each dominate a grassland community 
with Poa sandbergii as the major associate. Daubenmire (1970) notes that both of these 
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Figure 162.-Stand of A rtemisia tridentata/Poa 
sandbergii association; A rtemisia coverage is high, and 
larger perennial grasses and forbs are essentially absent 
in this association which is found only in the warmest, 
driest parts of the Columbia basin (Rattlesnake Hills 
Research Natural Area, Washington). 

Figure 163.-Mosaic of Ell rotia lanaw/Poa sandbergii 
and A rtem isia tridentata/Poa sandbergii stands; in this 
area, the Ellrotia occupies convex surfaces (shoulders 
of small ridges) with A rtem isia occupying intervening 
areas (Rattlesnake Hills Research Natural Area, Wash­
ington). 

grasses may be seral to Agropyron spicatum on some habitats but concludes that because 
of undetermined soil abnormalities, each is also dominant in an edaphic climax community. 

The Sporobolus/Poa association is generally found along the Snake River. These two 
species form nearly all the perennial grasses, and widely scattered Chrysothamnus 
nauseosus, the only shrub. Sporobolus develops later in the spring than the other grasses 
and, for that reason, is heavily grazed by cattle and horses. 

The Aristida/Poa association also is found mainly along the Snake River and its 
tributaries. Again Aristida and Poa are the major perennial grasses, and widely scattered 
Chrysothamnus is the only shrub. 

Plant Associations on Colluvium, Alluvium, and Talus 
Three associations typified by Rhus glabra are found on colluvial or alluvial soils in 

canyons in the Agropyron-Poa and Artemisia/Agropyron Zones. Most Rhus glabra stands 
are heavily grazed, and Bromus tectorum and annuals such as Erodium cicutarium usually 
are understory dominants. When a dominant perennial grass is present, it can be 
Agropyron spicatum, Sporobolus cryp tandrus, or Aristida longiseta. Daubenmire (1970) 
therefore recognizes a series of three hypothetical climaxes based on the Rhus and each 
grass but concludes that grazing has effectively reduced them to a Rhus glabra/Bromus 
tectorum zootic climax. He also concludes that Rhus is neither an increaser (or invader) 
or decreaser with grazing. 

A Celtis douglasii/Bromus tectorum zootic climax typifies colluvial cones and aprons 
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in the Agropyron-Poa Zone (along the Snake River). A Grayia spinosa/Bromus tectorum 
community can be found on talus in some areas. Shrub "garlands" of Philadelphus lewisii, 
Prunus virginiana var. melanocarpa, Amelanchier alnifolia, and Rosa spp. are typical of 
talus margins in the interior steppe zones (fig. 164). 

Figure 164.-Shrub garlands of Philadelphus lewisii, Prunus vlrglnllllla, and Amelanchier alnifolia 
are typically found around talus in the interior of the Columbia basin (ph oto courtesy R . Daubenmire). 

Vegetation on Sand Dunes 
Sand dunes are a common phenomenon near the Columbia River in the lowest part of 

the Columbia Basin Province. Psoralea lanceolata is found on active windward slopes of 
some of these dunes. Elymus fiavescens can be found on high dune summits, and Rumex 
venosus or Agropyron dasystachyum on slip faces of active dunes. Stabilized dune surfaces 
can have communities of Chrysothamnus nauseosus and C. viscidifiorus, Agropyron 
dasystachyum, Oryzopsis hymenoides, Koeleria cristata, Poa sandbergii, Achillea millefolium 
var. lanulosa, Microsteris gracilis, Descurainia pinnata, and Holosteum umbellatum 
(fig. 165). The Artemisia tridentata/Stipa comata association has been noted on very old 
dune surfaces. Juniperus scopu lorum savanna is found on some of the sand dunes. 
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Figure 16S.-Stabilized dune commu­
nity dominated by Oryzopsis hYlllenoides 
and HYll1enopappus filifolius with a vari­
ety of associates (near Vernita Bridge, 
Washington). 

Pond Vegetation 
Numerous ponds are encountered in the Columbia basin, particularly in the Channeled 

Scablands. Harris (1954) described vegetational sequences in some small intradune ponds: 
(1) Spartina gracilis, the highest zone ofhydrophytic vegetation, 
(2) Distichlis stricta-Scirpus nevadensis, barely above the water surface, 
(3) Juncus balticus-Carex douglasii-Scirpus americanus-Eleocharis palustris, in water 

oto 3 decimeters deep, 
(4) Scirpus acutus-Typha latifolia, in water 3 to 9 decimeters deep, and 
(5) Potamogeton pectinatus-Ceratophyllum demersum-Myriophyllum spicatum, in deep 

water. 
Sequences 2 and 3 formed extensive marshes in some areas. 

Zootic Climaxes and Artemisia Eradication 
At the beginning of this chapter, we mentioned the peculiar roles of Bromus tectorum 

and Poa pratensis in the steppe vegetation of the Pacific Northwest. We would like to 
review this further. 

The normal situation after disturbances is the successional return to a given climax 
vegetation when disturbance (e.g., grazing) is eliminated. In the steppes of the Northwest, 
however, the introduction of two aggressive widely adapted aliens have altered the natural 
successional patterns. 

Bromus tectorum is the most important invading species in the drier zones. This winter 
annual, which is usually 2 to 3 decimeters tall (maximum 1 meter), was introduced in 
Washington about 1890. Since that time, it has become ubiquitous and is the most common 
invader of excessively grazed or abandoned farmland except in the FestucalSymphoricarpos 
and FestucalRosa Zones. On abandoned fields, a brief 1- to 2-year stage of dominance 
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by Salsola kali or Sisym brium altissimum is followed by permanent Bromus tectorum 
dominance. Other annuals and Chrysothamnus nauseosus may be associated with the 
Bromus; there are suggestions that Elymus capu t-medusae may prove a superior competitor 
on at least some sites. And several other alien Bromus spp. may compete well with B'romus 
tectorum in moister portions of the steppe. Daubenmire (1970) also points out that high 
coverage of Chrysothamnus may represent a further stage in site degradation , since animals 
will graze Bromus, especially in the spring, but avoid Chrysothamnus. 

In most cases, however, the perennial grasses and forbs are increasingly replaced by 
Bromus tectorum, and there is little evidence that it will relinquish a site once occupied. 
Daubenmire (1970) notes a Bromus stand surrounded by Agropyron-Poa which was created 
by cultivation 50 years ago, only lightly grazed since, and is still covered by Bromu s. 
This competitive ability seems to be related to the early spring development of Bromu s 
which takes full advantage of the warm spring and early summer when soils are still 
moist; in laboratory tests, Harris and Wilson (1970) found Bromus in flower while 
Agropyron plants were still vegetative. The long root system of Bromus, developed 
through the winter months, is also an element in competition; Harris and Wilson (1970) 
report maximum root depth penetrations of 97 centimeters for Bromus, 74 centimeters 
for Elymus caput-medusae, and 56 centimeters for Agropyron . 

The consequence of all this is that communities dominated by Bromus tectorum are a 
permanent and widespread feature of the landscape. Where a major shrub dominant has 
not been eliminated by cultivation, fire, or grazing, a shrublBromus community may 
result (fig. 166) ; otherwise, essentially pure Bromus tectorum stands may be encountered 
(note the exception for Chrysothamnus mentioned above), regardless of wide variations 
in environmental conditions so clearly indicated by the original climax communities. 

Daubenmire (1970) points out that Bromus , in small quantities, must also be considered 
an element of the climax vegetation on undisturbed sites. Population densities are low, 
and plants are dwarfed , but they are present even in the most inaccessible tracts of steppe. 

Poa pratensis plays a similar role in the moistest steppe zones, the FestucalSymphori­
carpos and FestucalRosa. Although Poa is grazed, it is very tolerant of grazing; and as 
the native perennial grasses are gradually reduced , Poa takes possession of the space and 

Figure 166.-Heavy grazing in drier por­
tions of the Columbia basin has produced 
herbaceous layers dominated by Brom us 
tectorulIl over extensive steppe areas; fire 
in the Artemisia tridentata/Brolllus com­
munity would eliminate the A rtelllisia, 
leaving the Bromus as the sole dominant 
(near Vernita Bridge, Washington). 
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retains it. A nearly pure sward of Poa can result, and even alien Bromus spp. (B. 
brizaejormis, B. japonicu.'!, B. mollis, and B. tectorum) which colonize bare soil ultimately 
give way to the Poa. 

One other major human disturbance should be considered-the elimination of 
Artemisia tridentata by herbicide spraying. Such activities are frequently proposed by 
ranchers as a means to increase grass production since Artemisia is not valuable to 
domestic livestock. Daubenmire (1970) has pointed out several key points which raise 
doubts as to the desirability or efficacy of this practice: 

1. There is no evidence that increases in grass production will be sustained-effects 
of green manure or fire or both may be responsible for much of the short-term gain which 
has been measured. 

2. Artemisia protects the perennial grasses and may be the key reason why as much 
grass remains today as does occur on depleted rangelands. 

3. In the summer, Artemisia uses only.water which has percolated throu~~;h the upper 
soil profile, out of the reach of grass roots. Removing the shrub would suspend activity 
for several months when herbs have aestivated, reducing the total productivity, leaving 
a moisture resource unused and reducing the extent of the soil profile involved in nutrient 
cycling if not the amount of cycling itself. 

4. Artemisia provides valuable habitat for birds. 
5. Herbicidal spraying may eliminate or damage the perennial broad-leaved forbs, 

some of which are valuable forage. 
6. Artemisia often promotes uniform accumulation of snow and delays its melting. 
It appears that elimination of Artemisia is focused only on the production of perennial 

grass primarily valuable for one type of animal (cattle) and has many undesirable side 
effects for the system as well as reducing future management options. 

It seems clear to us that the introduction of domestic livestock, cultivation, wildfire, 
and herbicides has and will continue to change the diverse steppe landscape to a much 
simpler array of communities. These communities thoroughly obscure much of the 
environmental diversity apparent in the original climax vegetation. 
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CHAPTER IX. STEPPE AND 

SHRUB-STEPPE OF CENTRAL AND 


SOUTHEASTERN OREGON 

Steppe and shrub-steppe communities are widespread in Oregon, dominating the entire 

southeastern quarter of the State and a strip around the northwestern and western 
margins of the Blue Mountains. The communities found in the latter area, near the 
Columbia River, are very similar to those described in Chapter VIII on the Columbia 
Basin Province (Poulton 1955, Anderson 1956). Therefore, we will focus this chapter on 
the shrub-steppe of southeastern Oregon; i.e., the High Lava Plains, Basin and Range, 
and Owyhee Upland Provinces (fig. 2). 

In some respects, the steppes of southeastern Oregon are similar to those of the Columbia 
Basin Province: (1) both areas have hot, dry summers and cold winters (table 30); and 
(2) there are similar communities, e.g., the Artemisia tridentatalAgropyron spicatum 
and Artemisia tridentatalFestuca idahoensis associations. Contrasts between the two 
areas are notable, however: (1) southeastern Oregon shrub-steppes average much higher 
in elevation; (2) deep, loamy soils are not common in southeastern Oregon; (3) desert 
or salt desert shrub communities are common enough to appear on regional vegetation 
maps; (4) Juniperus occidentalis and Cercocarpus ledifolius occur in association with 
shrub-steppe; and (5) meadow-steppes of sod-forming grasses and dicotyledonous herbs, 
which ring much of the Columbia Basin Province, are nearly absent. Hence, although 
the physiognomy and dominants of many communities are often similar, the environmental 
and community mosaics are different. 

The steppe and shrub-steppe communities of southeastern Oregon have not been com­
prehensively treated. Nevertheless, from the generalized accounts of Poulton (1962), 
Anderson (1956), and Shantz and Zon (1924) and detailed but localized work by Eckert 
(1957), Dean (1960), Tueller (1962), Culver (1964), Dealy (1971), and McKell (1956), many 
of the important community types in the vegetational mosaic emerge. 

Arternisia Communities 
Artemisia communities dominate nearly every vegetational mosaic in southeastern 

Oregon's shrub-steppe (fig. 167). There are four major Artemisia species, each of which 
characterizes particular habitats: 

Artemisia tridentata on the deeper soils, 
Artemisia arbuscula on shallow, stony soils, 
Artemisia rigida on very shallow soils (Lithosols), and 
Artemisia cana on moister habitats. 

Associations of Artemisia tridentata, A. arbuscula, and A. rigida have been described 
in detail (Eckert 1957, Culver 1964, Hall 1967, Dealy 1971); lists of characteristic species 
for six of these associations are provided in table 34. 
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Table 34. - Characteristic species for Artemisia associations found in the High Lava Plains (Eckert 1957). 
Owyhee Upland (Culver 1964). and southern Blue Mountains (Hall 1967) Provinces 

Species 
AssocIatIon group High Lava Pla ins Owyhee Upland Southern Blue MountaIns 

Artemisia tridentata l Shrubs Artemisia tridentata Artemisia tridentata 
Agropyron spica tum Grasses Agropyron spicatum Agropyron spicatum 

Poa sandbergii Poa sandbergii 
Herbs Phlox diffusa Lupinus sericeus 

Aster scopulorum Lomatium triternatum 
A . canescens L. macrocarpum 
Chaenactis douglasii Zigadenus paniculatus 
Collinsia parviflora Microseris troximoides 
Phlox gracilis Astragalus filipes 
Lappula redowskii A. lenriginosus 
Gayophytum ramosissimum 

Artemisia tridentata l Shrubs Artemisia tridentata Artemisia tridentata 
Festuca idahoensis Chrysothamnus viscidiflorus Chrysothamnus viscidiflorus 

Symphoricarpos rotundifolius 
Ribes cereum 
Juniperus occidentalis 

Grasses Festuca idahoensis Festuca idahoensis 
Agropyron spicatum Agropyron spicatum 
Poa sandbergii Poa sandbergii 
Koeleria cristata Sitanion hystrix 

Bromus tectorum 
Elymus cinereus 

Herbs Phlox diffusa Balsamorhiza sagittata 
Antennaria corymbosa 
Calochortus nitidus 

Artemisia tridenratal Shrubs A rtem isia triden til ta 
Elymus cinereus Grasses (mentioned but not described) Elymus cinereus 

Poa sandbergii 
Agropyron spicatum 
Bromus tectorum 

Herbs Penstemon speciosus 
P. cusickii 
Thlaspi arvense 
Eriogonum umbellatum 

Artemisia arbusculal Shrubs Artemisia arbuscula Artemisia arbuscula Artemisia arbuscula 
Agropyron spicatum Eriogonum sphaerocephalum Purshia tridenrata 

Juniperus occidentalis 
Grasses Agropyron spicatum Agropyron spicatum Agropyron spicatum 

Poa sandbergii Poa sandbergii Poa sandbergii 
Festuca idahoensis Sitanion hystrix Sitanion hystrix 

Bromus tectorum 
Herbs Phlox diffusa Penstemon aridus Trifol ium macrocephalum 

Erigeron linearis Lagophylla ramosissima 
Collinsia parviflora 

Artemisia arbusculal Shrubs Artemisia arbuscula Artemisia arbuscula Artemisia arbuscula 
Festuca idahoensis Juniperus occidentalis 

Grasses Festuca idahoensis Festuca idahoensis Festuca idahoensis 
Agropyron spicatum Agropyron spicatum Agropyron spicatum 
Poa sandbergii Poa sandbergii Poa sandbergii 

Herbs Phlox diffusa Arabis holboellii Phlox douglasii 
P. hoodii Phlox diffusa Balsamorhiza serrara 
P. longifolia Erigeron linearis 
Microseris troximoides Astragalus miser 
Anrennaria dimorpha Balsamorhiza hookeri 
Astragalus srenophyllus Agoseris hererophylla 
Lupinus saxosus Achillea millefolium 
Trifolium gymnocarpon Haplopappus srenophyllus 
T. macrocephalum 

A rremisia rigida l Shrubs Artemisia rigida Artemisia rigida 
Poa sandbergii Grasses Poa sandbergii Poa sandbergii 

Bromus rectorum Siranion hysrrix 
Festuca microsrachys 
Agropyron spicatum 
Siranion hysrrix 

Herbs Mimulus nan us Phlox douglasii 
Zigadenus paniculatus 
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Figure 167. - A rT £' 111 i.l' ill 
communities dominate the 
shrub-steppe of south­
eastern Oregon; in this 
High Lava Plains Province 
landscape, A rtelllisia rri­
del/tara communities occur 
on the hills, A rtelllisia 
arbLiscuia communities on 
the shallow soils of basalt 
flows, and A rt elllisia cal/ll 
communities in seasonally 
ponded valley bottoms 
(pho to cOllrtesy Ral/ge 
M(/I/{/ge 111ellf , Oregol/ Swte 
UI/i ve rsiry). 

Artemisia tridentata Associations 

Artemisia tridentata/Agropyron spicatum Association 

The Artemisia tridentata/Agropyron spicatum association is very similar to the 
Columbia Basin Province association of the same name (fig. 168); it is the most widespread 
association in southeastern Oregon. Eckert (1957) and Culver (1964) recognized the 
Artemisia tridentata/Agropyron association as the climatic climax in their areas (High 
Lava Plains and Owyhee Upland Provinces, respectively). Eckert (1957) found it a highly 
variable community in which Artemisia tridentata was the only important shrub (average 
coverage 10 percent). Agropyron spicatum was the dominant grass and Poa sandb ergii 
the typical associate in both localities. The component of perennial and annual herbs 
differed considerably between the High Lava Plains and Owyhee Upland Provinces, 
however (table 34) . Eckert (1957) noted an abundance of annual herbs. Tortu la ruralis 
was a conspicuous mass in the leaf-fall area of the shrubs. Fes tuca idahoensis and Stipa 
thurberiana are typically minor elements, but Festuca and S tipa phases (as well as 
Purshia tridentata phases) of the association have been described or listed (Culver 1964, 
Eckert 1957) . The Fes tuca phase occupies more mesic sites and the Stipa phase more 
xeric sites than the typical association. 

Tueller (1962) compared grazed and ungrazed Artemisia tridentata/Agropyron spicatum 
stands along fence lines and in enclosures. The important perennial grasses-Agropyron 
spicatum, Festuca idahoensis , and S tipa thurberiana-decreased with grazing (fig. 169). 
Poa sandb ergii and many of the herbs increased with grazing. Artemisia tridentata was 
indeterminant; significant changes in its status with grazing were not found . Chrysothamnus 
spp. varied in response, increasing in some cases and appearing indeterminant in others. 
Bromus tectorum or Chrysothamnus spp., or both, dominate many severely overgrazed 
areas as well as abandoned farmland (fig. 170). 

Soils associated with the Ar temisia/Agropyron association were Haploxerolls (Brown 
great soil group), and were usually moderately deep (60 to 80 cm. to cemented layers or 
bedrock), and usually had well-developed, clay, B horizons. 
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Figure 168.-The A rte lllisia tri­
d e llllllll/A Rrop y r o ll .I'piC{/tlllll 
community is probably the most 
widespread single type in south­
eastern Oregon and contains the 
same dominants as in the Colum­
bia basin; the range pole is 21/2 
feet tall and marked in 6-inch 
segments (ph oto courtesy Range 
M{/n{/Relllent , Or eRo lI St{/t e 
Uni versity ). 

Figure 169.-Larger perennial grasses have been found 
to decrease under grazing pressure, although Poa 
sandbergii may increase, and Artelllisia tridentata ap­
pears little affected; left, the area to the left of the 
fence (lacking A gropy ro n SpiC{/tlllll) has been contin­
uously and heavily grazed, and the area to the right 
has been protected for 8 years; right, an A rte lllisia 
tridentata/Poa sandbergii community which has de­
veloped under heavy cattle grazing (ph otos court esy 
RWIRe Managelll ent , Oregon State U niversity ). 
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Figure 170.-Chryso thamnus vis­
cidiflorus dominates the aban­
doned cultivated land in the fore­
ground; the Artemisia tridentata 
island (right background) has 
never been plowed (photo cou r­
tesy Range Management, Oregon 
State University). 

Artemisia tridentatalFestuca idahoensis Association 

The Artemisia tridentata/Festuca idahoensis association is a topographic or topoedaphic 
climax on sites more mesic than those occupied by the Artemisia tridentata/Agropyron 
spicatum association (Culver 1964, Eckert 1957). Artemisia tridentata is the dominant 
shrub, although Chrysothamnus viscidifiorus is an important minor component. Festuca 
idahoensis, Poa sandbergii, and Agropyron spicatum are dominant grasses. The grass and 
perennial herb associates differ in the two study areas (table 34) . The more mesic nature 
of Eckert 's stands is indicated by occurrence of rhizomatous Agropyron spicatum, 
Symphoricarpos rotundifolius, Ribes cereum, and Juniperus occidentalis as typical 
constituents. 

In the Owyhee Upland Province, Culver (1964) found the Artemisia tridentata/Festuca 
idahoensis association on Brown soils. In the High Lava Plains Province (Eckert 1957), 
it was the only association found on Chestnut as well as Brown soils. Both these old 
great soil groups are, of course, within the Haploxeroll soil great group within the new 
classification. In any case, these soils had higher moisture storage capacities than those 
supporting adjacent Artemisia tridentata/Agropyron spicatum communities. 

Artemisia tridentata-Purshia tridentatalFestuca idahoensis Association 

An Artemisia tridentata-Purshia tridentata/Festuca idaho ens is association is a dominant 
shrub-steppe community in the only portion of the Basin and Range Province which 
has been studied (Dealy 1971) rather than the Artemisia/Agropyron and Artemisia/Festuca 
types already mentioned. Although Artemisia-Purshia communities have been identified 
in the High Lava Plains and Blue Mountain Provinces (Eckert 1957, Tueller 1962), they 
apparently do not achieve the prominence found in the Silver Lake area. 

The Artemisia-Purshia/Festuca association is located just below the edge of the Pinus 
ponderosa and Cercocarpus ledifolius woodlands (Dealy 1971) . Artemisia tridentata and 
Festuca idahoensis dominate the shrub layer with a crown cover ratio of 2 to 1 (12 and 7 
percent, respectively). Chrysothamnus viscidifiorus is consistently present in small 
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amounts. Important grasses are Festuca idahoensis, Sitanioll hystri:r, and Brolllus 
tectorum, all with approximately equal coverage. Additional consistent grass and grasslike 
plants are Care:r ros8ii, Stipa occidentalis, Agropyron spicatu m, Poa salldbergii, and 
Koeleria cristata. Forbs are of relatively minor importance, composing less than 1 percent 
of the community in the aggregate; Lupillus and Astragalus spp. are the most consistent 
perennials, and Collinsia parvijlora, Cryptautha ambigua, and Epilobium minutum are 
the consistent annuals. 

Interestingly, the soil found under this association is a well-<lrained sandy loam derived 
primarily from pumice (Dealy 1971) rather than the finer textured soils typically found 
under many Artemisia tridentata communities. 

Artemisia tridentata/Elymus cinereus Association 

Culver (1964) describes and Eckert (1957) mentions an Artemisia tridentatalElymus 
cinereus association which occurred primarily on moist alluvial bottom lands. Culver 
(1964) and Anderson (1956) mention occurrence of such a type on uplands as well. Artemisia 
tridentata and Chrysothamnus viscidijlorus are the characteristic shrubs. Elymus cinerells 
is always conspicuous and sometimes dominates the ground layer. Culver (1964) mentions 
several herbs which were restricted to this association in the Owyhee Upland Province 
(table 34). 

Artemisia arbuscula Associations 
Artemisia arbuscula has a much lower growth form (1 to 4 dm.) than A. tridelltata 

and also dominates large portions of the eastern Oregon shrub-steppe. Two widespread 
Artemisia arbuscula associations have been recognized: Artemisia arbllsculalAgropyron 
spicatum and A. arbusculalFestuca idahoensis (fig. 171) (Eckert 1957, Culver 1964, Hall 
1967, Dealy 1971). Artemisia arbuscula, Agropyron spicatum, and Poa salldbergii are 
the major species in the Artemisia arbusculalAgropyron spicatu m association. A variety 
of associates is present depending upon locale (table 34). Artemisia ai'buscula, Festuca 
idahoensis, Poa sandbergii, Agropyron spicatum, and a variety of perennial herbs dis­
tinguish the Artemisia arbusculalFestuca idahoensis association (table 34). 

These associations typically occur with Artemisia tridentata communities as edaphic 
climaxes on shallow, stony phases of the zonal Haploxerolls (Brown soils). The Agropyron 
type occupies more xeric sites than the Festuca type in the steppe area (Culver 1964, 
Eckert 1957). Where they occur within a forest mosaic (Ochoco Mountains), the Agropyron 
type is on about 35 centimeters of clayey soil derived from basic igneous rock and the 
Festuca type is on comparable soils from acid igneous rock (Hall 1967). The Artemisia 
arbuscula communities are common as openings or parks within the lower forest zones 
throughout much of the central and southeastern Oregon area (fig. 172). 

Dealy (1971) describes an interesting mosaic of communities in the rocky "scab flats" 
of the Silver Lake area. Three Artemisia arbuscula communities and a Cercocarplls wood­
land are involved: A. arbusculalFestuca idahoensis, A. arbusculalKoeleria cristata, 
A. arbusculal Danthonia unispicata, and Cercocarpus led/foliusl Festu ca idahoensis­
Agropyron spicatum. The Cercocarpus woodland occurs around the edges of the scab flats 
between the A. arbuscula communities and the forest. A. arbuscula is the only shrub 
species in the three sage communities, forming a canopy of about 20 centimeters above a 
mixture of herbaceous species. Compositional data for each A. arbuscula community are 
in table 35; canopy cover of the Artemisia is 14,8, and 26 percent in the Festuca, Danthonia, 
and Koeleria communities, respectively. 
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Figure 171.-Artell1isia arbuscula typically dominates Figure 172.-Communities of Artemisia arbuscula I 

communities on shallower, stonier soils than those found perennial grasses (Poa sandbergii and Festuca idahoel 
under Artemisia tridentata; this is an Artell1isia arbuscula/ in this case) are common on shallow soil openings 
Festu ca idahoensis community in the High Lava Plains "parks" within the lower forested zones in the B 
Province of central Oregon (ph oto courtesy Range Mountains and Basin and Range Provinces (Goodl 
Managem ent , Oregon State University). 	 Mountain Research Natural Area, Fremont Nati 

Forest, Oreg~m). 

Each of these communities appears to be an edaphic climax occupying a distinctive 
habitat (Dealy 1971). Soil-site factors typical of each are as follows: 

Depth to 

Community 
A-horizon 

depth 
restrictive 

layer 
B-horizon 

texture 
Stoniness 

in soil Drainage 

(Centimeters) (Percent) 

Artemisia arbusculal 
Festuca idahoensis 15 46 Clay loam 50 

Moderately 
well drained 

A. arbusculal 
Danthonia unispicata 18 46 Clay loam 60 

Imperfectly 
or somewhat 

poorly drained 

A. arbusculal 
Koeleria cristata 10 38 Clay 5 

Imperfectly 
or somewhat 

poorly drained 

The A. arbusculalFestuca community occupies the better drained soils; associated soils 
also have a thicker A horizon and less restrictive B horizon than those found under 
A. arbuscu lalKoeleria communities. The A. arbusculalDanthonia community occupies 
lower parts of the landscape where surface runoff is channeled or collects to form temporary 
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Table 35. - Community composition in three Artelllisia arbllscl/{a communities which form a mosaic in the 
"scabland" areas of the Basin and Range Province (after Dealy 1971) 

Group and species 
A. arbuscu/a/ 

Festuca 

Community 

A. arbuscu/a/ 
Danthonia 

A. arbuscu/a/ 
Koe/eria 

- - ------------- - Percent ---------------­
Shrubs: 

Artemisia arbuscu/a 26 13 59 

Grasses: 
Festuca idahoensis 32 
Danthonia unispicata 16 28 

Poa sandbergii 13 23 13 
Sitanion hystrix 4 4 5 
K oe/eria cristata 2 2 7 
Stipa thurberiana 

Perennial forbs: 
Eriophy//um /anatum 3 
Arenaria congesta .9 
Lomatium triternatum .5 2 
Erigeron bloomeri .4 
Agoseris sp. .2 1 .2 
Microsteris graci/is .2 3 
Lomatium nudicau/e .1 .2 
Antennaria dimorpha 17 2 

Annual forbs: 
Po/ygonum doug/asii .4 .4 4 
Navarretia tagetina .2 .1 2 
Po/emonium micranthum 2 
Co//omia tene//a 3 

pools. Both water and root penetration are very restricted in soils associated with 
A. arbuscula/Koeleria communities. 

Tueller (1962) studied effects of grazing in habitats characterized by the Artemisia 
arbuscula/Festuca idahoensis association. He found the larger perennial grasses­
Festuca idahoensis, Sitanion hystrix, Agropyron spicatum, and Koeleria cristata­
decreased with grazing. Chrysothamnus viscidiflorus, Poa sandbergii, and a variety of 
herbs increased, whereas amounts of Artemisia arbuscula remained constant under grazing. 
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Artemisia rigida/ Poa sandbergii Association 

Artemisia rigida is the dominant shrub of the Artemisia rigida/Poa sandbergii association 

(fig. 173). This association is widespread on lithosolic sites (Culver 1964, Hall 1967, 
Daubenmire 1970). Artemisia rigida is normally the only shrub present; average coverage 
was about 20 percent in the Owyhee area (Culver 1964) . Poa sandbergii is the dominant 
grass (cover 40 percent). Other typical grasses and herbs are listed in table 34. 

This association is always found on very shallow, stony soils. Hall (1967) reported 15 
centimeters of soil as typical of Artemisia rigida habitats compared with 35 centimeters 
on Artemisia arbuscula habitats. 

Figure 173.-Artelllisia rigida 
dominates the Artelllisia 
rigida/ Poa sandbergii associa­
tion widespread on Iithosolic 
sites throughout the steppes 
and drier forests of eastern 
Ore~on and Washington 
(photo cou rtesy Range Man­
agel/lent, Oregon State 
University). 

Other Artemisia Associations 
Several other Artemisia-dominated communities have been mentioned by various authors. 

These include: 

Community Location Source 

Artemisia tridentata-Chrysothamnus spp. 
Artemisia tridentata-Chrysothamnus 

High Lava Plains Province 
Sand hills; Owyhee Upland 

Eckert (1957) 
Culver (1964) 

nauseosus/S tipa thurberiana 
Artemisia tridentata-Grayia spinosa 

Province 
Steep, south-exposed talus; 
Owyhee Upland Province 

Culver (1964) 
Dean (1960) 

Artemisia tridentata-Sarcobatus Slopes; High Lava Plains Eckert (1957) 

vermiculatus/S tipa thurberiana 
Artemisia tridentata/Stipa comata­

and Owyhee Upland Provinces 
Sandy soils; High Lava 

Dean (1960) 
Eckert (1957) 

Carex spp. 
Artemisia tridentata/Stipa occidentalis­

Plains Province 
Basin and Range Province Dealy (1971) 

Lathyrus bijugatus 
Artemisia cana/Muhlenbergia richardsonis Basin and Range Province Dealy (1971) 
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Other Oregon Steppe Communities 

Cercocarpus ledifolius Communities 
Communities dominated by Cercocarpus ledif olius are most often found in the ecotone 

between lower edge of the Pinus ponderosa forest and upper edge of the southeastern and 
central Oregon Artemisia shrub-steppe (fig. 174) . Cercocarpus also forms pure stands 
at high elevations in some of the mountain ranges of extreme southeastern Oregon, par­
ticularly in the Mahogany Mountains and may even occur, in small amounts, as inclusions 
within the Pinus ponderosa forest (Dealy 1971). 

Dealy (1971) recognizes two Cercocarpus communities in the Silver Lake area: C. 
ledifol iusl Festuca idahoensis and C. ledifo liusl Festuca-Agropyron spicatum. The former 
differs from the latter in its much denser stand of C. ledif olius (66-percent vs. 36-percent 
crown cover) , fewer shrubs, and the dominance of Festuca idahoensis in the understory. 
Both communities typically have scattered individuals of Pinus ponderosa and Juniperus 
occidentalis. Shrubs scattered through the Cercocarpus openings are mainly Artemisia 
tridentata and Chrysothamnus viscidiflorus in the Cercocarpus!Festuca community. 
Small amounts of Sitanion hystrix , Agropyron spicatum, Koeleria cristata, and Poa 

Figure 174.-Cercocarpll s ledifo lill s communities are common in the forest­
steppe ecotone in central Oregon; Chryso llw llI l1l1 s 11(1 11 SeOSliS is the major 
associate in this stand (Deschutes National Forest, Oregon). 
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sandbergii are associated with the Festuca. Forbs are not important, but the most common 
are Hieracium cynoglossoides and Microsteris gracilis. In the CercocarpuslFestuca­
Agropyron community, Artemisia tridentata and Chrysothamnus viscidiflorus are again 
the most common shrubs. Festuca idahoensis and Agropyron spicatum share understory 
dominance, with Bromus tectorum, Sitanion hystrix, Poa sandbergii, Koeleria cristata, 
Balsamorhiza sagittata, and Achillea millejolium as additional frequent associates. 

These communities are important browse types for deer which often leave browse lines 
or "highline" the mature Cercocarpus and severely hedge young plants (Dealy 1971). 
This apparently has little effect on maintenance or survival of the species, as seedlings 
escape detection in the tall bunchgrass and snow until they are well established. 

Purshia tridentata Communities 
Purshia tridentata is a dominant in little known but widespread communities, par­

ticularly near the foothills of the Cascade Range. Dealy (1971) has described two of these: 
Purshia tridentata-Artemisia arbusculalStipa thurberiana and Purshia tridentatalFestuca 
idahoensis communities which are found near the forest-steppe ecotone in central Oregon. 
Similar communities are also found in the southern Blue Mountains (F. C. Hall, personal 
communication) and southeastern Wallowa Mountains (Johnson 1959). As mentioned 
earlier, Purshia is codominant with Artemisia tridentata on some sites within the steppe 
proper. 

Dealy (1971) characterizes his Purshia/Festuca community by a dominance of Purshia 
tridentata with Artemisia tridentata and A. arbuscula commonly occurring throughout 
the stand. Occasionally, Juniperus occidentalis and Cercocarpus ledijolius are minor 
components. Festuca idahoensis dominates the herbaceous layer but Poa sandbergii, 
Stipa thurberiana, Sitanion hystrix, and Agropyron spicatum occur consistently and 
prominently and Antennaria rosea, Erigeron sp., Astragalus purshii, and Arabis sp. are 
consistent forbs. Soils are well drained, moderately deep loams. 

The Purshia-Artemisia arbusculalStipa community is actually a vegetational mosaic 
in which Purshia tridentata appears scattered through an Artemisia arbuscula stand 
(Dealy 1971). In fact, the two species are growing on different microsites, with the 
A. arbuscula found on soils having a root-restricting layer at 40 to 50 centimeters and 
Purshia on soils lacking such a layer. 

Grassland Communities 
Steppe communities lacking a major shrub constituent, such as the grassy types so 

abundant in the Agropyron-Festuca and Festuca/Symphoricarpos Zones of the Columbia 
Basin Province (Daubenmire 1969), are not common in southeastern Oregon (fig .. 175). 
Johnson (1959) described an Agropyron spicatum-Poa sandbergii Zone on the southeastern 
slopes of the Wallowa Mountains in which two steppe communities were recognized: 

Agropyron spicatum-Poa sandbergii, the most extensive community with Balsamorhiza 
sagittata and Eriogonum heracleoides as associates, and 

Festuca idahoensis-Agropyron spicatum, an uncommon community with Balsamorhiza 
and Bromus brizaejormis as typical constituents. 

The Agropyron-Poa community also occurred on lithosolic soils in the adjacent Pseudotsuga 
menziesii Zone (Johnson 1959). A similar community was noted by Dean (1960) in a part 
of the Owyhee River canyon and by F. C. Hall (personal communication) in the Blue 
Mountains. 
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Figure 175.-Steppe communities 
lacking a major shrub dominant 
are not common in southeastern 
Oregon; where they do occur, 
burning may have been respon­
sible, as in this A gropy ron spica­
ItlllI-Lygod es lIlia spinosa com­
munity located near Fort Rock, 
Oregon (pllo lo cou r/esy Range 
M allagelllelll , O rego ll SWle 
U ll iversi ly). 

Hall also described a Poa sandbergii-Danthonia unispicata association which occurs 
on lithosolic soils throughout much of eastern Oregon. This scabland community generally 
replaces the Artemisia rigida-Poa sandb ergii type on less permeable bedrock. 

Desert or Salt Desert Shrub Communities 
Communities variously designated as desert shrub, salt desert shrub, shadscale (A triplex 

conf ertifolia), salt sage (A triplex nuttallii), or saltbush-greasewood (A triplex-Sarcobatus) 
have been mapped but described in only general terms (Shantz and Zon 1924, Poulton 
1962, Kuchler 1964, Hansen 1956). These communities are on saline soils and often 
intermingled with upland communities dominated by Artemisia tridentata. Salt desert 
shrub communities are most common in the Basin and Range Province, where interior 
drainage and old lakebeds are typical. 

Important shrubs in these communities can include Grayia spinosa, A triplex conf ertifolia, 
A. nuttallii, Eurotia lanata, Artemisia spinescens, and Sarcobatus vermiculatus. Grasses 
sometimes associated with these shrubs include Elymus cinereus, E. triticoides (which 
may dominate on ancient lakebeds), and Distichlis stricta. An A triplex confertifolial 
Sitanion hystrix community with some Artemisia spinescens, Eurotia lanata, Poa 
sandbergii, and Oryzopsis hymenoides is one of the most common communities. Sarcobatus 
vermiculatuslDistichlis stricta communities are also typical of some of the moister saline 
habitats. 

The desert shrub communities are much better developed to the south and east where 
they dominate extensive areas (Shantz and Zon 1924; Billings 1949, 1951). 

Riparian and Populus tremuloides Communities 
A variety of little known community types is found on riparian or other moist sites 

within the southeastern Oregon shrub-steppe. These include Salix-Crataegus , Salix-Prunus , 
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and Elymus cinereus communities (Dean 1960, Hansen 1946) and wet Carex meadows 
(Hansen 1956). There are extensive tule marshes in the Klamath Lake area in which 
Scirpus validus is an important dominant (Shantz and Zon 1924) but, despite their 
importance to migratory waterfowl, they are still virtually undescribed . 

Popu lus tremuloides is a wide-ranging species and not particularly characteristic of 
the shrub-steppe. Nevertheless, in some locales Popu lus tremu loides communities or 
colonies are common on moist sites r. .. ,.r the forest-steppe ecotone. Dealy (1971) describes 
colonies of this type which have a heavy cover of grasses and forbs; livestock and deer 
make heavy use of such areas. 

Populus tremuloides is particularly conspicuous between 1,950- and 2,400-meter eleva­
tions on Steens Mountain where it occurs just above a belt of Juniperus occidentalisl 
Artemisia vegetation (fig. 176) (Hansen 1956, Faegri 1966). The understory beneath 
P. tremuloides consists largely of Artemisia arbuscula in openings and of Symphoricarpos 
rotundif olius and a rich variety of large herbs elsewhere (Faegri 1966). Faegri's description 
is reminiscent of the Popu lus tremuloideslArtemisia tridentatalBromus carinatus com­
munity found in the lower forests near Silver Lake (Dealy 1971) . 

Figure 176.-Popll/us tremu/oides is conspicuous between elevations of 1,950 and 2,400 meters on 
Steens Mountain in southeastern Oregon; Populus groves are typically associated with wet meadows 
in this landscape mosaic. 
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Status of Juniperus occidentalis 

Although it occurs well into forested regions (e.g., see Canyon Creek and Ochoco Divide 

Research Natural Areas in Franklin et al. 1972) and characterizes a zone in its own 
right, Juniperus occidentalis is sometimes associated with Artemisia tridelltata and 
A. arbuscula communities throughout much of central and southeastern Oregon. In the 
High Lava Plains Province, its occurrence is related to more mesic microhabitats (Eckert 
1957); Juniperus is typical of escarpments and rock outcrops, mesic northerly slopes 
(with Artemisia arbusculalFestuca idahoensis communities), and intermittent drainage­
ways in this area. Soil depths are commonly greater under trees than under adjacent 
Artemisia. In some locales of the High Lava Plains Province, Juniperus occidentalis is 
sufficiently common that Juniperus associations or phases of shrub-steppe associations 
are recognized; unique microcommunities and soil properties are associated with the 
trees (Eckert 1957). A Juniperus occidentalis belt is recognized at 1,750- to 1,950-meter 
elevations on Steens Mountain (Hansen 1956, Faegri 1966); Artemisia arbuscula is its 
most typical associate there. Juniperus also occurs along the Owyhee River canyon (Head 
1959). 
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CHAPTER X. TIMBERLINE AND 

ALPINE VEGETATION 


On the highest mountain ranges of Oregon and Washington are subalpine parklands 
and alpine meadows. The parklands constitute an ecotone in which tree dominance is 
gradually giving way under the increasingly harsh alpine environment. Typically, the 
area between forest line l and scrub line is a mosaic of tree patches and meadow com­
munities (fig. 177), the former gradually being reduced in area and in stature as elevations 
increase. This belt was referred to as the Hudsonian Zone by Merriam (Bailey 1936). 
In western Washington and British Columbia, it has been split into two units by Krajina 
(1965) and Franklin and Bishop (1969) depending on occurrence of trees as a climatic 
or topographic climax. In this fashion, a part is considered the upper segment of the 
Tsuga mertensiana Zone (Parkland Subzone), and the other constitutes the lower part 
of the Alpine Zone. 

Some scientists have chosen to confine the term "subalpine" to this region of meadow­
forest mosaic (e.g., Douglas 1970 and 1972). We feel this ignores the closed forest sub­
zones usually found below the parklands which are clearly subalpine in character. 

The subalpine meadow-forest mosaic or parkland is extensively developed in the 
mountains of the Pacific Northwest, perhaps to a greater extent than anywhere else 
in the world. Whereas in many mountain ranges the forest-tundra ecotone is reasonably 

Figure 177. - Timberline re­
gions are typically mosaics of 
tree groups, meadows, snow 
patches, and rock outcrops 
(Jefferson Park, Willamette 
National Forest, Oregon). 

I We recognize three types of timberline: forest line, the general upper limit of contiguous closed 
forest; tree line, the upper limit of erect arborescent growth; and scrub line, the general upper limit 
of krummholz (= elfinwood or wind-timber line) (Arno 1966, Habeck and Hartley 1968). Our timberline 
region in this discussion covers the entire area from forest line to scrub line. 
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sharp and occupies a relatively narrow elevational band, parklands extending over an 
elevational span of 300 to 400 meters or more are not unusual in the Cascade Range. We 
suspect that deep, late-lying snowpacks are a major reason for this broad, extended 
forest-meadow ecotone. In any case, a great diversity of subalpine parkland communities 
as well as large expanses of an exceptionally attractive landscape are present. 

The entire forest-meadow mosaic of the region between forest and scrub line is the 
major topic of this chapter. We will consider first the meadow communities which are the 
dominant feature, then the trees, tree groups, and dynamic relations between trees and 
meadows, and conclude with a section on alpine communities. Published information on 
this region above forest line has expanded tremendously during the last 5 years, allowing 
a much more thorough treatment than was possible in our earlier work (Franklin and 
Dyrness 1969). Among the recent valuable contributions are those of Douglas in the 
northern Cascades (Douglas 1970, 1971, 1972; Douglas and Ballard 1971); Henderson 
(1973) and Hamann (1972) at Mount Rainier; Kuramoto and Bliss in the Olympic 
Mountains (Kuramoto 1968, Kuramoto and Bliss 1970, Bliss 1969); Campbell (1973) in 
the Oregon Cascades; Lowery (1972) on development of sUbalpine tree groups; Van 
Ryswyk (1969) and Bockheim (1972) on subalpine soils in relation to vegetation; Arno 
(1970) and Arno and Habeck (1972) on the ecology of Lari.r lyallii; and Brooke et al. 
(1970) on the ecology of the entire mosaic on adjacent coastal British Columbia. 

Occurrence of Timberline Regions 
Elevations sufficient to develop true timberline conditions are encountered generally 

in the northern Cascade Range and Olympic Mountains in Washington and in the Wallowa 
Mountains of Oregon. Further south in the Cascade Range, major peaks such as Mount 
Rainier, Mount Hood, and Three Sisters have sufficient elevation to develop a climatic 
timberline and alpine regions. Timberline environments are occasionally encountered in 
the Blue, Steens, and Warner Mountains of Oregon and the Okanogan Highlands and 
Rocky Mountain outliers of eastern Washington. 

Average elevation of forest and scrub lines at representative Oregon and Washington 
locations is listed in table 36. It can be seen that the timberline mosaics generally 
involve a 300- to 500-meter elevational band. Elevations of forest and scrub lines vary 
with exposure on an order of ± 150 meters, dropping on cool, northerly exposures and 
rising on warmer, southerly exposures (Bailey 1936, Arno 1966). Timberline elevations 
decrease notably with increasing latitude; Daubenmire (1954) indicates the general 
tendency is for timberline to drop about 110 meters per degree of increase in latitude under 
a given climatic regime. The forest and scrub lines are markedly lower in coastal mountain 
regions (dominated by a maritime climate) than they are further inland. For example, 
forest line is about 500 meters higher at the eastern edge of the Cascade Range than it is 
at the same latitude on the western edge; and, of course, it is lower (as much as 2,000 
meters) in the Cascade Range than in the main body of the Rocky Mountains at the same 
latitude. 

Subalpine Meadow Communities 

The variety and richness of the meadow flora and communities make the subalpine 

parkland attractive to scientists and laymen alike. Many of the species (and communities 
in the broad sense) are circumpolar. The mosaic of meadow communities is an intricate 
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Table 36. - Average elevation of forest and scrub lines at selected locations in Oregon and Washington 

Area Latitude Longitude Forest line Scrub line 

- - - - - - - Meters - - - - - - ­

Mount Baker 48° 45' 121°50' 1,400 1,750 

Wenatchee Mountains 47°30' 120°45' 2,000 2,440 

Mount Rainier (except northeast) 47°10' 121°40' 1,580 2,100 

Mount St. Helens 46°15' 122° 1 0' 1,340 

Mount Hood 45°20' 121 °45' 1,680 1,980 

Three Sisters 44° 10' 121°50' 1,980 2,290 

Mount McLoughlin 42°50' 122°20' 2,130 2,440 

Olympic Mountains (central) 47°45' 123°30' 1,460 1,890 

Olympic Mountains (northeast) 47°50' 123°20' 1,680 1,980 

Wallowa Mountains 45° 10' 117°20' 2,700 

Source: Partially from Arno (1966), Bailey (1936), and Brockman (1949). 

and often sharp response to local variations in substrate, moisture conditions, and 
duration of winter snowpack (fig. 178). 

Even within the Pacific Northwest, the dominant meadow communities in the parkland 
mosaic and lower alpine vary from area to area just as the tree species do. Many com­
munities occur throughout and retain their same basic character over a wide geographic 
range, but their importance in the mosaic changes. We will consider first the meadow 
communities found in a cooler and moister maritime region, the western slopes of Wash­
ington, and then outline some different meadow types characteristic of southern Oregon 
and of the interior mountain ranges. 

Western Washington 
The meadow communities found in the subalpine parklands of western Washington and 

adjacent British Columbia are the best known in the Pacific Northwest. Among the 
relevant studies are those of Douglas (1970, 1971, 1972), Douglas and Ballard (1971), 
and Bockheim (1972) in the northern Cascade Range; Henderson (1973) and Hamann 
(1972) at Mount Rainier; Kuramoto (1968) and Kuramoto and Bliss (1970) in the Olympic 
Mountains; and Krajina (1965), Brooke (1965), Brooke et al. (1970), Peterson (1965), and 
Archer (1963) in coastal British Columbia. 
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Figure 178.-Several varied 
communities are frequently in 
juxtaposition in subalpine 
landscapes, reflecting a sharp 
response to differences in en­
vironmental conditions, such 
as depth and duration of snow­
pack; in this landscape, 
Ph y l/ o doce e lllp e lrijo rllli.l'­
Va c c i n i /I II/ d e l i c i 0 ,\' /I II/ 

(heather-huckleberry in fore­
ground), Carex I7l gn cans 
(dwarf sedge type around 
small pond), and Valeriana 
silchensis (lush herbaceous 
type on slopes of peak) com­
munities are visible along 
with patches of forest and tree 
groups (Green Mountain, 
Mount Baker National Forest, 
Washington). 

A basic spectrum or pattern of meadow communities is repeated in each of the study 
areas (table 37). These communities can be arranged in five major type groups (adapted 
from Henderson 1973): (1) Phyllodoce-Cassiope-Vaccinium (heath shrub or heather­
huckleberry) group, (2) Valeriana sitchensis-Carex spectabi lis (lush herbaceous) group, 
(3) Carex nigricans (dwarf sedge) group, (4) rawmark and low herbaceous group, and 
(5) Fes tuca viridu la (grass or dry gra3s) group which is conspicuously absent in the 
more northerly study areas (table 37). We will key our discussion to the communities at 
Mount Rainier where the entire spectrum of communities is richly represented. 

Phyllodoce-Cassiope-Vaccinium (Heath Shrub) Communities 

The heather communities of Phyllodoce empetrijormis, Cassiope mertensiana, and 
Vaccinium deliciosum are a distinctive and conspicuous type group in the coastal moun­
tains of the Pacific Northwest and are often used to characterize the parkland subzone. 
The group is well represented in each of the study areas (table 37). Ericaceous shrubs 
dominate the relatively dense, closed vegetative canopies of the communities in this group. 

Phyllodoce empetriformis- Vaccinium deliciosum Community 
The major community in this type group is the Phyllodoce empetrif ormis-Vaccinium 
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Table 37. - \lajor ,ubalpine meadow communities recognized in four different localities in the Pacific Northwest arranged to show 
analogies 

Community 

type 

group 

Locale and author 

Mount Rainier 

(Hencierson 1973) 

Northeastern Olympic 

Mountains (Kuramoto 

and Bliss 1970) 

Western north Cascade 

Range, Washington 

(Douglas 1972) 

Coastal British Columbia 

(Brooke et al. 

1970) 

Phvllodoce· 

Cassiope-

Vaccinium 

(heath shrub or 

heather· 

huck leberry) 

PhVllodoce empetriformis-

Vaccinium deliciosum 

Vaccinium deliciosum 

PhVllodoce empetriformis/ 

L upinus latifolius 

Heath shrub type Cassiope mertensiana-

PhVllodoce 

empetriformis 

Vaccinium deliciosum 

Ph Vllodoce empetriformis· 

Cassiope mertensiana 

Vaccinium deliciosum 

Valeriana 

sitchensis· 

Carex 

spectabilis 

(lush herbaceous) 

Valeriana sitchensis· 

Veratrum viride 

Valeriana sitchensis-

Lupinus latifolius 

Lupinus latifolius· 

Polvgonum bistortoides 

Lupinus latifolius-Carex 

spectabilis 

Polvgonum bistortoides· 

Carex spectabilis 

Mimulus lewisii 

Moist Valeriana forb type 

Tall sedge type (Carex 

spectabilis) 

Moist Saussaurea forb 

type 

Valeriana sitchensis· 

Veratrum viride 

Carex spectabilis 

Rubus parviflorus/ 

Epilobium angustifolium 

Leptarrhena PVrolifolia 

Carex nigricans Carex nigricans Dwarf sedge type Carex nigricans Carex nigricans 
(dwarf sedge) Carex nigricans-

Pedicularis groenlandica 

Carex nigricans-

Caltha biflora 

Rawmark and Saxifraga tolmiei Saxifraga tolmiei Saxifraga tolmiei 

low herbaceous Luetkea pectinata 

Eriogonum pyrolaefolium-

Spraguea umbellata 

Antennaria lanata 

Aster alpigenus-

Antennaria lanata 

Cushion plant type 

Luetkea pectinata 

Festuca viridula Festuca viridula-Lupinus Mesic grass type 

(grass or dry grass) latifolius 

Festuca viridula·Aster 

ledophyllus 

Dry grass-forb type 
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deliciosum (fig. 179) (Henderson 1973) (Phyllodoce-Cassiope mertensiana of some authors). 
Phyllodoce empetriformis , Cassiope mertensiana, and Vaccinium deliciosum are the domi­
nant species (tables 38 and 39), but there are a number of other relatively constant 
associates such as Luetkea pectinata, An tennaria lanata, Lycopodium sitchense, and 
Deschampsia atropurpurea. There are clearly shifts in the proportions of Phyllodoce and 
Cassiope from stand to stand; Douglas (1972) shows an average preponderance of 
Cassiope, and Kuramoto and Bliss (1970) and Henderson (1973) show slightly higher 
average values for Phyllodoce. Henderson (1973) indicates an elevational shift with 
Phyllodoce generally dominant in stands from 1,650 to 1,830 meters and Cassiope above 
that elevation; at about 2,075-meter elevation, the communities shift gradually into a 
more alpine heather type dominated by Phyllodoce glandu lifiora. 

The Phyllodoce-Vaccinium community occupies a variety of sites. Henderson (1973) 
found it most common on gentle slopes and moist, moderately well-drained soils; Douglas 
(1972) indicates moist slopes and ridges with poor to well-drained soils. According to 
Brooke et al. (1970) a snow-free period of 3 to 4 months is typical, and the topography 
occupied shifts from concave areas at lowest elevations to convex surfaces near its upper 
limits. The diverse soils apparently associated with Phyllodoce-Vaccinium communities 
include podzolic types (Alpine Podzols or Cryohumods), with 0-A2-B2-C horizon sequences 
and rankers with O-A-C horizon sequences. Bockheim (1972) found Humic or Humic 
Lithic Cryorthods (Alpine Turf) as the soil types present under heather-huckleberry 
communities in the Mount Baker area; these had 8- to 10-centimeter Al horizons under­
lain by 8- to 12-centimeter B2h horizons. He describes podzolic soil types (Cryohumods) 
only from under tree clumps. 

The Phyllodoce empetrif ormis/Lupinus latif olius community is a variant of the heather­
huckleberry group which has been described from Mount Rainier (Henderson 1973). It 
differs mainly in the abundance of Lupinus (table 38). 

Figure 179.-A Phyllodoce 
elllpelrijorlllis- VacciniulIl 
delicioslllll (or Phy llodoce­
Cassiope) community typi­
fies the heather-huckle­
berry or heath shrub type 
group in the subalpine 
parklands of the Cascade 
Range and Olympic Moun­
tains (western slopes of 
Mount Baker, Washing­
ton). 



Table 38. - Mean dominance ratings for the major species in some subalpine meadow communities on 

Mount Rainier (from Henderson 1973) I 

Phem-
Vade 

Species 
Vade 

Communities 2 

Fevi-
Pofl 

Phyllodoce empetriformis 4.0 3.7 + + + 

Cassiope mertensiana 3.9 2.8 + 1.2 + 

Vaccinium deliciosum 3.7 3.0 + 2.4 + 1.0 + 

Lupinus latifolius + 3.5 4.0 1.0 4.2 4.5 + + 2.1 4.0 1.6 

Gentiana calycosa + + 

Pedicularis ornithorhyncha 1.7 + 2.4 

Tauschia stricklandii + + 

Valeriana sitchensis 1.8 4.8 4.1 1.1 + 1.5 

Veratrum viride 3.5 1.0 1.1 

Ligusticum grayi 

Carex spectabilis 

Potentilla flabellifolia 

+ 
+ 

2.0 
1.2 
1.8 

1.5 
+ 

+ 
1.2 

+ 

2.4 
1.2 
2.0 

2.0 
3.3 
2.4 

1.5 
1.5 

+ 
1.5 

1.2 1.2 
2.3 
1.7 

+ 

2.4 
1.7 
1.6 

1.6 
1.6 
3.5 

Polygonum bistortoides 

Castilleja parvif/ora 1.2 
2.8 
2.2 

1.6 
1.5 

+ 
1.0 

2.9 
3.0 

3.8 
2.3 

+ 
+ 

1.2 
+ 

2.0 
+ 

2.3 
1.0 

2.5 
1.8 

Erythronium spp. 
Carex nigricans 

1.3 
+ 

+ 
1.3 

1.5 1.6 
+ 

+ 
+ 5.0 3.3 2.8 + 

Aster alpigenus + 1.8 1.4 + 1.2 2.0 

Luetkea pectinata 

Antennaria lanata 

1.6 
1.4 

1.2 
2.3 

1.7 
1.2 + 1.3 

+ 
+ 

1.3 
4.5 

3.6 
1.2 

+ 
+ + + 1.4 

Saxifraga tolmiei 

Festuca viridula 2.0 + 1.2 + 

+ 2.8 
4.2 4.4 4.2 

Anemone occidentalis 1.8 + 1.2 + 2.3 + + 1.7 1.4 2.4 

Erigeron peregrinus 

Vernoica cusickii + 1.5 
1.0 
1.1 + 

2.4 
1.5 

+ 
1.2 

+ 
+ 

1.5 
1.7 

+ 
2.4 

+ 
2.2 

Aster ledophyllus 
Phlox diffusa 

+ + + 4.2 
1.5 

1.4 
1.2 

+ 
+ 

Castilleja miniata 

Microseris alpestris 

1.6 
+ 

+ 
1.1 + 

I The dominance rating scheme is on a subjective 5-point scale ranging from 1 (species which can be seen 
only by searching) to 5 (species which dominates the layer); if several species are codominant, they are 
assigned a 4 rating. A plus (+) indicates an average rating of less than 1.0. Italicized numbers are the 
dominants. 

2 Abbreviations for communities are: 

Phem-Vade = Phyllodoce empetriformis- Vaccinium deliciosum 

Vade = Vaccinium deliciosum 

Phem/Lula = Phyllodoce empetriformis/Lupinus latij()lius 

Vasi-Vevi Valeriana sitchensis- Veratrum viridc 

Vasi-Lula = Valeriana sitchensis-Lupinus latifolius 

Lula-Pabi = Lupinus latifo/ius-Polygonum bistortoides 

Cani = Carex nigricans 

Anla = Antennaria lanata 

Lupe = Luetkea pectinata 

Sata = Saxifraga tolmiei 

Fevi-Asle = Festuca viridula-Aster ledophyllus 

Fevi-Lula = Festuca viridula-Lupinus latij()lius 

Fevi-Pofl = Festuca viridula-Potentilla flabellifolia. 
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Table 39. - Mean prominence values for selected shrubs and herbs) in nine subalpine meadow communities 
in the northern Cascade Range of Washington (from Douglas 1972)2 

h Communities 3 

Species __~~~_J_~~h;;_lv~:~ 1~;£l~~~J_~._~:....~_~_~_I-,---c_a_n_i-,--_L_u..:..p_e--L_~_~_~_~--L_s_a_t_o 
Cassiope mertensiana 441 8 11 11 tr 
Phyllodoce empetriformis 386 78 2 15 1 
Vaccinium deliciosum 92 689 tr tr 21 tr 1 
Luetkea pectinata 73 71 2 21 502 462 
Lycopodium sitchense 16 2 tr 16 
Deschampsia atropurpurea 9 5 tr tr 15 44 6 
Polygonum bistortoides 1 10 8 30 27 tr 9 
Valeriana sitchensis 5 14 305 15 127 47 2 tr 
Carex spectabilis 1 4 52 782 5 6 41 80 2 
Mitella breweri 1 32 tr 4 1 
Veratrum viride tr 290 2 58 tr 
Lupinus latifolius subalpinus 4 59 42 25 
Rubus parviflorus 1 256 
Pteridium aquilinum pubescens 154 
Epilobium angustifolium tr 12 8 161 
Viola glabella 5 7 105 
Heracleum lana tum 6 tr 80 
Thalictrum occidentale 78 
Hydrophyllum fendleri 71 
Carex nigricans 2 4 16 803 13 6 1 
Epilobium alpinum tr tr 32 10 6 3 
Hieracium gracile 3 8 1 3 36 16 4 
Luzula wahlenbergii 2 10 29 47 
Potentilla flabellifolia 1 4 7 1 13 tr 
Castilleja parviflora albida tr 2 tr 16 5 4 
Anemone occidentalis tr 2 11 tr 
Juncus drummond,.,. subtriflorus 5 6 11 1 
Juncus mertensianus 10 
Saxifraga tolmiei tr 15 78 

) All species with prominence of at least lOin at least one community. 
2 Douglas calculated prominence values by multiplying the average percent of cover by the square root 

of the species frequency: tr = trace values. 
3 Abbreviations for communities are: 
Came~Phem = Cassiope mertel/siana~Phyl/(}d()ee empetriJIJrmis 
Vade = Vaecillium dclieiosum 
Vasi~Vevi = Valerialla sitehensis- Veratrum viride 
Casp = Carex spectahilis 
Rupa-Epan = Rubus parvijlorus-Epi/obium allgustifolium 
Cani = Carex nigricalls 
Lupe = ruetkea peetinata (residual or regosolic phase) 
Lupe (raw) = Luetkca peetinata (rawmark phase) 
Sato = Saxifraga to llll iei. 

4Additional species in the Rubus parrij7orus-i:'pi/obium pallicli/atulll community, which are unique to 
that community and have prominence values of over 10, are: l,athyrlls nevadellsis (27), t:iymlls izirslItlis 
(24), Aster engeimal1nii (23). DisporUIll smithii (21), Angelica argllta (15), Saussurea americana (15), 
Bromus carinatus (13), Galium trzjZorum (II), and Arenaria macrophylla (10). 
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Vaccinium deliciosum Community 
A Vaccinium deliciosum-dominated community has been recognized in most subalpine 

areas (fig. 180) . Associated species differ somewhat depending upon the investigator's 
definition of this community. Henderson (1973) explicitly excludes stands with significant 
amounts of heather and identifies a variety of herbs as the major associates (table 38) . 
Phyllodoce empetrijormis and Luetkea pectinata are major associates in Douglas' (1972) 
community (table 39). 

There appears to be considerable disagreement on the successional status of this com­
munity, i.e. , its relationship to the Phyllodo ce-Vaccinium or Phyllodoce-Cassiope types. 
Brooke et al. (1970) feel that the Vaccinium deliciosum community replaces their Phyllodoce­
Cassiope type successionally; this is based partially on its frequent position as a ring 
around tree groups above (inside) the heather communities. Douglas (1970) indicates it 
can either succeed or precede a heather community. Henderson (1973) finds the Vaccinium 
deliciosum community seral to the Phyllodoce-Vaccinium type and concludes it is mainly 
a fire-derived type. He cites Douglas and Ballard 's (1971) study which shows that fires 
in heather-huckleberry communities have little effect on the Vaccinium but greatly reduce 
or eliminate the heathers. We suspect that the Vaccinium deliciosum communities play 
several successional roles, i.e. , as a pioneer community on burned habitats where it may 
be succeeded either directly by forest or by Phyllodo ce-Vaccinium communities and as a 
climax or near-climax type around tree groups. 

Figure lSO.-A VacciniulI1 
deliciosulII-dominated com­
munity typical of those found 
lower in the subalpine park­
lands of the Cascade Range. 

Valeriana sitchensis-Carex spectabilis (Lush Herbaceous) Communities 

This group of subalpine meadow communities is the showiest, the richest floristically, 
and among the most diverse (fig. 181) . This group does not appear to be as common in 
subalpine parklands outside western Washington and seems to have an affinity with the 
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tall herb lands or mountain meadows such as are found within a forest matrix in the 
Rocky Mountains. Several distinctive subgroups are obvious: the Valeriana sitchensis­
Veratrum viride community, communities with Carex spectabilis or C. albonigra as major 
components, riparian types (e.g., Mimulus lewisii), the Rubus parvijlorus-Epilobium 
angustifolium community, and a Saussurea americana community. As will be seen, most 
of these are closely interrelated, and communities often grade from one type into another 
as well as with the Festuca viridula or grass type group. 

Figure 181.-Lush herbaceous communities, typified here by a Valeriana sitchensis- Veratrum viride 
community, are among the showiest and most floristically rich of the subalpine types (Green 
Mountain, Mount Baker National Forest, Washington). 

Valeriana sitchensis- Veratrum viride Community 
This lush herbaceous community is dominated by Valeriana, Veratrum, and a rich 

assemblage of associated herbs which form a stand 1 meter or more in height (fig. 182). 
Among the associates are Lupinus latifolius, Care x spectabilis, Castilleja parvijlora, 
Erythronium spp., Anemone occidentalis, Polygonum bistortoides, Mitella breweri, 
Epilobium angustifolium, and Heracleum lanatum (tables 38 and 39). 

This community is most commonly found on steep, well-watered ("fresh") slopes of 
varying exposure. Such habitats are frequently subject to recurring avalanches. Thornburgh 
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Figure 182.- VeratrulII viride, one of the 
major dominants which grows I meter or 
more in height in the lush Va/erial/a 
si tchensis communities found on well­
watered parkland slopes in the Pacific 
Northwest. 

(personal communication) suggests that this community is favored over a Phyllodoce­
Vaccinium type as a consequence, since all important constituent species survive the 
winter in underground parts protected from snow creep and avalanching. According to 
Douglas (1972), weakly developed A-B-C soil horizon sequences are typical. 

Henderson (1973) recognizes a closely related community type (Valeriana sitchensis­
Lupinus latifolius) which differs in increased abundance of Lupinus, Ligusticum grayi, 
Potentilla fiabellifolia, the addition of several new associates (especially Vaccinium 
deliciosum and Erigeron peregrinus ), and a substantial reduction in Veratrum viride 
(table 38). This is a conspicuous community on the southern and western slopes of Mount 
Rainier, and it occupies gentler topography than the Valeriana-Veratrum type. Inter­
grades between the Valeriana-Lupinus and Festuca-Lupinus communities are common. 

Carex spectabilis Communities 
The Valeriana- Veratrum communities appear to grade into another series of somewhat 

more attenuated herbaceous types which have Carex spectabilis as one of the dominants; 
the Carex albonigra reported earlier by Kuramoto and Bliss (1970) has since been re­
evaluated as Carex spectabilis . These communities are typically not as tall or productive 
as the Valeriana- Veratrum type but can still be considered "lush herbaceous" communities. 

Douglas (1970, 1972) and Kuramoto and Bliss (1970) each recognize only a single 
community in this category (the "Tall Sedge" of the Olympic Mountains and Carex 
spectabilis of the northern Cascade Range). Henderson recognizes three related com­
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munities (table 37) based upon shifts in dominance. In all cases, however, Care x spectabilis, 
Polygonum bistortoides, and Lupinus latifolius are present as the three dominants.2 

Associates vary including Potentilla flabellifolia (all areas), Castilleja parviflora (Mount 
Rainier), Ligusticum grayi (Mount Rainier), Carex nigricans (all areas), Anemone 
occidentalis (Cascade Range), Valeriana sitchensis .(Cascade Range), and E1'igeron 
peregrinus (Mount Rainier and Olympic Mountains). 

Rubus parviflorus-Epilobium angustifolium Community 
This community has been described as a subalpine meadow type only by Douglas (1970, 

1972). A tall, dense, rich community (fig. 183), it occupies steep slopes and may cover 
an altitudinal range of 600 meters. The snow-free season is reportedly long (commencing 
in April or May). Douglas (1972) indicates a total species tally of 70 for this community 
type with an average of 32 per stand. Nineteen major species (prominence values greater 
than 10) are listed in table 39. Aspection is conspicuous in this community beginning 
with Claytonia lanceolata and Erythronium grandiflorum, dominance by Pteridium 
aquilinum and Epilobium angustifolium in midsummer, and late summer development of 
Solidago canadensis, Artemisia ludoviciana, and A. norvegica. 

The Rubus parviflorus-Epilobium angustifolium community is really not a part of the 
subalpine parkland mosaic; its center of distribution is well below the normal elevational 
line of closed forest. Furthermore, it appears to have close affinities with mountain meadow 
communities which occupy high ridges in otherwise forested locations (e.g., the Abies 
amabilis and Abies concolor Zones) as far south as 43 ° north latitude in the Cascade Range. 
Perhaps it can be considered a subalpine variant of a much broader Pteridium aquilinum­
Rubus parviflorus synecological unit. The Rubus-Epilobium type may intergrade with 
Valeriana- Veratrum communities at its upper elevational limits, however. 

Figure 183.-The RI/bl/s parvi­
jlorus-Epilobiulll al1gusrijolilllll 
is a rich, dense herbaceous com­
munity found in the lower sub­
alpine zone (Green Mountain, 
Mount Baker National Forest, 
Washington). 

2 Except Lllpinus is inconspicuous or absent in Henderson's (1973) Polygonum-Carex spectabilis 
community type. 
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Saussurea americana Community 
Another rich herbaceous community is the "moist Saussurea forb type" recognized by 

Kuramoto (1968) and Kuramoto and Bliss (1970) in the Olympic Mountains; Henderson 
(personal communication) noted a similar type at Mount Ra inier. As in the case of the 
Rubus parvifiorus-Epilobium angustifolium community , this appears to be a lower eleva­
tion (under 1,500 meters) mountain meadow type rather than a true constituent of the 
subalpine parkland subzone. Again , it is closely related to the Valeriana-Veratrum 
community, however. 

The Saussurea americana community is described as floristically rich (average 21 
species per stand) with three layers (tall herbs, understory herbs, and creepers). Major 
species are Saussurea, Heracleum lanatum, Hydrophyllum occidentale, S enecio integerri­
mus, Thalictrum occidentale, and Delphinium glaucum. Other associates include Pedicularis 
bracteosa, Lupinus la tif olius , Artemisia douglasiana, E lymus glaucus , Bromus sitchensis 
var. aleutensis, Melica subu lata, Viola glabella, A ster f oliaceus , Epilobium alpinum, 
Mitella breweri, and Vicia americana. This community is found primarily in shallow 
gullies and has young, poorly developed soils with A1-B1-B2 horizon sequences. 

Mimulus lewisii and Other Riparian Communities 
A final group of lush herbaceous communities are those found along streams (fig. 184). 

Only one such community has been described from the Washington Cascade Range, the 
Mimulus lewisii type (Henderson 1973). Mimulus lewisii, M. tilingii, Epi lobium alpinum, 
Petasites f rigidus, and Carex nigricans are listed as dominants. Our observations indicate 
that Leptarrhena pyrolifolia, Parnassia fim briata, Caltha bifiora, C. lep tosepala, Juncus 
drummondii, Philonotis fontana, Lupinus latifolius, Epilobium latif olium, Drepanocladus 
aduncus , and Erigeron peregrinus may also be characteristic species on such habitats. 
Brooke et al. (1970) also recognize a lush hydric community which they call the Leptarrhena 
pyrolifolia-Caltha leptosepala community. Erigeron ·peregrinus and Parnassia fim briata 
are additional constant dominants. Equisetum palustre is another dominant in some 
stands. Petasites f rigidus and Drepanocladus exannulatus occur closest to the stream. 

Figure lS4.-Milllulus lewisii­
Epilobiwl1 latifoliwl1 commu­
nity typical of the showy and 
varied meadow types found on 
riparian habitats in the subalpine 
parklands. 
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Habenaria dilatata, Mimulus lewisii, Mitella pentandra, and Tofieldia glutinosa occupy 
slightly raised habitats. 

Henderson (1973) recognizes several other riparian or hydric communities which 
are not showy herbaceous types: the Carex nigricans-Caltha biftora, Carex nigricans­
Kalmia polijolia, and Eriophorum polystachion/Sphagnum spp. types. 

Carex nigricans Communities 

Carex nigricans communities typify sites with a short growing season due to late­
persisting snowbanks and cold, wet soil (fig. 185) . They occur in every area studied 
(table 37) and exhibit little variation from locale to locale (tables 38 and 39). The com­
munities are dominated by the short Carex nigricans which forms a dense mat. Small 
amounts of Phyllodoce empetrijormis, Cassiope mertensiana, Vaccinium deliciosum, Care x 
spectabilis, Luetkea pectinata, Aster alpigenus, Deschampsia atropurpurea, Hieracium 
gracile, Epilobium alpinum, and Antennaria lanata may be present. Kuramoto and Bliss 
(1970) mention that Erythronium montanum attains best development in Carex nigricans 
communities in the Olympic Mountains and is important there. Polytrichadelphus lyallii, 
Polytrichum norvegicum, and Pogonatum alpinum are typical bryophytes. 

As mentioned, Carex nigricans communities are associated with snow bed habitats. 
Brooke et al. (1970) indicate the snow-free period is less than 3 months. Most authors 

Figure 185.-Carex IIIgnc(l lIs 
communities typify sites with 
a short growing season due to 
late-persisting snowbanks and 
cold wet soil (southeastern 
slopes of Mount Baker, 
Washington). 

L 
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indicate A-C soil horizon sequences are typical; depositional strata (of organic matter or 
of different inorganic materials such as pumice) are often conspicuous in soil profiles. 

Some Carex nigricans communities occur along streams and have long growing seasons 
as well as typically hygric constituents such as Caltha spp. 

Rawmark and Low Herbaceous Communities 

Grouped here are a series of poorly developed, pioneer communities associated with a 
variety of habitats from pumice slopes to snow beds. 

The Saxifraga tolmiei community is consistently recognized (table 37) as a pioneer type 
on recently exposed sandy and gravelly substrates receiving abundant seepage water. 
Snow-free seasons are short, and substrate is unstable. Total plant cover is low; Douglas 
(1972) and Brooke et al. (1970) report about 20 percent. Saxifraga tolmiei and Luzula 
wahlenbergii are the most important vascular plants. Douglas (1972) mentions Poly­
trichadelphus lyallii as the only important cryptogam, but Brooke et al. (1970) emphasize 
Marsupella brevissima (= Gymnomitrium varians) and Oligotrichum hercynicum and 
list several other important bryophytes. The Marsupella is apparently an early colonizer 
of harsh habitats in its own right as well as a component of the Saxifraga tolmiei 
community. 

Luetkea pectinata communities are recognized by both Henderson (1973) and Douglas 
(1970, 1972) (tables 38 and 39). Generally it is considered to be a pioneer type, but Douglas 
recognizes two phases depending on the habitat: "rawmark" and "residual or regosolic" 
depending on substrate. These differ primarily in the occurrence of elements of the 
Saxifraga tolmiei community (table 39) and of bare soil and rock in the rawmark phase. 
Major associates of the dominant Luetkea pectinata appear to be Carex nigricans, C. 
spectabilis, Luzula lcahlenbergii, Deschampsia atropurpurea, Castilleja parviflora, 
Hieracium gracile, Epilobium alpinum, Valeriana sitchensis, and small amounts of 
Phyllodoce empetrijormis, Cassiope mertensiana, and Vaccinium deliciosum. The promi­
nence values of associates in the regosolic phase of the Luetkea community suggest 
successional relationships with several other types, particularly the Carex nigricans 
and Phyllodoce-Vaccinium. 

The Antennaria lanata community type, as described by Henderson (1973), occupies 
gentle or flat topography similar to the Carex nigricans type but is drier and has a longer 
snow-free season. Antennaria lanata and Carex nigricans dominate (table 38). We mention 
this community not because of its extent in western Washington but because of its 
resemblance to some of the communities reported in the Okanogan Highlands Province 
(Van Ryswyk 1969). Related communities include Henderson's (1973) Aster alpigenus­
Antennaria lanata and Trisetum spicatum communities. 

Raw, gentle to moderately steep, pumice slopes are typically colonized by low, shrubby 
Polygonaceae. This will be discussed later in this chapter. Only one such community­
Eriogonum pyrolaefolium-Spraguea U /IIbellata-has been recognized in western Wash­
ington (Henderson 1973). 

A cushion plant community has been noted in the Olympic Mountains on steep, 
southerly exposed slopes which are free of snow after late April or early May (Kuramoto 
and Bliss 1970). Phlox diffusa, a mat-former, is the most important species with an 
average cover of 6 percent (43 percent of the total plant cover). Species unique to this 
habitat are Arabis cobrensis, Collinsia parviflora, and Douglasia laevigata. Other important 
components are Allium crenulatum, Lomatium martindalei, Geum trijiorum, Achillea 
millejolium, Festuca viridllla, Arenaria capillaris, Campanula rotundifolia, and Polygonum 
bistortoides. 

There are numerous other pioneer communities which occur on particular habitats. 
One of the more common types encountered in subalpine scree and talus is a nearly pure 
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community of Athyrium distentifolium var. americanum. Douglas (1970) mentions several 
cryptogams which are pioneers on rock outcrops. Juniperus communis, Arctostaphylos 
uva-ursi, Arenaria capillaris, Pachystima myrsinites, Phlox diffusa var. longistylis, and 
Sibbaldia procumbens are pioneering vascular plants on dry rock outcrops. Dwarfed 
Tsuga mertensiana may follow since growing seasons are long. 

Festuca viridula Communities 

Grassy meadows dominated by Festuca vi1-idula are conspicuous elements of the park­
land mosaic at Mount Rainier (Henderson 1973) and in the Olympic Mountains (Kuramoto 
1968, Kuramoto and Bliss 1970).3 These generally occupy warmer, drier habitats and 
are best developed in western Washington subalpine parklands which are in a rain­
shadow area (fig. 186). These are clearly related to the Festuca communities so common 
on some interior mountains which will be discussed later in this chapter. The Festuca 
viridula community complex has been studied most extensively at Mount Rainier where 
three types are recognized. Two of these intergrade and represent different segments of a 
moisture gradient: the Festuca viridula-Lupinus latifolius (moist) and Festuca viridula­
Aster ledophyllus (dry) communities (Henderson 1973). The third community is the 
Festuca viridula-Potentilla fiabellifolia. 

The Fes tuca-Potentilla community is found in the lower portion of the subalpine 
zone, and stands are often surrounded by trees. A total ground cover of 85 percent is 
dominated by Festuca and Potentilla (table 38). Associates include Polygonum bisto1'toides, 
Anemone occidentalis, Veronica cusickii, Lupinus latifolius, Ligusticum grayi, and Carex 
spectabilis. Henderson (1973) suggests that it may be seral to forest vegetation and is 
closely related to an Anemone occidentalis-Castilleja parvifiora community which differs 
only in the absence of Festuca. 

The Festuca-Lupinus community occurs throughout Mount Rainier National Park (see 
Butter Creek Research Natural Area in Franklin et al. 1972) but is most common northeast 
of the mountain (fig. 186). Festuca viridula and Lupinus latifolius dominate, but sub­
stantial amounts of Polygonum bistortoides, Ligusticum grayi, Veronica cusickii, Carex 
spectabilis, and Potentilla fiabellifolia are also present (table 38). Early in the season 

Figure 186.-FesllIca viridll­
la meadows are found in 
the Olympic Mountains 
and Cascade Range, espe­
cially in the rain shadows 
on the eastern slopes of the 
major volcanoes in the 
latter; FesllI ca viridllla­
Llipinlis lalifolills com­
munity on the northeastern 
slopes of Mount Rainier 
(Sunrise Ridge). 

3 We assume the Festuca in meadows in the Olympic Mountains is actually Fes/llea vil'iduia and not 
Festuca idahoensis as reported by Kuramoto (1968) and Kuramoto and Bli ss (1970) . In any case, it 
plays an identicall'ole with Fes/uca Vil'idu/a in the Cascade Range. 
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(shortly after snowmelt), the Potenti/la, Anemolle occidelltali;;, Claytonia lanceolata, and 
Rallullclllu...: eschscholtzii are prominent. Pocket gophers are a significant influence in 
the loose, friable soil. The "Mesic Grass Type" of Kuramoto and Bliss (1970) appears 
to be most closely related to Henderson's Festuca-Lupinus type. One major difference 
would appear to be a greater importance of Phlo:r diffusa in the Olympic Mountain 

community. 
The Festllca-Aster community is the driest of the subalpine meadow types Henderson 

(1973) recognizes at Mount Rainier. It is generally found on steep, south-facing slopes 
with coarse-textured soils. Fe...:tllca viridula and Aster ledophyllus dominate with 
LigusticlIlII grayi and POlyg011l11ll bistol"toides as major associates. Kuramoto's (1968) 
and Kuramoto and Bliss' (1970) "Dry Grass-Forb Type" appears closely related, based 
on habitat and Festuca dominance. A.'der is absent, however; Delphinium glareosum, 
Eriophy/lll/ll lal/atl/lIl, Lathyl'lls lIewdel/sis, and Lomatillln martindalei have taken its 
place as the Fe...:tuw associate. 

Henderson (1973), Kuramoto (1968), and Kuramoto and Bliss (1970) feel that fire has 
played a role in the creation of the Festllca-dominated meadows. 

Environmental and Successional Relationships of the Meadow Communities 

From the analyses of Henderson (1973), Douglas (1970, 1972), Kuramoto and Bliss 
(1970), and Brooke et al. (1970), it is possible to see some relationships between the 
communities in terms of floristics, environment, and succession. We have already alluded 
to many of these relationships. 

Two dimensional ordinations suggest some of the vegetative relationships between the 
various community types (figs. 187 and 188A and B). They also indicate general environ­
mental relationships. Henderson's (1973) ordination uses cold wet and warm dry com­
munity types as the end points on the X-axis and mesic, deep-soiled, short growing 
season and mesic shallow-soiled, long growing season communities as end points on the 
Y-axis (fig. 187). Kuramoto and Bliss (1970) indicate growing season temperatures and 
soil moisture on their ordination axes (fig. 188A). Douglas (1972) indicates relationships 
with type of snowmelt (fig. 188B). Brooke et al. (1970) discuss environmental controls 
at length and emphasize time of snowmelt (length of growing season) as one of the key 
controllers of community patterns; some of these relationships are suggested in their 
excellent diagrams showing topographic sequences, one of which is reproduced as figure 
188C. 

Successional relationships among the meadow communities, and between meadow and 
forest, have been a subject of conjecture for many subalpine ecologists (Douglas 1970, 
Henderson 1973, Hamann 1972, and Brooke et al. 1970). The reader should bear in mind 
that the subalpine parkland is considered by most authors to be potentially forested 
habitat, i.e., the climatic climax vegetation is forest. Consequently, most hypothesized 
successional sequences lead toward forest and, in the Clementsian sense, all meadows are 
seral to forest. We will have more to say about forest-meadow relationships later in this 

chapter. 
For the moment, we will consider only relationships between the meadow communities 

themselves. Henderson's (1973) diagram (fig. 189A) shows the greatest diversity in pioneer 
communities and successional "routes," probably reflecting (in part) the greater diversity 
of meadow habitats in the Mount Rainier area. He also feels fire has had a role in creating 
and maintaining subalpine communities and offers a second successional diagram which 
incorporates some of its effects (fig. 189B). Douglas (1970) has constructed a successional 
diagram for subalpine meadow habitats in the northern Cascade Range (fig. 190). 
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Figure 187.-0rdination of major community types at Mount Rainier in which ClIrex nigriclIfls (Cani; 
cold wet habitat), Festllc(/ t'iridll/(/-Astcr /cdophylllls (Fevi-Asle; warm dry habitat), Phyllodoce 
elllpetri.!(Jr/ni,l- VlIccinillll1 delicio,llIlll (Phem-Vade; mesic shallow-soiled, short growing season habitat), 
and V(//erilllw sitchell.lis- Vel"lltnt III \'iride (Vasi-Vevi; mesic, deep-soiled, long growing season habitat) 
communities are used as the four end points; ordination procedures follow those of Dick-Peddie 
and Moir (1970) (from Henderson 1973). 
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Figure 188.-0rdinations of the meadow communities in A, the Olympic Mountains (X axis is mean 

daily air temperature at IS centimeters above ground during July and August 1967; Y axis is date at 
which permanent wilting percentage was reached at a soil depth of 20 centimeters) (from Kuramoto 
and Bliss 1970); and B, northern Cascade Range, showing floristic and environmental relationships 
(from Douglas 1972). C shows topographic relationships between several communities in the parkland 
subzone of the British Columbia Tsuga mertensiana Zone (from Brooke et al. 1970). 
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Figure 189.-Successional patterns as hypothesized for A, high elevation pumice slopes or snow 
basins, and B, for areas influenced by fire, in the parkland subzone of Mount Rainier National Park 
(from Henderson 1973). 
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High Cascades of Oregon 

Subalpine parklands in the central and southern Oregon Cascade Range appear con­

siderably sparser than the densely vegetated regions just discussed. The High Cascades 
are the consequence of Pleistocene vulcanism, and the resulting substrates combined with 
a somewhat warmer and drier climate are important factors in the sparser vegetation. 
Pumice and cinder fields, outwash flats, and lava fields are common in timberline areas 
and provide extremely rigorous environments for plant growth. 

Subalpine herbaceous communities have been studied on a broad scale on Three Sisters 
(Van Vechten 1960) and near Mount Jefferson (Swedberg 1961). Lower in the zone, 
Lupinus latifolius meadows appear on moister sites and include Castilleja parvijlora, 
Potentilla flabellifolia, Epilobillill alpillllill, Aster ledophylllls, Senecio trianglliaris and 
Ligusti.cum grayi as constituents. On somewhat drier sites, TrisetulII ca lIesce liS, Carex 
nigricalls, JIlIICIiS drllllllnolidii, and Aster alpigellils appear as dominants. Dry, south 
slopes are dominated by LllpillllS latljolills or Festuca viridlila or both. Phyllodoce 
empetrijormis, Cassiope mertellsiana, and VaceilliulII scuparilllll are characteristic species 
on rockier sites and on cool north slopes, where they are joi;}ed by Cardalllille bellidljolia, 
Saxijraga tolmiei, Luetkea peetinata, and Castilleja spp. This grouping and the Carex 
nigricans-C. spectabilis communities, associated with some wet meadows, are similar to 
subalpine communities previously discussed. Phyl/odoce and Cassiope are also character­
istic of ridges and slopes higher in the timberline region; VanVechten (1960) mentions 
Luetkea pectinata, Castilleja pan'ijlora, Hieraciu III gracile, Care.r spp., Vaccillium 
scoparium, and Anemone occidelltalis among the associates. 

Campbell's (1973) work is the only fine-scale study of subalpine meadow vegetation in 
the Oregon Cascades. She recognizes two broad classes of meadow communities in a 
small valley near Mount J efferson- "typical" and "atypical" or hydric. The typical 
community types are: 

Phyllodoce e III petl'ijo 1'111 is-Cass iope III e I'tcllsia Ita, 

Vaccinilllll delicioslllll, 
Potell tilla jlabell ijol ia-Ca rex n igrica liS, 
Ca rex II ig rica lis-Pol yt rich 11111 I/() l'L'eg ic 11111 , 

Carex nigricans-Aster alpigenlls, 
Senecio triangularis, and 
Alpine bryophyte. 

Four of the five major groups of communities in our earlier discussion of western 
Washington subalpine vegetation can be recognized in this list. The PlIylloc/oce-Cassiope 
and Vaceinill m communities are so similar to those described earlier no additional descrip­
tion is required. Campbell (1973) does mention the occurrence of Vuccinillin deliciusltlll 
communities as a band along the margin of mature T.'wga lIIertellsial/(l forest and common 
invasion by Tsuga and Abies lasiocarpa seedlings, mostly since 1934. The Potelltilla-Carex 
community is found on well-drained sites between the Pllyllodocc-Cussiope and Care.r 
nigriealls types. Major species, in order of percent cover, are Potelltilla ffabellifolia, 
Carex nigl'icans, LiglisticlIlII grayi, Cal'e.r spectabilis, Hieracillill gmcile, Castilleja 
parvijlora val'. oreopola, and Polytricllllill juniperillllll/. Both CUl'e.r lIigricalls communities 
occupy poorly drained bottoms, but the Carex-Polytriclw III has a significantly shorter snow­
free season than the Cal'ex-Astcr type; it is also a much more depauperate community 
(three vs. eight vascular plants, and one vs. six bryophytes). The Sellecio triangularis 
community is a lush, tall-herb type, Thirty-two vascular plants are constituents of which 
Senecio, Aster occidel/talis, Potentilla .tlabellifo/ia, Viola glabella, Care,r spectabilis, 
Lupillus latifolius, and Dodecatlleoll jejjreyi have over I-percent coverage. The alpine 
bryophyte community is a pioneer type found on areas with extremely persistent snow­
banks, Six bryophytes comprise the community list: BryulII alpilllllll, Polilia ludwigii, 
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Barbilophozia lycopodioides, Polytrichu;n norvegicum, M oerckia blyttii, and Dicranella 
heteromolla. 

The hydric communities indentified by Campbell (1973) are mainly new ones: 
Carex rostrata-Sphagnu rn squarrosum, 
Eleocharis pauciflora-Aulacomniu III palustre, 
Carex scopuloru III, and 
Carex sitchensis. 

The Carex-Sphagnu;n community is a bog type occurring below main seepage areas; 
moving water is found at the level of the moss layer all year. Carex rostmta is the major 
dominant averaging 5 decimeters in height, but Eleocharis pauciflora is also important 
and Salix commutata is an invader. Other species with over I-percent cover are Polygonum 
bistortoides, Epilobiu m alpinu m, Dodecatheon jeffreyi, Saxifraga oregana, Pedicularis 
groenlandica, Carex illota, Sphagnum squarrosum, and Drepanocladus exannulatus. The 
Carex scopulorum community is the most widespread hydric type. The sites occupied 
are rarely flooded, but soils are saturated throughout the year. Carex scopulorum is the 
major dominant growing up to 60 centimeters in height. On seepage areas, Caltha biflora 
and Carex luzulina assume the importance of codominants. Other important constituent 
species are PolygorlUm bistortoides, Carex illota, Carex interrupta, Potentilla flabellifolia, 
Calamagrostis canadensis, Ligusticu m gmyi, and Philonotis americana. The Eleocharis­
Aulacomnium community dominates small areas of stagnant shallow water, usually as 
patches within a Carex scopulont m meadow community. Carex rostrata and C. scopulorum 
are important associates of the Eleocharis. Aulacomnium palustre and Philonotis americana 
dominate the moss layer, with Sphagnum squarrosum a minor component. The Carex 
sitchensis community is subject to inundation for up to 3 weeks during the spring snowmelt 
period. Polygonu III bistortoides and Calamagrostis canadensis are consistent associates 
of the 6- to 8-decimeter-tall Carex sitchensis. Other significant specie8 are Caltha biflora, 
Dodecatheonjeffreyi, Carex illota, Salix commutata, and Boykinia major. 

Campbell (1973) reports that the relationships between time of snowmelt and community 
types in her study area are similar to those reported for the Washington Cascade Range. 
She also shows a relationship between floristics and time of snowmelt within the Carex 
nigricans communities. 

Large, nearly barren pumice flats are conspicuous features of the subalpine parkland 
from Mount Jefferson south in the Cascade Range (Van Vechten 1960, Swedberg 1961, 
Horn 1968). Typical colonizers are low compact perennials with large taproots. Character­
istic species in the north are Eriogonum marifolium, E. pyrolaefolium, Lupinus lepidus, 
Penstemon procerus, Raillardella argel/tea, Spraguea umbellata, Polygonum newberryi, 
Juncus drummondii, Asteralpigenus, Carex brelceri, Castilleja arachnoidea, and Lomatium 
angus tatum. VanVechten (1960) studied one area (the Cinder Desert) on which Eriogonum 
pyrolaefoliu m was the only species of significance; occasional plants of Spmguea u m bella ta, 
Draba aureola, SmeloH'skia calycina, Hulsea nana, and Carex breweri were also present. 
Outwash flats apparently have similar poorly developed communities. VanVechten (1960) 
mentions Eriogonu m pyrolaefoliu m, E. marifoliu m, Raillardella argentea, Senecio fremontii, 
Spraguea umbellata, and Aster alpigenus as characteristic species. 

Horn's (1968) study of the Pumice Desert at Crater Lake National Park illustrates 
the sparsity of vegetation on these pumice and cinder flats. Coverage of all vascular plants 
totaled only 4.5 percent. Eriogonum marifolium, Carex brelceri, Sfipa occidentalis var. 
calijornica, Arenaria pumicola, Spmguea umbellata, and Polygonum newberryi were 
the most important of 14 vascular species present on the desert. Horn (1968) conducted 
some environmental studies and concluded that a severe climatic regime (wide diurnal 
temperature fluctuations) and low soil fertility were responsible for the sparsity of the 
vegetation. Soil moisture was apparently available throughout the short, intense growing 
season. 
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Interior Mountains 

Grasslands are the dominant meadow types in many timberline areas of eastern Oregon 

and Washington (fig. 191). Included here are subalpine areas on the east side of the 
Washington Cascade Range and in the Wallowa and Blue Mountains in Oregon. 

A bunchgrass, Festuca viridula, characterizes pristine communities of this type 

Figure 191.-Grasslands dominate the subalpine parklands in drier mountain ranges of eastern Oregon 
and Washington; top, climax FeSllICG viridliia grassland in virgin condition, and bottom, overgrazed 
F eSILlca grassland which has deteriorated into a community of weeds (e.g., £riogonulIl spp.) and 
Slipa spp. (Wal\owa-Mountains-, northeastern Oregon). 



(Pickford and Reid 1942) except in the Blue Mountains. Since we are considering a group 
of communities covering a wide geographic area, there are many associates. Some of 

these are: 
Grasses and grasslike: Stipa lettermanii, S. occidentalis var. minor, Agrostis rossiae 

(Cascade Range), Carex geyeri, C. hoodii, Sitanion hystrix, Phleum alpinum, Agropyron 
spp., Bromus carinatus, Poa spp., and Trisetum spicatum. 

Forbs: Eriogonum heracleoides, E. piperi, Gilia nuttallii, Lupinus leucophyllus, L. 
latifolius, Polemonium pulcherrimum, Penstemon rydbergii, Erigeron speciosus, E. 
peregrinus, Arenaria formosa, Hieracium gracile, Potentilla glandulosa, Phlox diffusa, 
Polygonum phytolaccaefolium, P. newberryi, and P. bistortoides. 

Shrubs: Artemisia tridentata var. vaseyana, Potentilla fruticosa, Ribes spp., Phyllodoce 
empetriformis, and Vaccinium scoparium (all minor). 
Most of the Festuca viridula grasslands have been grazed, many of them to excess, and 

are in some deteriorated grass-forb stage. In 1938, Pickford and Reid (1942) started a 
study of changes in composition, productivity, and soil erosion associated with grazing 
of these types in the Wallowa Mountains. Recently, Strickler (1961) continued this study 
and made interesting photographic and analytic comparisons of conditions in 1938 and 
1956-57. Festuca viridula, Agropyron caninum, Melica bulbosa, Stipa lettermanii, S. 
occidentalis var. minor, and Lupinus leucophyllus composed the virgin communities; 
total plant coverage was high. "Mixed grass-and-weed" and "weed-needlegrass" (Stipa 
spp.) communities with a high proportion of bare soil characterized the overgrazed sites. 
Amounts of Eriogonum spp., Gilia nuttallii, Penstemon rydbergii, Arenaria formosa, 
Artemisia tridentata, and Stipa spp. were generally higher in these communities. Eventual 
return of these communities to their climax state (dominance of Festuca viridula) appears 

questionable. 

Tree Species, Tree Groups, 
and Forest-Meadow Dynamics 

The other component of the parkland subzone is made up of individual trees, patches 
of forest, and tree groups or clumps. We will consider the major timberline tree species 
found in Oregon and Washington, the communities associated with forest or tree clumps 
in the parkland subzone, and, finally, some successional or dynamic aspects of the parkland 
forest-meadow ecotones. 

Timberline Tree Species 
A great many tree species occur in timberline areas, some of which are listed in table 40. 

Abies lasiocarpa, Tsuga mertensiana, Pinus albicaulis, and Larix lyallii are characteristic, 
however. All these species except L. lyallii are in one of Clausen's (1963) "most tolerant 
timberline tree species complexes," and it was apparently omitted by accident or oversight. 
Abies lasiocarpa is the most widespread, occurring in all timberline areas except in parts 
of southern Oregon. Near forest line, it is usually abundant as an erect tree dominating 
the islands of forest (fig. 192). It is reduced to a shrubby krummholz form at higher 
elevations where it often forms dense mats by layering. 

Tsuga mertensiana is widely distributed at timberline throughout all but the most 
xeric portions of the Cascade Range and Olympic Mountains. In the most maritime 
portions of these ranges, it is usually more important than Abies lasiocarpa; timberline on 
Mount Baker is completely dominated by Tsuga mertensiana, and both Abies lasiocarpa 
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Table 4.0. - Tree species typically found between forest line and timberline in selected parts of 
Washington and Oregon 

Cascade Range Olympic Wallowa 
Species Northwestern Northeastern Mountains, Mountains, 

Washington 
Central 

Washington Oregon Washington Oregon 

- -Abies amabilis m m m 

Abies lasiocarpa M M M MM 

Abies magnifica 
var. shastensis -- - -m 

- --Chamaecvparis m m 
nootkatensis 

Larix IVallii - - --M 

- -Picea engelmannii - mm 

Pinus albicaulis m M M m M 

-Pinus contorta m mm m 

-Tsuga mertensiana -M MM 

Note: M = major species; m = minor species. 

and Pinus albicaulis are very rare. Its timberline growth behavior is like that of Abies 
lasiocarpa (fig. 193). Clausen (1965) believes that both T. mertensiana and Pinus albicaulis 
have evolved distinct "subalpine erect" and "alpine horizontal" races, but this has not been 
confirmed experimentally. 

Pinus albicaulis is present in most timberline areas. However, it is unquestionably most 
important in more xeric regions-eastern and southern parts of the Cascade Range and 
Okanogan and Wallowa Mountains, or locally, on the eastern rain-shadow slopes of the 
major volcanoes such as Mount Rainier and Mount Hood. Pinus albicaulis is able to grow 
erect to higher elevations than either Abies lasiocarpa or Tsuga mertensiana, although it 
will form krummholz at its upper limits. It sometimes functions as a pioneer tree species 
in invasion of meadow areas (Franklin and Mitchell 1967). The wingless seeds of Pinus 
albicaulis are distributed primarily by the Clark's nutcracker (NuciJraga columbiana), a 
large jay, which consumes a portion of the seed crop and hoards the rest. Reproduction 
develops from the forgotten hoards (fig. 194). Their relationship is the same as that 
described for Pinus cembra-NuciJraga caryocatactes in the European Alps and for Pinus 
pumila-NuciJraga caryocatactes var.japonicus in Japan. 
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Figure 192.-A bies lasiocarpa is the most widespread of the timberline tree species; pictured are groups 
of this species near timberline in the eastern Cascade Range (Wenatchee National Forest, Washington). 

L 

Figure 193.-Tsuga merten­
siana is an important 
timberline tree species 
throughout most of the 
Cascade Range and Olym­
pic Mountains. 
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Figure 194.-Pil1l1s aibicalliis is a 
major timberline tree species in 
drier mountain areas; reproduc­
tion of the species is largely 
dependent upon the hoarding 
habits of a large jay, NlIcijraga 
colllll/biana , which give rise to 
groups of seedlings and saplings 
(Sunrise Ridge, Mount Rainier 
National Park, Washington). 

Larix lyallii is, with rare exception, limited to the eastern half of the northern Cascade 
Range and Okanogan Mountains in Washington. It occurs only at or near timberline in 
these areas and appears exceptionally well adapted to the environment (fig. 195). Larix 
lyallii typically grows to higher elevations than any of its associates and maintains an 
erect habit when other species are unable to grow or occur only as krummholz beneath the 
Larix (Arno 1970, Arno and Habeck 1972). As a result, Larix lyallii stands often form a 
distinctive forest belt between forest and alpine; this belt is particularly conspicuous during 
the fall as a swath of brilliant orange yellow. 

Many other species do occur in localized timberline areas. Chamaecypa1'is nootkatensis 
is a major krummholz species in parts of the Washington Cascade Range and northeastern 
Olympic Mountains. Pinus con torta is typical in more xeric timberline tracts in association 
with Pinus albicau lis . Picea engelmannii is occasional at timberline, generally to the east 
of the Cascade crest (fig . 196). Abies amabilis is common below the tree line in the most 
maritime portions of the Cascade Range and Olympic Mountains. Abies magnifica var . 
shastensis and Pinus monticola occupy similar sites in the southern Oregon Cascade Range 
(e.g., at Crater Lake). 
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Figure 196.-Picea el1ge/lIlal1l1ii is one of several species which 
form true krummholz in upper subalpine and lower alpine 
regions in more continental parts of the Pacific Northwest; this 
particular specimen is on the northeast slopes (rain-shadow 
side) of Mount Rainier, however (Mount Rainier National 
Park, Washington). 

Figure 195.-Although limited in distribu­
tion, Larix /yallii appears exceptionally 
well adapted to the timberline environ­
ment, often growing to higher elevation 
than any arborescent associates (Wenat­
chee National Forest, Washington). 

Forest and Tree Groups 
Tree groups or clumps are one of the most distinctive and picturesque features of 

subalpine parkland (fig. 197). The characteristics of these tree groups, specifically their 
composition and development, have been the subject of considerable study in wetter portions 
of the Cascade Range (Franklin and Mitchell 1967; Douglas 1970, 1972; Lowery 1972; 
Brooke et al. 1970) . In addition, there is a substantial body of information about Larix 
lyallii communities (Arno 1970, Arno and Habeck 1972). 
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Figure 197.-Tree groups are one of 
the more characteristic and pic­
turesque aspects of subalpine park­
lands; these groups are predom­
inantly Abies /asiocarpa and Pinll s 
a/bicau/is (Sunrise Ridge, Mount 
Rainier National Park, Washington). 

Tree Clumps or Groups 

Most of the study of subalpine tree groups has been conducted in the parkland subzone 
of the Tsuga mertensiana Zone in wet coastal British Columbia and western Northern 
Cascades Province (Lowery 1972; Douglas 1970,1972 ; Brooke et al. 1970). 

The tree groups may range in size from a few trees to 0.1 hectare or more in area. They 
typically (but not exclusively) occur on slight hummocks, ridges, or other convex topography 
indicating a relationship with areas in the landscape with longer snow-free seasons. Four 
tree species are constituents-Chamaecyparis nootkatensis, Tsuga mertensiana, Abies 
lasiocarpa, and Abies amabilis . These species can all occur in a single tree group, but 
there are some indications of different amplitudes. Abies lasiocarpa is more characteristic 
of warmer, drier slopes which probably reflects an ability of its seedlings to become 
established on droughty sites superior to those of Tsuga or Abies amabilis (Lowery 1972) . 
Abies lasiocarpa also tends to be more common in the alpine krummholz formations. 
Abies amabilis is more common in mesic and lower elevation tree groups ; as will be 
mentioned, it also is often a later arrival in group development. Lowery (1972) found 
Chamaecyparis nootkatensis a rather infrequent constituent of subalpine tree groups in his 
study area (mainly on moist, low-elevation habitats); but in some other areas, we have 
observed it to be rather common even extending as krummholz mats into the Alpine Zone. 

Distinctive floras (composed largely of species from the closed forest subzone) and 
vegetational belts are frequently associated with subalpine tree groups (Douglas 1970, 
1972; Brooke et al. 1970). Brooke et al. (1970) recognized two mature tree communities in 
coastal British Columbia: Tsuga mertensianalVaccinium membranaceum (mesic habitats) 
and Tsuga mertensianalCladothamnus pyrolaefiorus (moderately dry habitats). Vaccinium 
membranaceum and Rhododendron albifiorum are the most characteristic tall shrubs in 
the TsugalVaccinium community and occur closely clumped around the bases of isolated 
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trees or clumps of trees in exposed habitats (Le., forming marginal "rings" of tall shrubs 
around the groups). Most of the lesser associated species are typical of adjacent meadows, 
e.g ., Phyllodoce empetriformis, Cassiope mertensiana, and Vaccinium deliciosum. The 
Tsuga/Cladothamnus community has an even ranker growth of tall shrubs (average cover, 
65 percent) with Cladothamnus , Menziesia f erruginea, Vaccinium alaskaense , and V. 
membranaceum as the dominants. Shrublike Chamaecyparis nootkatensis and sapling 
Tsuga and Abies amabilis are associated with these tall shrubs. Again, meadow species 
characterize the lesser vegetation. 

Douglas (1970, 1972) recognizes only a single tree group community, the "Mature 
Tsuga mertensiana-Abies amabilis"; however, he does recognize both an "open" and 
"closed" phase of this community. The major shrubs are Vaccinium membranaceum and 
(in the open phase) Menziesia f erruginea. Low shrubs and herbs in the closed phase are 
dominantly Luzula wahlenbergii and Rubus lasiococcus. In the open phase, Luetkea 
ptlctinata, Phyllodoce empetriformis , and Rubus peda tus are conspicuous. Douglas (1970, 
1972) also recognizes a shrub community which occurs on the margin of tree groups­
Vaccinium membranaceum-Rhododendron albifiorum . The close relationship of this com­
munity with that of Brooke et al. (1970) is obvious. Douglas (1970, 1972) maintains that 
this community develops after the forest is established (rather than preceding it) as a 
consequence of the lengthened growing season wrought by the trees. Major species, in order 
of importance, are Rhododendron albifiorum, Vaccinium membranaceum, Sorbus sitchensis 
grayi, Menziesia f erruginea, Phyllodoce empetriformis, Vaccinium deliciosum, Ru bus 
pedatus, and Vaccinium ovalifolium. Douglas (1970, 1972) and Brooke et al. (1970) 
recognize a similar dwarfed Tsuga mertensiana community which mayor may not be 
associated with a mature tree group. Douglas (1970 , 1972) interprets this as an early 
stage in forest or tree group development and calls it an "immature" Tsuga-Abies type. 

Apparently, podzolic soil types are characteristic under most subalpine forest or tree 
groups. The best study conducted to date is that of Bockheim (1972) in the Mount Baker 
area. Two subalpine tree. groups, as well as an alpine krummholz stand, had well­
developed Podzols (Lithic Cryohumod, Humic Cryorthod, and Humic Lithic Cryorthod) 
with 3- to 9-centimeter A2 horizons; 5- to 17-centimeter B21hir horizons; and 9- to 
25-centimeter B22hir or B22h horizons. 

The very appearance of subalpine tree groups suggests their establishment as one or a 
few trees at a central point followed by gradual expansion (fig . 198); the tallest and largest 

Figure 198.-Subalpine tree groups in early stages of development (Sunrise Ridge, Mount Rainier 
National Park, Washington). Left: Group initiated by Pinus albicau/is with expansion taking place 
primarily by layering of A bies lasiocarpa; some Tsuga lIl ertensiana seedlings have become established 
within the protection of the larger trees. Right: Similar group initiated by A bies lasiocarpa; note the 
confinement of Pinus saplings to the margin of the group. 



diameter trees are generally. in the central area with increasingly smaller trees toward the 
peripheries. This general hypothesis has been examined by several scientists but most 
carefully by Lowery (1972). His dissection of two clumps at Mount Baker shows clearly 
that they have expanded radially around the first trees established at the site (fig. 199). 
Furthermore, the height and diameter growth rates are slower on the peripheries of the 
clumps than near the centers. Abies lasiocal'pa was the major pioneer in both clumps. 

Similar tree groups or clumps have been recognized in subalpine parklands throughout 
Oregon and Washington and, indeed, the entire mountain west. Franklin and Mitchell 
(1967) studied subalpine tree groups around Mount Rainier and hypothesized a develop­
mental sequence (fig. 200) which has been partially confirmed (Franklin et aI. 1971). 
Douglas (1969) has described other types of subalpine tree groups . 

N 

t 

•• ...
• 

• Tsuga mertenslana 

• 

A Ab,es /aslOcarpa 
• Abies amabl/is 

Scale 1:120 

Figure 199.-Isolines of total tree age for tree clump in subalpine parkland near Mount Baker; all 
trees within an isoIine are that age or older except for two Ahies {//Ilahilis within the 150-year-age 
isoIine which were 35 years old and two very large dead A hies lasiocarpa in the center of the clump 
(from Lowery 1972). 
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Abies lasiocarpa 

J 

Figure 200.-Schematic diagram showing one 
possible sequence in development of subalpine 
tree groups in the Cascade Range. 

To summarize, a general successional sequence in tree clump development would appear 
to be as follows . The group is initiated by a hardier subalpine tree species-often Abies 
lasiocarpa or Pinu s albicau lis in drier habitats or more continental regions, Tsuga 
mertensiana in moister subalpine habitats. As the invaders grow larger, they begin to 
exert an influence on their microenvironment, i.e., lengthening the growing season because 
of their black body effect which results in earlier snowmelt. Consequently, additional trees 
of the same or other species become established on the peripheries by layering of branches 
and seed germination. As the group enlarges, trees in the central area die, either leaving an 
unfilled hole (Lowery 1972) and an "atoll" form of tree group or being replaced by seedlings 
of the same or a more tolerant species (Franklin and Mitchell 1967). The pioneer species 
generally continues to be represented at the peripheries (Franklin and Mitchell 1967); 
it is notable, however, that at Mount Baker Tsuga mertensiana was best represented in the 
peripheries of groups pioneered by Abies lasiocarpa (Lowery 1972). Nonetheless, given 
sufficient time for tree clump development and a constant climate, the successional sequence 
in expanding tree groups should follow the same general pattern as in the adjacent closed 
forests. 

The reader should note that successional status is not often considered among timberline 
tree species since all are climax in a sense. None are in danger of elimination from the 
parkland since they can migrate to other open areas if more tolerant species become too 
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competitive. The same is, of course, true of meadows being replaced by forests. Nonetheless, 
gradual changes do take place, and timberline tree species (and meadows) are displaced 
from sites they colonize. 

A succession of tree species can apparently occur even in alpine krummholz stands. 
Archer (1963), for example, suggests a sequence of Chamaecyparis IlOotkatclisis, Abies 
lasiocarpa, and finally, TSlIga mcrtellsialla may occur in krummholz stands at Garibaldi 
Park in British Columbia. 

Larix Iyall;; and Other I nteri or Ti m berl i ne Forests 
As mentioned, Larix lyallii is one of the most interesting of the subalpine trees, 

forming upright stands at higher elevations than any other associated tree species. It 
is a continental species found only on the eastern slopes of the northern Cascade Range 
in Washington in our region where it forms a distinctive zone. 

The efforts of Arno (1970) and Arno and Habeck (1972) provide descriptions of the 
numerous Larix lyallii communities found in this area. Larix lyal/ii occurs with a wide 
variety of tree associates, of which Picea engeimalillii, Abie.') lasiocal'pa, and Pinu.') 
albicalllis are most important in more continental areas; maritime species such as TSliga 
mertellsiana and Abies aillabilis become more important on approaching the crest of the 
Cascade Range. These associates are confined to a krummholz form in many of the stands 
which are at 1,800 to 2,400 meters. The ameliorating influence of the Larix appears to 
allow typical lower elevation subalpine understory species and trees to ascend to higher 
elevations than would otherwise be possible. Major understory associates in the Cascade 
Range are Vaccillilllll scopal'ill III , V. delicioslIlIl, Rhododelldroll albiflo/'lIm, Llletkea 
peetillata, LIIZIlla glabmta, Phyllodoce empetnjo}'mis, P. glal/dulijlom, Cassiope mertel/si­
aI/a, Jllllipe)'IIS COllI/II lillis, Carc.r rossii, and Care.!' lIigricans. Each of these dominates the 
understory in at least one of the Cascade Range stands that was sampled. Arno (1970) and 
Arno and Habeck (1972) do not attempt a classification of Larix lyallii communities, 
however, and suggest several reasons why community types or patterns are difficult to 
define. 

Daubenmire and Daubenmire (1968) mention another interior timberline community, 
the Pinus albica IIlis-Abies lasiocarpa type. Dwarfed and wind-deformed trees of these 
two species are scattered singly or in small groves and share climax status. Ground cover 
commonly consists of Vaccillilllll scopariulII, Xerophylllllll tellax, Care.r spp., Luzula 
sp., Erigeroll peregl'illus, and PolygonulII bistortoides. 

Dynamics at Forest-Meadow Ecotones and Timberline 
Timberline areas are tension zones-dynamic ecotones between tree and treeless 

regions. As at lower elevations, directional changes are constantly taking place in response 
to allogenic (e.g., long- and short-term climatic changes) and autogenic (changes in 
environment brought about by organisms) factors. Successional considerations are 
particularly complex in subalpine parkland since they involve relationships between tree 
species, various meadow communities, and forest and meadow communities. 

Some of the successional relationships, mostly of the gradual developmental type, have 
been discussed in earlier sections: succession between meadow community types and 
development of subalpine tree groups and their gradual encroachment on meadows. We 
would like to consider three more dramatic phenomena in a little more detail here: 
(1) extensive invasion (replacement) of meadows by trees, (2) the role of fire, and (3) upward 
movement of timberline. 
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Massive Invasions of Subalpine Meadows 

Gradual changes in the forest-meadow ecotone are to be expected, with a net loss of 
meadow areas during times of more favorable climate or for a substantial period after 
termination of a major glacial epoch under a stabilized climate. Most authors consider 
forest the climatic climax in at least the lower portions of the parkland subzone of the 
Pacific Northwest. Expansion of tree clumps would fall into this "gradual" category. 

During the last half century, however, massive invasion of meadows has taken place at 
many locations in the Pacific Northwest (fig. 201) (Brink 1959; VanVechten 1960; 
Fonda 1967; Kuramoto and Bliss 1970; Brooke et al. 1970; Douglas 1970, 1972; Henderson 
1973; Franklin et al. 1971; Lowery 1972; and others). This in no sense resembles a gradual 
change; it is rapid and recent. Several authors have examined age class distributions of the 
seedlings invading meadows (e.g., Lowery 1972, Henderson 1973, Franklin et al. 1971) 
and found similar patterns with most trees having become established 20 to 50 years ago 
(fig. 202). Exact patterns of species and ages vary from area to area; but, in general, the 
period of invasion is centered on the 1930's, and both young seedlings and trees older than 
40 to 50 years are uncommon. The simultaneous, apparently temporary conditions, favorable 
for conifer invasion over such a wide geographic area, suggest a climatic flux, i.e., lessened 
duration of snow cover or lengthened growing season. Franklin et al. (1971) suggest that 
the warmer, drier climate experienced between the late 1800's and mid-1940's is responsible. 
Henderson (1973) suggests that the explanation is more complex, actually involving good 
seed years followed by summers of above normal precipitation and temperature; he also 
indicates that significant meadow invasion has continued to the present, a phenomenon not 
confirmed by other authors. 

Intensity of tree invasion and growth rate and forTh of trees after establishment vary 
from one meadow community to another (Henderson 1973, Franklin et al. 1971). Henderson 
(1973) indicates some of these relationships: 

Figure 201.-Changes in the subalpine forest-meadow 
ecotones have typically been gradual; however, massive 
invasions of meadow areas by tree species have taken 
place in the last SO years all over the Cascade and 
Olympic Mountains (paradise Valley, Mount Rainier 
National Park). 
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Figure 202.-Age distributions of invading seedlings at Paradise Valley on Mount Rainier (upper) and 
in the Mount Baker area (lower, from Lowery 1972). 

Intensity of Spatial Growth Growth 
Meadow community type tree invasion pattern rate form 

Carex nigricans Very low Singly Very low Distorted 
Phyllodoce-Vaccinium High Widespread Low Distorted 
Valeriana- Veratrum Moderate Singly or Moderate Straight 

(Lush herbaceous group) small groups 
Festuca viridula group Low Singly or Moderate Straight 

copses 
It seems clear that, in the Festuca viridula communities, drought and possibly heat retard 
forest establishment; trees grow well once established, however. The wet, cool environment 
of the Phyllodoce-Vaccinium group places different constraints on tree seedling establish­
ment, and it is here that recent meadow invasion has been most intense; short growing 
seasons and heavy snow loads severely retard growth, however. 

The climate has entered a cooler, moister period since the mid-1940's; and, as mentioned, 
most investigators note a drastic decline in tree establishment since that time. It will be 
interesting to observe whether the deep snowpacks and short growing seasons experienced 
during recent years (especially 1971 and 1972) result in mortality of established trees, 
i.e., reclamation of meadows. 
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Role of Fire 

Fire is considered an important factor in creation and maintenance of subalpine 
meadows by several scientists (e.g., Kuramoto and Bliss 1970, Henderson 1973, and 
Bockheim 1972). Henderson (1973) incorporates fire effects into one of his successional 
diagrams (fig. 189B). Bockheim (1972) describes charcoal from all of his subalpine soils, 
even under meadows, and indicates it would probably be necessary to have forest vegetation 
before a significant amount of charcoal could be produced. A fire-created meadow might be 
maintained by other factors, such as herbaceous competition, for many centuries without 
fire recurrence. 

Unquestionably, fire has played an important role, particularly in the lower part of the 
subalpine parkland where forest and tree groups are more abundant. Recent wildfires, 
experienced by the authors, show clearly that fire will carry from tree clump to tree clump 
often skipping over intervening meadows. Douglas and Ballard (1971) show how fire in 
krummholz stands eliminates the trees and moves succession back to a previous meadow 
stage (Phyllodoce- Vaccinium in their case). Henderson (1973) recognizes several meadow 
communities which he feels are seral to forest and may be products of fire. His Vaccinium 
membranaceum/Xerophyllum tenax community is certainly a product of fire in the 
subalpine forest. In many of these seral meadow communities, however, a fire origin is 
obvious from rotten wood, old logs and snags, presence of several "forest-site" herbs 
and shrubs, and an abundance of charcoal. 

We would suggest caution in ascribing the majority of subalpine meadows to past fires, 
however. The evidence suggests other historic and environmental factors are dominant in 
determining the present vegetational mosaic in wetter mountain areas. In drier regions, 
particularly the interior mountains, fire has probably had more of a key role. 

Changes in Timberline 

Changes in the overall elevation of forest line or scrub line have not been reported in this 
region with one exception-on Mount St. Helens, a relatively low (2,948 m.) peak in 
southwestern Washington. The existing cone (fig. 203) is of very recent origin (less than 
2,000 years ago) and its slopes are mantled with coarse pumice. Timberline is very low 
compared with other peaks in the vicinity (about 1,340 m.) and composed of species not 
normally found at timberline-Pinus contorta (dominant), P. monticola, Pseudotsuga 
menziesii, Populus trichocarpa, Abies procera, and Tsuga heterophylla, for example. 
Lawrence (1938) concluded that timberline is advancing at a discernible rate on Mount 
St. Helens after studying some photographs taken in 1897 and suggests present timberline 
is a consequence of edaphic conditions. 

Alpine Communities 
The Alpine Zone is not well developed in the mountains of Oregon and Washington. 

Habitats capable of supporting alpine plant communities are not extensive in contrast to 
the large alpine acreages in the Rocky Mountains. Most of the Alpine Zone is steep and 
rugged, occupied by glaciers, snowfields, bare rock, and rubble (fig. 204). Numerous 
observers have commented upon the narrow elevational belt between the timberline (upper 
limit of upright tree growth) and line of permanent snow and ice (see Troll 1955 and Knapp 
1965, for example). Furthermore, much of the Alpine Zone occurs on only recently dormant 
Pleistocene volcanoes of the Cascade Range where substrates are youthful and steep 
slopes help perpetuate them in that state. 
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Figure 203.-Timberline is low (1,340 m.) but advancing on Mount St. Helens, a Cascade Range 
volcano of very recent origin (less than 2,000 years old). This photograph was taken prior to the 
eruption of Mount St. Helens in May 1980. 

Figure 204.-The Alpine Zone 
is not well developed in Ore­
gon and Washington; areas 
above timberline are occupied 
primarily by glaciers, snow­
fields, bare rock, and rubble 
(Mount Rainier from Sun­
rise Ridge). 
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Since the broad, snow-free alpine tracts typical of the Rocky Mountains are absent, it 
is not surprising that alpine vegetation in the Pacific Northwest is neither well known nor 
extensively developed. Krajina (1965) feels that the Phyllodoce-Cassiope association is the 
climatic climax in the Alpine Zone of adjacent British Columbia. Scott (1962) lists a 
Saxifrage-Heather association as climax in western Washington's "Arctic-Alpine Zone"; 
this he considers to lie between 2,300 and 2,600 meters with essentially no vegetation above 
that level. We suspect that some type of herbaceous turf community may ultimately be 
identified as the zonal climax in the upper part of the Alpine Zone with an ericaceous 
shrub type possibly characterizing the lower part of the zone. 

Despite limited extent, the basic features of alpine regions throughout most of the 
temperate zone are apparently present; wind and snow depth and duration combine with 
edaphic features to determine the structure and composition of the communities. Bliss 
(1969) concludes that the primary factors controlling community patterns in the Olympic 
Mountains are time of snowmelt and accumulation of snow in relation to slope aspect. 
Patterned ground is consistently reported from the alpine areas including frost boils, stone 
nets, and stone stripes, as well as solifluction terraces (fig. 205) (Bliss 1969, Hamann, 
1972, Van Ryswyk 1969). 

Figure 205.-Alpine landscape mosaic; note the stone stripes on the background slope (Mount Fremont, 
Mount Rainier National Park, Washington). 
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Community descriptions are available from three alpine regions: the Olympic Mountains 
(Bliss 1969), Mount Rainier (Hamann 1972), and the Okanogan Highlands (Van Ryswyk 
1969, McLean 1970). It seems notable that all three study areas are relatively dry, more 
continental tracts than is typical of most of the coastal mountains; the focal points of the 
studies at Mount Rainier and in the Olympic Mountains are on the northeastern slopes 
in the lee of the mountain massifs. We have observed extensive development of alpine 
vegetation only in such areas; the heavy snows and ice prevent development of substantial 
tracts of alpine vegetation in wetter areas. The reader should also bear in mind that 
many of the meadow communities characteristic of the subalpine parkland extend into 
at least the lower reaches of the Alpine Zone, although they may be somewhat modified 
in form and composition (see Archer 1963, for example). Phyllodoce elllpetrijormis­
Cassiope lIIertelisialla, Valeriana sitchellsis, CaTe.l' nigTicalls, and Llletkea pectinata 
communities are examples. 

Hamann (1972) recognizes seven alpine plant associations on the northern slopes of 
Mount Rainier: 

Association Remarks 
Eli/petri/III lIigl'lllll/LlipillllS lepidll8 On north-facing fellfields 
Arctostaphylos II L'a-I/ rsi/Solidago On south-facing fellfields 

spathulata 
Arenaria obtlisiloba-LlipillllS lepidlls Pioneer cushion plant community 

on gentle slopes 
Phyllodoce giandlllzffora/Aster Moistest alpine environments 

alpige II I(S 

Pediclilaris cOlltorta-Carc.l' spcctabilis Forms well-developed turf 
ETigeron aUl'clis-Llipinlis lepidlls 
PhloJ' difflisa/Arcllaria capillaris Seral to Pedicularis-CaTex type 

The Empctl'lllll/LlipilillS association is a low stature community which is relatively rich 
in species (table 41); however, only the E mpetru m, Lupinu s, Erigenn/ a IITe1l s, and 
Pediclliaris C()lltorta have high constancies. Vegetative coverage is generally 40 to 75 
percent in the block-fields or fellfields it occupies. Snow patches persist until July or 
August, and the deeper winter snowpack provides a more protected winter environment 
for this north-slope community. The Arctostaphylos/Solidago association is the south­
slope fellfield analog. It is also rich in species with Juniperus commullis and Potentilla 
fruticosa joining Arctostaphylos as shrubby components. Numerous herbaceous species 
have high constancies (table 41). Patterned ground is frequently encountered in this 
association which occurs on a relatively dry and exposed alpine habitat. Cushions of 
ATenaria obtusiloba and a high percentage of bare ground are characteristic of the 
Arenaria-Lupinus association (fig. 206). ArenaTia obtusiloba and Lupinus lepidus provide 
over half the cover with the remaining associates (table 41) typically present in only low 
coverages; it is the richest of the alpine associations. Phlox diffusa and Silene acaulis 
help, along with the ATenaria, to produce a physiognomy of mounds or cushions. Frost 
action is characteristic, producing a variety of phenomena. The ErigeTon-Lupinus is a 
closely related association occurring between active nonsorted stone stripes; average cover 
is only 9 percent. It is relatively poor floristically, although ETigeron aUTeus is best 
developed here. The Phyllodoce/AsteT association has a high plant coverage, although it 
consists primarily of three species-Phyllodoce glanduliflora, Aster alpigenus, and 
Lupinus lepidus. On the moist habitats occupied by this association, vegetation has 
stabilized the soil. The Pedicularis-Carex association forms a well-developed turf. High 
constancy of several moisture-requiring species suggests a moist habitat, at least early in 
the season. Carex spp. make up 25 percent or more of the cover. Some of the best developed 
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Table 41. - Constancy class (I = low to 5 = high) for major species in six alpine plant associations (after 
Hamann 1972) 

Association I 

Species Emni / Lule Phgl/Asal 

Empetrum nigrum 5 1 1 1 
Erigeron aureus 5 3 5 5 4 
Lupinus lepidus 5 3 5 5 5 5 
Pedicularis contorta 4 2 2 5 2 
Arenaria capillaris 3 2 1 5 
Arenaria rubella 3 4 4 2 
Phyllodoce glanduliflora 3 1 1 5 
Vaccinium scoparium 3 3 2 
Carex spectabilis 3 2 4 5 
Artemisia trifurcata 3 3 2 1 4 
Aster alpigenus 3 2 1 5 5 
Festuca ovina 3 3 5 3 
Luzula spicata 3 3 5 1 
Penstemon procerus 3 5 5 4 4 2 
Potentilla diversifolia 3 3 2 3 
Solidago spathulata 3 5 5 3 2 
Arctostaphylos uva-ursi 1 5 1 2 
Potentilla fruticosa 1 5 4 
Carex nigricans 1 5 3 2 2 
Achillea millefolium 1 5 1 2 
Campanula rotundifolia 1 5 1 1 
Trisetum spicatum 2 5 3 2 
Antennaria alpina 3 3 1 
Juniperus communis 1 4 1 
Phlox diffusa 2 4 1 3 5 
Arenaria obtusiloba 3 3 5 4 
Penstemon davidsonii 1 4 5 2 
Carex phaeocephala 2 4 5 4 
Poa gracillima 2 2 3 
Silene suksdorfii 2 3 
Spraguea umbellata 1 3 1 
Sibbaldia procumbens 2 3 1 2 1 
Luetkea pectinata 2 3 
Cassiope mertensiana 4 
Vaccinium deliciosum 3 
Kalmia polifolia 3 
Antennaria lanata 2 4 4 
Potentilla flabellifolia 1 2 4 
Veronica cusickii 2 4 3 

I Emni/Lule Empetrum nigrum/Lupinus lepidus association 
Aruv/Sosp Arctostaphylos uva-ursi/Solidago spathulata association 
Arob-Lule Arenaria obtusiloba-Lupinus lepidus association 
Erau-Lule Erigeron aureus -Lupinus lepidus association 
Peco-Casp Pedicularis contorta-Carex spectabilis association 
Phgl/Asal Phyllodoce glanduliflora/Aster alpigenus association. 
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alpine soils are associated with this community. The PhloxlArenaria community is con­
sidered to be a pioneer community which evolves into the Pedicularis-Carex type. Flat 
mats of Phlox diffusa cover 25 to 75 percent of the ground in this association. Lupinus 
lepidus, Arenaria capillaris, Trisetum spicatum, Carex phaeocephala, and C. spectabilis 
also have significant coverage. 

Bliss (1969) provides some data on alpine community composition in the northeastern 
Olympic Mountains and notes that most alpine tundra is found at 1,800 to 1,850 meters 
with upper limits of about 2,250 meters due to rock and permanent snow and ice. South­
and west-facing slopes where the snow melts in May and early June are characterized by 
Phlox diffusa, Lupinus lepidus, Oxytropis campestris, Antennaria racemosa, and Erigeron 
compositus var. discoideus. Where striping occurs on scree slopes 20 to 75 centimeters wide, 
vegetation stripes alternate with 50- to 120-centimeter stone stripes; important species 
in the vegetation stripes include Phlox diffusa, Arenaria obtusiloba, Draba lonchocarpa, 
Synthyris pinnatijida var. lanuginosa, Carex spectabilis, and Potentilla diversifolia. 
Lupinus lepidus is more common in the stone stripes. A closed herb meadow characterizes 
less exposed sites with greater winter snow cover. Dominants there are Carex phaeocephala, 
Potentilla diversifolia, Phlox diffusa, Draba lonchocarpa, and Solidago spathulata. Bliss 
describes communities around several different types of snowbanks, since slope aspect 
as well as time of melt are important: (1) steep, north slopes-scattered Douglasia 
laevigata, Lomatium angustatum, and Ranunculus eschscholtzii; (2) gentle slopes­
Antennaria lanata. Carex spectabilis, and Polygonum bistortoides (mid-June snowmelt), 

Figure 206.-Cushion plants 
are major components of 
the sparse pioneer vegeta­
tion on this flat alpine area 
covered by recent pumice 
falls (Burroughs Mountain, 
Mount Rainier National 
Park, Washington). 
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Carex nigricans (August snowmelt), and Hedysarum occidentale (warm, relatively dry 
microsites); and (3) low-elevation snowbank sites-mostly subalpine meadow species such 
as Hedysarum occidentale, Artemisia trifurcata, Elmera racemosa, and Arnica rydbergii. 
Rock outcrops low in the alpine regions which are released in mid-June are dominated by 
Douglasia laevigata, Phlox diffusa, Draba lonchocarpa, Saxifraga bronchialis, Sedum 
divergens, and Penstemon procerus var. tolmiei. 

Van Ryswyk's (1969) and McLean's (1970) study area is actually in extreme southern 
British Columbia, immediately north of the border in the Okanogan Highlands Province. 
The alpine communities here resemble much more closely the types described from the 
Rocky Mountains. The landscape is generally much gentler than that encountered in the 
Cascade Range and Olympic Mountains. On stable, well-drained tracts, a closed alpine 
tundra or turf in which Carices are prominent is typical: Carex scirpoidea, C. nardina, 
C. pyrenaica, C. albonigra, Kobresia bellardii, Festuca ovina, Luzula spicata, Trisetum 
spicatum, Antennaria alpina, Silene acaulis, Potentilla nivea, Poa alpina, Juncus 
drummondii, J. parryi, Penstemon procerus, and Sibbaldia procumbens. On dry, shallow 
soils an Antennaria lanata-Vaccinium scoparium community is conspicuous; it includes 
abundant mosses and lichens and common occurrences of Arenaria formosa, Luzula 
glabrata, Veronica wormskjoldii, Juncus parryi, and J. drummondii. In moist, snowy 
depressions Carex nigricans, C. pyrenaica, and Polytrichum spp. are constant with 
Veronica wormskjoldii, Juncus drummondii, Potentilla diversifolia, Deschampsia 
atropurpurea, Luzula glabrata, Juncus mertensianus, and Caltha leptosepala varying from 
site to site. Salix spp./Carex macrochaeta communities (up to 1 meter and 3 decimeters 
tall, respectively) may also occur in poorly drained sites at about the tree line along with 
Sphagnum spp. and some of the aforementioned vascular plants. As Van Ryswyk (1969) 
points out, there is a distinctive lack of ericaceous shrub communities so common in the 
Cascade Range; they occur here but only as minor elements of the mosaic. Tall herbaceous 
communities are also lacking. 

Obviously, except east, of the Cascade Range proper, the alpine turf communities so 
characteristic of the Rocky Mountains are essentially absent. Just as in the case of 
forested and subalpine parkland zones, the wet, mild coastal climate has tended to evolve 
communities which are distinct in composition and structure, certainly from those typical 
of continental mountain regions in North America, and probably the temperate zone 
in general. 
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CHAPTER XI. VEGETATION OF SOME 

UNIQUE HABITATS 


There are many habitats supporting unusual floras or communities which are of 
particular interest to the geneticist, ecologist, or plant geographer. These are typically 
"azonal" types of habitats which are the result of unusual substrates (e.g., serpentine), 
unique topographic features, or other unusual environmental factors (e.g., salt spray). 
Sufficient data are available to consider four such areas: (1) the ocean-front community 
complex including sand dune and strand communities and tidelands; (2) areas of recent 
vulcanism such as mudflows and lava beds; (3) serpentine tracts; and (4) other botanically 
interesting areas-the Columbia Gorge, upper Skagit River-Ross Lake area, and the San 
Juan Islands. 

Ocean-Front Communities 
A rich variety of specialized community types are found along the edge of the Pacific 

Ocean reflecting a mosaic of distinctive habitat types-estuaries, tidal flats, sand dunes, 
headlands, etc. (fig. 207). Some features of shoreline vegetation are immediately obvious­
e.g., communities of sand colonizers and stabilizers, the often impenetrable, bordering belts 
of shrubs and forests of Pinus contorta and Picea sitchensis. Strong, seashore winds 
greatly influence composition and form of the vegetation by desiccating foliage, transport­
ing salt spray, and abrading the plants with sand. As a consequence, the stands of Pinus 
contorta and Picea sitchensis are frequently deformed on the oceanside and increa~e in 
height to the lee (fig. 208). We will consider three major categories of ocean-front com­
munities: (1) sand dune and strand communities, (2) tideland communities, and (3) herb­
and shrub-dominated communities. 

Sand Dune and Strand Communities 
Sand dunes are the major locale where ocean-facing vegetation types have been studied 

by ecologists. In Oregon and Washington, there are extensive areas of such dunes­
on 225 kilometers of 500 kilometers of shoreline in Oregon alone (Wiedemann 1966, 
Wiedemann et al. 1969) (fig. 209). The greatest development is the Coos Bay dune sheet 
covering 86 kilometers of continuous coastline and a major site of Cooper's (1958) monu­
mental study of dune origin and form. 

Dune and strand vegetation of the Oregon coast has been studied by many scientists, 
including Egler (1934), Green (1965), Byrd (1950), Hanneson (1962), Kumler (1963), 
Wiedemann (1966), and Wiedemann et al. (1969). Any discussion should probably begin 
with the early plant colonizers which begin sand stabilization. Some of the more important 
species are Glehnia leiocarpa, Carex macrocephala, Fmnseria challlissonis, Abronia 
latifolia, Convolvulus soldanella, Lupinuslittomlis, Poa macmntha, POlyg01ll1l1l paronychia, 
Juncus lesueuni and falcatus, Potentilla anserina, Calamagrostis nutkaensis, Elymus 
mallis, Plantago maritima, and Cotula corollopifolia (Heusser 1960, Kumler 1963). 
Ammophila arenana is an important pioneer deserving special mention. It was first 
introduced in the late 1800's for use in dune control planting on the Oregon coast (Green 
1965). Since that time, it has become naturalized and occurs widely, especially along the 
immediate shoreline (next to the high tide line). In fact, Ammophila arena ria is responsible 
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Figure 207.-Mosaic of 
ocean-front habitats; visi­
ble are tidal marshes in an 
estuary, coastal Picea 
sitchensis and Pinus con­
torta on uplands, a series 
of sand beaches, and in the 
foreground, a grassy, head­
land area (Cascade Head, 
Oregon). 

Figure 208.-0cean winds and spray 
strongly influence form and composition 
of beach-bordering communities; Picea 
sitchensis at Cape Perpetua, Oregon 
(ph oto courtesy Siuslaw National Forest). 
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Figure 209.-Sand dunes are 
very extensive along the Ore­
gon coast, occupying nearly 
half the 500 kilometers of 
shoreline; pictured is the 
north end of the Coos Bay 
dune sheet, the most extensive 
single area of dune develop­
ment in the Northwest (phoro 
COllrfesy Sills/mv Nariol/a/ 
F o res r). 

for development of foredunes along portions of the coast, a dune type relatively uncommon 
prior to 1930 (Wiedemann 1966, Wiedemann et al. 1969). 

The shrub communities are often extremely dense and 1 to 3 meters in height. The most 
constant element is apparently Gaultheria shallon (Heusser 1960, Kumler 1963, Wiedemann 
1966, Wiedemr.nn et al. 1969). Other species typically present are Vaccinium ovatum, 
Myrica californica, Rhododendron macrophyllum, Arctostaphylos uva-ursi, Rubus 
spectabilis, and Arctostaphylos columbiana . Shrub stands on wetter sites (e.g., deflation 
plains) may include Salix hookeriana, Alnus rubra, Ledum glandulosum var. columbianum, 
Spiraea douglasii, and Lonicera invo lucrata (Wiedemann 1966). Pinus contorta and Picea 
sitchensis seedlings are frequently present. 

The shrub communities develop rapidly into forests typically composed of Pinus 
contorta or Picea sitchensis or both (Wiedemann 1966, Wiedemann et al. 1969). Other, less 
common constituents are Pseudotsuga menziesii in places well protected from winds and 
Tsuga heterophylla and Thuja plicata in low, moist areas of older forests. In southern 
Oregon, Chamaecyparis la'Wsoniana can be a pioneer forest species. The understory in 
these forests is a thick tangle of shrubs of which Rhododendron macrophyllum and 
Vaccinium ovatum are most conspicuous. Gaultheria shallon is often present in small 
amounts but develops best on the forest edges where Arctostaphylos columbiana and 
A. uva-ursi are also found. 

Various plant communities, including the forests, may be engulfed by moving sand 
dunes (fig. 210). If there is no new sand activity, Picea sitchensis and Pseudotsuga 
menziesii will become dominant over the Pinus contorta which appears to be a seral 
species on most (but not all) sand dune sites. Both are longer lived and grow to larger 
size than the Pinus. The major climax tree species on most stabilized dunes would appear 
to be Tsuga heterophylla, with Thuja plicata and Picea sitchensis as possible associates. 

Wiedemann (1966, Wiedemann et al. 1969) conducted the most comprehensive study 
of succession on Oregon sand dunes. He concentrated on deflation plains, areas where 
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Figure 210.-Active or moving sand dunes are common along parts of the Oregon coast (Eel Creek, 
Oregon Dunes National Recreation Area, Siuslaw National Forest). Left: Dune burying a stand of 
Pseudo(suga lIlenziesii and Pinus con(orta. Right: Previously buried forest being exposed by dune 
migration. 

moist sand near the water table has been exposed, effectively stopping sand movement. 
Earliest stages in succession are herbaceous communities which differ compositionally, 
depending on moisture conditions: dry meadow, meadow, rush meadow, and marsh. Major 
species in these communities are: 

Community Species 

Dry Meadow Lupinus littoralis, Ammophila arenaria, Poa macrantha, Festuca 
rubra 

Meadow Festuca rubra, Lupinus littoralis, Aira praecox, Hypochaeris 
radicata, Fragaria chiloensis 

Rush Meadow Trifolium willdenovii, Juncus nevadensis and falcatus, Aster 

subspicatus, Sisyrinchium californicum 


Marsh Carex obnupta, Potentilla anserina, Hypericum anagalloides, 

Ranunculus fiammula, Lilaeopsis occidentalis 

A wet shrub community can develop directly from any of the last three communities and 
is followed, in turn, by forests of Pinus contorta and Picea sitchensis. Some exceptions 
to this general outline include: open Pinus contortalCarex obnupta forests and forest 
bogs of Pinus contorta, Thuja plicata, Ledum groenlandicum, Darlingtonia californica, 
Lysichitum americanum, and Blechnum spicant. Successional sequences on deflation 
plains and areas of dry active and inactive sand are schematically illustrated in fig. 211. 

Tideland Communities 
There are a variety of tideland communities associated with estuaries along both the 

Oregon and Washington coasts but their characteristics are little known. Peck (1961) lists 
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Figure 211.-Plant succession on Oregon coastal sand dunes (from Wiedemann (1966) with later 
modifications by Wiedemann). 

the following species as those most characteristic of marshes on tidal flats along Oregon's 
northern coast: Triglochin maritimum, Distichlis spicata, Puccinellia pH mila, Scirpus 
americanHs, S. pacificus, Juncus effusus, J. balticus, Salicornia virginica, Glaux maritima, 
Cuscuta salina, Grindelia stricta, and Jail mea carnosa. Heusser (1960) mentions that 
Distichlis spicata and Salicornia virginica are codominants on tidal flats on the east side 
of the Olympic Peninsula. Johannessen (1964) studied prograding tidal marsh at Nehalem 
Bay in Oregon. He found Triglochin rnaritimu Tn was typical of the lowest habitats, near 
deep river channels. Higher and broader expanses of mudflats were dominated by Scirpus 
pacificus and Carex lyngbyei and those farther inland, by Deschampsia caespitosa and 
JUI/CUS balticus. Muenscher (1941) has provided species lists for salt marshes and tidal 
flats along Puget Sound in Whatcom County, Washington. 

In the lower Columbia River, there are a large number of islands subject to major tidal 
influences (fig, 212). The composition of these communities is presently unknown as well 
as the degree to which each is influenced by salt water. The islands closer to the mouth of 
the river are mainly marshlands (fig. 212), and those farther upriver are characterized by 
dense, tall shrub communities with scattered Picea sitchensis (fig. 213) and, less often, 
other trees such as All/US rllbra, Populus trichocarpa, and Salix spp. The coastal climatic 
influence, as indicated by the presence of Picea sitchensis, seems to disappear east of 
Cathlamet, Washington. Above that point, river island communities are the more typical 
riparian forests of Populus tric/zocarpa, Salix spp., and Fraxinlls latifolia. 
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Picea sitchensis is , of course, the characteristic tree species of tideland areas and has 
been referred to as "tideland spruce" almost since its discovery . Sprawling, open-grown 
P. sitchensis (fig. 213) border tidal flats and channels all along the Oregon and Washington 
coasts. 

Figure 212.-Marshy, tideland islands are abundant in the lower Columbia River; their composition 
and environmental characteristics are presently unreported (Lower Columbia National Wildlife Refuge, 
Oregon). 

Figure 213.-Communities of 
scattered, sprawling Picea silchen­
sis and dense shrubs are charac­
teristic of borders of tidal flats and 
channels all along the coast; this 
community in the lower Columbia 
River has Populus Irichocarpa as 
an associated tree and Cornus 
slolonifera and several Salix spp. as 
tall shrub dominants (Columbia 
White-Tail National Wildlife 
Refuge, Washington). 
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Herb- and Shrub-Dominated Communities 

Northern Oregon Headlands 
Forests dominate the ocean-front vegetation along most of the northern Oregon and 

Washington coasts. Herb- or shrub-dominated communities often occur on exposed portions 
of headlands, however (fig. 214). Unfortunately, only one study of a grassy headland 
prairie has been reported (Davidson 1967). 

Davidson (1967) recognized five communities on a 10-acre headland prairie. The 
Polystichum munitum-Rubus parvijlorus, Artemisia suksdorfii-Solidago canadensis, and 
Solidago canadensis communities were most important. Pteridium aquilinum was present 
in most stands but was not a dominant. Notable species in one or more communities 
besides the aforementioned were: Equisetum telmateia, Ranunculus occidentalis, 
Heracleum lanatum, Stachys mexicana, Galium aparine, Marah oreganus, Rubus spectabilis, 
Angelica lucida, Care x obnupta, Lupinus littoralis, Achillea millefolium, Plantago 
lanceolata, Holcus lanatus, Agrostis idahoensis, Elymus glaucus, Anthoxanthum odoratum, 
Festuca rubra, Dactylis glomerata, Bromus sitchensis, and Rosa nutkana. Gradual invasion 
of the prairie by Picea sitchensis appears to be taking place, primarily along trees which 
have fallen into the prairie and become nurse logs (fig. 215). 

Figure 214.-Herbaceous communities occupy exposed portions of many 
headlands along the Oregon coast as shown here at Heceta Head (ph oro 
courresy Sius/a w Nariona/ Foresr). 
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Figure 215.-Picea sirchensis invading a headland grassland by reproducing atop rotten, down logs 
(Cascade Head, Siuslaw National Forest, Oregon). 

Southern Oregon Coast 

On the southern Oregon coast (from about Port Orford south), the coastline vegetation 
differs significantly from that found farther north (fig. 216) . The shrub and forest stands 
of Gaultheria shallon, Pinus contorta, and Picea sitchensis are absent. In their place (above 
the beach) are communities of herbs and low shrubs grading into a zone of taller shrubs. 
Typical species on the exposed seaward slopes are Juniperus communis , Zigadenus 
fremontii, Mesembryanthemum chilense , Eriogonum latif olium, Sidalcea malvaeflora, 
Plantago subnuda, Agoseris hirsuta, Scirpus setaceus, Brodiaea coronaria var. macropoda, 
and Iris douglasiana var. oregonensis . The shrub zone (fig. 217) is dominated by Ceanothus 
integerrimus , Garrya elliptica, Rhododendron occidentale, Alnus sinuata, Ribes menziesii, 
and Arctostaphylos columbiana (Heusser 1960, Peck 1961, Gratkowski 1961a). Ulex 
europaeus, an introduced shrub, is an important weed species along the southern coast 
where it creates impenetrable thickets and a serious fire hazard (Wiedemann 1966, 
Gratkowski 1961a). 

This shift in the ocean-front landscape from a domination by forest to herbaceous and 
shrubby communities is a distinctive change which reaches its culmination in the non­
forested ocean-front communities so characteristic of the central and northern California 
coast. The environmental factors responsible have not been analyzed. Certainly the 
warmer, drier climate along the southern Oregon coast, as compared with northern 
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Figure 216.-High bluffs and moun­
tain slopes are characteristically 
adjacent to the ocean along the 
southern Oregon coast; herbaceous 
(pictured here) or shrubby com­
munities typically dominate these 
ocean-front landscapes rather than 
forest or dunes as is characteristic 
of the northern and central Oregon 
sections of coast, respectively 
(between Brookings and Gold 
Beach, Oregon). 

-, 

Figure 217. - Characteristic shrub­
dominated community found on 
steep slopes and cliffs facing the 
Pacific Ocean in southern Oregon; 
visible are Arctos taphy los colulI1­
biana, Ceallothus integerrill1us, 
Vacciniull1 ova tUII1 , and PteridiulI1 
aqllilinulII, with Picea sitchensis 
and Pin us cOl1tOrla present in small 
numbers (between Brookings and 
Gold Beach, Oregon). 
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Oregon, particularly in the summer, must be one factor; the greater frequency of fogs 
on the southern Oregon coast and predominance of high bluffs and steep mountain slopes 
adjacent to the ocean may be other factors (Peck 1961). 

Areas of Recent Vulcanism 
The eruption and deposition of volcanic materials has been taking place in the Northwest 

up into recent times, particularly in the Cascade Range. Mount Lassen (in California) 
erupted early in this century; Mount Rainier, between 110 and 150 years ago (Crandell 
1969a, 1969b, 1971); and Mount St. Helens was last active about the middle of the 19th 
century. This activity has resulted in frequent occurrence of cinder cones, pumice and ash 
fields, lava flows, and laharic deposits! which support communities quite unlike those 
found on adjacent habitats. Some of these have been discussed in preceding chapters, but 
at this time we would like to consider lava flow and mudflow communities in detail. 

Lava Flows and Lava-Dam Lakes 
Pleistocene-Recent lava flows are conspicuous at many places in the Cascade Range; 

e.g., in central Oregon (Peterson and Groh 1966), the Santiam and McKenzie Pass areas 
(Taylor 1968) in the Oregon Cascade Range, and in the vicinity of Mount St. Helens and 
Mount Adams, Washington Cascade Range (Wise 1970). These lava fields provide a rugged 
environment for pioneer plant communities, yet they are often surprisingly rich floristically, 
particularly in cryptogams. 

The most extensive study of lava flow communities was conducted by Roach (1952) on 
the Nash Crater lava flows near Santiam Pass, Oregon. He recognized three associations 
which represented a series in development of substrate and community density and 
organization: the Aceretum circinati lavosum, Pseudotsugeto-abietum lasiocarpae, and 
Pseudotsugetum-abietum grandis associations. The major species found in these associa­
tions are listed in table 42. All these associations are edaphic climaxes in which Acer 
circinatum, Pseudotsuga menziesii and Abies lasiocarpa, and Pseudotsuga menziesii are 
the respective dominants. 

Some studies have also been made of the basaltic flows found in southern Washington 
(Franklin 1966, Franklin and Mitchell 1967). On one flow (near Wind River), a Pseudotsuga 
menziesii-Abies lasiocarpa-Acer circinatum community, very similar to the one described 
by Roach (1952), is present. The Wind River and Nash Crater flows lie almost entirely 
within the Abies amabilis Zone, however. Near Mount Adams is a large flow (Big Lava 
Beds) which extends from about 520 to 1,100 meters in elevation (Wise 1970). Communities 
vary from Pseudotsuga menziesii-Quercus garryana at the lowest through Pinus contortal 
Arctostaphylos uva-ursi to Abies lasiocarpalXerophyllum tenax (fig. 218) at the highest 
elevations (Franklin 1966). All these communities are very rich in mosses and lichens, 
and there are many vascular species present in niches and crevices, surprising in view 
of the xeric, sterile appearance of the substrate. We will not discuss the Pinus contorta 
community here since it is similar to those communities occurring on lahars and glacial 
outwash which are described later in this chapter. 

Lava flows frequently blocked drainages of many small streams, and seasonal lakes 
or lakes with widely fluctuating water levels are not uncommon. Kienholz (1931) studied 
one of the latter type adjacent to Big Lava Beds (southern Washington). He recognized 

1 "The term, lahar, includes all of the broad textural range of debris flows and mudflows of volcanic 
origin ... any unsorted or poorly sorted deposit of volcanic debris that moved and was deposited as a 
mass and owed its mobility to water." (Mullineaux and Crandell 1962). 
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Table 42. - Representative species in three plant associations on lava flows near Santiam Pass, 
Oregon 

Aceretum circinati Pseudotsugeto­ Pseudotsugetum­
Item lavosum abietum lasiocarpae abietum grandis 

Substrate 

Trees 

Shrubs 

Herbs 

Mosses 

Block basalt 

None 

Acer circinatum, 
Rhamnus purshiana, 
Holodiscus glab­
rescens, Arctosta­
phylos columbiana 

Cryptogramma crispa, 
Penstemon davidson/!, 
Sedum oregonense, 
Juncus parry / 

Rhacomitrium patens, 
R. lanuginosum, 
Dicranum scoparium, 
Hypnum fertile 

Block basalt with 
smaller size scoria 
in broken crust 

Pseudotsuga menz/e­
sii, Abies lasio­
carpa 

Acer circinatum, Arcto­
staph ylos nevadensis, 
A. columbiana, Castan­
opsis chrysophyl/a, 
Pachistima myrsinites 

Sedum oregonense, 
Penstemon 
davidsonii, Chima­
phila umbellata 
occidentalis 

Rhacomitrium patens, 
R. lanuginosum, 
Dicranum scoparium, 
Hypnum fertile 

Grayer, rounded 

block basalts 

with high propor­
tion sand and ash 


Pseudotsuga menzie­
sii, Abies grandis, 
Pinus contorta, P. 
monticola 

Castanopsis chrys­
ophyl/a, Pachis­
tima myrsinites, 
Acer circinatum, 
Rubus parviflorus, 
Ceanothus velutinus 

Chimaphila umbel­
lata occidentalis, 
Linnaea borealis, 
Festuca occiden­
talis, Xerophyllum 
tenax, Penstemon 
cardwellii 

Rhacomitrium patens, 
R. lanuginosum, 
Dicranum scoparium, 
Hypnum fertile, 
Aulacomnium andro­
gynum, Rhytidiadel­
phus triquetrus, 
Polytrichum iuniperinum 

Source: Roach (1952). 
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Figure 218. - An A hies lasio ­
c ClrpCl/X e r o ph y l/lIl1l r e l1 C1X 
community is found at about 
1,200-meter elevation on the 
Big Lava Beds near Mount 
Adams (Gifford Pinchot 
National Forest, Washing­
ton). 

five zones around Goose Lake (fig. 219) : Willow-Alder (Salix sitchensis-Alnus rubra) ; 
Sedge (Carex spp.); Fontinalis (Fontinalis antipyretica gigantea); Cottonwood (Popu lus 
trichocarpa); and Weed (Artemisia tilesii-Stachys cooleyae-Scrophu laria lanceolata ). 

More frequently , lava-dammed lakes are filled during the winter months when under­
ground drainage systems are inadequate and drain completely during the summer. Roach 
(1952) describes one of these which is covered primarily by a bog-type vegetation dominated 
by Carex sitchensis and Vaccinium occidentale. In nearby Fish Lake where the substrate 
is thin and rocky, a dense, nearly pure community of Carex aperta and C. rostrata 1 meter 
or more in height develops during the short growing season. 

Mudflows 
Lahars, including mud and debris flows as defined earlier, are common near the major 

volcanoes in the Cascade Range (Mullineaux and Crandell 1962, Tidball 1965, Crandell 
and Mullineaux 1967, Crandell 1969a, 1971). Some of these are occupied by communities 
relatively normal in composition for the zone in which they occur (Franklin 1966) . Others 
are sufficiently recent that they are obvious sites for studies of vegetation succession and 
soil development, such as some at Mount Rainier (Frehner 1957, Ballard 1963), Mount 
Lassen (Bailey 1963) , and Mount Shasta (Dickson and Crocker 1953a, 1953b, 1954). Still 
others in the Tsuga heterophylla and Abies amabilis Zones are occupied by climax stands 
of Pinus contorta (Franklin 1966). The status of the vegetation appears to be primarily a 
function of age and nature of the substrate. 

Frehner's (1957) study of succession on the 1947 Kautz Creek mudflow (fig. 220) at 
Mount Rainier has shown that many conifers, typical of adjacent zonal forests , will 
invade recent mudflows. Popu lus trichocarpa, Salix spp., and Alnus rubra have been 
major pioneer species, however, and Alnus rubra had special importance as a consequence 
of its nitrogen-fixing abilities. Occurrence of standing snags appeared to be an important 
factor in the composition of the pioneering vegetation. 

302 



Figure 219.-Lava flows have created lakes with widely fluctuating water levels by blocking 
stream drainages as at Goose Lake (Gifford Pinchot National Forest, Washington), an im­
poundment of this type (Kienholz 1931). Top: General view of lake showing vegetational 
mosaic. Middle: Close view of Sedge; Willow-Alder, and Cottonwood Zones. Lower: Fontinalis 
and Sedge Zones occupied much of the lake area. (Photographs from collection of R. Kienholz, 
taken about 1930, prior to major vegetative alteration following plugging of lake outlet by 
USDA Forest Service.) 

Figure 220.-Mudflows are common features near the major volcanoes in the Cascade Range; the 
Kautz Creek mudflow occurred in 1947, burying and killing the original forest (Photo courtesy 
University of Washington). 
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A Pinus contorta/Arctos taphylos community is found on some xeric laharic deposits 
(fig. 221), lava flows, and coarse glacial outwash in southwestern Washington and north­
western Oregon (Franklin 1966, Stephens 1966). This appears to be a stable climax type 
on such habitats in many areas, although occasional specimens of more tolerant tree 
species such as Pseudotsuga menziesii, Tsuga heterophylla, or Abies lasiocarpa may be 
present; droughty years can eliminate many of these. In other cases, it is clearly successional 
to a Pseudotsuga menziesii, P. menziesii-Pinus contorta, or Tsuga heterophylla com­
munity. Although details of composition vary, the dominance of Pinus con torta and either 
Arctostaphylos nevadensis or A. uva-ursi in their respective layers (fig. 221) and a rich 
cryptogammic ground cover are distinguishing. Typical cryptogams are : Rhacomitrium 
canescens var. ericoides, Cladonia grayii, Poly trichum juniperinum, Cladonia bellidiflora, 
C. ecmocyna vars. ecmocyna and intermedia, S tereocaulon paschale, Cladonia phyllophora, 
C. rangif erina, Poly trichum pilif erum, Cladonia coniocraea, Lecidea quadricolor, Cladonia 
macrophyllodes, Rhacomitrium heterostichum, R. sudeticum, and Aulacomnium 
androgynum. 

Figure 221.- Pinus com orta/ 
A rctostaphylos communities are 
widespread on mudflows, glacial 
outwash, and lava flows in the 
Cascade Range of southern 
Washington and northern Ore­
gon; this community is distin­
guished by a depauperate under­
story of Arctostaphylos uva-ursi 
or A . nevadensis and many 
species of lichens and mosses 
(Kalama River lahar, Gifford 
Pinchot National Forest, Wash­
ington). 

Serpentine Areas 
Serpentine areas are characterized by unusual plant communities and floras . Vegetation 

is invariably stunted on serpentine sites in comparison with that on adjacent nonserpentine 
soils. Sharp contrasts in physiognomy, composition, and productivity of communities are 
typical at margins of serpentine outcrops (fig . 222). The floras are unusual, including 
endemics restricted to serpentine species not usually found in adjacent communities and 
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"bodenvag" species which appear edaphically indifferent but may, in fact, develop special 
races tolerant to serpentine (Kruckeberg 1954, 1964, 1967, 1969a; Whittaker 1954b, 1960; 
Waring 1969; White 1971) . 

Serpentine areas in this discussion refer to habitats with soils derived from ultramafic 
rocks either as peridotite and dunite (igneous forms) or as serpentinite (the metamorphic 
derivative) (Kruckeberg 1967). Such soils are typically low in total and adsorbed calcium 
and high in magnesium, chromium, and nickel (Walker 1954). Walker (1954) has analyzed 
the factors affecting plant growth on such sites and concluded the plants growing there 
must be tolerant of low calcium levels and one or more additional conditions; e.g., high 
nickel, chromium, or magnesium and physically unfavorable shallow soils. White (1971), 
working in southwestern Oregon, found high levels of calcium in some serpentine soils 
and concluded that neither calcium supply nor calcium/magnesium ratios were critical in 
controlling plant growth on these soils. Through a combination of soil and plant analyses, 
he found that distributions of individual plant species were largely controlled by high 
levels of magnesium, nickel, and chromium, in decreasing order of importance. The 
limiting effects of these elements were ameliorated to some extent by factors influencing 
water availability such as elevation, aspect, and areas of localized seepage. 

Figure 222. - Vegetations on 
serpentine sites and adjacent 
nonserpentine soils often con­
trast sharply; in this Siskiyou 
Mountain area, open Pinus 
j effreyi stands on serpentine 
(right) contrast with those of 
Pseudolsllga lIlen ziesii , Pinus 
lalllberliana , and Libocedru s 
decurrens on nonserpentine 
soils (Ieft). 

There are two major serpentine areas in the Pacific Northwest (Whittaker 1954a; 
Kruckeberg 1964, 1967): (1) a large area in the Siskiyou Mountains of Oregon and (2) about 
100 square miles in the Wenatchee Mountains, an eastern outlier of the Cascade Range. 
In addition, there are small, scattered outcroppings of ultramafic rocks in northwestern 
Washington, including parts of the San Juan Islands, and a small area in Grant County, 
Oregon . Serpentine communities have been most thoroughly analyzed in the Siskiyou 
Mountains (Whittaker 1954b, 1960; Waring 1969; White 1971), but Kruckeberg (1964, 
1967, 1969a, 1969b) has provided general descriptions for the Washington serpentines. 
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Siskiyou Mountains 

Perhaps the outstanding feature of the Siskiyou serpentines is the Pinus jeffreyilgrass 

woodland (fig. 223) which occupies the most xeric serpentine sites from 300- to 2,000­
meter elevation (Whittaker 1960, Waring 1969). Pinus jeffreyi is typically the only tree 
species present in these open woodlands (fig. 223) along with a rather sparse growth of 
grasses (e.g., Stipa lemmonii, Sitanion jubatum, Melica geyeri, Elymus glaucus, and 
Festuca ovina) and occasional Arctostaphylos viscida. Forests, intermediate in elevation 
and moisture regime, are typified by a sparse and xerophytic appearance and dominated by 
a mixture of several conifers-Pseudotsuga menzies ii, Libocedrus decurrens, Pinus jeffreyi, 
P. monticola, P. lambertiana, and P. attenuata (Whittaker 1960). Associated with them is a 
dense layer of sclerophyllous shrubs such as Quercus vaccinifolia, Lithocarpus densijlorus, 
Vaccinium parvifolium, Garrya buxifolia, and Umbellularia califomica. Herb coverage is 
generally low but rich in species. Whittaker (1954b, 1960) has commented at length on the 
"two-phase" or patchwise distribution of the shrub cover in these forests with essentially 
closed shrub patches alternating with herbaceous openings. On more mesic sites the 
shrubs form the matrix, but on more xeric sites the herbaceous openings are dominant. 

Other community types described on Siskiyou serpentines include: Chamaecyparis 
lalesoniana-Pinus monticola-Pseudotsuga menziesii stands, with a dense shrubby under­
story in ravines and draws, and higher elevation forests dominated by Abies concolor 
and Pseudots11ga menziesii and Pinus monticola, singly or collectively, over a Xerophyllum 
tenax and Arctostaphylos nevadensis understnry. 

Whittaker (1960) has provided a list of more useful serpentine indicator plants in the 
Siskiyou area. These include: (1) some dominants-Pinusjeffreyi, P. monticola, P. attenuata, 
Quercus chrysolepis, Ceanothus cuneatus, and Arctostaphylos nevadensis; and (2) species 
which are of more frequent occurrence on smaller serpentine areas-Galium ambiguum, 
Pyrola dentata, Lomatium macrocarpum, Cheilanthes siliquosa,2 Rhododendron 
macrophyllum, and Darlingtonia califomica. Xerophyllum tenax is considered the most 
useful single indicator of small serpentine outcrops. 

White (1971) studied the vegetation on 21 serpentine outcrops and adjacent nonserpen­
tine areas occupying a wide range of elevations in southwestern Oregon. He found a 
larger number of plant taxa growing on serpentine soils than were present on adjacent 
nonserpentine sites. He suggested that the plant species occurring within his study areas 
could be grouped into four main groupings: (1) species restricted to nonserpentine soils 
(typified by leguminous species, Quercus kelloggii, Pseudotsuga menziesii, and Rhus 
diversiloba); (2) species restricted to serpentine areas (Cheilanthes siliquosa, Ceanothus 
pumilus, Eriophyllum lanatum, and Epilobium minutum were some of the most common); 
(3) species largely restricted to ecotonal areas (exemplified by Dodecatheon hendersonii 
and Berberis pumila); and (4) those plants which were apparently indifferent to soil; i.e., 
"bodenvag" species (Galium an/bigl/llm and Polygala califomica were two of the most 
important species within this group). 

According to White, his vegetation data indicated the existence of five principal plant 
communities on serpentine sites: open, grassy vegetation on gentle, stony slopes situated 
above 1,200 meters in elevation; a more floristically diverse community with scattered 
shrubs at elevations of 860 to 980 meters; and two successional stages and a climax 
savanna community at elevations below 860 meters. 

The serpentine community found above 1,200-meter elevation is characterized by grasses 
in the Festuca idahoensis-oregana complex and in the Poa sandbergii complex and by 

2 The name for Cheilallthes siliqllosa has recently been changed to Aspidotls dellsa. However, since 
the new epithet has not yet found its way into regional floras or manuals, we continue to use Cheilanthes 
siliqllosa in the text. 
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Figure 223.-Pinus jeffreyi/grass wood­
land is the climax community on dry 
serpentine sites in the Siskiyou Mountains 
of southwestern Oregon. 

serpentine indicator species such as Alliumfalcifolium, Cheilanthes siliquosa, and Ceanothus 
pumilus. Other species present are largely those which thrive on shallow, stony soils at 
high elevations-for example, Sedum laxum, Claytonia lanceolata, and Eriogonum 
ternatum. The community occupying serpentine outcrops at 860 to 980 meters in elevation 
includes many of the same species found at higher elevations, plus a considerable number of 
additional ones. Important herbaceous species include Gilia capitata, Eriophyllum lanatum, 
Sitanion jubatum, and Arenaria howellii. In addition, shrub species, such as Ceanothus 
cuneatus, Chrysothamnus nauseosus var. albicaulis, and Eriodictyon californicum, are 
much more abundant within this community than on high elevational sites. 

The earliest successional stage occupying low elevational (below 860 meters) serpentine 
sites is largely made up of species which are annuals and are indicators of open mineral 
soil. The most commonly occurring species are Epilobium minutum, Festuca microstachys, 
Aira caryophyllea, Agoseris heterophylla, Githopsis specularioides, and Madia exigua. 
The intermediate successional stage is typified by reduced importance of open ground 
indicators and increased abundance of Stipa lemmonii and Eriophyllum lanatum and 
other perennial grasses and shrubs. 

White (1971) describes the climax community on serpentine at low elevations as "an 
open grassland savannah with scattered Pinus jeffreyi and occasionally Libocedrus 
decurrens." The ground cover is principally made up of a dense assemblage of perennial 
grasses, specifically Stipa lemmonii, Danthonia californica, Koeleria cristata, and Festuca 
spp. He viewed the presence of Polygala californica, Ranunculus occidentalis, Monardella 
villosa, and the absence of Cheilanthes siliquosa as also indicative of climax vegetation. 

Wenatchee Mountains 
Vegetation characteristic of serpentine outcrops in the Wenatchee Mountains of 

Washington has been described in some detail by Kruckeberg (1964, 1967, 1969a). His 
studies have indicated the existence of three main groupings of plant species in the 
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Figure 224.-Ultramafic rock outcrops in Washington typically consist of 
open woodlands and barren slopes; upper, landscape mosaic on ultramafic 
slopes and, lower, local outcrop of serpentine showing the extremely barren 
openings (Teanaway River drainage, Wenatchee National Forest; photos 
courtesy A . R. Kruckeberg) . 
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area: (1) serpentine indicator species, (2) species which tend to avoid serpentine areas, and 
(3) species apparently indifferent to edaphic factors ("bodenvag" species). 

The most depauperate flora on ultramafic outcrops occurs in areas of steep talus or on 
exposed ridgetops (fig. 224). Trees do not occur on these sites, and the vegetation is largely 
made up of perennial herbs which, for the most part, are the most faithful serpentine 
indicator species. They are Cheilanthes si.liquosa, Polystichum mohrioides var. lemmoni, 
Eriogmlllill pyro/ae/oliu III var. cOJ-yphaeulIl, LOlnatiuln cuspidatum, Polygonum newberryi, 
Poa cllrtljo/ia, Chaenactis thompson ii, Cryptantha thompsonii, Douglasia lIivalis, and 
Anemone drllmmondii. 

Less severe sites, such as moist swales, gentle slopes, and the base of screes and talus 
slopes, support a greater diversity of species and life-forms. Here occur not only serpentine 
indicators, but also more representatives of the regional flora. Species present here which 
apparently prefer ultramafic sites but are not restricted to them include Lomatium 
brandegei, Thlaspi alpestre, Adiantll III pedatulII var. aleuticum, Claytonia megarhiza 
var. ni1'alis, El-ysimllnl arellicola var. torulosum, Ivesia tlceedyi, Castilleja elmeri, Salix 
brachycarpa, LedulIl glanduZosum, and Arenaria obtusiloba. "Bodenvag" species which 
extend their range onto those sites include many of regionally important coniferous tree 
species. Examples are Pseudotsllga menziesii, Abies /asiocarpa, Tsuga mertensiana, 
Pinus monticola, P. albicaulis, P. ponderosa, P. contorta, Taxus brevi/olia, and Picea 
el/gel ilia II lIii. The most important understory shrub species on these ultramafic sites 
are Arctostaphylos Ilevadellsis and Jllniperus com mUllis. Important herbaceous "bodenvag" 
species include Agropyrol/ spicatum, Sitallion jubatum, Festllca viridula, Achillea 
/1/ ille/oZilllll, Fragaria virgin ialla, Eriophyllu m lanatu in, Senecio pauperculus, and Erysimum 
arellicola var. tOI'llIOSIlIII. 

Small, Scattered Outcrops of Serpentine Parent Materials 

Northwestern Washington 

Scattered outcrops of ultramafic rock occur in Whatcom, Skagit, and Snohomish 
Counties of northwestern Washington (Kruckeberg 1964, 1967, 1969a). The largest area 
encompasses approximately 30 square miles of dunite outcrop in the vicinity of Twin 
Sisters Mountain which is located just southwest of Mount Baker in Whatcom County. 
An unusual feature of the vegetation at this location is the occurrence of Pinus contorta 
as the timberline tree species on steep talus slopes. The understory beneath the "krumholz"­
formed P. cOlltorta is dominated by Phyllodoce glandulijiora. The herb layer contains the 
serpentine indicators, Cheilanthes siliquosa and Polystichum mohrioides var. lemmoni, 
plus Phlox di//usa and ErigCl'oll aurells. In the southern portion of the area, localized 
swales or benches are occupied by thick mats of the moss Rhacomitrium canescens var. 
ericoides overtopped by J/ii/iperus communis and Arctostaphylos u1'a-ursi. These areas 
also support scattered, stunted specimens of Pseudotsuga menziesii, Taxus brevi/olia, 
Pillus cOl/torta, and Pinus monticola. Adjacent steep slopes are devoid of woody cover and 
are principally occupied by scattered herbaceous perennials such as Cerastium arvense, 
Arcllaria I'libella, and Cheilallthes siliquosa. 

Serpentine outcrops on Fidalgo and Cypress Islands within the San Juan Archipelago 
are marked only by the occurrence of the faithful serpentine indicator Cheilanthes 
siliquosa (Kruckeberg 1969a). The remaining species are largely those characteristic of all 
grassy balds on exposed headlands of the islands. 

Peridotite bedrock outcrops in eastern Snohomish County along the South Fork of the 
Stillaguamish River. For the most part, the vegetation consists of a dense cover of grasses 
and herbs which are also common to soils from nonultramafic parent materials. However, 
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Phlox diffusa, typical of the east slopes of the Cascades, is restricted here to ultramafic 
sites. Other singular elements of the flora include three ferns-Adiantum pedatum, 
Cheilanthes siliquosa, and Polystichum mohrioides var. lemmoni. 

Grant County in Central Oregon 

Ultramafic outcrops are common in the Aldrich Mountains-Strawberry Range of Grant 
County, Oregon, with the largest single exposure in the vicinity of Baldy Mountain 
(Kruckeberg 1969a). The elevational range of ultramafic outcrops is considerable, stretching 
from the Juniperus occidentalis type at low elevations to above timberline at the summit of 
Baldy Mountain. At lowest exposures, the vegetation is largely marked by very small 
amounts of plant cover, and even Cheilanthes siliquosa is absent on these xeric sites. At 
higher elevations, within the area of Pseudotsuga menziesii-Pinus ponderosa forests, the 
ultramafic areas are singularly lacking in trees and are dominated by scattered Cercocarpus 
ledifolius and a rich grass-herb cover. Outcrops of peridotite near the summit of Baldy 
Mountain (2,316 meters) support a variety of perennial herbs plus two faithful ultramafic 
ferns-Cheilanthes siliquosa and Polystichum mohrioides var. lemmoni. 

Other Botanically Interesting Areas 

The Columbia Gorge 
The Columbia Gorge is an unusual physiographic feature which is of considerable 

importance to biologists (fig. 225). The Columbia River cut this nearly sea level route 
directly across the axis of the Cascade Range. As Detling (1966) pointed out, this is the 
only point between the Fraser River (in British Columbia) and Klamath River (in 
California) where a feature of this type is found. It has provided a major route for both 
plant and animal migration between the western and eastern halves of Washington and 
Oregon (Detling 1961, 1966, 1968). At the same time, it contains many species which are 
endemics or constitute relict populations. 

The weather of the Columbia Gorge is as unique as its topography (Lynott 1966), since 
it provides a sea level transition from marine to continental climate in a region where they 
are otherwise separated by major mountain barriers. Strong winds are a dominant feature. 
During the winter, low-pressure systems move through the gorge on westerly winds, 
bringing heavy rains as a consequence of streamline convergence. Strong high-pressure 
systems east of the Cascade Range can bring gale-force easterly winds through the gorge, 
resulting in extremely hot dry weather during summer and fall and cold continental air 
during the winter. Marine low-pressure systems and this cold air may collide, particularly 
in the west end of the gorge, with blizzards, ice storms, and freezing rain the result. 

These climatic features have profound effects upon the vegetation as Lawrence (1939) 
and Troll (1955) have pointed out. Tree crowns are markedly deformed or one-sided. In 
the east end of the gorge, they are flagged toward the east by the dominantly westerly 
winds. This is the result of wind training, not breakage. At the west end of the gorge, trees 
typically lack branches on the easterly sides of the stem. This deformation is the result of 
branch breakage during the severe ice storms and destruction of buds and branches by dry 
east winds. 

Another interesting ecological feature of the gorge is the opportunity it provides to 
study the transition from xerophytic Pinus ponderosa-Quercus garryana forests on the 
east to the mesophytic Pseudotsuga menziesii-Tsuga heterophylla types on the west. Troll 
(1955) has provided an interesting vegetation profile (fig. 226) indicating the distribution 
and interdigitation of the various zones through this area. 
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Figure 225.-The Columbia 
Gorge, the only nearly sea 
level break in the Cascade 
Range in Oregon and Wash­
ington and a major route for 
plant and animal migration 
between the western and 
eastern halves of these States; 
Beacon Rock, a large mono­
lith, is visible (left center) in 
this east-facing view through 
the center of the gorge. 
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Figure 226.-Vegetation profile through the Columbia Gorge and Cascade Range (from Troll 1955). 
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Upper Skagit River-Ross Lake Area 
The upper Skagit River-Ross Lake area is located west of the crest of the northern 

Washington Cascade Range and, for that reason, portions located at low to moderate 
elevations might logically be considered part of the Tsuga heterophylla Zone. The region is 
an anomaly, however, and actually represents a transitional area between the moist coastal 
and dry interior forests. The major reason is the great breadth of the Cascade Range at 
this point; the Ross Lake area is actually in the rain shadow of the extensive mountain 
massifs which lie to the west. Mean annual precipitation around the lake is only about 
1,250 millimeters, and it declines to less than 1,000 millimeters near the Canadian border 
(Larson 1972). 

There are numerous species and communities along the upper Skagit River that are more 
characteristic of interior (east of the Cascade Range) than of coastal forest regions; e.g., 
Pinus ponderosa-Po contorta and Abies lasiocarpa-Picea engelmannii forests, as well as 
Juniperus scopulorum and Larix lyallii. In general, the slopes and valleys on the west 
side of Ross Lake tend to have more coastal characteristics with some continental elements, 
and those east of the lake have more continental characteristics with some coastal influences. 

The only portion of this landscape mosaic which has been examined in detail (other 
than valley-bottom Tll/Ija plica ta stands discussed in Chapter IV) are the Pinus contorta 
forests (Larson 1972). Fire has been an important factor in developing the existing mosaic 
of communities. Larson (1972) considers in some detail the successional relationships of 
Pinus cO/ltorta and other species, particularly its most constant associate in the Ross 
Lake area, Pseudotsuga mellziesii. 

The most coastal of Larson's (1972) Pinus contorta community groups is the Pseudotsuga 
menzies ii-Pinus contortalGaultheria shallon found mostly below Ross Dam. On more 
mesic habitats, Pinus contorta is successional to Pseudotsuga and, perhaps, to Tsuga 
heterophylla and Tlwja plicata. Associated with Gaultheria in the understory are 
Vaccinium membranaceum, V. parvifolium, Berberis nervosa, Pachistima myrsinites, 
Linnaea borealis, and Pteridiu m aquilinum, among other species. On drier sites, 
Pseudotsuga menziesii or Pinus contorta (on the most xeric habitats) or both are climax 
and Arctostaphylos uva-ursi, Apocynum androsaemifolium, and Spiraea betulifolia are 
distinctive understory components. 

Above Ross Dam, the Pse11dotsuga menziesii-Pinus contorta/Berberis nervosa-Spiraea 
betulifolia community group characterizes most Pinus contorta stands at middle elevations. 
Pseudotsuga is the major climax species except on the most mesic and xeric habitats 
where Tsuga heterophylla- Thuja plicata' and Pinus contorta may be the respective climax 
species. Besides the Spiraea and Berberis, some characteristic understory species are 
Pachistima myrsinites, Salix sp., Chimaphila umbellata, Linnaea borealis, Pteridium 
aquilinum, Amelanchier alnifolia, Ceanothus sanguineus, Trientalis latifolia, Berberis 
aquifolium, LOllicera ciliosa, COI!Jlus cOflluta var. californica, and Holodiscus discolor. 
On drier sites, Arctostaphylos lIVa-li rsi replaces the Berberis as the major Spiraea 
associate, and grasses, Apocynum androsaemifolium, and Ceanothus velutinus are among 
the minor understory components. 

The Pinus contorta stands at higher elevations were not studied in detail, but they 
exhibit considerable variation in climax tree species and total community composition. 

In all, Larson (1972) recognizes eight subgroups of these three major groups and relates 
them to location, elevation, and topography. Individual type groups have obviously strong 
relationships with one or several communities already known from other adjacent regions 
including the Pinus contortalGaultheria shallon of the Puget trough, Pseudotsuga 
menziesiilHolodiscus discolor of the Tsuga heterophylla Zone, Pinus contortal 
Arctostaphylos types found on mudflows, glacial outwash, and lava flows, and pioneer 
Pinus contorta forests found in eastern Washington. 
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San Juan Islands 

The San Juan Islands are situated in the rain shadow of the Olympic Mountains and, 

as a result, include some of the driest sites encountered in western Washington. However, 
because of highly variable topography and aspect, most islands possess a surprisingly 
diverse assemblage of plant communities, ranging from very dry to moist types. The 
following discussion is based on the work of Fonda and Bernardi,3 who have recently 
described the vegetation on Sucia Island located at the north end of the San Juan Islands. 

Exposed, south-facing slopes which receive the full force of prevailing dry summer winds 
are occupied by grassland vegetation frequently accompanied by scattered trees. The open 
grasslands are dominated by Festuca idahoensis and include smaller amounts of Agropyron 
dasystachyum and Poa pratensis. Open woodlands, characterized by Pseudotsuga menziesii 
and Arbutus menziesii in a Festuca matrix, are also common. Other tree species which 
may be found on such sites include Juniperus scopu[orum, Pinus contorta, and Quercus 
garryana. 

Sheltered south slopes, which are not exposed to the drying effects of winds, support 
closed forest largely made up of Pseudotsuga menziesii and Arbutus menziesii. The under­
story is variable, but Gaultheria shallon or Lonicera hispidula are the most common 
dominants. 

The more mesic north-facing slopes and level areas in the interior of the island are 
generally occupied by such forest communities as the Pseudotsuga menziesiilGaultheria 
shallon and Thuja plicata-Abies grandislPachistima myrsinites. Other understory species 
include Symphoricarpos alblls and Rosa nutkana. 

The moistest sites in interior valleys are occupied by a Thuja plicata-Abies grandisl 
Polystichum mllnitum community in undisturbed locations. Areas disturbed by logging 
commonly support an Alnus rubra-Acer macrophyllumlRllbus spectabilis community. 
Other species abundant on disturbed sites include Sa mbucus racemosa and Urtica dioica. 

:l R. W. Fonda and J. A. Bernardi. Preliminary report on the vegetation of the San Juan Islands, 
Washington. 4 p., 1973. Unpublished report on file at the Forestry Sciences Laboratory, Corvallis, Oregon. 
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APPENDIX I 


Brief Description of Soil Great Groups 
( 1967 Classification System) 

Descriptions follow those contained on the soils sheet (No. 86-87) within the National 
Atlas (Soil Conservation Service 1970). To describe the soil great groups, it is necessary to 
describe characteristics of the soil orders (names ending with the suffix "sol") and 
suborders (two syllable words which are suffixes for great group names). 

Since great groups defined in the 1967 and 1938 soil classification systems overlap, it is 
not possible to give equivalents that would apply in every case. However, the 1938 great 
soil groups shown in parentheses are probably the most commonly occurring equivalents 
to the great groups as defined in the new classification system. 

ALFISOLS 

Soils that are medium to high in bases with gray to brown surface horizons and sub­
surface horizons of clay accumulation. Soils are usually moist but may be dry for a 
portion of the warm season. 

Aqualfs 

Seasonally wet Alfisols with mottles, iron-manganese concretions, or gray colors; used 
for general crops where drained, and pasture and woodland where undrained. 

Albaqualfs 
Aqualfs with a bleached (white) upper horizon and an abrupt change in texture into an 

underlying horizon of clay accumulation (formerly Planosols). 

Udalfs 

Alfisols situated in temperate to tropical regions. Soils are usually moist, but during 
the warm season may be intermittently dry in some horizons for short periods; used for 
row crops, small grain, and pasture. 

Hapludalfs 
Udalfs with a subsurface horizon of clay accumulation that is relatively thin or brownish 

(formerly Gray-Brown Podzolic soils without fragipans). 

Xeralfs 

Alfisols that are in climates with rainy winters and dry summers; during the summer, 
these soils are continuously dry for a long period; used for range, small grain, and 
irrigated crops. 

Haploxeralfs 
Xeralfs with a subsurface horizon of clay accumulation that is relatively thin or brownish 

(formerly Noncalcic Brown soils). 
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ARIDISOLS 


Soils with pedogenic horizons low in organic matter and never moist for as long as 3 
consecutive months. 

Argids 

Aridisols with a horizon in which clay has accumulated with or without alkali (sodium); 
mostly used for range with some irrigated crops. 

Durargids 
Argids with a hardpan (duripan) which is cemented with silica (formerly Desert, Red 

Desert, Sierozem, and some Brown soils, all with hardpan). 

Haplargids 
Argids with a loamy horizon of clay accumulation with or without alkali (sodium) 

(formerly Sierozem, Desert, Red Desert, and some Brown soils). 

Natrargids 
Argids with a horizon of clay and alkali (sodium) accumulation (formerly Solonetz 

soils). 

Orthids 

Aridisols with accumulations of calcium carbonate, gypsum, or other salts but no 
horizon of clay accumulation. They may have horizons from which some materials have 
been removed or altered; used mostly for range with some irrigated crops. 

Camborthids 
Orthids with horizons from which some materials have been removed or altered but which 

have no large accumulations of calcium carbonate or gypsum (formerly Sierozem, Desert, 
and Red Desert soils). 

Durorthids 
Orthids with a hardpan (duripan) cemented with silica (formerly Regosols, Calcisols, 

or Alluvial soils, all with hardpan). 

ENTISOLS 

Soils that have no pedogenic horizons. 

Fluvents 

Entisols with organic matter content that decreases irregularly with depth; formed in 
loamy or clayey alluvial deposits; used for range or irrigated crops in dry regions and for 
general farming in humid regions. 

U	diftuvents 
Fluvents which are usually moist (formerly Alluvial soils). 
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Orthents 

Loamy or clayey Entisols that have a regular decrease in organic matter content with 
depth; used for range or irrigated crops in dry regions and for general farming in 
humid regions. 

Haplorthents 
Orthents which lack diagnostic horizons due to geologically recent deposition or erosion 

(formerly Regosols, Lithosols, and Alluvial soils). 

Xerorthents 
Orthents developed in climates with rainy winters but dry summers; they are continu­

ously dry for a long period during the summer (formerly Regosols, Brown, and Alluvial 
soils). 

Xerorthents (shallow) 
Orthents that are shallower than 20 inches to bedrock (formerly Lithosols). 

Psamments 

Entisols that have textures of loamy fine sand or coarser; used for range, woodland, 
small grains, and irrigated crops. 

Torripsamments 
Psamments that contain easily weatherable minerals; they are never moist for as long 

as 3 consecutive months (formerly Regosols). 

Xeropsamments 
Psamments in climates with rainy winters but dry summers; they are continuously dry 

for a long period during the summer (formerly Regosols). 

INCEPTISOLS 

Soils which have weakly differentiated horizons; materials in the soil have been altered 
or removed but have not accumulated. These soils are usually moist, but some are dry 
part of the time during the warm season. 

Andepts 

Inceptisols that either have formed in volcanic ash materials, or have low bulk density 
and large amounts of amorphous materials, or both; used for woodland and range or 
pasture. 

Cryandepts 
Andepts of cold regions (formerly Brown Podzolic or Gray-Brown Podzolic soils). 

Dystrandepts 
Andepts with a thick dark-colored surface horizon that is low in bases, or with a light 

colored surface horizon (formerly Ando soils). 
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Vitrandepts 
Andepts mostly formed in pumice or slightly weathered volcanic ash (formerly Regosols). 

Aquepts 

Seasonally wet Inceptisols with an organic surface horizon, sodium saturation, and 
mottles or gray colors; used for woodland and pasture. 

Haplaquepts 
Aquepts with either a light-colored or a thin black surface horizon (formerly Low-

Humic Gley soils). 

Ochrepts 

Inceptisols formed in materials with crystalline clay minerals, with light-colored 
surface horizons and altered subsurface horizons that have lost mineral materials; used 
for woodland and range. 

Dystrochrepts 
Ochrepts that are usually moist and low in bases and have no free carbonates in the 

subsurface horizons (formerly Sols Bruns Acides and some Brown Podzolic and Gray­
Brown Podzolic soils). 

Xerochrepts 
Ochrepts that are in climates with rainy winters but dry summers; the soils are 

continuously dry for a long period during the summer (formerly Regosols). 

Umbrepts 

Inceptisols with crystalline clay minerals, thick dark-colored surface horizons, and 
altered subsurface horizons that have lost mineral materials and are low in bases; 
used for woodland and range. 

Cryumbrepts 
Umbrepts of cold regions (formerly Tundra soils). 

Haplumbrepts 
Umbrepts of temperate to warm regions (formerly Western Brown Forest soils). 

Xerumbrepts 
Umbrepts formed in climates with rainy winters but dry summers; the soils are 

continuously dry for a long period during the summer (formerly Regosols). 

MOLLISOLS 

Soils with nearly black, friable, organic-rich surface horizons high in bases; formed 
mostly in subhumid and semiarid warm to cold climates. 

Aquolls 

Seasonally wet mollisols with a thick, nearly black surface horizon and gray subsurface 
horizons; used for pasture. 
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Haplaquolls 
Aquolls with horizons in which materials have been altered or removed, but no clay or 

calcium carbonate has accumulated (formerly Humic Gley soils). 

Udolls 

Mollisols of temperate climates. Udolls are usually moist and have no horizon in which 
calcium carbonate or gypsum has accumulated. 

Argiudolls 
Udolls with a subsurface horizon in which clay has accumulated (formerly Prairie soils). 

Xerolls 

Mollisols formed in climates with rainy winters and dry summers; these soils are 
continuously dry for a long period during the summer; used for wheat, range, and 
irrigated crops. 

Argixerolls 
Xerolls with a subsurface horizon of clay accumulation that is relatively thin or 

brownish (formerly Prairie and Chernozem soils). 

Durixerolls 
Xerolls with a hardpan (duripan) cemented with silica (formerly Prairie soils with 

hardpan). 

Haploxerolls 
Xerolls with a subsurface horizon high in bases but lacking large accumulations of 

clay, calcium carbonate, or gypsum (formerly Prairie, Chernozem, Chestnut, and Brown 
soils). 

Palexerolls 
Xerolls with a hardpan cemented with carbonates or a horizon of clay accumulation that 

is thick and reddish or is clayey in the upper part and changes abruptly in texture into 
an overlying horizon (formerly Prairie soils). 

SPODOSOLS 

Soils with low base supply having in subsurface horizons an accumulation of amorphous 
materials consisting of organic matter plus compounds of aluminum and usually iron; 
formed in acid, coarse-textured materials in humid and mostly cool or temperate climates. 

Orthods 

Spodosols with a horizon in which organic matter plus compounds of iron and aluminum 
have accumulated; used for woodland, hay, and pasture. 

Cryorthods 
Orthods of cold regions (formerly Podzols). 
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Fragiorthods 
Orthods with a dense, brittle, but not indurated horizon (fragipan) below a horizon that 

has an accumulation of organic matter and compounds of iron and aluminum (formerly 
Podzols and Brown Podzolic soils, both with fragipans). 

Haplorthods 
Orthods of cool regions with a horizon in which organic matter plus compounds of iron 

and aluminum have accumulated; they have no dense, brittle, or indurated horizon 
(fragipan) (formerly Podzols and Brown Podzolic soils). 

ULTISOLS 

Soils which are low in bases and have subsurface horizons of clay accumulation; they 
are generally moist, but during the warm season some are dry part of the time. 

Humults 

Ultisols with a high content of organic matter; formed in temperate or tropical climates 
typified by a large amount of rainfall throughout the year; used for woodland, pasture, and 
small grain, truck, and seed crops. 

Haplohumults 
Humults with either a subsurface horizon of clay accumulation that is relatively thin, 

or a subsurface horizon with appreciable amounts of weatherable minerals, or both; 
formed in temperate climates (formerly Reddish Brown Lateritic soils). 

Xerults 

Ultisols that are relatively low in organic matter in the subsurface horizons; formed 
in climates with rainy winters and dry summers; these soils are continuously dry for a 
long period during the summer; used for range and woodland. 

Haploxerults 
Xerults with either a relatively thin subsurface horizon of clay accumulation, or a 

subsurface horizon with appreciable amounts of weatherable minerals, or both (formerly 
Reddish Brown Lateritic soils). 

VERTISOLS 

Clayey soils with wide, deep cracks when dry; most have distinctive wet and dry 
periods throughout the year. 

Xererts 

Vertisols with wide, deep cracks that open and close once each year and remain open 
continuously for more than 2 months; used for irrigated small grains, hay, and pasture. 

Chromoxererts 
Xererts with a brownish surface horizon (formerly Grumusols). 
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Brief Description of Great Soil Groups 

(1938 Classification System) 


Descriptions follow those contained in "Soils of the Western United States" (Western 
Land Grant Universities et al. 1964). Soil horizon thickness classes are approximately: 
(1) very thin, less than 3 centimeters; (2) thin, 3 to 10 centimeters; (3) moderately thick, 
10 to 20 centimeters; (4) thick, 20 to 40 centimeters; and (5) very thick, over 40 centimeters. 
All other classes and designations follow the "Soil Survey Manual" and Supplement (U.S. 
Soil Conservation Service 1951, 1962). 

AzonalSoils 
Alluvial 

Alluvial soils are formed on recent alluvium and, therefore, exhibit very little profile 
development. A horizons are thin to moderately thick, light to dark in color, with low to 
moderate amounts of organic matter accumulation. B horizons are lacking, and the C 
is made up of stratified alluvium which is often stony or gravelly. Soil reaction ranges 
from moderately alkaline to medium acid. 

Lithosols 
Lithosols are well drained, shallow, generally stony soils over bedrock. A horizons are 

very thin to moderately thick, light to dark in color, with low to moderate amounts of 
incorporated organic matter. B horizons are lacking; a transitional AC horizon may be 
present. Soil reaction may vary from moderately alkaline to medium acid. 

Regosols 
Regosols are well to excessively drained, poorly developed soils formed in deep, uncon­

solidated materials. A horizons are very thin to moderately thick, light to dark colored, 
with low to moderate organic matter content. B horizons are lacking, and the C is made up 
of uniform or stratified material. Reaction ranges from slightly acid to moderately alkaline. 
In dry areas, the soil may be calcareous. 

Zonal Soils 

Alpine Turf 
Alpine Turf soils are formed under alpine grasses and herbs in high mountain areas 

having a cold, humid climate. These well to imperfectly drained soils have thin to thick 
black A horizons of moderate to high organic matter content. B horizons are lighter colored, 
generally stony, and may have noticeable increase in clay. The stony or gravelly C horizon 
may be layered by solifluction processes. Soil reaction is strongly acid in the surface and 
medium acid in the B. 

Brown 
Brown soils are formed under shrub-steppe in cool, semiarid climates. These well-drained 

soils have moderately thick, dark-brown A horizons of low organic matter content. B 
horizons typically have more clay and subangular blocky to prismatic structure. Soil 
reaction is slightly alkaline in the surface, and alkalinity increases with depth. A zone of 
calcium carbonate accumulation is generally present as a Bca or Cca horizon. 
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Brown Podzolic 
Brown Podzolic soils are formed under forest in cool, humid climates. Soil drainage 

varies from well to imperfectly drained. 0.1 and 02 horizons are usually present. The Al 
horizon is thin and dark grayish-brown in color. A very thin, intermittent A2 horizon may 
also be present. The brown-colored B horizon gives evidence of iron and humus accumula­
tion but has no appreciable clay increase. Soil reaction is medium to strongly acid. 

Chernozem 
Chernozem soils are formed under steppe or shrub-steppe in cool, subhumid climates. 

These moderately well to well drained soils have moderately thick, very dark-brown to 
black A horizons of moderate organic matter content. B horizons usually contain more 
clay than the A but may be distinguished solely on the basis of color and structural 
changes. Soil reaction becomes more alkaline with depth, and a zone of carbonate 
accumulation is generally present in the lower part of the B. 

Chestnut 
Chestnut soils are formed under steppe or shrub-steppe in cool, semiarid climates. 

These well-drained soils have dark-brown, moderately thick A horizons containing moderate 
amounts of organic matter. B horizons often contain more clay than the A but may be 
distinguished largely by color and structural changes. Structure in the B may be blocky, 
subangular blocky, or prismatic. Soil reaction becomes more alkaline with depth, and a 
zone of carbonate accumulation usually occurs in or below the B horizon. 

Desert 
Desert soils are formed under shrub-steppe in warm, arid climates. These well-drained 

soils have thin, light-colored A horizons of low organic matter content. Structure of the A 
is platy. B horizons typically show increased clay content and are as dark as or darker 
colored than the AI. Reaction varies from neutral to strongly alkaline. Horizons of 
calcium enrichment, sometimes cemented with lime or silica, occur in or below the 
B horizon. 

Gray-Brown Podzolic 
Gray-Brown Podzolic soils are formed under forest in cool to cold, subhumid climates. 

They are well to imperfectly drained. Al horizons are thin to moderately thick and very 
dark gray. A thin, light-colored A2 horizon occurs beneath the AI. B horizons contain 
more clay than the A2 and have darker colors. Structure is blocky, subangular blocky, or 
prismatic. Reaction is medium acid in the surface and medium to slightly acid in the 
B horizon. 

Gray Wooded 
Gray Wooded soils are formed under forest in cold, subhumid climates. They are well 

to imperfectly drained. Thin to moderately thick 01 and 02 horizons are present at the soil 
surface. A thin Al horizon is generally present. The A2 horizon is light colored, low in 
organic matter content, and has platy structure. The B horizon contains more clay than 
the A2 and has blocky or subangular blocky structure. Surface reaction is slight to 
medium acid and may approach neutrality with depth. 

N oncalcic Brown 
Noncalcic Brown soils are formed under shrub communities (e.g., chaparral) in warm, 

subhumid climates. These well to moderately well drained soils have moderately thick to 
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very thick, brown or reddish-brown, massive A horizons of low organic matter content. 
B horizons contain more clay and are redder than the A. They may be massive or have 
blocky or prismatic structure. Hard layers caused by silica cementation commonly 
occur in the B. In addition, small amounts of carbonate may be present in the lower part 
of the B horizon. 

Podzol 
Podzol soils are formed under forest in cool to cold, subhumid climates. They are well 

to moderately well drained. Thin to thick (5 to 40 centimeters) 01 horizons overlie thin to 
thick (5 to 25 centimeters) 02 horizons. A2 (bleicherde) horizons are thin to thick, white 
to very pale brown, and very low in organic matter content. B horizons are much darker 
and contain accumulations of iron and humus. Structure ranges from very weak blocky 
to strong blocky or prismatic. Soil reaction is strongly to very strongly acid. 

Prairie 
Prairie soils are formed under grassland vegetation in cool, subhumid to humid climates. 

These well to imperfectly drained soils have thick, very dark A horizons generally con­
taining large amounts of organic matter. B horizons typically have more clay but may 
be differentiated from the A largely by color and structural changes. Prairie soils exhibit 
decreasing acidity with depth, and accumulations of calcium carbonate may occur in the 
C horizon. 

Reddish Brown Lateritic 
Reddish Brown Lateritic soils are formed under forest in warm, humid climates. They 

are moderately well to well drained. A horizons are moderately thick, reddish brown, and 
of granular structure. Shotlike iron-magnesium concretions are commonly present. B 
horizons are red or reddish brown and have more clay than the A. Structure is typically 
moderate blocky or subangular blocky. Reaction varies from moderately to very strongly 
acid. 

Sierozem 
Sierozem soils are formed under shrub-steppe in cool, arid climates. These well-drained 

soils have thin, light-colored A horizons containing low amounts of organic matter. Soil 
structure is typically platy, especially in the upper portion. B horizons contain more 
clay and are often darker than the A. Calcium carbonate accumulations, often cemented, 
generally occur in the lower part of, or just below, the B horizon. Soil reaction ranges 
from mildly to strongly alkaline. 

Sols Bruns Acides 
Sols Bruns Acides soils are formed under coniferous forest vegetation in cool, humid 

climates. Soil drainage may vary from well to imperfectly drained. Thin 01 and 02 horizons 
are usually present at the soil surface. A horizons are thick, dark brown to dark reddish 
brown, and moderate to high in organic matter content. B horizons show no evidence of 
illuviated clay and are distinguished by color and structure (subangular blocky). Soil 
acidity generally increases with depth and ranges from medium to very strongly acid. 

Western Brown Forest 
Western Brown Forest soils are formed under forest in areas of forest-steppe transition 

and cool, semiarid to subhumid climates. These well or moderately well drained soils have 
moderately thick, dark-colored granular A horizons containing low to moderate amounts 
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of organic matter. B horizons may show increased clay content but are usually distinguished 
by color and structural changes. Typical B horizon structure is subangular blocky. Reaction 
varies from slight to medium acid, and acidity commonly decreases with depth. A zone of 
calcium carbonate accumulation occurs in the lower B or upper C horizon. 

Intrazonal Soils 

Alpine Meadow 
Alpine Meadow soils are formed under high-elevation meadows in cold to very cold 

and humid climates. These soils are imperfectly to poorly drained. The A1 horizon is 
thick, very dark brown to black, moderate to high in organic matter content, and frequently 
stony. B horizons are lacking. C horizons are stony, mottled, and gleyed. Soil reaction is 
strongly or very strongly acid. 

Grumusols 
Grumusols occur under grassland or grass-shrub vegetation in a variety of climatic 

zones. They are generally well drained except in depressional areas. A horizons are very 
thick, dark colored, and contain low to moderate amounts of organic matter. Montmoril­
lonitic clay content is usually high. B horizons are lacking. C horizons have wide vertical 
cracks which typically extend up into the A horizon. Carbonate accumulation may occur 
in the lower A or upper C horizon. Reaction varies from slightly acid to slightly alkaline. 

Humic Gley 
Humic Gley soils occur under meadows in virtually all climatic zones. They are poorly 

to very poorly drained. The A horizon is very dark colored and contains large amounts of 
organic matter. The B horizon is gleyed or mottled and is higher in clay content. Soluble 
salts may be present in weak to moderate concentrations. Soil reaction ranges from 
moderately alkaline to strongly acid. 

Planosol 
Planosols may occur under steppe, shrub-steppe, or forest and in a wide variety of 

climatic zones. They are imperfectly to poorly drained. A1 horizons are thick, dark 
colored, with moderate to high organic matter content. An A2 horizon of variable thickness 
underlies the A1; it is massive and mottled. B horizons contain appreciably more clay 
and have blocky or prismatic structure. A cemented layer may be present in the lower 
solum. Reaction varies from medium to mildly alkaline. 

Solonchak 
Solonchak soils occur under shrub-steppe in arid to semiarid areas. These poorly 

drained soils have thin, light-colored A horizons low in organic matter content. Salt crusts 
are commonly present on the surface. B horizons are lacking. 

Solonetz 
Solonetz soils occur under steppe or shrub-steppe in arid to semiarid areas. Soil 

drainage ranges from well to imperfectly drained. A horizons are thin, platy, light-colored, 
and contain low amounts of organic matter. B horizons contain more clay and have 
blocky, prismatic, or columnar structure. Portions of the B horizon contain more than 
15 percent of exchangeable sodium. A zone of carbonate enrichment, commonly cemented, 
occurs in the lower part of or below the B horizon. Soil reaction varies from neutral to 
very strongly alkaline. 
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Miscellaneous Land Type 

Rockland 
Rockland designates areas with only sparse vegetation, dominated by rock outcrops, 

rock rubble, boulders, or stones. Restricted areas of thin soils may be included, but in 
general, soil development is severely limited. 
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APPENDIX II 


List and Partial Index to Plant Species 
The major sources for the scientific names of these species are Hitchcock et a1. (1955, 1959, 

1961, 1964, 1969) for most vascular plants; Little (1953) for trees and some shrubs; and Peck 
(1961) for the remainder. Mosses follow Lawton (1971), and lichens follow Howard (1950) 
in most cases. Common names are from a variety of sources, the most important being 
Garrison et a1. (1967), Peck (1961), and Little (1953). MOdses, lichens, and liverworts are 
marked with an asterisk; no common names are given for ta\ese species. 

Species which are not extensively cited in the text are indexed in this list; those which 
are broadly cited are indexed in the General Subject Index. 

Abies amabilis (Doug1.) Forbes 

Abies concolor (Gord. & Glend.) Lind1. 

Abies grandis (Doug1.) Lind1. 

Abies lasiocarpa (Hook.) Nutt. 

Abies magnifica Murr. var. shastensis Lemm. 

Abies procera Rehd. 

Abronia latifolia Eschsch. 

Acer circinatum Pursh 

Acer glabrum Torr. 

Acer glabrum var. douglasii (Hook.) Dipp. 

Acer macrophyllum Pursh 

Achillea millefolium L. 

Achillea millefolium var. lanulosa Piper 


Achlys triphylla (Smith) DC. 

Actaea rubra (Ait.) Willd. 

Adenocaulon bicolor Hook. 


Adiantum pedatum L. 

Adiantum pedatum L. var. aleuticum Rupr. 

Agastache urticifolia (Benth.) Kuntze 

Agoseris glauca (Pursh) Raf. 

Agoseris heterophylla (Nutt.) Greene 

Agoseris hirsuta (Hook.) Greene 

Agropyron caninum (L.) Beauv. 

Agropyron caninum (L.) Beauv. var. 


andinum (Scribn. & Smith) C. L. Hitchc. 

Agropyron caninum (L.) Beauv. var. 


latiglume (Scribn. & Smith) C. L. Hitchc. 
Agropyron dasystachyum (Hook.) Scribn. 
Agropyron spicatum (Pursh) Scribn. & Smith 
Agrostis hallii Vasey 
Agrostis idahoensis Nash 
Agrostis rossiae 

Pacific silver fir 
white fir 
grand fir 
subalpine fir 
Shasta red fir 
noble fir 
yellow saridverbena 
vine maple 
Rocky Mountain maple 
Rocky Mountain maple 
bigleaf maple 
western yarrow 
western yarrow 

deerfoot vanillaleaf 
baneberry 
trail plant 

western maidenhair-fern 
western maidenhair-fern 
nettle-leaved giant-hyssop 
pale agoseris 
annual agoseris 
woolly agoseris 
bearded wheatgrass 

alpine wheatgrass 

alpine wheatgrass 
thickspike wheatgrass 
bluebunch wheatgrass 
Hall's bentgrass 
Idaho bentgrass 
Ross bentgrass 

Page 

291 

205 
152 

121, 174, 177, 
178, 199,215, 
230 

145,205 
82,117,140, 
143, 145, 152, 
157,195,205 
79,80,309 
309 
153,220 
208 
90,235,307 
298 
119,272 

230,313 

119,121 
113, 121,297 
272 
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Agrostis thurberiana A. S. Hitchc. 

Aira caryophyllea L. 


Aira praecox L. 

Allium crenulatum Wieg. 

Allium falcifolium H. & A. 

Allotropa virgata T. & G. ex. Gray 

Alnus incana (L.) Moench 

Alnus rhombifolia Nutt. 

Alnus rubra Bong. 

Alnus sinuata (Reg.) Rydb. 

Aloina rigida (Hedw.) Limpr.* 

Alopecurus geniculatus L. 

Amelanchier alnifolia Nutt. 

Amelanchier pallida Greene 

Ammophila arena ria (L.) Link 

Anaphalis margaritacea (L.) B. & H. 

Andreaea nivalis Hook.* 

Anemone deltoidea Hook. 


Anemone drummondii Wats. 

Anemone lyallii Britt. 

Anemone occidentalis Wats. 


Anemone oregana Gray 

Anemone piperi Britt. 

Angelica arguta Nutt. 

Angelica lucida L. 

Antennaria alpwa (L.) Gaertn. 

Antennaria corymbosa E. Nels. 

Antennaria dimorpha (Nutt.) T. & G. 


Antennaria geyeri Gray 

Antennaria lanata (Hook.) Greene 

Antennaria racemosa Hook. 

Antennaria rosea Greene 

Anthoxanthum odoratum L. 

Apocynum androsaemifolium L. 


Apocynum pumilum Greene 

Arabis cobrensis M. E. Jones 

Arabis holboellii Hornem. 

Arabis holboellii Hornem. var. pendulocarpa 


(A. Nels.) Rollins 
Arabis rectissima Greene 
Arbutus menziesii Pursh 
Arceuthobium campylopodum Engelm. 
Arctostaphylos canescens Eastw. 
Arctostaphylos cinera How. 
Arctostaphylos columbiana Piper 

Thurber's bentgrass 
silver hairgrass 

early hairgrass 
Olympic onion 
sickle-leaved onion 
sugar stick 
mountain alder 
white alder 
red alder 
Sitka alder 

marsh foxtail 
Saskatoon serviceberry 
pale serviceberry 
European beachgrass 
pearly everlasting 

threeleaf anemone 

Drummond anemone 
Lyall anemone 
western pasqueflower 

Oregon anemone 
Piper anemone 
shining angelica 
sea-watch 
alpine pussytoes 
flattop pussytoes 
low pussytoes 

pinewoods everlasting 
woolly everlasting 
slender everlasting 
rose pussytoes 
sweet vernal grass 
spreading dogbane 

low dogbane 
gray rockcress 
Holboell rockcress 

Holboell rockcress 
bristly-leaved rockcress 
Pacific madrone 
yellow leafless mistletoe 
hoary manzanita 
gray manzanita 
hairy manzanita 

109 
90,91,121, 
307 
90,294 
262 
307 
158 
101 
126,228 

217 
122 

124 
291,294 
295 

81,117,142, 
145, 152, 158 
309 
195 
254,255,257, 
259,263,264, 
269 
158 
195 
255 
297 
288,290 
178,187,235 
174,213,235, 
241 
178 

288 
184,215,244 
69,296 
142,174,177, 
178,196,312 
114, 119, 134 
262 
235 

178 

174 
124, 136, 143 
135 
293,298,299, 
301 
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Arctostaphylos hispidula How. 
Arctostaphylos nevadensis Gray 
Arctostaphylos patula Greene 
Arctostaphylos uva-ursi (L.) Spreng. 
Arctostaphylos viscida Parry 

Arenaria capillaris Poir. 

Arenaria capillaris var. americana Davis 

Arenaria congesta Nutt. in T. & G. 

Arenariaformosa (Fisch.) Reg. 

Arenaria hou.;ellii Wats. 

Arenaria macrophylla Hook. 


Arenaria obtusiloba (Rydb.) Fern. 

Arenaria pumicola Cov. 

Arenaria rubella (Wahlenb.) J. E. Smith 

Aristida longiseta Steud. 

Armeria maritima (Mill.) Willd. 

Arnica chamissonis Less. 

Arnica cordifolia Hook. 


Arnica latifolia Bong. 

Arnica rydbergii Greene 

Arnica sororia Greene 

Arrhenatherum elatius (L.) Pres. 

Artemisia arbuscula Nutt. 

Artemisia cana Pursh 

Artemisia douglasiana Bess. 

Artemisia ludoviciana Nutt. 

Artemisia norvegica Fries 

Artemisia rigida (Nutt.) Gray 

Artemisia spinescens Eat. 

Artemisia suksdorfii Piper 

Artemisia tilesii Ledeb. 

Artemisia tridentata Nutt. 

Artemisia trifurcata Steph. ex Spreng. 

Artemisia tripartita Rydb. 

Asarum caudatum Lindl. 


Aster alpigenus (T. & G.) Gray 

Aster canescens Pursh 
Aster chilensis Nees 
Aster conspicuus Lindl. 
Aster engelmannii (Eat.) Gray 
Aster foliaceus Lindl. 
Aster ledophyllus Gray 

Aster occidentalis (Nutt.) T. & G. 

Howell manzanita 

pine-mat manzanita 

green manzanita 

kinnikinnick 

white-leaved manzanita 114, 119, 124, 


306 

mountain sandwort 262,263,287, 


288,289 

fescue sandwort 207 

dense-flowered sandwort 244 

slender mountain sandwort 272,290 

Howell's sandwort 307 

bigleaf sandwort 142, 152, 158, 


195,205,255 

blunt-leaved sandwort 287, 288, 289, 


309 

Crater Lake sandwort 270 

varying sandwort 288,309 

red threeawn 228,229 

thrift 89 

leafy arnica 188 

heartleaf arnica 158,176,195, 


196,205,206 

broadleaf arnica 158, 192 

Rydberg's arnica 290 

sisters' arnica 214 

tall oatgrass 91, 121 

low sagebrush 

silver sagebrush 234,236,243 

Douglas' wormwood 260 

western wormwood 259 

arctic wormwood 259 

stiff sagebrush 

bud sagebrush 245 

Suksdorfsagebrush 297 

mountain wormwood 307 

big sagebrush 

three-forked wormwood 288,290 

threetip sagebrush 

wild ginger 74,78,157, 


195 

alpine aster 	 252,254,261, 


262,267, 270, 

287,288 


hoary aster 184,235 

Chilian aster 122 

showy aster 205 

Engelmann aster 255 

leafy aster 208,260 

Cascades aster 252,254,263, 


264,265,267 
western aster 109,199,269 
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Aster radulillus Gray 
Aster 8copulorllill Gray 
Aster sllbspicatus Nees 
Astragalus arTectus Gray 
Astraga III S CII r'l'ica rpu s (Sheld.) Macbr. 
Astragailisfilipes Torr. ex Gray 

Astragalus leetalus Wats. 

Astragalus lelltigilloslls Doug!. ex Hook. 

Astragalus 11/ iser Doug!. ex Hook. 

Astragalus palollsensis Piper 

Astragalus purshii Doug!. ex Hook. 

Astragalus spaldingii Gray 

Astragalus stenophyllus T. & G. 

AthyriulII distentifolium Tausch ex Opiz 

Athyrium distentifolilllll Tausch ex Opiz 


var. ameTieanum (Butters) Cronq. 
AthYTiumfilix-jemina (L.) Roth 
Atriplex confertifolia (Torr. & Frem.) Wats. 
AtTiplex nu ttalliz--W ats. 
Aulaeomnium andTogynum (Hedw.) 

Schwaegr.* 
Aulaeomniu III palustre (Hedw.) Schwaegr.* 
Avenafatua L. 

Balsamorhiza careyana Gray 
Balsamorhiza deltoidea Nutt. 
Balsamorhiza hookeri Nutt. 
Balsamorhiza sagittata (Pursh) Nutt. 
Balsamorhiza<ierrata Nels. & Macbr. 
Barbilophozia lycopodioides (Wallr.) Loeske* 
Bassia pyssopifolia (Pal!.) Kuntze 
Beckmannia syzigachne (Steud.) Fern. 
Berberis aquilfolium Pursh 
Berberis nervosa Pursh 
Berberis piperiana (Abr.) Peck 
Berberis pumila Greene 
Berberis repens Lind!. 
Besseya rubra (Doug!.) Rydb. 
Betula papyrifera Marsh. 
Blechnum spicant (L.) With. 
Boschniakia strobilacea Gray 
Boykinia major Gray 
Brachytheeium velutinum (Hedw.) B.S.G. * 
Briza minor L. 
Brodiaea eoronaria (Salisb.) Eng!. 
BTodiaea coronaria var. macropoda Torr. 
Brodiaea douglasii Wats. 
Brodiaea multiflora Benth. 
Bromus brizaeformis Fisch. & Mey. 
Bromus carinatus H. & A. 
Bromus commutatus Schrad. 

rough-leaf aster 
crag aster 
Douglas aster 
hangingpod milkvetch 
curvepod milkvetch 
threadstalk milkvetch 
purple woollypod 
specklepod loco 
starved milkvetch 
doublepod milkvetch 
Pursh's milkvetch 
Spaldings milkvetch 
hangingpod milkvetch 
alpine ladyfern 

alpine ladyfern 
ladyfern 
shadscale 
Nuttall's saltbush 

wild oat 

Carey's balsamroot 
Puget balsamroot 
Hooker balsamroot 
arrowleaf balsamroot 
serrated balsamroot 

fivehook bassie 
slough grass 
tall Oregongrape 
Oregongrape 
Piper's barberry 
pygmy Oregongrape 
creeping western barberry 
red besseya 
northwestern paper birch 
deerfern 
ground-cone 
large-flowered boykinia 

little quaking grass 
harvest brodiaea 
harvest brodiaea 
large-flowered brodiaea 
many-flowered brodiaea 
rattlesnake grass 
California brome 
hairy brome 

117 
235 
294 

167 
235 
166, 167 
235 
235 
213,214,220 
244 
213,214,215 
235 
263 

263 

209,245 
245 

301,304 
270 
121 

215 
89, 114 
235 

183 
270 
227 
122 
140,312 

144 
136,306 
174,179 
213 
89 

114 
270 
96 
121 
298 
298 
174,215 
114 
233,244 

91,121,175 
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Bromus japonicus Thunb. 

Bromus mollis L. 

Bromus orcuttianus Vasey 
Bromus rigidus Roth 
Bromus sitchensis Trin. 
Bromus sitchensis Trin. var. aleutensis 

(Trin.) Hulten 
Bromus tectorum L. 
Bromus vulgaris (Hook.) Shear 
Bryum alpinum With.* 

Calamagrostis canadensis (Michx.) Beauv. 

Calamagrostis inexpansa Gray 

Calamagrostis nutkaensis (Presl) Steud. 

Calamagrostis rubescens Buckl. 

Calochortus elegans Pursh 

Calochortus macrocarpus Dougl. 

Calochortus nitidus Dougl. 

Caltha bifiora DC. 


Caltha leptosepala DC. 

Calypso bulbosa (L.) Oakes 

Camassia quamash (Pursh) Greene 


Campanula prenanthoides Dur. 

Campanula rotundifolia L. 

Campanula scouleri Hook. 


Cardamine bellidifolia L. 

Cardamine pulcherrima (Robins.) Greene var. 


tenella (Pursh) C. L. Hitchc. 

Carex albonigra Mack. 

Carex aperta Boott 

Carex aquatilis Wahl. 

Carex breweri Boott 

Carex californica L. H. Bailey 

Carex concinnoides Mack. 


Carex deweyana Schw. 

Carex disperma Dewey 

Carex douglasii Boott 

Care x filifolia Nutt. 

Carex geyeri Boott 

Carex hoodii Boott 

Carex illota L. H. Bailey 

Carex interrupta Boeck. 

Carex lasiocarpa Ehrh. 

Carex lenticularis Michx. 

Carex luzulina Olney 

Carex lyngbyei Hornem. 

Carex macrocephala Willd. ex Spreng. 


Japanese brome 

soft brome 

Orcutt's brome 
ripgut brome 
Alaska brome 

Alaska brome 
cheatgrass brome 
Columbia brome 

bluejoint reedgrass 
narrow-spiked reedgrass 
Pacific reedgrass 
pinegrass 
elegant mariposa lily 
green-banded mariposa lily 
big-pod mariposa lily 
twinflower marshmarigold 

elks lip marshmarigold 
calypso 
common camas 

California harebell 
American harebell 
Scouler bellflower 

alpine bittercress 

slender dentaria 
black-and-white-scaled sedge 
Columbia sedge 
water sedge 
Brewer sedge 
California sedge 
northwestern sedge 

Dewey sedge 

soft-leaved sedge 

Douglas' sedge 

thread-leaved sedge 

elk sedge 

Hood sedge 

small-headed sedge 

green-fruited sedge 

slender bog sedge 

Kellogg's sedge 

luzula-like sedge 

Lyngbye's sedge 

bighead sedge 


122, 175,213, 
216,233 
121, 122, 123, 
199,233 
140, 145 
91,113,121 
297 

260 

269 

109,270 
188 
291 

213 
213,215 
235 
252,260,261, 
270 
260,290 
117, 144 
89, 109, 122, 
149 
144 
262,288 
82, 145, 152, 
158 
269 

117 
257,258,290 
302 
108, 109 
270 
91 
144,176,192, 
196 
65 
109 
231 
167,215,222 

272 

270 

270 

188 

109 

109,270 

295 

290,295 
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Care.r macrochaeta C. A. Mey. 

Care.r mllricata L. 

Carex lIardilla Fries 

Care.l' lIebrascellsis Dewey 

Care.l' nigricalls C. A. Mey. 

Carn olmupta L. H. Bailey 


Care.!' pachystachya Cham. ex Steud. 

Care.r pellsyll'allica Lam. 

Care.r phaeocephala Piper 

Care.l' praegracilis W. Boott 

Care.r pyrenaica Wah!. 

Carex raYlloldsii Dewey 

Care.l' rossii Boott 

Care.r rostrata Stokes ex With. 

Care.!' scilpoidea Michx. 

Care.!' scoplllol'IIlll Holm 


Care:!: sitchell818 Prescott 
Ca rex spectabilis Dewey 
Cassiope mertensiana (Bong.) G. Don 
Castallopsis chr'ysophylla (Doug!.) A. DC. 
Castallopsis cllI']jsophylla var. minor Benth 
Castilleja af/gustifolia (Nutt.) G. Don 
Castilleja arachnoidea Greenm. 
Castilleja elmai Fern 
Castilleja lutescens (Greenm.) Rydb. 

Castilleja lIIilliata Doug!. ex Hook. 
Castilleja part'ifiora Bong. 

Castilleja parvifiora Bong. var. albida 
(Penn.) Ownbey 

Castilleja parvifiora Bong. var. oreopola 
(Greenm.) Ownbey 

Ceanotlws cordulatu8 Kel!. 

Ceanothus cuneatus (Hook.) Nutt. 

Ceanothus illtegerrilllus H. & A. 

Ceanot/ws prostratus Benth. 

Ceanothu8 pu ntilus Greene 
Ceanothus sanguineus Pursh 

Ceanothus thyrsifiorus Esch. 

Ceanothus velutinus Doug!. ex Hook. 

Ceanothus velutinlls var. laevigatus T. & G. 

Ceanothus velutinus var. velutinus Doug!. 


ex Hook. 
Celtis douglasii Planch. 

Alaska long-awned sedge 
western stellate sedge 
Morrows sedge 
Nebraska sedge 
black alpine sedge 
slough sedge 

thick-headed sedge 
long-stoloned sedge 
mountain hare sedge 
clustered field sedge 
Pyrenaean sedge 
Raynold's sedge 
Ross sedge 
beaked sedge 
western single-spiked sedge 
Holm's Rocky Mountain 
sedge 
Sitka sedge 
showy sedge 
western cassiope 
golden chinkapin 
small golden chinkapin 
northwestern paintbrush 
cotton paintbrush 
Elmer paintbrush 
yellow paintbrush 

scarlet paintbrush 
smallftower paintbrush 

white smallftower paintbrush 255 

290 
109 
290 
188, 190 

68,69,294, 
295,296 
90 

288,289 
190 
290 
208 

109,270,302 
290 

270 
270 

136 

270 
309 
213,214,215, 
220 
184,254 
254,257,258, 
262,263,269 

rosy paintbrush 
mountain whitethorn 

ceanothus 
narrow-leaved buckbrush 

deerbrush 

squawcarpet 

dwarf ceanothus 
redstem ceanothus 

blueblossom 
snowbrush ceanothus 
varnish leaf ceanothus 

snowbrush ceanothus 
hackberry 

269 

124, 136, 143 
118, 119, 124, 
306,307 
114, 118, 124, 
143,298,299 
140, 142, 143, 
148, 149 
306,307 
91, 143, 173, 
197,312 

143 

143 
229 
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Cerastium arvense L. 

Ceratophyllum demersum L. 

Cercocarpus betuloides Nutt. in T. & G. 

Cercocarpus ledifolius Nutt. in T. & G. 

Chaenactis douglasii (Hook.) H. & A. 

Chaenactis thompsonii Cronq. 

Chamaecyparis lalL'soniana (A. Murr.) ParI. 

Chamaecyparis nootkatensis (D. Don) Spach 

Cheilanthes gracillima D.C. Eaton 

Cheilanthes siliquosa Maxon 


Chimaphila menziesii (R. Br.) Spreng. 

Chimaphila umbellata (L.) Bart. 

Chimaphila umbellata var. occidentalis 


Blake 
Chrysothamnus nauseosus (Pall.) Brit. 
Chrysothamnus nauseosus var. albicaulis 

Hall. & Clem. 

Chrysothamnus viscidiflorus (Hook.) Nutt. 

Cicuta douglasii (DC.) Coult. & Rose 

Circaea alpina L. 

Cirsium vulgare (Savi) Airy-Shaw 

Cladonia bellidifiora (Ach.) Schaer.* 

Cladonia coniocraea (Flk.) Spreng.* 

Cladonia grayii Merr. * 

Cladonia ecmocyna (Ach.) Nyl.* 

Cladonia ecmocyna var. intermedia (Robb.) 


Thoms.* 
Cladonia macrophyllodes Nyl.* 
Cladonia phyllophora Hoffm. * 
Cladonia rangiferina (L.) Wigg.* 
Cladothamnus pyrolaefiorus Bong. 

Claytonia lanceolata Pursh 

Claytonia megarhiza (Gray) Parry ex Wats. 

Claytonia megarhiza var. nivalis (English) 


C. L. Hitchc. 

Clintonia uniflora (Schult.) Kunth 


Collinsia parvifiora Lindl. 

Collomia grandifiora Doug!. ex Lind!. 

Collomia heterophylla Hook. 

Collomia linearis Nutt. 

Collomia tenella Gray 

Convolvulus soldanella L. 

Coptis asplenifolia Salisb. 

Coptis laciniata Gray 

Coptis occidentalis (Nutt.) T. & G. 

Corallorhiza maculata Raf. 

Corallorhiza mertensiana Bong. 


field chickweed 
hornwort 
birchleaf mountainmahogany 
curlleaf mountainmahogany 
falseyarrow 
Thompson falseyarrow 
Port-Orford-cedar 
Alaska-cedar 
lace-fern 
podfern 

little prince's pine 
western prince's pine 

western prince's pine 
tall gray rabbitbrush 

whitestem gray rabbitbrush 

tall green rabbitbrush 
western waterhemlock 
alpine circaea 
common thistle 

cladothamnus or copper 

bush 


lance-leaved springbeauty 
alpine springbeauty 

alpine springbeauty 
queencup beadlily 

littleflower collinsia 
large-flowered collomia 
varied-leaved collomia 
narrow-leaved collomia 
diffuse collomia 
coast morningglory 
boreal goldthread 
cutleaf goldthread 
western goldthread 
spotted coralroot 
Mertens' coralroot 

309 
231 
114,124 

235 
309 

91, 148 
306,307,309, 
310 
82, 158, 195 

301 

124,215,216, 
307 

109,228 
157,228 
84,197,228 
304 
304 
304 
304 

304 
304 
304 
304 

104, 106,277, 
278 
259,264,307 

309 
82,95,96, 
97, 145, 152, 
195,202,205 

166 
74 
216 
241 
295 
106 
74,77 
205 
89, 158, 195 
158 
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Cornus canadensis L. 


Cornus glabrata Benth. 

Corrlus nuttallii Aud. ex T. & G. 

Corm~s stolonifera Michx. 

Corylus cornuta Marsh. 

Corylus corrmta Marsh. var. californica 


(DC.) Sharp 
Cotula coronopifolia L. 
Crataegus columbiana How. 
Crataegus douglasii Lind!. 

Crepis acuminata Nutt. 

Crepis atribarba Heller ssp. originalis Babc. 


& Stebb. 
Cryptantha affinis (Gray) Greene 
Cryptantha ambigua (Gray) Greene 
Cryptantha thompsonii Johnst. 
Cryptantha torreyana (Gray) Greene 
Cryptogramma crispa (L.) R. Br. ex Hook. 
Cryptogram ma densa (Brackenr.) 
Cuscuta salina Engelm. 
Cynoglossum grande Doug!. ex Lehm. 
Cynosurus echinatus L. 

Cytisus scoparius (L.) Link 

Dactylis glomerata L. 

Danthonia cal~forrlica Boland. 

Danthonia intennedia Vasey 
Danthonia IInispicata (Thurb.) Munro ex 

Macoun 

Darlingtonia californica Torr. 

Daucus carota L. 

Delphinium glareosum Greene 

Delphiniu m glaucum Wats. 

Delphinium menziesii DC. 

Deschanzpsia atropurpurea (Wah!.) Scheele 


Deschanzpsia caespitosa (L.) Beauv. 


Deschampsia elongata (Hook.) Munro ex 

Benth. 

Descurainia pinnata (Walt.) Britt. 
Dicranella heteromalla (Hedw.) Schimp.* 
Dicranum fuscescens Turn.* 
Dicranunz scoparium Hedw. * 
Digitalis pllrpurea L. 

bunchberry dogwood 

brown dogwood 
Pacific dogwood 
red-osier dogwood 
western hazel 

California hazel 
bird brassbuttons 
Columbia hawthorn 
blackhawthorn 

long-leaved hawks beard 

slender hawks beard 
slender cryptantha 
obscure cryptantha 
Thompson cryptantha 
Torrey's cryptantha 
parsley-fern 
Oregon cliff-brake 
salt-marsh dodder 
great houndstongue 
hedgehog dogtail 

Scotch broom 

orchardgrass 

California danthonia 

timber danthonia 

few-flowered wild oatgrass 

California pitcher-plant 
wild carrot 
rockslide larkspur 
pale larkspur 
Menzies' larkspur 
mountain hairgrass 

tufted hairgrass 

slender hairgrass 
pinnate tansymustard 

foxglove 

69,95,96, 

97, 98 

124 

74, 117, 134 

296 

111,113 


291 

227 

113,122,174, 

183,221,227 

201 


215 

177,178,196 

166,239 

309 

208 

91,300 

148 

295 

144 

90,91,121, 

122, 123 

89 


113, 121, 122, 

296 

113, 119, 121, 

122,187,306, 

307 

121, 188 


239,240,241, 

245 

294 

121, 123 

264 

260 

91 

253,255,261, 

262,290 

122, 123, 190 

199,200,295 


187 

216,228,230 

270 


301 

63 
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Dipsacus sylvestris Huds. 

Disporum hookeri (Torr.) Nicholson 


Disporum smithii (Hook.) Piper 

Distichlis spicata (L.) Greene 

Distichlis stricta (Torr.) Rydb. 

Dodecatheon hendersonii Gray 

Dodecatheonjeffreyi Van Houtte 

Douglasia laevigata Gray 

Douglasia nevalis Lindl. 

Draba aureola Wats. 

Draba lonchocarpa Rydb. 

Draba verna L. 

Drepanocladus aduncus (Hedw.) Warnst. * 

Drepanocladus exannulatus (Guemb.) 


Warnst.* 
Drosera spp. L. 
Dryas octopetala L. 
Dryopteris austriaca (Jacq.) Woynar ex 

Schinz & TheIl. 

Eleocharis acicularis (L.) R. & S. 
Eleocharis palustris (L.) R. & S. 
Eleocharis paucifiora (Lightf.) Link 
Elmera racemosa (Wats.) Rydb. 
Elymus caput-medusae L. 

Elymus cinereus Scrib. & Mer. 

Elymus fiavescens Scribn. & Smith 

Elymus glaucus Buckl. 

Elymus hirsutus Presl 

Elymus mollis Trin. 

Elymus triticoides Buckl. 

Empetrum nigrum L. 

Epilobium alpinum L. 


Epilobium alpinum L. var. clavatum (Trel.) 
C. L. Hitchc. 

Epilobium angustifolium L. 

Epilobium glandulosum Lehm. 

Epilobium latifolium L. 

Epilobium minutum Lindl. ex Hook. 

Epilobium paniculatum Nutt. 


Equisetum palustre L. 

Equisetum telmateia Ehrh. 

Erigeron aureus Greene 

Erigeron bloomeri Gray 

Erigeron compositus Pursh 


common teasel 228 

Hooker's fairybells 74, 134, 135, 


142, 145 

Smith's fairybells 59,61,82, 


255 

seashore saltgrass 295 

alkali saltgrass 227,231,245 

broad-leaved shootingstar 89,306 

tall mountain shootingstar 109,269,270 

smooth-leaved douglasia 262,289,290 

snow douglasia 309 

great alpine draba 270 

twisted draba 289 

vernal draba 175,216 


260 


260,270 

sundew 109 

white mountain avens 


mountain woodfern 60,81,202 

needle spikesedge 122 

creeping spikesedge 231 

few-flowered spikesedge 270 

elmera 290 

medusahead wildrye 121, 122, 209, 


211,232 
giant wildrye 209,227,235, 

239,245,246 

yellow wildrye 230 

blue wildrye 

northern wildrye 255 

dune wildrye 291 

creeping wildrye 245 

black crowberry 287,288 

alpine willowweed 255,260,261, 


267,270 

alpine willowweed 

fireweed 

common willowweed 109 

red willowweed 260 

small-flowered willowweed 239,306,307 

autumn willowweed 83,84,175, 


197,216,255 

marsh horsetail 108,260 

giant horsetail 296 

golden fleabane 287,288,309 

scabland fleabane 241 

dwarf mountain fleabane 173,174 
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Erigeron compositus Pursh var. discoideus 
Gray 

Erigeron corymbosus Nutt. 
Erigeronfilifolius Nutt. 
Erigeron linearis (Hook.) Piper 
Erigeron peregrinus (Pursh) Greene 

Erigeron pumilus Nutt. ssp. intermedius 
Cronq. 

Erigeron speciosus (Lind!.) DC. 
Eriodictyon californicum (H. & A.) Greene 
Eriogonum compositum Doug!. ex Benth. 
Eriogonum douglasii Benth. in DC. 

Eriogonum heracleoides Nutt. 

Eriogonu In latifolium Smith 
Eriogonum marifolium T. & G. 
Eriogonum microthecum Nutt. 

Eriogonum microthecum Nutt. var. 
laxifiorum Benth. 

Eriogonum niveum Doug!. ex Benth. 

Eriogonum nudum Doug!. ex Benth. 

Eriogonum piperi Greene 

Eriogonum pyrolaefolium Hook. ex A. Murr. 


var. coryphaeum T. & G. 
Eriogonum sphaerocephalum Doug!. ex 

Benth. 
Eriogonum ternatum How. 
Eriogonum thymoides Benth. in DC. 
Eriogonum umbellatum Torr. 

Eriogonum vimineum Doug!. 
Eriogonu m vimineu m Doug!. var baileyi 

(Wats.) Davis 
Eriophorum polys tach ion L. 

Eriophyllum lanatum (Pursh) Forbes 

Erodium circutarium (L.) L'Her. 

Erysimum arenicola Wats. var. torulosum 


(Piper) C. L. Hitchc. 
Erythronium grandifiorum Pursh 
Erythronium montanum Wats. 
Eurhynchium oreganum (SuI!.) J. & S.* 

Eurotia lanata (Pursh) Moq. 

Festuca arundinacea Schreb. 
Festuca bromoides L. 

dwarf mountain fleabane 
longleaf fleabane 
threadleaf fleabane 
lineleaf fleabane 
peregrine fleabane 

shaggy fleabane 
showy or Oregon fleabane 
yerba santa 
northern buckwheat 
Douglas buckwheat 

Wyeth buckwheat 

broad-leaved eriogonum 
mountain buckwheat 
slenderbush buckwheat 

bushy buckwheat 
snow eriogonum 

naked buckwheat 
Piper buckwheat 

alpine buckwheat 

rock buckwheat 
Waldo buckwheat 
thyme buckwheat 
sulfur buckwheat 

broom buckwheat 

broom buckwheat 
tall cotton-grass 
common woolly sunflower 
filaree 

wallflower 
lambstongue fawn lily 
avalanche fawnlily 

winterfat 

alta fescue 
six-weeks fescue 

289 
215,222 
167,214,215 
165,166,235 
254,258,260, 
272,281 

215 
272 
124,307 
148,225 
201,225,226, 
227 
174,184,193, 
215, 222, 244, 
272 
298 
270 
180,225,226, 
227 

227 
174,225,226, 
227 
148 
272 

262,270,309 

225,226,235 
307 
225,226,227 
148,166,167, 
184,188,235 

166 
108,109,261 

121,229 

309 
174,259 
106,261 
60,65,77, 
78,79,96, 
143 
228,229,245 

121 
121 
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Festuca californica Vasey 

Festuca idahoensis Elm. 

Festuca microstachys Nutt. 


Festuca myuros L. 

Festuca occidentalis Hook. 


Festuca octofiora Walt. 


Festuca ovina L. 


Festuca pratensis Huds. 

Festuca rubra L. 


Festuca scabrella Torr. 

Festuca viridula Vasey 

Fontinalis antipyretica Hedw. var. gigantea 


(Sull.) Sull.* 
Fragaria chiloensis (L.) Duchesne 

Fragaria vesca L. var. bracteata (Heller) 
Davis 

Fragaria vesca L. var. crinita (Rydb.) C. L. 
Hitchc. 

Fragaria virginiana Duchesne 
Fragaria virginiana Duchesne var. 

platypetala (Rydb.) Hall 
Franseria chamissonis Less. 
Frasera albicaulis Dougl. ex Griseb. 
Fraxinus latifolia Benth. 
Frullania nisquallensis Sull.* 

Galium ambiguum Wight 
Galium aparine L. 

Galium boreale L. 

Galium divaricatum Lam. 

Galium oreganum Britt. 

Galium trifiorum Michx. 


Garrya buxifolia Gray 

Garrya elliptica Dougl. 

Garryafremontii Torr. 

Gastridium ventricosum (Gouan) Schinz. & 


TheIl. 

California fescue 
Idaho fescue 
Nuttall's fescue 

rattail fescue 
western fescue 

eight-flowered fescue 

sheep fescue 

meadow fescue 
red fescue 

rough fescue 
green fescue 

coast strawberry 

western wood strawberry 

California strawberry 
Virginia strawberry 

broad-petaled strawberry 
silver beach-weed 
white-stemmed swertia 
Oregon ash. 

obscure bedstraw 
cleavers bedstraw 

northern bedstraw 

spreading bedstraw 
Oregon bedstraw 
sweetscented bedstraw 

box-leaved garrya 
silk tassel bush 
bear bush 

nit grass 

114, 119, 145 


175,213,216, 

217,222,235, 

307 

121, 122 

74,75,91, 

117,119,134, 

140,145,301 

119, 165, 166, 

216,217 

182, 288, 290, 

306 

122 

91, 113, 119, 

121, 122, 199, 

294,295 

214 


302 

121,177,178, 

187, 188, 196, 

294 


69,89,117, 

152 


144 

187,196,309 


113 

291 

175 


66 


306 

90, 145, 175, 

296 

174,213,214, 

227 

121 

91, 145, 157 

63,74,82, 

117,152,157, 

195,205,255 

136,306 

298 

124,140,142 


121 
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142 Gaultheria ovatzjolia Gray 

Gallitheria shalloll Pursh 

Gayophyt7l1f1 fluttallii T. & G. 


Gayophytlllll ralliosissinllun Nutt. ex T. & G. 

Gen tiana calycosa Griseb. 

Geraniulli dissectillil L. 

Geraniu III molle L. 

Geranill In z'iscosissililuln F. & M. 


Geum macrophyllum Willd. 

Gell rtl triflor''I1 III Pursh 

Gellm triflor'llm Pursh var. ciliatum (Pursh) 


Fassett 
Gilia capitata Sims 
Gilia nuttallii Gray 
Githopsis specularioides Nutt. 
Glaux maritima L. 
Gle/mia leiocarpa Mathias 
Glyceria elata (Nash) M. E. Jones 
Goodyera oblongifolia Raf. 

Grayia spinosa (Hook.) Moq. 

Grindelia stricta DC. 

Grossularia velutina 

Gymnocarpiuln dryopteris (L.) Newm. 


GYlllllomitrium varians (Lindb.) Schiffn.* 

Habenaria dilatata (Pursh) Hook. 

Habenaria unalascensis (Spreng.) Wats. 

Hakelia jessicae (McGregor) Brand 

Haplopappus bloomeri Gray 

Haplopappus liatri/ormis (Greene) St. John 

Haplopappus stenophyllus Gray in Torr. 

Hedysarum occidentale Greene 

Helianthella uniflora (Nutt.) T. & G. 

Helianthelia uniflora (Nutt.) T. & G. var. 


douglasii (T. & G.) Weber 
Heracleum lanatum Michx. 

Hieracium albertinum Farr 

Hieracium albiflorum Hook. 
Hieracium cynoglossoides Arv.-Touv. 

Hieracium gracile Hook. 

H alcus lanatus L. 

slender gaultheria 
salal 
Nuttall's gayophytum 

hairstem groundsmoke 
mountain bog gentian 
cut-leaved geranium 
dove foot geranium 
sticky geranium 

largeleaf avens 
three-flowered avens 

long-plumed avens 
globe gilia 
Nuttall gili::: 
bluecup 
sea milkwort 
beach silver-top 
tall mannagrass 
rattlesnake plantain 

spiny hopsage 

Oregon gum-plant 

oakfern 

boreal bogorchid 
Alaska reinorchid 
Jessica's tickweed 
Bloomer's haplopappus 
Palouse haplopappus 
narrow-leaved haplopappus 
western hedysarum 
false sunflower 

false sunflower 
common cowparsnip 

western hawkweed 

white hawkweed 
houndstongue hawkweed 

slender hawkweed 

common velvetgrass 

166,177,178, 
196 
235 
254 
122 
91 
214,215,220, 
227 
228 
215,262 

220 
114, 148, 307 
272 
307 
295 
291,295 
109 
77,89,134, 
135, 142, 145 
165,216,217, 
228,230,245 
295 
165 
65,81,82, 
96,97,202 
262 

260 
144 
153 
158, 184 
214,215 
226,235 
290 
214 

213,215,220 
227,228,255, 
257,260,296 
207,213,214, 
215,220 

177,178,211, 
224,244 
255,261,262, 
269,272 
63,69,113, 
121,122,296 
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Holodiscus discolor (Pursh) Maxim. 

Holodiscus glabrescens Heller 

Holosteum umbellatum L. 


Homalothecium megaptilum (Sull.) Robins.* 

Hordeum brachyantherium Nevski 

Hulsea nana Gray in Torr. 

Hydrophyllumfendleri (Gray) Heller 

Hydrophyllumfendleri (Gray) Heller var. 


albifrons (Heller) Macbr. 
Hydrophyllum occidentale (Wats.) Gray 
Hylocomium splendens (Hedw.) B.S.G.* 
Hymenopappus filifolius Hook. 
Hypericum anagalloides C. & S. 
Hypericum perforatum L. 

Hypnum circinale Hook.* 

Hypnum fertile Sendt. * 

Hypochaeris radicata L. 


Iris chrysophylla How. 

Iris douglasiana Herb. var. oregonensis Fost. 

Iris missouriensis Nutt. 


Iris tenax Dougl. 

Isothecium stoloniferum Brid.* 

Ivesia tweedyi Rydb. 


Jaumea carnosa (Less.) Gray 
Juncus balticus Willd. 
Juncus drummondii E. Meyer 

Juncus drummondii E. Mey. var. subtrifiorus 
(E. Meyer) C. L. Hitchc. 

Juncus effusus L. 
Juncus ensifolius Wikst. var. montanus 

(Engelm.) C. L. Hitchc. 
Juncus falcatus E. Mey. 
Juncus lesueurii Boland. 
Juncus mertensianus Bong. 
Juncus nevadensis Wats. 
Juncus parryi Engelm. 
Juniperus communis L. 

Juniperus occidentalis Hook. 

Juniperus scopulorum Sarg. 


Kalmia polifolia Wang. 

Kobresia bellardii (Allioni) Degland. 

Koeleria cristata Pers. 


creambush oceanspray 
gland oceanspray 
jagged chickweed 

meadow barley 
dwarfhulsea 
Fendler waterleaf 

Fendler waterleaf 
western waterleaf 

fmeleaf hymenopappus 
bog St. J ohnswort 
common St. Johnswort 

spotted catsear 

slender-tubed iris 
Douglas' iris 
western iris 

Oregon iris 

tweedy ivesia 

jaumea 
Baltic rush 
Drummond rush 

Drummond rush 
common rush 

dagger-leaved rush 
sickle-leaved rush 
salt rush 
Merten's rush 
Sierra rush 
Parry's rush 
common juniper 

western juniper 
Rocky Mountain juniper 

pale laurel or bog kalmia 
Bellard's kobresia 
prairie junegrass 

301 
175,213,216, 
230 
96 
122 
270 
255 

228 
260 
60,66,79 
231 
294 
69, 113, 121, 
183 
60,65 
301 
90,121,294 

142, 144 
296 
213,214,216, 
220,227 
74,75,91 
60,66 
309 

295 
199,231,295 
260,269,270, 
290 

255 
295 

109 
291,294 
291 
255,290 
294,295 
290,301 
206,263,281, 
287, 288, 298, 
309 

89,230,312, 
313 

109,260,288 
290 
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Lactuca serriola L. 

Lagophylla ramosissima Nutt. 

Lappula redOlcskii (Hornem.) Greene 

Larix lyaWi ParI 

Larix occidentalis Nutt. 

Lathyrus bijugatus White 

Lathyrus littoralis (Nutt.) End\. 

Lathyrus nevadensis Wats. 

Lathyrus polyphyllus Nutt. ex T. & G. 

Lathyrus sphaericus Retz. 

Lecidea atrobrunnea (Ra.) Schaer.* 

Lecidea quadricolor (Dicks.) Borr. ex 


Hook.* 
Ledum glandulosum Nutt. 
Ledum glandulosum var. columbianum 

(Piper) C. L. Hitchc. 
Ledum groenlandicum Hu\t(m 
Lepidium perfoliatum L. 
Leptarrhena pyrolifolia (D. Don) R. Br. 
Leptodactylon pungens (Torr.) Nutt. 
Leucolepis menziesii (Hook.) Steere* 
Libocedrus decurrens Torr. 
Ligusticum apiifolium (Nutt.) Gray 
Ligusticum grayi Coult. & Rose 

Lilaeopsis occidentalis Coult. & Rose 

Linanthus septentrionalis 

Linaria dalmatica (L.) Mill. 

Linnaea borealis L. 

Listera caurina Piper 

Listera convallarioides (Sw.) Nutt. 

Lithocarpus densiflorus (Hook. & Arn.) 


Rehd. 
Lithophragma bulbifera Rydb. 
Lithophragma parvifiora (Hook.) Nutt. ex 

T.&G. 
Lithospermum ruderale Doug\. ex Lehm. 
Lolium perenne L. 
Lomatium angustatum St. John 
Lomatium brandegei (Coult. & Rose) Macbr. 
Lomatium cuspidatum Math. & Const. 
Lomatium dissectum (Nutt.) Math. & Const. 
Lomatium dissectum (Nutt.) Math. & Const. 

var. multifidum (Nutt.) Math. & Const. 
Lomatium macrocarpum (Nutt.) Coult. & 

Rose 
Lomatium martindalei Coult. & Rose 
Lomatium nudicaule (Pursh) Coult. & Rose 
Lomatium triternatum (Pursh) C. & T. 

prickly lettuce 
slender rabbitleaf 
western stickseed 
subalpine larch 
western larch 
pinewoods peavine 
beach peavine 
Sierra Nevada pea 
Pacific peavine 
grass pea 

mountain Labradortea 

mountain Labradortea 
bog Labradortea 
yellow-flowered peppergrass 
false saxifrage 
granite gilia 

incense-cedar 
parsleyleaf Iicoriceroot 
Gray's lovage 

western lilaeopsis 
northern Iinanthus 
Dalmatian toadflax 
twinflower 
western twayblade 
broad-lipped twayblade 

tanoak 
slender fringecup 

small-flowered fringecup 
western gromwell 
perennial ryegrass 
few-fruited lomatium 
Brandege lomatium 
pointed-leaved lomatium 
lace-leaved leptotaenia 

lace-leaved leptotaenia 

bigseed lomatium 
few-fruited desert parsley 
barestem lomatium 
nineleaf lomatium 

121,216 
235 
216,217,235 

243 
295 
255,264 
74, 140, 152 
121 
140 

304 
205,309 

293 
294,295 
227 
252,260 
165 
60,65 

114,153 
153,254,258, 
259, 263, 264, 
267,270 
294 
167 
183 

82, 106 
195 

175,208,215 

216 
174,215 
121, 122, 123 
270,289 
309 
309 
228 

216 

215,235,306 
90,262,264 
148,241 
165, 166, 178, 
215,235,241 
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Lonicera caerulea L. 

Lonicera ciliosa (Pursh) DC. 

Lonicera conjugialis Kell. 

Lonicera hispidula (Lindl.) Dougl. ex T. & G. 


var. vacillans (Benth.) Gray 

Lonicera involucrata (Rich.) Banks 
Lotus crassifolius (Benth.) Greene 
Lotus nevadensis (Wats.) Greene 
Luetkea pectinata (Pursh) Kuntze 
Lupinus albifrons Benth. 
Lupinus caudatus Kell. 
Lupinus latifolius Agardh 
Lupinus latifolius Agardh var. subalpinus 

(Piper & Robins.) C. P. Smith 
Lupinus laxifiorus Dougl. ex. Lindl. 
Lupinus lepidus Dougl. ex Lindl. 

Lupinus leucophyllus Dougl. ex Lindl. 
Lupinus littoralis Dougl. ex Lindl. 

Lupinus saxosus How. 
Lupinus sericeus Pursh 

Lupinus wyethii Wats. 

Luzula glabrata (Hoppe) Desv. 

Luzula spicata (L.) DC. 

Luzulawahlenbergii Rupr. 

Lycopodium sitchense Rupr. 

Lygodesmia spinosa Nutt. 

Lysichitum americanum Hult. & St. John 


Madia exigua (J. E. Smith) Gray 

Madia glomerata Hook. 

Madia gracilis (Smith) Keck 

Madia madioides (Nutt.) Greene 

Madia minima (Gray) Keck 

Maianthemum dilatatum (Wood) Nels. & 


Macbr. 

Marah oreganus (T. & G.) How. 

Marsupella brevissima (Dumort.) Grolle* 

Melica bulbosa Geyer ex Porter & Coult 

Melica geyeri Munro 

Melica harfordii Boland. 

Melica spectabilis Scribn. 

Melica subulata (Griseb.) Scribn. 

Melilotus alba Desr. 

Mentzelia albicaulis Dougl. ex Hook. 

Mentzelia laevicaulis (Dougl.) T. & G. var. 


parvifiora (Dougl.) C. L. Hitchc. 

Menyanthes trifoliata L. 


blue fly honeysuckle 
orange honeysuckle 
purpleflower honeysuckle 

California honeysuckle 

bearberry honeysuckle 
thick-leaved lotus 
Douglas' lotus 
luetkea 
white-leaved lupine 
tailcup lupine 
broadleaf lupine 

arctic lupine 
spurred lupine 
prairie lupine 

velvet lupine 
shore lupine 

rock lupine 
silky lupine 

Wyeth's lupine 
smooth woodrush 
spiked woodrush 
Wahlenberg's woodrush 
Alaskan clubmoss 
spiny lygodesmia 
skunkcabbage 

little tarweed 
stinking tarweed 
common tarweed 
woodland tarweed 
least tarweed 

false lily-of-the-valley 

Oregon wild cucumber 

oniongrass 
Geyer oniongrass 
Harford melic 
showy oniongrass 
Alaska oniongrass 
white sweetclover 
white-stemmed mentzelia 

great mentzelia 
buckbean 

109 
312 
158 

114, 134, 135, 
144,313 
293 
85,86 
175 

114 
178,196 

255 
196 
90, 188,270, 
287,288,289 
272 
291,294,295, 
296 
235 
213,214,216, 
220,222,235 
208 
281,290 
288,290 
255,262,277 
253,255 
245 
68,69,73, 
81, 104, 106, 
294 
175,307 

208 

74 

117,144 

178 


59,61,65, 

69 

296 

262 

272 

122,306 

134 

153 

119,260 

175 

166 


227 

108, 109 
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MenziesiaJerruginea Smith 

Mertensia ciliata (Torr.) G. Don 

Mesernbryanthernum chilense Molina 

Microseris alpestris (Gray) Q. Jones 

Microseris troximoides Gray 

Microsteris gracilis (Hook.) Greene 


Mirnulus lelvisii Pursh 

Mimulus nanus H. & A. 

Mirnulus tilingii Reg. 

Mitella brelCeri Gray 

Mitella pentandra Hook. 

Mitella stauropetala Piper 

Moerckia blyttii (Morck) Brockm.* 

Monardella villosa Benth. 

Monotropa hypopitys L. 

Montia linearis (Doug!.) Greene 

Montia perJoliata (Donn) How. 

MOlltia sibirica (L.) How. 


MuhlenbergiafiliJormis (Thurb.) Rydb. 

Muhlenbergia richardsonis (Trin.) Rydb. 

Myosotis rnicrantha Pal!. ex Lehm. 

Myosurlls aristatus Benth. ex Hook. 

Myrica caliJornica Cham. 

Myriophyllum spicatum L. 


Navarretia divaricata (Torr.) Greene 

Navarretia tagetina Greene 


Oenanthe sarmentosa Presl ex DC. 
Oligotrichurn hercynicurn (Hedw.) Lam. & 

DC.* 
Oplopanax horridurn (J. E. Smith.) Miq. 
Opuntia polyacantha Haw. 
Orthocarpus imbricatus Torr. ex Wats. 
Oryzopsis hymenoides (R. & S.) Ricker 
Osmaronia cerasiformis (T. & G.) Greene 
Osmorhiza chilensis H. & A. 

Oxalis oregana Nutt. ex T. & G. 

Oxyria digyna (L.) Hill 

Oxytropis carnpestris (L.) DC. 

Oxytropis campestris (L.) DC. var. gracilis 


(A. Nels.) Barneby 

Pachistima myrsinites (Pursh) Raf. 
Paeonia bro umii Doug!. ex Hook. 

rustyleaf 

broad-leaved lungwort 

sea fig 

alpine microseris 

false agoseris 

pink annual phlox 


Lewis monkeyflower 

dwarf monkeyflower 

clustered monkeyflower 

feathery mitrewort 

fivepoint mitrewort 

sideflower mitrewort 


coyote mint 

pinesap 

narrow-leaved montia 

miner's lettuce 

western springbeauty 


pullup muhly 
short-leaved muhly 
smallflower forgetmenot 
bristly mousetail 
waxmyrtle 
western spiked watermilfoil 

short-stemmed navarretia 
marigold navarretia 

water parsley 

devilsclub 
plains pricklypear 
mountain owlclover 
Indian ricegrass 
Indian plum 
mountain sweetroot 

Oregon oxalis 
alpine mountainsorrel 
Cusick's crazyweed 

slender crazyweed 

Oregon boxwood 
western peony 

59,61,69, 
105, 106, 205, 
207,278 
153 
298 
254 
215,235 
175,213,216, 
230,241,244 
252,257,260, 
261,267 
235 
260 
255,257,260 
261 
195,205 
270 
307 
195 
122,175,216 
166,175 
59,63,65, 
145 
187, 199 
243 
175,213,214 
216 
293,295 
231 

148 
241 

68 

262 

220 
153 
230,231,245 
89,113 
82, 113, 114, 
117, 145, 157, 
158,174 

289 

289 

177,178 
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Parmelia Ach.* 

Parnassia fimbriata Konig 

Pedicularis bracteosa Benth. 

Pedicula1is contorta Benth. 

Pedicularis groenlandica Retz. 

Pedicularis ornithorhyncha Benth. 

Pellaea glabella Mett. ex Juhn 

Peltigera aphthosa (L.) Willd.* 

Penstemon aridus Rydb. 

Penstemon cardwellii Howell 

Penstemon cusickii Gray 

Penstemon davidsonii Greene 

Penstemon humilis Nutt. ex Gray 

Penstemon procerus Dougl. 

Penstemon procerus Dougl. ex R. Grah. var. 


tolmiei (Hook.) Cronq. 
Penstemon rydbergii A. Nels. 
Penstemon speciosus Dougl. ex Lindl. 
Perideridia bolanderi (Gray) Nels & Macbr. 
Petasites frigidus (L.) Fries 
Petasitesfrigidus (L.) Fries var. nivalis 

(Greene) Cronq. 
Phacelia hastata Dougl. ex Lehm. 
Phacelia heterophylla Pursh 
Phacelia mutabilis Greene 
Philadelphus gordonianus Lindl. 
Philadelphus lewisii Pursh 
Philonotis americana (Dism.) Dism.* 
Philonotis fontana (Hedw.) Brid. * 
Phleum alpinum L. 
Phlox adsurgens Torr. ex Gray 
Phlox diffusa Benth. 
Phlox diffusa Benth. var. longistylis 

(Wherry) Peck 

Phlox douglasii Hook. 

Phlox gracilis (Hook.) Greene 

Phlox hoodii Rich. 

Phlox longifolia Nutt. 


Phyllodoce empetriformis (S.W.) D. Don 

Phyllodoce glanduliflora (Hook.) Coville 


Physaria oregana Wats. 

Physocarpus malvaceus (Greene) Kuntze 


Picea engelmannii Parry ex Engelm. 

Picea sitchensis (Bong.) Carr. 

Pinus albicaulis Engelm. 

Pinus attenuata Lemm. 

Pinus cembra L. 

Pinus contorta Dougl. ex Loud. 


Rocky Mountain parnassia 
bracted pedicularis 
coiled pedicularis 
elephant's head pedicularis 
bird-beaked pedicularis 
cliffbrake fern 

stiffieaf penstemon 
Cardwell's penstemon 
Cusick penstemon 
Davidson penstemon 
lowly penstemon 
tinybloom penstemon 

alpine penstemon 
Rydberg penstemon 
royal penstemon 
mountain false caraway 
alpine coltsfoot 

alpine coltsfoot 
whiteleaf phacelia 
varileaf phacelia 
variable phacelia 
western mockorange 
Lewis mockorange 

alpine timothy 
woodland phlox 
spreading phlox 

spreading phlox 
tufted phlox 
pink annual phlox 
Hoods phlox 
longleaf phlox 

red mountainheath or heather 
cream mountainheath or 

white heather 

Oregon double bladderpod 
mallow ninebark 

Engelmann spruce 
Sitka spruce 
whitebark pine 
knobcone pine 
Swiss stone pine 
lodgepole pine 

73 
260 
260 
287,288 
109,252,270 
254 
148 

235 
301 
235 
288,301 
166 
270,288,290 

290 
272 
235 
148 
260 

208 
152, 177, 178 
145 
135 
117,230 
270 
260 
153,272 
145 

263 
166,183,235 
178,235 
226,235 
213,214,215, 
235 

253,281,287, 
288,309 
226,227 
173,174,175, 
192, 197 

132,134,306 
273 
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Pinus jeffreyi Grev. & Balf. 

Pinus lambertiana Doug!. 

Pinus monticola Doug!. ex D. Don 

Pinus ponderosa Doug!. ex Loud. 

Pinus pumila Regel 

Plagiomnium insigne (Mitt.) Koponen* 

Plantago lanceolata L. 

Plantago maritima L. 

Plantago patagonica Jacq. 

Plantago subnuda Pilgr. 

Plectritis macrocera T. & G. 

Poa alpina L. 

Poa ampla Merr. 


Poa compressa L. 

Poa curti folia Scribn. 

Poa cusickii Vasey 


Poa gracillima Vasey 

Poa macrantha Vasey 

Poa nervosa (Hook.) Vasey 


Poa pratensis L. 
Poa sandbergii Vasey 
Poa scabrella (Thurb.) Benth. ex Vasey 
Poa suksdorfii (Beah) Vasey ex Piper 
Pogonatum alpinum (Hedw.) Roehl* 
Pohlia ludwigii (Schwaegr.) Broth.* 
Pohlia nutan~ (Hedw.) Lindb.* 
Polemonium californicum Eastw. 
Polemonium elegans Greene 
Polemonium micranthum Benth. 
Polemonium pulcherrimum Hook. 
Polygala californica Nutt. 
Polygonum bistortoides Pursh 
Polygonum douglasii Greene 
Polygonum kelloggii Greene 
Polygonum majus (Meisn.) Piper 
Polygonum newberryi Small 
Polygonum paronychia Cham. & Schlect. 
Polygonum phytolaccaefolium Meisn. ex 

Small 
Polygonum sawatchense Small 
Polypodium vulgare L. 
Polystichum mohrioides (Bory) Presl var. 

lemmoni Fern. 
Polystichum munitum (Kaulf.) Presl 
Polystichum munitum (Kaulf.) Presl var. 

imbricans (D.C. Eat.) Maxon 
Polytrichadelphus lyallii Mitt. * 
Polytrichumjuniperinum Hedw.* 

Jeffrey pine 
sugar pine 
western white pine 
ponderosa pine 
Japanese stone pine 

English plantain 
seaside plantain 
Indianwheat 
tall coast plantain 
longhorn plectritis 
alpine bluegrass 
Merrill's bluegrass 

Canada bluegrass 

Mt. Stuart bluegrass 
Cusick bluegrass 

Pacific bluegrass 
seashore bluegrass 
Hooker's bluegrass 

Kentucky bluegrass 
Sandberg's bluegrass 
pine bluegrass 
Suksdorfs bluegrass 

California polemonium 
slender polemonium 
littlebells polemonium 
skunkleaf polemonium 
California milkwort 
American bistort 
Douglas' knotweed 
Kellogg's knotweed 
wiry knotweed 
Newberry fleeceflower 
nailwort knotweed 

pokeweed fleeceflower 
Sawatch knotweed 
licorice fern 

Lemmon's shieldfern 
swordfern 

imbricated swordfern 

273 
60,66 
113, 121 
291 
213,214,216 
297,298 
114 
290 
122,214,215, 
220 
121,122,174, 
182,228 
309 
213,214,215 
216,217,218 
288 
291,294,295 
175, 179, 180, 
196 

119 

261 

269 


158 

241 
272 
306,307 

199,241 

148 
270,272,309 
291 

207,272 
208 
66 

309,310 

135 
261,262 
269,301,304 
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Polytrichum norvegicum Hedw.* 

Polytrichum piliferum Hedw.* 

Populus tremuloides Michx. 

Populus trichocarpa Torr. & Gray 

Porella navicularis (L. & L.) Lindb.* 

Potamogeton pectinatus L. 

Potentilla anserina L. 

Potentilla diversifolia Lehm. 

Potentillaflabellifolia Hook. ex T. & G. 


Po ten tilla fru ticosa L. 

Potentilla glandulosa Lindl. 

Potentilla gracilis Dougl. ex Hook. 


Potentilla nivea L. 
Prunella vulgaris L. var lanceolata (Bart.) 

Fern. 
Prunus avium L. 

Prunus emarginata Dougl. 

Prunus virginiana L. 

Prunus virginiana var. melanocarpa (A. 


Nels.) Sarg. 
Pseudotsuga menziesii (Mirb.) Franco 
Psoralea lanceolata Pursh 
Pteridium aquilinum (L.) Kuhn 
Pteridium aquilinum (L.) Kuhn. var 

pubescens Underw. 
Pterospora andromedea Nutt. 
Ptilidium californicum (Aust.) U. & C.* 
Puccinellia pumila (Vas.) L.C. Hitchc. 
Purshia tridentata (Pursh) DC. 
Pyrola aphylla Smith 
Pyrola asarifolia Michx. 
Pyrola dentata Smith 
Pyrola picta Smith in Rees 

Pyrola secunda L. 

Quercus chrysolepis Liebm. 

Quercus garryana Dougl. 
Quercus kelloggii Newb. 
Quercus sadleriana R. Br. 
Quercus vaccinifolia Kellogg 

Radula bolanderi Gottsche* 
Raillardella argentea Gray 

quaking aspen 
black cottonwood 

fennelleaf pondweed 
silver weed 
mountain meadow cinquefoil 
fanleaf cinquefoil 

shrubby cinquefoil 
gland cinquefoil 
beauty cinquefoil 

snowy cinquefoil 

heal-all 
mazzard cherry 

bitter cherry 
common chokecherry 

chokecherry 
Douglas-fir 
lanceleaf scurfpea 
bracken fern 

bracken fern 
pine drops 

Alaska alkali grass 
bitterbrush 
leafless pyrola 
large pyrola 
toothed pyrola 
whitevein pyrola 

one-sided wintergreen 

canyon live oak 

Oregon white oak 
California black oak 
Sadler oak 
huckleberry oak 

raillardella 

261,266,269, 
270 
304 

60,66 
231 
291,294,295 
288,289,290 
254,255,258, 
259, 263, 269, 
270,288 
272,287,288 
272 
174,213,214, 
216,220,227 
290 

69 
111, 112, 113, 
129 
201,208 
220,227 

174,230 

230 

69,255 
158 
60,66 
295 

158 
195 
158,306 
145,158,177 , 
178,195 
105, 142, 158, 
195 

118, 124, 134, 
135,136,143,306 

134, 135 
134,136,306 

66 
270 

370 



Ranunculus csclzscholtzii Schlecht. 
Ranunculusfialilnlula L. 
Ranuncl/ilis giaberrimlls Hook. 
Ranuncllius occidentalis Nutt. 

Rlzacomitriu III canescens (Hedw.) Brid.* 
Rhacom itriu m canesce1ls (Hedw.) Brid. var. 

ericoides (Hedw.) Hampe* 

Rhacomitrililil heterostichllln (Hedw.) Brid.* 
Rhacornitriu Iil lanuginosu In (Hedw.) Brid.* 
Rhacomitriuln patens (Hedw.) Hueb.* 
Rhacolllitriu m sudeticu III (Funck) B.S.G. * 
Rhamnus californica Esch. var. occidentalis 

(How.) J eps. 
Rhamnus purshiana DC. 
Rhizocarpon geographicum (L.) DC. * 
Rhododendron albijiorum Hook. 

Rhododendron nzacrophyllum G. Don 

Rhododendron occidentale (T. & G.) Gray 

Rhus diversiloba T. & G. 

Rhus glabra L. 

Rhus tri/obata Nutt. in T. & G. 

Rhytidiadelplws loreus (Hedw.) Warnst.* 

Rhytidiadelphus triquetrus (Hedw.) Warnst. * 

Rhytidiopsis robusta (Hook.) Broth.* 


Ribes binorninaturn He!. 

Ribes cereulil Doug!. 


Ribes lacustre (Pers.) Poir. 

Ribes lobbii Gray 

Ribes marshallii Greene 

Ribes menziesii Pursh 

Ribes velutinum Greene 

Ribes viscosissimum Pursh 

Rosa eglanteria L. 

Rosa gymnocarpa Nutt. 


Rosa nutkana Presl 

Rosa nutkana Presl var. hispida Fern. 

Rosa lcoodsii Lind!. 


Rubus lasiococcus Gray 


Rubus nivalis Doug!. ex Hook. 

Rubus parvijiorus Nutt. 
Rubus pedatus J. E. Smith 

Eschscholtz's buttercup 
smaller creeping buttercup 
sagebrush buttercup 
western buttercup 

California coffee berry 
cascara 

Cascades azalea 

Pacific rhododendron 
western azalea 
Pacific poison oak 
smooth sumac 
skunkbrush sumac 

Siskiyou gooseberry 
wax currant 

prickly currant 
pioneer gooseberry 
Hupa gooseberry 
Menzies gooseberry 
desert gooseberry 
sticky currant 
sweetbriar rose 
baldhip rose 

Nootka rose 
hispid Nootka rose 
woods rose 

dwarf blackberry 

snow dewberry 

thimbleberry 
strawberry-leaf blackberry 

264,289 

294 

174 

121,190,297, 

307 

89,295 


91,148,149, 

304,309 

304 

301 

301 

304 


124, 136 

122,300 

140 

104,105,205, 

268, 277, 278, 

281 


298 


229 

124 

60,65,66 

79,301 

95,96,97, 

106 

144, 157 

165,184,187, 

235,238 

195 

155 

136, 158 

298 

165 

157, 158, 187 

112, 122, 123 

82, 117, 118, 

134,140,143, 

144, 152, 195 


213,313 

173, 174, 192, 

214,215,220 

95,96,105, 

106,195,278 

141, 142, 143, 

151, 152 


65,95,96, 
106,278 
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Rubus spectabilis Pursh 

Rubus ursinus Cham. & Schlecht. 

Rudbeckia occidentalis Nutt. 

Rumex acetosella L. 

Rumex venosus Pursh 


Salicornia virginica L. 
Salix brachycarpa Nutt. 
Salix cascadensis Muhl. 
Salix commutata Bebb. 
Salix fiuviatilis Nutt. 
Salix hookeriana Barr. 
Salix lasiandra Benth. 
Salix nivalis Hook. 
Salix pedicellaris Pursh 
Salix phylicifolia L. 
Salix rigida Muhl. 
Salix scouleriana Barr. 
Salix sessilifolia Nutt. 
Salix sitchensis Sanson in Bong. 
Salsola kali L. 
Sambucus cerulea Raf. 
Sambucus racemosa L. var. arborescens 

(T. & G.) Gray 

Sanicula bipinnatifida Dougl. ex Hook. 

Sanicula crassicaulis Poepp. 

Sanicula graveolens Poepp. ex DC. 

Sarcobatus vermiculatus (Hook.) Torr. 

Sarcodes sanguine a Torr. 

Satureja douglasii (Benth.) Briq. 

Saussurea americana Eat. 

Saxifraga bronchialis L. 

Saxifraga bronchialis L. var. austromontana 


(Wieg.) G. N. Jones 

Saxifraga integrifolia Hook. 

Saxifraga oregana How. 

Saxifraga tolmiei T. & G. 


Scapania bolanderi Aust.* 

Scirpus acutus Muhl. ex Bigel. 

Scirpus americanus Pers. 

Scirpus cespitosus L. 

Scirpus microcarpus Presl 

Scirpus nevadensis Wats. 

Scirpus pacificus Britt. 

Scirpus setaceus L. 

Scirpus validus Vahl 

Scrophularia lanceolata Pursh 

Sedum divergens Wats. 

Sedum laxum (Britt.) Berger 


salmonberry 
trailing blackberry 
western coneflower 
sheep sorrel 
veiny dock 

Virginia glasswort 
short-fruited willow 
Cascade willow 
variable willow 
river willow 
coast willow 
red willow 
snow willow 
bog willow 
feather-veined willow 
rigid willow 
Scouler's willow 
soft-leaved willow 
Sitka willow 
Russianthistle 
blue elderberry 

red elderberry 

purple sanicle 
western snake-root 
Sierra snake-root 
black greasewood 
snow plant 
yerba buena 

saussurea 

matted saxifrage 


matted saxifrage 
northwestern saxifrage 
Oregon saxifrage 
Tolmie saxifrage 

viscid bulrush 
three-square 
cespitose bulrush 
small-fruited bulrush 
Nevada clubrush 
Pacific coast bulrush 
bristle-leaved sedge 
American great bulrush 
lanceleaf figwort 
spreading stonecrop 
lax stonecrop 

153 
197 
230 

295 
309 

270 
125 
68,293,295 
125 

108, 109 
109 
125 
125,197,201 
125 
302 
218,232 
197 

60,61,63, 
197,313 
121 
89,113,114 
148 
227,242,245 
158 
113, 117, 140, 
144 
255,257,260 
260 

89 
109,270 
252,254,255, 
262, 265, 267, 
268,269 
60,66,78 
231 
231,295 
108 
109 
231 
295 
298 
246 
302 
290 
306 
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SCdll1ll orcgoncl/se (Wats.) Peck 
Selagil/clla orcgana DC. Eat. 
Sclagillclla wallacei Hieron. 
Scnecio cal/IIS Hook. 
SCI/cciofrelllolitii T. & G. 
SCI/ccio illtegerrimlls Nutt. 

SCI/ceio intcgel'rilll/ls Nutt. var. e.mitatus 
(Nutt.) Cronq. 

Senecio pallpel'ClilliS Michx. 
Scnccio serra Hook. 
Scnecio slI1J/1l1dllS DC. 
Sel/eeio syll'aticlIs L. 
Sellecio triangularis Hook. 
Seqlloia sempel'l'irclIs (D. Don) End!. 
Sherardia an'e11sis L. 
Sibbaldia procli II/bells L. 
Sidalcea campest)'is Greene 
Sidalcea maluaefiora (DC.) Gray 
Sidalcea o/'egana (Nutt.) Gray 
Sileue acaulis L. 
Silelle pan7Ji (Wats.) C. L. Hitchc. & Maguire 
Sile lie IW ksdorjii Robins. 
SisYlllbriulII altissimll /1/ L. 

Sisyrinchi/UI/ allgustZ!'olium Mil!. 

SisyrinchiulII califomiclim (Ker) Dryand. 

Sisyrineh illln infiatulII (Suksd.) St. John 

Sitanioll hystrix (Nutt.) J. G. Smith 

Sitanioll juba +11111 J. G. Smith 


SmelolCskia calycilla (Steph.) C. A. Mey. 

Smelo1l'skia ovali.'! M. E. Jones 

Smilacina stellata (L.) Desf. 


Solidago canadensis L. 

Solidago missouriellsis Nutt. 

Solidago spathulata DC. 

Sorbus sitchensis Roemer var. grayi 


(Wenzig) C. L. Hitchc. 
Spartina gracilis Trin. 
Sphagnum magellanicum Brid.* 
Sphagnum squarrosum Crome* 
Spiraea betulifolia Pall. var. lucida (Doug!.) 

C. L. Hitchc. 

Spiraea douglasii Hook. 

Spiraea douglasii var. menziesii (Hook.) 
Presl 

Sporobo/us eryptandms (Torr.) Gray 

creamy stonecrop 
Oregon selaginella 
Wallace's selaginella 
woolly groundsel 
Fremont groundsel 
western groundsel 

tall western groundsel 
balsam groundsel 
butterweed groundsel 
fewleaf groundsel 
woodland groundsel 
arrowleaf groundsel 
coast redwood 
bluefield madder 
creeping sibbaldia 
meadow checkermallow 
mallow sidalcea 
Oregon checkermallow 
moss silene or campion 
Parrys silene or campion 
Suksdorf's silene or campion 
tumbleweed, tumble mustard, 
or Jim Hill mustard 
Idaho blue-eyedgrass 
golden blue-eyedgrass 
purple-eyedgrass 
bottlebrush squirreltail 
big squirreltail 

alpine smelowskia 
short-fruit smelowskia 
starry solomonplume 

Canada goldenrod 
Missouri goldenrod 
coast goldenrod 
Sitka or Pacific mountain­

ash 
alkali cordgrass 

shinyleaf spirea 

Douglas spirea 

Menzies spirea 
sand dropseed 

148,149,301 
65,66 
91 
167, 184 
270 
143,178,208, 
214,260 

148,213,215 
309 
208 
109 
83,84 
269 

121 
263,288,290 
122 
298 
214 
290 

288 

218,232 
89 
294 
174 

119,306,307, 
309 
270 

89,96,145, 
155, 157, 195 
119,259,297 
214 
287,288,289 

278 
231 
108 
108,270 

173,174,192, 
196,197,205, 
227,312 
68, 109, 188, 
293 

69 
228,229 
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Spraguea Ilmbellata Torr. in Smith 


Stacllys cooleyae Heller 

Stacllys mexicana Benth. 

Stellaria crispa Cham. & Schlecht. 

Stellaria media (L.) Cyrill. 

Stellaria nitens Nutt. 

Stereocaulon paschale (L.) Hoffm.* 

Stipa comata Trin. & Rupr. 

Stipa lemmonii (Vasey) Scribn. 


Stipa lettermanii Vasey 

Stipa occidentalis Thurb. ex Wats. 

Stipa occidentalis Thurb. ex Wats. var. 


californica (Merr. & Davy) C. L. Hitchc. 
Stipa occidental is Thurb. ex Wats. var. 

minor (Vasey) C. L. Hitchc. 

Stipa thurberiana Piper 
Streptopus roseus Michx. 

Slcertia umpquaensis (Peck & Appleg.) 
St. John 

Symphoricarpos albus (L.) Blake 
Symphoricarpos mollis Nutt. var. hesperius 

(G. N. Jones) Cronq. 

Symphoricarpos rotundifolius Gray 
Syntllyris pinnatifida Wats. var. lanuginosa 

(Piper) Cronq. 
Synthyris reniformis (Dougl.) Benth. 

Taraxacum officinale Weber 

Tauschia stricklandii (Coult. & Rose) Math. 
& Const. 

Taxus brevifolia Nutt. 

Tellima grandifiora (Pursh) Dougl. 
Tetradymia canescens DC. 
Tetradymia glabrata Gray 
Thalictrum occidentale Gray 
Thermopsis montana Nutt. var. venosa 

(Eastw.) Jeps. 
Thlaspi alpestre L. 
Thlaspi arvense L. 
Thuja plicata Donn 
Tiarella trifoliata L. 

pussypaws 

Cooley's hedge nettle 
great hedge nettle 
crisped starwort 
common chickweed 
shining chickweed 

needle and thread 
Lemmon needlegrass 

Letterman needlegrass 
western needlegrass 

California needlegrass 

Columbia needlegrass 

Thurber needlegrass 
purple twistedstalk 

Umpqua swertia 
common snowberry 

creeping snowberry 

round-leaved snowberry 
woolly featherleaf 

kittentails 
snowqueen 

common dandelion 

tauschia 
western yew 

Alaska fringecup 
gray horsebush 
smooth horsebush 
western meadow-rue 

mountain thermopsis 
blue pennycress 
pennycress 
western redcedar 
three-leaved coolwort 

148, 184, 188, 
262,270,288 
302 
63,68,297 
158 
63 
175,216 
304 

119, 148, 149, 
306,307 
272 

270 

121,122,201, 
215,223,272 

96, 97, 104, 

106 


153 

74,75,86, 
91, 142, 143, 
144 
235,238,246 

289 
74,75,91, 
117,118,140, 
144 

91, 121, 199, 
228 

254 
72,74, 134, 
140, 141, 142, 
143,309 
113 
165,215,217 
167 
195,255,260 

91 
309 
235 

59,81,82 
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236 

Tiarella unifoliata Hook. 

Tafieldia glutinasa (Michx.) Pers. 

Tolmiea menziesii (Pursh) T. & G. 

Torilis arvensis (Huds.) Link 

Torilis nodasa (L.) Gaertn. 

Tortula brevipes (Lesq.) Broth. * 

Tartula princeps De Not. * 

Tortula ruralis (Hedw.) Gaertn., Mey. & 


Schreb.* 

Tragapogon du bius Scop. 


Trautvetteria caroliniensis (Walt.) Vail 

Trientalis arctica Fisch. ex Hook. 

Trientalis latifolia Hook. 

Trifolium gynwocarpon Nutt. 

Trifolium longipes Nutt. 

Trifolium macrocephalum (Pursh) Poir. 

Trifolium willdenovii Lehm. 

Triglochin maritimum L. 

Trillium avatum Pursh 


Trisetum canescens Buck!. 

Trisetu m cernuum Trin. 

Trisetum spicatum (L.) Richter 


Tsuga heterophylla (Raf.) Sarg. 

Tsuga mertensiana (Bong.) Carr. 

Typha latifolia L. 


Ulex europaeus L. 
Umbellularia californica (Hook. & Arn.) 

Nutt. 

Urtica dioica L. 
Usnea (Dill) Adans. * 
Utricularia spp. L. 

Vaccinium alaskaellse How. 

Vaccinium caespitosum Michx. 
Vaccinium deliciosum Piper 
Vaccinium membranaceum Doug!. ex Hook. 
Vaccinium occidentale Gray 
Vaccinium ovalifolium Smith 
Vaccinilun omtum Pursh 
Vaccinium parvifolium Smith 
Vaccinium scoparium Leiberg 
Vacciniu m IIliginoslim L. 

western coolwort 

western tofieldia 
youth-on-age 
field hedge-parsley 
knotted hedge-parsley 

larger yellow goatsbeard or 
yellow salsify 
false bugbane 
northern starftower 
starftower 
tufted clover 
long-stalked clover 
big-headed clover 
spring-bank clover 
seaside arrow-grass 
white trillium 

tall trisetum 
nodding trisetum 
downy oatgrass 

western hemlock 
mountain hemlock 
broad-leaved cattail 

common gorse 

California laurel 

bigsting nettle 

bladderwort 

Alaska huckleberry 

dwarf huckleberry 
blueleaf huckleberry 
big huckleberry 
westernbog huckleberry 
ovalleaf huckleberry 
evergreen huckleberry 
red huckleberry 
grouse huckleberry 
bog huckleberry or blueberry 

65,74,77, 
82,96,152, 
202 
109,261 
68 
113 
121 
217 
217 

174,215 
81 
108 

235 
187, 190 
183,235 
294,295 
295 
74,96, 143, 
145, 152, 195 
260 
65,82,114 
262,269,272, 
288,289,290 

231 

298 

59,68,72, 
126, 127, 134, 
135, 306 
228,313 
73 
109 

69,95,96, 
97,98,104, 
106,278 
188,206 

109,302 

187,188 

375 



Valeriana sitchensis Bong. 

Vancouveria hexandra (Hook.) Morr. & Dec. 


Veratrum californicum Durand 

Veratrum viride Ait. 


Veronica cusickii Gray 

Veronica peregrina L. 

Veronica wormskjoldii Roem. & Schult. 

Viburnum edule (Michx.) Raf. 

Vicia americana Muhl. ex Willd. 


Vicia americana var. truncata Brew. 

Vicia tetrasperma (L.) Moench 

Viola adunca Smith 

Viola glabella Nutt. 


Viola nuttallii Pursh 
Viola nuttallii Pursh var. vallicola (A. Nels.) 

St. John 
Viola palustris L. 

Viola purpurea Kell. 

Viola sempervirens Greene 


Whipplea modesta Torr. 

Wyethia spp. Nutt. 

Xerophyllum tenax (Pursh) Nutt. 

Zigadenus fremontii Torr. 

Zigadenus paniculatus (Nutt.) Wats. 

Zigadenus venenosus Wats. var. gramineus 


(Rydb.) Walsh 

Sitka valerian 
white inside-out-flower 

California false hellebore 
American false hellebore 

Cusick's speedwell 
purslane speedwell 
alpine speedwell 
high-bush cranberry 
American vetch 

American vetch 
slender vetch 
western long-spurred violet 
wood violet 

upland yellow violet 

vaHey violet 

marsh violet 

purple-tinged violet 

evergreen violet 


whipple vine 

sunflower 

common beargrass 

Fremont deathcamas 

foothill deathcamas 


meadow deathcamas 

74,78,96, 
97, 145, 152, 
157 
153 
104,106,252, 
254,255,256, 
258,260,265 
254,263,288 
121 
290 
109 
82,145,174, 
260 
117,121,157 
121 
89,90,91 
59,81,158, 
195,205,255, 

260,269 

89 


188 

108 

178 

59,74,77, 

95, 106, 142, 

143, 145 


74,75, 134, 

140, 141, 142, 

143, 144 

199 


298 

235 


89,213,216 
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APPENDIX I I I 


Index to Plant Communities 
Page 

Abies amabilislGaultheria shallon .......................... 95-96 

Abies amabilislMenziesiaferruginea ........................ 104, 106 

Abies amabilislOplopanax horridum ........................ 96 

Abies a mabilisl Rhododendron macroph yllu m-Vacciniu m 


alaskaenselCornus canadensis .......................... 98 

Abies amabilislStreptopus roseus ........................... 96-97,104,106 

Abies amabilis-Tsuga mertensianalVaccinium membranaceum .104 

Abies amabilis-Tsuga mertensianalXerophyllum tenax ........ 104 

Abies amabilis/Vaccinium alaskaense ....................... 95-97 

Abies amabilislVaccinium alaskaenselCornus canadensis ...... 98 

Abies amabilis/Veratrum viride ............................ 104 

Abies amabilislXerophyllum tenax/Lithosol ................. 96 

Abies concolorlCastanopsis chrysophyllalCeanothus velutinus .. 151 

Abies concolorlCeanothus velutinus ......................... 151,198 

Abies concolorlLinnaea borealis ............................ 140-142, 151 

Abies concolor-Pseudotsuga menziesii/Whipplea modesta ...... 140-142 

Abies concolor-Tsuga heterophylla/Acer circinatum-Taxus 


brevifolia .............................................. 140-142 

Abies concolor/Whipplea modesta .......................... 140 

Abies grandis/Calamagrostis rubescens ..................... 195-196, 198 

Abies grandislPachistima myrsinites ....................... 195, 198 

Abies grandis /Vaccinium membranaceum ................... 195-196, 198 

Abies lasiocarpa/M enziesia ferruginea ...................... 205 

Abies lasiocarpa/Pachistima myrsinites ..................... 207 

Abies lasiocarpa-Picea engelmannii ......................... 204-206, 267 

Abies lasiocarpa/Vacciniu m scopariu m ...................... 205-207 

Abies lasiocarpa/Xerophyllum tenax ........................ 95, 105,205,300,302 

Abies magnifica shastensis/Castanopsis chrysophyllal 


Arctostaphylos nevadensis ............................... 155, 157 

Abies magnifica shastensis/Chimaphila umbellata ............. 155-157 

Abl:es magnifica shastensis/Rubus ursinus/Bromus vulgaris .... 155-156 

Abies magnifica shastensis-Tsuga mertensiana/Vaccinium 


scopariu m ............................................ 155-157 

Abies magnifica shastensis/Vaccinium ovalifolium/herb ....... 155-157 

Acer circinatumlGaultheria shallon (Corylus cornuta 


californica-Holodiscus subtype) ........................... 116-117 

Acer circinatum lava flow community ....................... 300-301 

Acer circinatum-Polystichum munitum ...................... 61,86 

Acer macrophyllum/Symphoricarpos mollis .................. 86 

Agropyron spicatum-Festuca idahoensis ..................... 211-216,219-220,244 

Agropyron spicatum-Lygodesmia spinosa .................... 245 

Agropyron spicatum-Poa sandbergii ........................ 211-212,215-216,219-220, 


223,244 

Agropyron spicatum-Poa sandbergii (lithosolic) ............... 226 
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Alnus rubralAcer circinatum .............................. 86 

Alnus rubra-Acer macrophyllumlRubus spectabilis .......... 313 

Alnus rubralPolystichum munitum ......................... 86 

Alnus rubralRubus parvijlorus ............................. 86 

Alnus rubralRubus spectabilis ............................ 61 

Alnus rubralRubus spectabilislPolystichum munitum ......... 86 

Alpine hryophtye community ............................... 269 

Anemone occidental is-Castilleja parvijlora .................. 263 

Antennaria lanata community .............................. 252, 254, 262, 265, 267 

Antennaria lanata-Vaccinium scoparium ..................... 290 

Arctostaphylos nevadensis-Ceanothus prostratus .............. 148 

Arctostaphylos patula-Ceanothus velutinus .................. 158 

Arctostaphylos uva-ursilSolidago spathulata ................. 287-288 

Arenaria obtusiloba-Lupinus lepidus ........................ 287-288 

Aristida longisetqlPoa sandbergii .......................... 229 

Artemisia arbusculalAgropyron spicatum .................. 183,235,239 

Artemisia arbusculalDanthonia unispicata .................. 239,240,241 

Artemisia arbusculalFestuca idahoensis ..................... 183,235,239,240-241, 


247 

Artemisia arbusculalKoeleria cristata ....................... 239,240,241 

Artemisia canalMuhlenbergia richardsonis .................. 242,243 

Artemisia rigidalPoa sandbergii .......................... 183-184, 193,226-227, 


235,242,245 

Artemisia suksdorfii-Solidago canadensis .................... 296,297 

Artemisia tilesii-Stachys cooleyae-Scrophularia lanceolata ..... 302 

Artemisia tridentatalAgropyron spicatum ................... 211-219,222-224,234-238 

Artemisia tridentatalBromus tectorum ...................... 232 

Artemisia tridentata-Chrysothamnus spp..................... 242 

Artemisia tridentata-Chrysothamnus nauseosuslStipa 


thurberiana ........................................... 242 

Artemisia tridentatalElymus cinereus ...................... 235,239 

Artemisia tridentatalFestuca idahoensis .................... 183,211-216,218-219, 


234-235,238 

Artemisia tridentata-Grayia spinosa ........................ 242 

Artemisia tridentatalLonicera conjugialis ................... 158 

Artemisia tridentatalPoa sandbergii ........................ 228,237 

Artemisia tridentata-Purshia tridentatalFestuca idahoensis ... 238-239 

Artemisia tridentata-Sarcobatus vermiculatuslStipa thurberiana 242 

Artemisia tridentatalStipa comata .......................... 224,230 

Artemisia tridentatalStipa comata-Carex spp. . ............... 243 

Artemisia tridentatalStipa occidentalis-Lathyrus ............ 184 

Artemisia tridentatalStipa occidentalis-Lathyrus bijugatus .... 243 

Artemisia tripartitalAgropyron spicatum ................... 193 

Artemisia tripartitalFestuca idahoensis ..................... 211-216,218,222,223 

Artemisia tripartitalStipa comata .......................... 224 

Aster alpigenus-Antennaria lanata .......................... 252,262 

Athyrium distentifolium var. americanum community ......... 263 

Atriplex confertifolialSitanion hystrix ...................... 245 


Carex spp. community .................................... 302-303 

Carex albonigra community ................................ 257 

Carex aquatiluslSalix pedicularis .......................... 108 


378 



Carex nigricans community ................................ 252,254-255, 261-262, 

265,267-268,283,287 


Carex nigricans-Aster alpigenus ............................ 269 

Carex lIigricalls-Caltha bifiora .............................. 252,261 

Carex lIigricalls-Kalmia polifolia ........................... 261 

Carex nigricans-Pedicularis groenlaudica .................... 252 

Carex Iligricans-Polytrichuiil lIon'egicum .................... 269 

Carex rossii community ................................... 91 

Carex rostrata-Sphagnllm squarrosum ...................... 270 

Carex scopuloru III community ............................. 270 

Carex sitchensis community ............................... 270 

Carex spectabilis community .............................. 252,255,258,266 

Cassiope mertensiana-Phyllodoce empetriformis .............. 252,255,266 

Castilleja-Anemone ....................................... 267 

Celtis douglasii/Bromus tectorum .......................... 229 

Cercocarpus ledifolius/Festuca idahoeusis ................... 243-244 

Cercocarplls ledifolius/Festuca idahoensis-Agropyron spicGtum 239,243 

Chamaecyparis nootkatensis/Lysichitum americanum ......... 104 

Chamaecyparis nootkatellsis/Rhododendron albiflorum ........ 104,105 

Conifer/Spiraea/Calamagrostis ............................ 196 

Corylus cornuta californica/Bromus vulgaris ................. 116-117 

Crataegus douglasii/Heracleum lanatum .................... 227-228 

Crataegus douglasii-Symphoricarpos albus ................... 227 

Cushion plant type ....................................... 252,266 

Cynosurus echinatus community ............................ 90-91 


Deschampsia caespitosa community ......................... 122-123 

Deschampsia caespitosa meadows ........................... 199 

Distichlis stricta association ............................... 227 

Distichlis stricta-Scirpus nevadensis ........................ 231 

Dry grass-forb type ....................................... 252, 264, 266-267 

Dwarf Tsuga mertensiana community ....................... 266,268,278 

Dwarf sedge type ......................................... 252,266 


Eleocharis paucifiora-Aulacomnium palustre ................. 270 

Elymus cinereus community ............................... 246 

Elymus cinereus-Distichlis stricta .......................... 227 

Elymus glaucus association ................................ 90 

Empetrum nigrum/Lupinus lepidus ........................ 287-288 

Erigeron aureus-Lupinus lepidus ........................... 287-288 

Eriogonum douglasii-Poa sandbergii ........................ 226-227 

Eriogonum heracleoides/Festuca idahoensis ................ 223 

Eriogonum microthecum-Physaria oregana .................. 226-227 

Eriogonum niveum-Poa sandbergii .......................... 226-227 

Eriogonu m pyrolaefolium-Spraguea u mbellata ................ 252, 267 

Eriogonum sphaerocephalum-Poa sandbergii ................ 226 

Eriogonum thymoides-Poa sandbergii ....................... 226-227 

Eriophorum polystachion-Sphagnum spp..................... 108,261 

Eurotia lanata/Poa sandbergii ............................ 228-229 


Festuca idahoensis-Eriogonum heracleoides .................. 184, 193 

Festuca idahoensis-Hieracium cynoglossoides ................ 211,224 
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Festuca idahoensis/Rosa nutkana .......................... 211,224,227-228 

Festuca idahoensis/Symphoricarpos albus ................... 211-216,220-222,224, 


227 -228, 244 

Festuca viridula community .............................. 252,257,263,267,271, 


283 

Festuca viridula-Aster ledophyllus ......................... 252,254,263-265 

Festuca viridula-Lupinus latifolius .......................... 252,254,258,263-265 

Festuca viridula-Potentillafiabellifolia ...................... 254,263,265 

Fontinalis antipyretica gigantea community .................. 302-303 


Gaultheria shallon site type ................................ 73 

Gaultheria shallon-Parmelia site type ....................... 73 

Gaultheria shallon-Pseudotsuga menziesii forest type group .... 73 

Gaultheria-Usnea site type ............................... 73 

Gaultheria shall on-Vaccinium parvifolium ................... 61 

Grayia spinosa/Bromus tectorum ........................... 230 

Grayia spinosa/Poa sandbergii ............................ 228 


Heath-shrub type ........................................ 252,266-267 


Juncus balticus-Carex douglasii-Scirpus americanus-
Eleocharis macrostachya ................................ 231 


Juniperus communis community ............................ 309 

Juniperus occidentalis/Agropyron spicatum .................. 166 

Juniperus occidentalis/Artemisia tridentata/Agropyron 


spicatum .............................................. 165-166 

Juniperus occidentalis/Artemisia tridentata/Agropyron 


spicatum-Astragalus lectulus ............................ 166-167 

Juniperus occidentalis/Artemisia tridentata/Carex filifolia ..... 167 

Juniperus occidentalis-Prunus emarginata/Festuca idahoensis .. 201 

Juniperus occidentalis/Artemisia tridentata-Purshia tridentata .166 

Juniperus occidentalis/Festuca idahoensis ................... 165-167 


Leptarrhena pyrolifolia-Caltha leptosepala ................... 260 

Lithocarpus densifiorus-Arbutus menzie.';ii-Quercus chrysolepis .135 

Lomatium martindalei association .......................... 90 

Luetkea pectinata community .............................. 252,254-255,262, 


265-268, 287 

Lupinus latifolius-Carex spectabilis ......................... 252 

Lupinus latifolius-Polygonum bistortoides ................... 252,254,265 

Lupinus-Valeriana ....................................... 265 


Mesic grass type ......................................... 252,264,266 

Mimulus lewisii community .............................. 252,257,260,267 

Mimulus lewisii-Epilobium latifolium ....................... 260 

Mixed grass-and-weed communities ......................... 272 

Moist Saussurea forb type ................................. 252,259,266 

Moist Valeriana forb type .................................. 252,266 


Pedicularis contorta-Carex spectabilis ....................... 287-289 

Phlox diffusa community .................................. 263-264 

Phlox diffusa/Arenaria capillaris ........................... 287,289 

Phyllodoce empetriformis-Cassiope mertensiana .............. 252,256,266,268-269, 


286-287 
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Ph .II llodoce c 11/ pc trifor 11/ is-Ca ssiope til ertell siana-Va cciuiu In 


delicioslllIl ............................................ 251-252 

Phyllodoce cmpetnIonnis/Lllpilllls latlIolius ................. 252-254,265 

Phyllodoce cmpetrzfol'lIIis-Vaccilliuni deliciosilill .............. 251-254,256,258,262, 


265,267,283-284 

Phyllodoce glalldull/lora/Aster alpigenus .................... 287-288 

Pi/IllS aibicalilis-Ahies lasiocal'pa ........................... 205-206,281 

Pillus contorta/Arctostaphylos spp. . ........................ 304 

Pill liS cO/ltorta/Arctostaphylos II va-ursi ..................... 187,300 

Pi/illS contm'ta/Care.1'-Elynllls!herb ........................ 187-188 

Pillus contorta/CareJ' olJllupta ............................. 294 

Pi/IUS cOlltorta/Da/lthollia califorllica ...................... 187 

Piuus contorta/Festllca idahoensis .......................... 187 

PillUs contorta/Galiltheria shalloll .......................... 312 

Pinus contorta/Purshia tridelltata .......................... 187,188 

Pillus contorta/Pursliia tridelltata/Festuca idahoensis ........ 187 

Pi/IUS contorta/Purshia tridelltata-Ribes cereum ....... . ..... 187 

Pin us contorta/Stipa occidentalis ........................... 187-188 

Pinus contorta/Vaccilliulll uligillosum/herb ................. 187-188 

Pinus jeffreyi/grass woodland .............................. 306-307 

Pinus ponderosa-Abies concolor/Carex rossii ................. 196-197 

Pinus ponderosa-Abies cOllcolor/Festuca idahoensis ........... 196 

Pinus ponderosa/Agropyron spicatum ...................... 173-176 

Pinus ponderosa/Arctostaphylos canescens .................. 124 

Pinus ponderosa/Arctostaphylos patula/Festuca idahoensis .... 179 

Pinus ponderosa/Artemisia tridentata/Brornus carinatus ...... 179-180, 184 

PillllS ponderosa/Calamagrostis rubescens ................... 195, 197 

Pinus pouderosa/Carex geyeri ............................. 175 

Pinus pOllderosa/Ceallot/IliS C/lf/eatlls ....................... 124, 177 

Pinus ponderosa/Ceanothus velutinus ....................... 176-178 

Pinus ponderosa/Ceallotlws velutinus-Purshia tridentata ...... 176-178 

Pinus ponderosa/Cercocarplls ledifolius/Festuca idahoensis .... 179 

Pinus ponderosa/Elymus glaucus .......................... 175 

Pinus ponderosa/Festllca idalioensis ........................ 173-175, 183 

Pimls ponderosa/Physocarpu8 malvaceus .................... 173-175, 180 

Pinus ponderosa-Pseudots1lga menzies ii/Arctostaphylos viscida .119 

Pinus ponderosa/Purshia tridentata ........................ 173-179,222 

Pinus ponderosa/Purshia tridentata/Agropyron spicatum ..... 175 

Pinus ponderosa/Pllrshia tridentata-Arctostaphylos patula ..... 176-178 

Pinus ponderosa/Purshia tridentata-Arctostaphylos patula/ 


Carex pensylvanica ..................................... 177 

Pinus ponderosa/Purshia tridentata/Carex pensylvanica ...... 177 

Pinus ponderosa/Purshia tridentata/Carex rossii ............. 175 

Pinus ponderosa/Pu1'shia tridentata-Ceanothus velutinus/Carex 


pensylvanica ........................................... 177 

Pinus pOllderosa/Purshia tridentata/Festuca idahoensis ....... 176-179 

Pinus ponderosa/Stipa comata ............................. 173-175 

Pinus ponderosa/Symphoricarpos albu:;; ..................... 173-175, 180, 182-183 

Poa pratensis-Agrostis spp. . ............................... 122-123 

Poa pratensis-Poa compressa sward ......................... 182 

Poa sandbergii-Danthonia unispicata ., ...................... 245 
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Polygonum bistortoides-Carex spectabilis .................... 252- 259 

Polystichum munitum site type ............................. 73 

Polystichum munitum-Gaultheria shallon site type ............ 73 

Polystichum munitum-Pseudotsuga menziesii forest type group .73 

Polystichum munitum-Rubus parvifiorus .................... 297 

Polytrichum norvegicum community ........................ 266 

Populus tremuloides/Artemisia tridentata/Bromus carinatus .. 245 

Populus trichocarpa community ............................ 302-303 

Populus trichocarpa/Cicuta douglasii ....................... 228 

Potamogeton pectinatus-Ceratophyllum demersum-


Myriophyllum spicatum ................................. 231 

Potentillafiabellifolia-Carex nigricans ....................... 269 

Pseudotsuga menziesii-Abies grandis ........................ 300-301 

Pseudotsuga menziesii-Abies grandis/Gaultheria shallon ....... 140 

Pseudotsuga menziesii-Abies grandis/Holodiscus discolor/ 


Gaultheria shallon ...................................... 140 

Pseudotsuga menziesii-Abies lasiocarpa ..................... 300-301 

Pseudotsuga menziesii-Abies lasiocarpa/Acer circinatum ...... 300 

Pseudotsuga menziesii/Acer circinatum/Berberis nervosa ..... 86 

Pseudotsuga menziesii/Acer circinatum-Corylus califoruica-


Holodiscus discolor/Gaultheria shallon .................... 116-118 

Pseudotsuga menziesii/Acer circinatum/Gaultheria shallon .... 86 

Pseudotsuga menziesii/Acer circinatum/Polystichum munitum .86, 118 

Pseudotsuga menziesii/Agropyron spicatum ................. 192 

Pseudotsuga menziesii/ Bromus orcu ttianus-Whipplea modesta . 140 

Pseudotsuga menziesii/Calamagrostis rubescens .............. 192, 195, 197 

Pseudotsuga menziesii/Corylus californica/Bromus vulgaris ... 116-118, 

Pseudotsuga menziesii/ Festuca idahoensis ................... 192 

Pseudotsuga menziesii/Gaultheria shallon ................... 82,86,313 

Pseudotsuga menziesii/Holodiscus discolor .................. 73-75,82,312 

Pseudotsuga menziesii/ H olodiscus discolor/Gaultheria 


shallon ................................................ 79,86, 143 

Pseudotsuga menziesii-Liboced rus decu rrens/ A rctostaphy los 


nevadensis ............................................ 140-142 

Pseudotsuga menziesii-Lithocarpus densiflorus/ Lithocarpus 


densifiorus/Polystichum munitum-herb ................... 135 

Pseudotsuga menziesii/Lithocarpus densifiorus-Quercus 


chrysolepis/Goodyera oblongifolia ...................... 135 

Pseudotsuga menziesii/Physocarpus malvaceus .............. 192 

Pseudotsuga menziesii-Pinus spp./Lithocarpus densifiorus-


Quercus chrysolepis-Castanopsis chrysophyllalPteridium 

aquilinum ............................................. 135 


Pseudotsuga menziesii-Pinus contorta/ Berberis nervosa-Spiraea 

betulifolia ............................................. 312 


Pseudotsuga menziesii-Pinus contorta/Gaultheria shallon ...... 312 

Pseudotsuga menziesii-Quercus chrysolepis-Lithocarpus 


densijiorus/Quercus chrysolepis-Lithocarpus densifiorus ..... 135 

Pseudotsuga menziesii-Quercus garryana .................... 300 

Pseudotsuga menziesii/Symphoricarpos albus ................ 191 

Pseudotsuga menziesii-Tsuga heterophylla/Gaultheria shallon .. 143 
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Pseudotsuga menziesii-Tsuga heterophylla/Gaultheria shallon/ 
Linnaea borealis ....................................... 140 


Pteridium aquilinum-Gaultheria shallon .................... 86 

Pteridium aquilinum-Lotus crassifolius ...................... 86 

Pteridium aquilinum-Rubus parvifiorus ..................... 259 

Purshia tridentata/Agropyron spicatum ..................... 223 

Purshia tridentata-Artemisia arbuscula/Stipa thurberiana .... 244 

Purshia tridentata/Festuca idahoensis ...................... 183,211-212,215-216, 


218,222-223,244 

Purshia tridentata/Stipa comata ........................... 224 

Purshia tridentata/Stipa occidentalis-Carex pensylvanica ...... 184 


Q1terCUs chrysolepis-Lithocarpus densifiorus-Pseudotsuga 
menziesii/Rhus diversiloba/moss ......................... 135 


Quercus garryana/Amelanchier alnifolia-Symphoricarpos albus .111,113 

Quercus garryana/Corylus cornuta/Polystichum munitum ..... 111, 113 

Quercus garryana/Prunus avium-Symphoricarpos albus ....... 111, 113 

Quercus garryana/Rlws diversiloba ......................... 113 


Rawmark and low herbaceous communities ................... 252,262 

Rhus glabra associations .................................. 229 

Rhus glabra/Bromus tectorum ............................. 229 

Rosa eglanteria shrub thickets ............................. 122-123 

Rubus parvifiorus-Epilobium angustifolium .................. 252,255,257,259,266 

Rubus parvifiorus/Trientalis latifolia ....................... 86 

Rubus spectabilis-Polystichum munitum ..................... 61 


Salix spp./Carex macrochaeta .............................. 290 

Salix-Crataegus .......................................... 245 

Salix-Prunus ............................................ 245 

Salix sitchensis-Alnus rubra ............................... 302 

Sarcobatlls venniculatlls/Distichlis stricta ................... 227 

Saussurea americana community ........................... 257,260 

Saxifraga tolmiei community .............................. 252,254,262,265-268 

Saxifrage-heather association .............................. 286 

Scirpus acutus- Typha latifolia .............................. 231 

Senecio triangularis community ............................ 269 

Solidago canadensis community ............................ 297 

Spartina gracilis community ............................... 231 

Sporobolus crypfandrus/Poa sandbergii ..................... 229 

Sfipa comata-Poa sandbergii ............................... 224-225 

Stipa lemmonii-Stipa occidentalis-Sitanion hystrix ........... 148 


Tall sedge type (Carex spectabilis) .......................... 252,258,266 

Thuja plicata-Abies grandis/Pachistima myrsinites ........... 313 

Thuja plicata-Abies grandis/Polystichum muniturn ........... 313 

Th uja plicata/Acer circinatu mlherb ........................ 81 

Thuja plicata/Adiantum pedatum-Athyriumfilix-femina ....... 79 

Thuja plicata/Athyriumfilix-femina ....................... 202,204 

Thuja plicata/Lysichitum americanum ...................... 68-69 

Thuja plicata/Oplopanax horridum ......................... 104,202 

TJwja plicata/Pachistima myrsinites ........................ 202,204 

Thuja plicata-Tsuga heterophylla/Oplopanax horridum/ 


Athyrium filix-femina ................................... 81 
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Trisetum spicatum community ............................. 262 
Tsuga heterophylla-Abies amabilislRhododendron 

macrophyllumlCornus canadensis ........................ 98 
Tsuga heterophylla-Abies amabilisIVaccinium ovalifoliuml 

Oxalis oregana ......................................... 98 
Tsuga heterophyllalAcer circinatumlBerberis nervosa ........ 79 
Tsuga heterophyllalAcer circinatumlGaultheria shallon ....... 79-80,86 
Tsuga heterophyllalAcer circinatumlPolystichum munitum-

Oxalis oregana ......................................... 78 
Tsuga heterophyllalBerberis nervosa-Gaultheria shallonl 

Linnaea borealis ....................................... 79 
Tsuga heterophyllalBerberis nervosalTrientalis latifolia ...... 82 
Tsuga heterophyllalCastanopsis chrysophylla ............... 73-74,76,80 
Tsuga heterophyllalGaultheria shallon ...................... 82 
Tsuga heterophyllalGaultheria shallon-Polystichum munitum .. 79,86 
Tsuga heterophyllalPachistima myrsinites .................. 202 
Tsuga heterophylla-Picea sitchensislGaultheria shallonl 

Blechnum spicant ...................................... 60-61,63 
Tsuga heterophylla-Picea sitchensislOplopanax horriduml 

Athyrium filix-femina ................................... 61,63 
Tsuga heterophyllalPolystichum munitum ................... 73-74,77-80,86 
Tsuga heterophyllalPolystichum munitum-Adiantum pedatum .79 
Tsuga heterophyllalPolystichum munitum-Oxalis oregana ..... 61,73-74,78-80,86 
Tsuga heterophylla-Pseudotsuga menziesiilRhododendron 

macrophyllumlBerberis nervosa .......................... 79-80 
Tsuga heterophyllalRhododendron macrophyllumlBerberis 

nervosa ............................................... 73-74,77,80,86 
Tsuga heterophyllalRhododendron macrophyllumlGaultheria 

shallon ............................................... 73-74,76,86 
Tsuga heterophyllalVaccinium ovalifoliumlPolystichum 

munitum .............................................. 79 
Tsuga heterophyllalVaccinium membranaceumlXerophyllum 

tenax ................................................. 79-80 
Tsuga mertensiana community (see Dwarf Tsuga mertensiana 

community) 
Tsuga mertensiana-Abies amabilis .......................... 268, 278 
Tsuga mertensiana-Abies amabilislVaccinium alaskaense ...... 104, 106 
Tsuga mertensiana-Abies amabilislVaccinium membranaceum .105 
Tsuga mertensiana-Abies amabilislXerophyllum tenax ........ 105 
Tsuga mertensiana-Abies lasiocarpa ........................ 267 
Tsuga mertensianalCladothamnus pyrolaeflorus .............. 104, 106,277-278 
Tsuga mertensianalVaccinium membranaceum ............... 104,277 

Vaccinium deliciosum community ........................... 252,254-256,265-269 

Vaccinium membranaceum-Rhododendron albiflorum .......... 266,268,278 

Vaccinium membranaceumlXerophyllum tenax ............... 267,284 

Vaccinium ovatum-Rubus spectabilis ........................ 86 

Vaccinium parvifoliumlGaultheria shallon ................... 86 

Valeriana sitchensis community ............................ 258,265,287 

Valeriana sitchensis-Carex spectabilis ....................... 252,256-257,267 

Valeriana sitchensis-Lupinus latifolius ...................... 252,254,258 
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Valeriana sitchensis-Veratrum viride ........................ 252,254-255,257-258, 

265-266,283 


Viola adunca community .................................. 90-91 


Weed-needlegrass community .............................. 272 
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APPENDIX IV 

General Subject Index 

Page 

Abbott Creek Research Natural Area .................... 139, 140, 141, 142, 148, 149, 

153, 155, 157 


Abert Rim .......................................... 34 

Abies amabilis: 

communities .................................. 93-100, 103-106,268,278,311 

occurrence .................................... 59,72,94,102, 155, 157, 160, 


163,194,205,273,275,277­
279,281 


size and longevity .............................. 48 

successional status ............................. 98-100, 106-108, 158, 162, 198, 


280 

zone .......................................... 44,49,50,53,54,57,58,68,91, 


93-102,108,300,302 


Abies concolor: 
communities .................................. 140-142, 151, 196-198 

occurrence .................................... 58, 119, 130, 137-139, 148, 150­

153,155,157,163,168,172, 

177,178,195,196,306 


size and longevity .............................. 48 

successional status ............................. 140,147,150,152,157,158, 


160, 162, 180, 183, 187, 198 

zone .......................................... 49,131,132,138,140,142, 


143, 150-154, 161-163, 193, 197 


Abies grandis: 
communities .................................. 116, 140, 197, 198,300,301, 


313 

occurrence .................................... 58,59, 72, 79, 92, 94, 113, 116, 


117,118,137,138,144,153, 

161,163,168,171,172,175, 

176,193-201,202,204,205 


size and longevity .............................. 48 

successional status ............................. 93,128,129,143,147,150, 


160, 162, 180, 183, 185, 192, 

197-199,204 


zone .......................................... 44,49,50, 151, 161, 162, 163, 

190,193-201,202,203 


Abies lasiocarpa: 
communities .................................. 105,204-206,267,281,300­

302,311,312 

occurrence .................................... 49,58,94,101,103-105,155, 


161,163,190,195,204-208, 

269,272-274,277-280,304,309 


size and longevity .............................. 48 

successional status ............................. 106, 107, 160, 162,207,280, 


281 

zone .......................................... 44,49,50,101,161,163,193, 


198,199,202,204-208 


386 



Abies magnifica var. shastellsis: 

communities ................................. 155, 156, 157 

occurrence .................................... 104,130,131,144,150,153, 


154-159,163,195,273,275 

size and longevity .............................. 48 

successional status ............................. 151, 154-159, 160, 162 

zone .......................................... 44,49,106,131,14:3,150,153, 


154-159 

Abies procera: 

communities .................................. 311 

occurrence .................................... 54,58,94,95,98, 104, 154, 


205,284 

size and longevity .............................. 48 

successional status ............................. 98-100, 158 


Acer circinatu m: 
communities .................................. 61,80,81,86, 116-118, 140­

142,300,301 

occurrence .................................... 61,64,65,74,77,79,80,84, 


91,96,134,140-144 

Acer macrophyllll m: 

communities .................................. 86,313 

occurrence .................................... 58,61,64,65, 66, 68, 72, 73, 82, 


85,91, Ill, 113, 116, 117, 118, 

126, 127, 134, 139 


size and longevity .............................. 48 

successional status ............................. 128 


Achillea millejolillm .................................. 69, 119, 165, 166, 180, 187, 

201,208,213,214,220,222, 

235,244,262,288,296,309 


Achlys triphylla ..................................... 74,78,81, 82, 96, 97, 134, 135, 

142, 145, 151, 152, 157, 158 


Agglomerate ........................................ 24 

Agropyron spica tu III: 

communities .................................. 165-167, 173-176, 183, 192, 

193,211-220,223,234-239, 

244,245,311 


occurrence .................................... 51, 165, 166, 167,173, 174, 

175,180,192,207,208,209, 

210,220,221,222,224,226, 

229,235,236,238,239,244 


response to disturbance ......................... 218,222-224,236,237,241, 

242 


Agropyron spicatum-Festuca idahoensis Zone ............ 211-216,219-220,225,244 

Agropyron spicatum-Poa sandbergii Zone ............... 211-212,215-216,219,220, 


223,229,230,244 

Alaska ............................................. 102 

Alaska-cedar (see Chamaecyparis nookatensis) 

Albiqualfs .......................................... 7,8, 16,32, 110 


description of .................................. 341 

Alder, red (see Alnus rubra) 

Alder, Sitka (see Alnus sinuata) 
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Aldrich Mountains ................................... 310 

Alluvial deposits ..................................... 16,28,33, 116,239 

Alluvial fans ........................................ 15,38 

Alluvial plains ....................................... 15 

Alluvial soils ........................................ 7-9,15,16, 20,22,29,34,38, 


78,110,229 

description of .................................. 347 


Alnus rubra: 
communities .................................. 63,66,86,302,313 

nitrogen fixation ............................... 63 

occurrence .................................... 53,58,59,60,61,66,68,69,72, 


85,87,293,295,302 

size and longevity .............................. 48 

successional status ............................. 61,62,63 


Alnus sinuata: 
communities .................................. 91, 100-101 

occurrence .................................... 204 


Alpine meadows ..................................... 248 

Alpine Meadow soils .................................. 7, 8 


description of .................................. 350 

Alpine Turf soils ..................................... 7,8,253 


description of .................................. 346 

Alpine Zones ........................................ 44-45, 131,248-249,277 


communities .................................. 249-290,311 

distribution ................................... 248-249 


Alps ............................................... 273 

Amelanchier alnifolia ................................. 111-114, 122, 143, 152, 174, 


192,197,205,227,230,312 

Andesite ............................................ 19,22,24,27,34,35 


olivine ........................................ 25,26 

soils derived from .............................. 22-24 

pyroxene ..................................... 25 


Ando soils .......................................... 14 

Antennana lanata ................................... 252,253,254,261,262,265, 


267,288,289,290 


Arbutus menziesii: 
communities .................................. 134,313 

occurrence ....................................	72,73,74,92, 111, 112, 114, 


116, 118, 119, 130, 131, 133, 

134, 135, 136, 139, 141, 144, 

150 


successional status ............................. 129 

"Arctic-Alpine Zone" ................................. 286 

Arctostaphylos nevadensis ............................ 106, 119, 140, 141, 142, 148, 


149,155,158,196,301,304, 
306,309 

Arctostaphylos patula: 
communities .................................. 158, 176, 177, 178, 179 

occurrence .................................... 119, 136, 140, 142, 


155,176,177,178 

successional status ............................. 136, 152, 180, 181, 197 
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Arctostaphylos III'a-lIrsi ............................... 89,187,192,263,287,288, 

293,295,300,304,309,312 


Argillite ··········· ................................. 9, 18,26,28 

soils derived from .............................. 20 


Argiudolls .......................................... 8,222 

description of .................................. 345 


Argixerolls .......................................... 7,8,9, 16, 17,24,29,32,37, 

110,210,220,222 


description of .................................. 345 

"Arid Transition Zone" ............................... 168 

Artemisia arlmscula: 

occurrence ··· ................................. 51, 165,207,209,234,235, 

239-241,246,247 


communities .................................. 183,235, 236, 239-241, 242, 

244,247 


response to disturbance ......................... 241 

Artemisia rigida: 

communities .................................. 183, 184, 193,226-227,235, 

242,245 


occurrence .................................... 51,201,209,225,234,242 

Artemisia steppe (see shrub-steppe) 


Artemisia trideutata: 

communities · ................................. 	158, 165-167, 179, 180, 183, 


184,211-219,224,228,230, 

232,234-239,242,243,246 


eradication .................................... 231-233 

occurrence ....................................	51, 165, 166, 167, 168, 180,208, 


209,210,222,228,233,234­
239,240,244,245,247,270 


response to disturbance ......................... 218,219,236,237,238 

zones ......................................... 211-229 


Artemisia tridentata/Agropyron spicatu.m Zone .......... 211-219,222,224,225,228, 

229 


successional status ............................. 218 

Artemisia tridelltata/Festllca idahoensis Zone ........... 211-216,218-219,224 

Artemisia tripartita .................................. 193,211,212,215,216,218, 


220,222,223,224,225 

Artemisia tripartita/Festllca idahoensis Zone ............ 211-216,218,222,225 

Ashland Research Natural Area ........................ 119, 146 

Aspen, quaking (see Populus tremuloides) 

Aspidotis densa (see Cheilanthes siliquosa) 

Athyrillllljili.l·-femina ................................ 60,61,63,65,68,74, 78, 79, 80, 


81,82,96,106,202 

Avalanches ......................................... 257 

Azalea (see Rhododendron spp.) 


Balds: 

herbaceous .................................... 90,91, 119, 122, 136,207 

grass ......................................... 309 


Baldy Mountain ..................................... 310 
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Basalt ............................................ 9,11,12,15,16,17,22,24,27, 

29,30,34,35,301 


olivine ....................................... 25 

scoriaceous .................................... 25 

soils derived from .............................. 13, 16, 17,22,24,29,37,227, 


236 

Balsamarhiza sagittata ............................... 173, 174, 179,213,214,215, 


220,222,235,244 

Basin and Range Province ............................. 33,34-38, 162,234,238,240, 


241,243,245 

geology ....................................... 34-35 

physiography .................................. 34 

soils ......................................... 9,36-38 


Batholiths .......................................... 17 

Idaho Batholith ................................ 28 


Beachgrass, European (see Am map hila arenaria) 
Beacon Rock ........................................ 311 

Beargrass, common (see Xeraphyllum tenax) 
Beaver ............................................. 69 

Bentgrass (see Agrastis spp.) 
Berberis nervasa Communities ......................... 80,86,312 

occurrence .................................... 73,74,77,79,80,82,84,85,96, 
117,118,134,135,140,142, 
143,144,152,155,312 

Big Lava Beds ....................................... 300-301 

Biomass (see Productivity and biomass accumulations) 
"Biscuit-scab" microtopography ........................ 208 

Bistort, American (see Palyganum bistartaides) 
Bitterbrush (see Purshia tridentata) 
Blackberry (see Rubus spp.) 
Black oak type ....................................... 114 

Blechnum spicant . .................................... 60,61,63,68,69,74,78,80,81, 


96,294 

Bluegrass (see Paa spp.) 
Bluegrass, Kentucky (see Paa pratensis) 
Bluegrass, Sandberg's (see Paa sandbergii) 
Blue Mountains ......................................	29, 101, 160, 161, 162, 163, 


168,173,175,176,185,193, 

195,196,197,198,202,204, 

209,212,219,220,224,227, 

234,244,249,271,272 


Blue Mountains Province ............................. 27-29,42,168,175, 235, 238, 

240 


geology ....................................... 27-28 

physiography .................................. 27 

soils ......................................... 8,29 


Bodenvag species .................................... 305,306,309 

Bogachiel River ...................................... 64,66 

Bogs ............................................... 89, 108,294, 302 

Bracken fern (see Pteridium aquilinum) 
Breccia ............................................. 9,12,17,22,24,28 


soils derived from .............................. 24 
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British Columbia ....................................	47,58,70,71,73,85,89,93, 

102,104,105,106,162,173, 

183,190,192,193,202,204, 

205,206,207,218,248,249, 

250,266,277,281,286,290, 

310 


Bromegrass (see BrolllUs spp.) 

Bromus carinatus .................................... 90, 119, 145, 158, 179, 180, 


184,246,255,272 

Bromus tectoru m: 

communities .................................. 229,230,232 

occurrence .................................... 165, 166, 175,201,209,211, 


216,217,228,231,239,244 

response to disturbance ......................... 211,218,220,222,223,227, 


229,232,236 

successional status ............................. 183, 197,211,222,223,232 


Bromus vulgaris ..................................... 114, 116, 117, 119, 142, 153, 

155,156,174,195 


Brown Lateritic soils ................................. 59 

Brown Podzolic soils ................................. 7,8,10,11,13,17, 20, 22, 24, 


26,27,29,37,71,94,102,150, 

155,202,205 


description of .................................. 348 

Brown soils ......................................... 8,9,20, 29, 32, 34, 37,164, 


210,218,219,220,222,223, 

224,225,236,238,239 


description of .................................. 347 

Brushfields .......................................... 152, 158 

Buckbrush (see Ceanothus cuneatus) 
Bulrush (see Scirpus spp.) 
Burning (see fire) 
Burroughs Mountain ................................. 289 

Butter Creek Research Natural Area .................... 263 


Calamagrostis rubescens: 
communities .................................. 192, 195-198 

occurrence .................................... 173, 174, 175, 176, 192,206 


California ........................................... 13,47,64,67,68,102,124,150 

Coast Ranges .................................. 49, 132, 154 

Sierra Nevada ................................. 132, 154 


"California annual-type grassland" ..................... 119 

Camas Swale Research Natural Area (proposed) .......... 149 

Camborthids ........................................ 5,8,9,32, 34, 37,164,210, 


217,219,223,224,225,228 

description of .................................. 342 


Canadian Life Zone .................................. 94, 102, 150, 154, 190, 193 

Canyon Creek Research Natural Area ................... 195,201,247 

Cape Perpetua ....................................... 292 

Care.l' geyeri: 


communities .................................. 175 

occurrence .................................... 174, 175, 176, 192, 196,201, 


272 
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Carex nigricans: 
communities .................................. 252,254,261, 262, 265-269, 


283,287 

occurrence .................................... 251,259,260,270,281,288, 


290 


Carex pensylvanica: 
communities .................................. 177, 184 

occurrence .................................... 89, 155, 156, 158, 159, 177 


Carex rossii: 
communities .................................. 91, 175, 177, 196, 197 

occurrence .................................... 90, 175, 178, 179, 187, 196 

successional status ............................. 197 


Carex spectabilis ..................................... 251,252,254,255,256,257, 

258,259,261,262,263,265, 

267,269,287,288,289 


Casca~e Head ....................................... 12,292,298 

Cascade Range ...................................... 5,15,16,29, 42, 47, 49, 52, 53, 


57,71-74,77-81,84,87,93,96­
101, 103-108, 110, 130, 131, 

137, 143, 150-152, 154, 157, 

159-163,171-173,175,177, 

181, 182, 185, 191-193, 195, 

197,198,201,204,205,207, 

209,212,216,222,224,227, 

244,249,250,252,253,255, 

256,258,259,263,264,266, 

268-275,281,282,284,285, 

290,300,302-305,310-312 


Cascara (see Rhamnus purshiana) 

Cassiope mertensiana: 


communities .................................. 251-256,266, 268, 269, 286, 

287 


occurrence .................................... 261,262,269,278,281,288 

Castanopsis chrysophylla: 

communities .................................. 73,80, 135, 151, 155 

occurrence .................................... 72,74,76, 118, 134, 139, 141, 


142,143,144,152,158,301 

successional status ............................. 143, 197 


Cathlamet River ..................................... 295 

Ceanothus velutinus: 

communities .................................. 151, 158, 176-178, 198,201 

occurrence .................................... 158, 176, 177, 178, 196,301, 


312 

successional status ............................. 83,84,143,147,152, 180, 181, 


197 

Cedar Flats Research Natural Area ..................... 69 

Cercocarpus ledifolius ............................... 158, 175, 179, 183,201,234, 


238,239,243,310 


Chamaecyparis lau.:soniana: 
communities .................................. 92-93, 134,306 

occurrence .................................... 59,72, 130, 134 
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size and longevity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 048 

successional status 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 092,293 


Chamaecyparis nootkatensis,' 
communities 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0104, 105,311 

occurrence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 058,94, 103, 104,273,275,277, 


278 

size and longevity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 048 

successional status 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0101, 107,281 


Channeled Scablands 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 029-32,231 

Chaparral 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0124, 129, 132, 136 


effects of fire on 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 129 
Cheatgrass (see Bromus tectorum) 
Chehalem Hills 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
Chehalis River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 016 
Chernozems 000000000000000000000000000000000000000 007,8,9,27,29,32,210,220,222, 

223 

description of 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0348 


Cherry (see Prunus sppo) 

Chert 000000000000000000000000000000000000000000000028 

Chestnut soils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 05,8,9, 17,20,22,29,32,34,37, 

164,210,218,220,222,223, 
224,238 

description of 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0348 
Chimaphila umbellata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 074,82,96, 106, 142, 143, 145, 


151,152,155,156,158,177, 

178,195,196,312 


Chinkapin (see Castanopsis chrysophylla) 
Christmas Lake 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 032 
Chromoxererts 000000000000000000000000000000000000007,15,111 

description of 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0346 
Chrysothamnus nauseosus,' 

occurrence 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0165, 166,218,223,225,229, 

230,232,242,243 
response to disturbance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0232 

Chrysothamnus viscidifiorus 00000000000000000000000000165,166,167,179,180,214, 

215,216,230,235,238,239, 
241,242,243,244 

Cinder, cones and fields 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 025,26,32,269-270,300 
Cinder Desert 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0270 
Cirques 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18, 28, 35 
Clackamas River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 024 
Clark's nutcracker 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0273,275 
Clarno formation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 027 
Clearcutting (see Forest management and silvicultural 

practices) 
Climate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 038-43,54-55,88,89, 161 

Abies amabilis Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 094 
Abies con color Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 150 
Abies grandis Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0194 
Abies lasiocarpa Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0205 
Abies magnifica varo shastensis Zone 0 0 0 0 0 0 0 0 0 0 0 0 0 0155 
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Interior Valleys of Western Oregon ............... 110-111 

Juniperus occidentalis Zone ..................... 164-165 

Mediterranean ................................. 53 

Mixed Conifer Zone ............................ 137 

Mixed Evergreen Zone .......................... 133 

Picea sitchensis Zone ........................... 59 

Pinus contorta Zone ............................ 185-186 

Pinus ponderosa Zone .......................... 169 

Pseudotsuga menziesii Zone ..................... 191 

Pseudotsuga-Pinus-Libocedrus-Abies Zone ........ 137 

Pseudotsuga-sclerophyll ........................ 133 

Steppe and shrub-steppe of Columbia basin ......... 209,210 

Tsuga heterophylla Zone ........................ 71-72,202 

Tsuga mertensiana Zone ........................ 102 


Clover (see Trifolium spp.) 

coastal plain ........................................ 64,68,69 

Coasta Western Hemlock Zone ....................... 71,94 

Coast Ranges ........................................ 15,49,52,57,63,70,71,72,79, 


80,84,85,87,90,91,92,98, 

110 


Coast Ranges Province ............................... 11-13, 16,42 

geology ....................................... 11 

physiography .................................. 11 

soils .......................................... 7, 12-13 


Coburg Hills ........................................ 15, 16 

Coffeeberry, California (see Rhamnus californica) 

Collinsia parviflora ................................... 91, 148, 166, 167, 175, 178, 


208,216,235,239,262 

Collawash River ..................................... 24 

Colluvium .......................................... 229 

Columbia Basin Province ............................. 29-32,209-234,236,244 


geology ....................................... 29-30 

physiography .................................. 29 

soils ......................................... 8, 31, 32 


Columbia Gorge ..................................... 124,223,291 

vegetation of .................................. 310-311 


Columbia River ...................................... 15, 16,21,26,27,29,124,125, 

223,230,234,295,296,310 


Columbia River Basalt ................................ 12, 16,22,27-31 

Columbia White-Tail National Wildlife Refuge ........... 296 

Colville River ....................................... 26 

Conglomerates ...................................... 10, 16, 27 

Coos Bay ........................................... 11,64 

Coquille River ...................................... 11 

Coquille River Falls Research Natural Area .............. 93 

Corylus cornuta var. californica ........................ 74,75,91, Ill, 113, 115, 116, 


117,118,134,135,142,143, 

144,152,312 


Cottongrass (see Eriophorum spp.) 

Cottonwood, black (see Populus trichocarpa) 

Cow Lakes Craters .................................. 35 
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Cowlitz River ........................................ 16 

Crater Lake ·········.· .............................. 102, 155, 170, 185,275 

Crooked River ············ ........................... 27,30, 163 

Cryohumods ··········· ............................. 253, 278 

Cryorthods .......................................... 5,7,8,20,22,24,26,27,94, 


102,202,205,253,278 

description of ................................. 345 


Cryumbrepts ........................................ 8,24,26 

description of .................................. 344 


Cryptogams ......................................... 73, 78, 83, 89, 90, 95, 125, 149, 

217,225,227,261,262,263, 

269,290,304 


Currant (see Ribes spp.) 

Dacite .............................................. 34,35, 37 

Deerbrush (see Ceanothus integerrinws) 

Deerfern (see Blech n1l In spica II t) 


Deflation plains ...................................... 293,294 

Deschutes River ········ ............................. 29,30, 163 

Desert shrub communities ............................. 44-45,51 

Desert soils ············ ............................. 5, 9, 32, 37 


description of .................................. 348 

Devilsclub (see Oplopana:r horridu m) 

Diamond Craters .................................... 35,37 

Diorite ............................................. 13, 134, 135 

Dogwood (see Cornus spp.) 

Douglas-fir (see Pseudotsuga menziesii) 

Drought stress ....................................... 50, 155 

Dungeness River ..................................... 82 

Dunite ········· .................................... 13, 305, 309 

Durargids ·········· ................................ 8,9,34, 37, 38 


description of ................................. 342 

Durixerolls ......................................... 8,29,32 


description of .................................. 345 

Durorthids .......................................... 8, 9, 34, 37 


description of .................................. 342 

Dystrandepts ........................................ 8, 14,22 


description of .................................. 343 

Dystrochrepts ······· ................................ 7, 11, 13,71 


description of .................................. 344 


Eagle Cap Mountain ................................. 27,28 

Eel Creek ........................................... 294 

Elderberry (see Sambucus spp.) 

Elk, Roosevelt ....................................... 65,67 

Elkhorn Mountains ................................... 27 

Elwha River ........................................ 10, 82 

Elymus glaucus ..................................... 90,91,113,114, 119, 121, 145, 


153,174,175,188,192,228, 

260,296,306 


Engelmann Spruce-Subalpine Fir Zone .................. 204 
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Environmental gradients (see Moisture and Temperature 

Gradients) 


Environmental niches ................................ 94 

Eola Hills ........................................... 15, 16 

EpilobiulII allgustijolilllll .............................. 83,84,177,178,196,207,252, 


255,256,257,259,260 


Epiphytes (see Cryptogams) 

Eriophyl/u/II lanatllm ................................. 69, 121, 165, 166, 177, 178, 


241,264,306,307,309 


Erosion: 

geologic ...................................... 12,17,19,28 

soil .......................................... 20,272 


Erratics, glacial ..................................... 16 

Estuaries ........................................... 291, 292, 294 

Everlasting (see Alltemwria spp. and Allaphalis 


margaritacea) 

Evolution ........................................... 4 


Fellfields ........................................... 287 

Fescue (see Festuca spp.) 

Festuca idahoensis: 


communities .................................. 165-167, 173-179, 183, 184, 

187,192,193,196,201,211­
216,219-224,227-228,234, 

235,238-240,243,244,247, 

303 


occurrence .................................... 51,89,165,166,167,173,174, 

178,179,196,207,208,209, 

210,218,2~5,236,239,240, 

244,263,313 

response to disturbance ......................... 218,219,222,223,236,241 

successional status ............................. 219 


Festuca idahoensis-Hieracillnl cynoglossoides Zone ....... 211,212,224 

Festllca idahoensislRosa nutkana Zone ................. 211,212,224,227,231,232 

Festuca idahoensislSymphoricarpos alb us Zone .......... 211-216,220-222,227,231, 


232,244 

Festuca viridula ..................................... 207,251,252,254,257,262, 


263,264,265,267,269,271, 

272,283,309 


Fidalgo Island ....................................... 309 

Fire ................................................ 55-57,67-69,89,92,93,110, 


119, 132, 134, 135, 167, 168, 

180-182, 184, 188, 192, 199 


controlled burning ............................. 57,82-85,121,128, 132, 146, 

147,172,180,181,185,197, 

210,233 


effects on communities: 

chaparral ................................. 124, 132 

forest-meadow ecotone ...................... 284 

grasslands ................................ 122, 126 

steppes ................................... 210,218,219, 220, 222, 223, 


244 
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subalpine meadows ......................... 265,267 

Fireweed (see Epilobmm angustifoliuliI) 

Fir, grand (see Abies gralldis) 

Fir, noble (see Ahies procera) 

Fir, Pacific silver (see Abies amabilis) 

Fir, Shasta red (see Abies magnzfica) 

Fir, subalpine (see Abies lasiocarpa) 

Fir, white (see Abies cOJ/color) 

Fish Lake ........................................... 302 

Floods and flood plains ................................ 68, 78, 123, 124, 126, 184 


soils ·········· ............................... 38, 122 

Fog ................................................ 59 

Foredunes .......................................... 293 

Forest floor ......................................... 17, 71 

Forest line .......................................... 248 

Forest management and silvicultural practices ........... 55-57,82,83,84,85,110,125, 


128,132,172,182,183,184, 
185, 192, 197, 198 


Forest-meadowecotones .............................. 281-284 

Forests ............................................. 44-45,47-51,72-82 

Fort Rock Valley ..................................... 32 

Fossil Lake ......................................... 32 

Fossils ............................................. 28 

Fox Hollow Research Natural Area (proposed) ........... 117 

Fragiorthods ........................................ 7,20,29 


description of .................................. 346 

Fragipans .......................................... 20,29 

Fraser River ........................................ 309 

Fraxinus latifolia: 

occurrence .................................... 72, 125, 126, 149,295 

successional status ............................. 122 


Frost activity ....................................... 286-287 


Gabbro ............................................. 11,28, 134, 135 

Gallery forests ....................................... 126 

Gap-phase tree regeneration ........................... 147, 148 

Gaultheria shallon: 

communities · .................................	60-61, 73, 79, 80, 82, 86, 95, 

96,116,117,140,143,312,313 


occurrence ....................................	59,69,73,74,75,76,77,82,84, 
85,89,95,96,118,135,143, 
144,293,295,298,313 

Geology ............................................ 5-38 

sources of information .......................... 5-7 


Geosyncline ......................................... 18 

Glacial lakes ........................................ 28 

Glacial moraine ...................................... 17,28 

Glacial outwash ...................................... 10, 17,88,89,300,304,312 

Glacial till .......................................... 19,24,26 


soils derived from ............................. 17, 19,20,22,24,26,27,72 

Glaciation · ......................................... 9,22,24, 25, 26, 27, 28, 35, 89, 


284,311 
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Illinoian ...................................... 16 

Vashon ....................................... 17,22,88 

Wisconsin .................................... 16 


Glacier Peak ........................................ 18 

Glaciers ............................................ 18, 19 

Glaciofluvial ........................................ 22 

Glacio-lacustrine deposits ............................. 19,22,26,31 


soils derived from .............................. 20 

Gley Podzolic soils ................................... 102 

Gneiss .............................................. 13, 18 

Goat Marsh Research Natural Area ..................... 108,109 

Gold Lake Bog Research Natural Area .................. 109 

Goodlow Mountain Research Natural Area .............. 196, 197,240 

Gooseberry (see Ribes spp.) 

Goose Lake .......................................... 302, 303 

Grand Coulee ........................................ 31 

Granite ............................................. 13, 17, 18, 26, 28 


soils derived from .............................. 15,20,27 
Granodiorite ........................................ 13, 18,22,26 
Grasslands (see Steppe, Shrub-steppe, and Interior Valley 

Zone) 

Grass Mountain ..................................... 90 

Gray-Brown Podzolic soils ............................ 7,8, 14,22, 137, 150,202 


description of .................................. 348 

Graywacke ......................................... 9, 18,26 

Gray Wooded soils .................................... 7,8,170,194 


description of .................................. 348 

Grazing domestic livestock: 


history ....................................... 110 

influence in forests ............................. 69,113,167,182,199,200 

influence in grasslands or steppes ................. 89, 119, 120, 122,210,211, 


217-223,227-233,236,237, 

241,246 


influence on subalpine meadows .................. 272 

Grazing and browsing, wildlife: 


deer .......................................... 167,223,244,246 

elk ........................................... 65,66, 210, 223 


Greasewood (see Sarcobatus spp.) 

Great Basin, relationships with ........................ 210,211 

Great Plains ........................................ 42,210 

Green Mountain ..................................... 251,257,259 

Greenhorn Mountains ................................ 27 

Greenschist ......................................... 18 

Greenstone .......................................... 18,26 

Grumusols .......................................... 7,15,111, 119, 122,220 


description of .................................. 350 


Hades Creek Research Natural Area .................... 99 

Hairgrass (see Deschampsia spp.) 

Haplaquepts ........................................ 7,8,9,13, 14, 17,20,34,37 


description of .................................. 344 
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Haplaquolls ······· .................................. 7,8,9,16, 32, 34, 38 

description of .................................. 345 


Haplargids .......................................... 8,9,29,32,34,37, 164 

description of .................................. 342 


Haplohumults ·· ..................................... 7,8,10,12, 13, 14, 16, 17,22, 

24,71,110,134,137 


description of .................................. 346 

Haplorthents ·· ...................................... 8, 9, 34, 38 


description of .................................. 343 

Haplorthods .........................................	5,7,8,11,13,17,20,22,24,26, 

27,71,94,102,150,155,170, 
194,202,205 

description of .................................. 346 

Haploxeralfs ······ .................................. 7,8, 15,20,22,27,32, 134 


description of .................................. 341 

Haploxerolls ........................................	5,7,8,9,15,16,17,20,22,27, 

29,32,34,38,110,164,210, 
218,219,220,222,223,224, 
225,236,238,239 

description of .................................. 345 

Haploxerults ........................................ 7,8,14,24,137 


description of .................................. 346 

Hapludalfs ····· ..................................... 7, 8, 14, 22 


description of .................................. 341 

Haplumbrepts ···· ...................................	7,8,11,12, 13, 14, 16,20,24, 


71,134,137,150,170,194 

description of .................................. 344 


Hardpan ............................................ 29,32,34,37 

Harney Lake ........................................ 34 

Hart Mountain ...................................... 35 

Hazel (see Cory/us spp.) 

Headlands ···· ...................................... 64,69, 291, 292, 309 


herb-and-shrub dominated communities ........... 297-300 

Heather (see Casliiope and Phyllodoce spp.) 

Heceta Head ........................................ 297 

Hells Canyon ........................................ 27 

Hemlock, mountain (see Tsuga mertensiana) 

Hemlock, western (see Tsuga heterophylla) 

Herbicide spraying ................................... 228, 233 

Hieracium albijtorum ................................. 74,75,82,117,135, 142, 143, 


145,152,157,158,176,195, 
196,205,206 

High Cascades Province ............................... 25-26,71,106,151,152,156, 
157, 168 


geology ....................................... 25-26 

physiography .................................. 25 

soils ......................................... 8,26 


High Lava Plains Province ............................ 32-34,234,235,236, 238, 240, 

242,243,247 

geology ....................................... 33 

physiography .................................. 32 

soils ......................................... 8, 33-34 


399 



H. J. Andrews Experimental Forest ..................... 75-78,83,98,100,153 

Hoh River .......................................... 11,64,65 

Holodiscus discolor: 

communities .................................. 73,82,86, 116, 140, 143,312 

occurrence .................................... 73,74,75,79, 91, 113, 118, 135, 


144,152,173,174,192,312 


Horse Ridge Research Natural Area .................... 167, 168 

Huckleberry (see Vaccinium spp.) 

Hudsonian Life Zone ................................. 102,204,248 

Humic Gley soils .................................... 7,8,9,16,32,34,37 


description of .................................. 350 

Humid Transition Life Zone ........................... 58,71,94 

Hurricane Ridge ..................................... 10 


Idaho .............................................. 161, 162, 173, 194, 197,202 

204,205,207 


Igneous rock ........................................ 157,239,305 

Illinois River ........................................ 124, 134, 135 

Incense-cedar (see Libocedrus decurrens) 

Indian influences ..................................... 126, 132,210 

Indicator species (see Plant indicators) 

Interior Douglas-fir Zone .............................. 190 

Interior valleys: 


of southwestern Oregon ......................... 42, 71 

of western Oregon .............................. 44,71,110-129 


Interior Valley Zone (Pinus-Quercus-Pseudotsuga) ....... 49, 110-129, 130-159 

Interior Western Hemlock Zone ........................ 202 

Introduced species ................................... 121, 122,211,231,232,298 


Jackson Creek Research Natural Area ................... 67 

Japan .............................................. 53,273 

John Day formation .................................. 27 

John Day River ...................................... 28, 163 

Junegrass, prairie (see Kueleria cristata) 

Juniper, common (see Juniperus communis) 

Juniper, Rocky Mountain (see Juniperus scopulorum) 

Juniper, western (see Juniperus occidentalis) 

Juniperus occidentalis: 


communities .................................. 165-167,201,246,310 

occurrence .................................... 51,161,163, 165, 169, 171, 


179,191,201,234,235,238, 

243,244,247 


successional status ............................. 160, 162, 164, 167 

zone .......................................... 44,49,50, 161, 163-167 


Kalama River ....................................... 21 

Lahar ........................................ 304 


Kautz Creek mudflow ................................. 302, 303 

Kiger Gorge ......................................... 36 

Klamath Lake ....................................... 246 

Klamath Mountains .................................. 71, 101, 130 


400 



Klamath Mountains Province .......................... 13-15 

geology ....................................... 13-14 

physiography .................................. 13 

soils ······· .................................. 7, 14-15 


Klamath River ...................................... 309 

Koeleria cristata ···· .................................	90, 121, 165, 166, 167, 174, 


187,214,215,220,230,235, 

239,240,241,243,244,307 


Krummholz vegetation ................................ 248,272-278,281,309 


Labradortea (see Ledum spp.) 
Lacustrine deposits ................................... 16, 17,34,37 


soils ......................................... 16, 29 

Ladyfern (see Athyrium spp.) 

Lahar .............................................. 300, 302, 304 

Lake beds, Pleistocene ................................ 16 

Lake-of-the-Woods ................................... 150, 152 

Lake Quinault ....................................... 9 

Lake Twentytwo Research Natural Area ................. 91 

Larch, subalpine (see Larix lyallii) 

Larch, western (see Larix occidentalis) 

Larix lyallii: 


communities .................................. 276,281,312 
occurrence .................................... 163,205,249,272,273,275, 

276,281 
Larix occidentalis: 

communities .................................. 311 

occurrence .................................... 94, 161-163, 172, 191, 195,205 

size and longevity .............................. 48 

successivnal status ............................. 192, 198, 199,204 


Larkspur (see Delphinium spp.) 
Laurel, California (see Umbellularia californica) 
Lava buttes ......................................... 32,33 

Lava-dammed Lakes .................................. 300-302,303 

Lava flow communities ................................ 300-302 

Lava flows .......................................... 21,23, 25, 27, 32, 33, 34, 35, 37, 


269,304,312 

Lianas ............................................. 113 

Libocedrus decurrens: 

communities .................................. 116, 140-142 

occurrence ....................................	49,72-74,79,114,117-119, 


130, 131, 134, 135, 137-141, 

143, 144, 147, 149-151, 155, 

163,172,191,195,305-307 


size and longevity .............................. 48 

successional status ............................. 143, 147, 152, 153, 157, 160, 


180, 192, 198 

zone .......................................... 161 


Limestone .......................................... 26,27,28 

Linnaea borealis .....................................	74,76,77,79, 82, 95, 96, 134, 


140, 141, 142, 143, 145, 151, 

195,301,312 
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Lithocarpus densiflorus: 
communities .................................. 135 

occurrence ................................... .49,67,68,72,92, 118, 124, 133, 


134,136,148,306 

size and longevity .............................. 48 

successional status ............................. 68, 143 


Lithosols ........................................... 7,8,9, 10,32,95,96,111,119, 

122,137,184,219,225-227, 

242,244,253,278 


description of .................................. 347 

Loess .............................................. 28,31 


Palouse loess .................................. 31,32 

soils derived from .............................. 20,23,29 


Logging (see Forest management and silvicultural 

practices) 


Lookout Mountain ................................... 311 

Lost Forest ......................................... 170 

Lower Columbia National Wildlife Refuge ............... 296 

Low-Humic Gley soils ................................ 13,14,17,20,34,37 

Luetkea pectinata: 

communities ..................................	252,254-256, 262, 265, 267, 

287 


occurrence .................................... 253,261,262,269,278,281 

Lupine (see Lupinus spp.) 

Lupinus latifolius .................................... 158, 195,252,253,254,256, 


258-260.263.267.269.272 

Madrone, Pacific (see Arbutus menziesii) 

Mahogany Mountains ................................. 243 

Malheur Lake ....................................... 34 

Manzanita (see Arctostaphylos spp.) 

Maple, bigleaf (see Acer macrophyllum) 

Maple, vine (see Acer circinatum) 

Marble ............................................. 13 

Marine terraces ...................................... 10 

Marshes ............................................ 108, 109, 246, 292, 296 


salt .......................................... 295 

Marys Peak ......................................... 11,90 

Mass soil movements ................................. 24 

McKenzie River ...................................... 24, 78, 150 

Meadow communities: 


Carex ........................................ 246 

invasion by trees ............................... 282-283 

mesic ......................................... 101 

mountain ..................................... 200, 271 

xeric ......................................... 149 


"Meadow Steppe" .................................... 220-224,234 

Medusahead wildrye (see Elymus caput-medusae) 

Meeks Table Research Natural Area .................... 193, 195,201 

Metasedimentary rocks ............................... 13 

Metavolcanic rocks ................................... 13 

Mill Creek Research Natural Area ...................... 192 
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Mirna mounds ...................................... 89 

Mixed-conifer forest .................................. 157 


interior valleys ................................ 116-119 

White Fir Phase ............................... 150 


Mixed-Conifer Zone (Pseudotsuga-Pinus-Libocedrus-Abies) 44,49,50, 131, 132, 137-149, 

150, 151 


"Mixed evergreen formation" .......................... 118 

Mixed-Evergreen Zone (Pseudotsuga-sclerophyll) ........ 44,49,50,58, 131, 133-136 

Moisture gradients ................................... 47,73,74,75,79,82,86,89,95, 


110, 130, 134, 137, 140, 150, 

160,180,222,263,264,306 


Monmouth Peak ..................................... 90 

Montana ., .......................................... 102, 194, 198 

Moors .............................................. 108,109 

"Moss meadow" ..................................... 148 

Mount Adams ....................................... 21,22,94,98,107,108,300, 


301 

Mount Baker ........................................ 18, 19,91,250,253,272,278, 


279,283,309 

Mount Fremont ..................................... 286 

Mount Hood ......................................... 23,25,26, 191, 198,249,250, 


273 

Mount Jefferson ..................................... 23,25,269,270 

Mount Lassen ....................................... 300,302 

Mount Mazama ...................................... 26,33,34, 36, 170, 185 

Mount McLaughlin ................................... 250 

Mount Rainier ....................................... 21,22, 101,249,250,252,253, 


254,258,259,260,262,264, 
273,276,277,279,283,285, 
287,300,302 

Mount Rainier National Park .......................... 21, 100 

Mount Rainier Province .............................. 95 

Mount St. Helens .................................... 21,22,97,109, 250, 284, 285, 


300,311 

Mount Shasta ....................................... 302 

Mount Shuksan ...................................... 19 

Mountain-ash (see Sorbus sitchensis) 

Mountain mahogany (see Cercocarpus spp.) 

Mudflats ............................................ 295 

Mudflow communities ................................ 302-304,312 

Mudflow deposits .................................... 21 

Mudstone ........................................... 27 

Myrtle Island Research Natural Area ................... 126, 127 

Myrtle, Oregon (see Umbellularia californica) 


Nash Crater ......................................... 300 

Natrargids .......................................... 8,9,34,210 


description of .................................. 342 

Natrixerolls ......................................... 219,220 

Needlegrass (see Stipa spp.) 

Nehalem Bay ....................................... 295 
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Neskowin Crest Research Natural Area 000000 0000000000060,63 
Newberry Crater 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 033,34, 170 
Nomenclature, plant 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Noncalcic Brown soils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 07,8, 15,20,22,27,32, 134 

description of 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0348-349 
Northern Cascades Province 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17-20, 277 

geology 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18-19 
physiography 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 017-18 
soils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 07, 19-20 

Nurselogs 0000000000000000000000000000000000000000 0 060,64,65,66,297 

Oak, California black (see Quercus kelloggii) 

Oak, canyon live (see Quercus chrysolepis) 

Oak, huckleberry (see Quercus vaccinifolia) 

Oak, Oregon white (see Quercus garryana) 

Oak, Sadler (see Quercus sadleriana) 

Oak woodland (see Savanna, Quercus) 

Ocean-front communities 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 064, 291-300 

Oceanspray (see Holodiscus sppo) 

Ochoco Divide Research Natural Area 0000000000000000000195,197,201,247 
Ochoco Mountains 0000000000000000000000000000000000027,160,162, 163, 168, 183, 


192,193,195,196,197,201, 

208,239 


Okanogan Highlands Province 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 026-27,42, 101, 162, 168,204, 

205,212,249,262,273,275, 

287,290 


geology 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 026-27 

physiography 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 026 

soils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 08,27 


Okanogan River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 026, 27 
Olallie Butte 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0107 
Olympic Mountains 0000000000000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 071,72,87,88,93,96,101,103, 

104,105,249,250,252,253, 
258,259,260,261,262,263, 
264,266,272,273,274,282, 
286,287,289,290,313 

Olympic Peninsula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 070,71,82,88,295 
Olympic Peninsula Province 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09-11,42,58,66,68,69 


geology 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09-10 

physiography 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09 

soils 00000000000000000000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 07,10-11,71 


Olympic Rain Forest 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 064-67 

Oplopanax horridum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 060,61,63,81,82,96, 101, 104, 


106,202 


Orchardgrass (see Dactylis sppo) 

Oregongrape (see Berberis sppo) 

Owyhee River 0 000000000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0000034,35,244,247 

Owyhee Upland Province 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 033,34-38,234-239,242 


geology 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 034-35 

physiography 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 034 

soils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 09,36-38 
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a.ralis oregalla: 
communities .................................. 86, 98 

occurrence .................................... 59,60,61,65, 68, 73, 74, 78, 79, 


80,84,96 

Ozette Lake ........................................ 10 


Pachistima myrsinites ................................ 142, 195, 198,202,204,205, 

207,263,301,312,313 


Paintbrush (see Castilleja spp.) 

Palexerolls .......................................... 8, 29, 220, 222 


description of .................................. 345 

Palouse Hills ........................................ 31,32 

Paradise Valley ...................................... 282, 283 

Parkland subzone (see Subalpine Zones) 

Patterned ground (see glaciation) 

Pearsoll Peak ....................................... 13 

Pend Oreille River ................................... 26,27 

Peridotite ........................................... 13, 14,28, 309 


soils derived from .............................. 14,305 

Persia M. Robinson Research Natural Area .............. 192 

Phlox diffusa ........................................ 201,235, 254, 262, 263, 272, 


287,288,289,290,309,310 
Phyllite ............................................ 18,26 
Phyllodoce empetriformis: 

communities .................................. 251-256, 261, 265-269, 284, 

286,287 


occurrence .................................... 105,206,253, 255, 256, 262, 

269,272,278,281 


Physiography ....................................... 5-38 

Picea engelmannii: 

communities .................................. 204-206,312 

occurrence ....................................	48,94,98, 101, 104, 155, 161, 


163,195,205,206,273,275, 

276,281,309 


size and longevity .............................. 48 

successional status ............................. 198,204,207 


Picea sitchensis: 
communities .................................. 59-61,64-67,291,295 

occurrence .................................... 48,53,58-70,72,292,293, 


295,296,298,299 

size and longevity .............................. 48 

successional status ............................. 61-67,70,293,294,297,298 

zone .......................................... 44,46,49,53,54,57,58-70,71 


Pigeon Butte Research Natural Area .................... 114, 128 

Pine, coast (see Pinus contorta) 

Pine, knobcone (see Pinus attenuata) 

Pine, lodgepole (see Pinus contorta) 

Pine, ponderosa (see Pinus ponderosa) 

Pine, western white (see Pinus monticola) 

Pine, whitebark (see Pinus albicaluis) 

Pinegrass (see Calamagrostis rubescens) 
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Pinus albicaulis ..................................... 	104,161,205,206,272,273, 

275,277,278,280,281,309, 

311 


Pinus contorta: 
communities .................................. 187-188,291,294,300,304, 


311,312 

occurrence ................................... 48,58, 68, 72, 88, 89, 94, 103, 


104, 106, 107, 155, 160, 161, 

163,171,177,178,185-190, 

191,195,205,273,275,284, 

292,293,294,295,298,299, 

301,309,313 


size and longevity .............................. 48 

successional status ............................. 107, 151, 158, 160, 162, 188­

189,197,198,204,207,293, 

294,302,312 


zone .......................................... 161,163,185-190 

Pinus jeffreyi: 

communities .................................. 306-307 

occurrence .................................... 116, 118, 134, 305-307 


Pinus lambertiana: 
occurrence .................................... 48,49,72,74,92,116,118, 


130, 131, 134, 135, 137, 138, 

139, 140, 141, 144, 147, 148, 

150,163,195,305,306 


size and longevity .............................. 48 

successional status ............................. 140, 147 


Pinus monticola: 
occurrence .................................... 48,58, 68, 72, 88, 94, 103, 104, 


130, 131, 139, 150, 155, 158, 

161,163,172,195,202,203, 

205,275,284,301,306,309, 

311 


size and longevity .............................. 48 

successional status ............................. 140, 198,204 


Pin us ponderosa: 
communities .................................. 119, 124, 173-180, 182-184, 


195-197,205,238,243,309, 

311,312 


occurrence .................................... 48,49, 72, 88, 89, 114, 115, 

116,117,118,119,131,134, 

135, 137, 138, 139, 141, 144, 

147, 150, 155, 160-208 


size and longevity .............................. 48 

successional status ............................. 129, 146, 147, 149, 158, 160, 


162, 164, 180-183, 188, 189, 

193, 197 


zone .......................................... 44,49,50, 161, 162, 163, 168­
184, 190, 193, 199 


"Pinus-Quercus-Pseudotsuga" Zone .................... 110, 130-159 
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Pioneer species ...................................... 53,55,116, 153, 157,262-263, 
280,289,291,302,312 

Planosols ........................................... 7,8, 16,32, 110,220,222 
description of .................................. 350 


Plant geography ..................................... 1 

Plant indicators ..................................... 304-310 

Playa .............................................. 227 

Plowing (see Settlement and cultivation) 

Poa prate/l.~i8: 

communities .................................. 122, 123 

occurrence .................................... 90,113,121,201,209,210, 


231,313 
response to disturbance ......................... 211,222,228,232 
successional status ............................. 182,211,232 

Poa sandbergii: 
communities .................................. 183, 184, 193,211-212,215­

216,223-229,235,237,242, 
244,245,306 

occurrence ....................................	51, 165, 166, 174, 183,201, 
207,214,217,220,222,225, 
226,230,235,236,238,239, 
240,244,245 

response to disturbance ......................... 218, 223, 237, 241 

successional status ............................. 229 

Poa secunda (see Poa sandbergii) 
Podzols ............................................. 5,7,8,13,20,22,24,26,27,94, 

102,205,253,278 
description of .................................. 349 

Poison oak (see Rhlls dil'crsiloba) 
Pol!JgO/III111 bistol'toides: 

communities .................................. 252,259 
occurrence .................................... 153,257,259,262,263,270, 

272,281,289 
Polystiellll/n /llIIlIitll /1/: 

communities ..............................	61,73,80,86, 111, 113, 118, 
135,297 

occurrence ....................................	59,60,61,63,65,68,73,74,77, 
78,79,84,85,87,111,134, 
143, 145 

Ponderosa Pine-Bunchgrass Zone ...................... 168 

Ponderosa Pine Type ................................. 119 

Poplllli8 trelllllioides: 

communities .................................. 228,245,246 

occurrence .................................... 89,101,163, 171, 191,205 

successional status ............................ 189, 228 


Popllius triehoea/'pa: 
communities .................................. 228 

occurrence .................................... 48,61,66, 72, 124, 125,284, 


295,296,302 

size and longevity .............................. 48 


Portland Hills ....................................... 15,16 
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Port Orford ......................................... 64 

Port-Orford-cedar (see Chamaecyparis lall'soniana) 

Prairie Peak ........................................ 90 

Prairies (see Grasslands) 

Prairies in forested regions (also see balds) .............. 64,69,88,89,90,297 

Prairie soils ......................................... 7,8,9,15,16,17,20,22,24,29, 


32,37,110,210,220,222 


description of .................................. 349 

Pringle Falls Research Natural Area .................... 182, 188 

Productivity and biomass accumulations ................ 53-55 

Pseudotsuga menziesii: 

communities .................................. 63, 72, 73, 75, 82, 85, 86, 118, 

119, 134, 135, 140, 142, 143, 

191-192,195,197,300,301, 

304,306,309,311,313 


occurrence .................................... 48,49,52-54, 56, 58, 59, 61, 67, 

68,72-81,89,92,94,95,99, 

103, 104, 111-119, 124, 130­
135, 137, 138, 140, 141, 144, 

147, 148, 155, 161, 163, 168, 

171,172,176,190-196,201, 

202,204,205,284,294,295, 

304,305,306,309 


productivity and biomass ........................ 54 

size and longevity .............................. 48 

successional status ............................. 55,61,70,71,84,87,88,90,99, 


128, 129, 140, 143, 146, 147, 

150, 152, 160, 162, 180, 192­
193,197,198,204,293,312 


zones ......................................... 44,49,50,89,161,162,163, 

183, 190-193, 194, 198, 199, 

227,244 


Pteridium aquilinum: 
communities .................................. 86, 101, 135,259 

occurrence .................................... 61,84,91, 100, 134, 135, 144, 


228,259,295,297,299,312 

Pueblo Mountains .................................... 34 

Puget Sound ........................................ 16,68, 72, 88-90, 295 


Basin ........................................ 17 

Puget Trough ....................................... 70,88,311 

Puget Trough Province ............................... 16-17,42 


geology ....................................... 17 

physiography .................................. 16-17 

soils ......................................... 7,17 


Pumice and volcanic ash ............................. 22,26,28,33,34,36, 170, 179, 

185,186,187,194,195,300 


Mount Mazama ................................ 36, 161, 170, 185, 186 

soilsderivedfrom .............................. 5,17,22,24,26,27,29,176, 


178,179,180,184,185,187, 

262,267,269,284 


"Pumice deserts" .................................... 168, 170, 185, 188,270 

Pumice Desert ....................................... 270 
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Purshia tridentata: 
communities .................................. 166, 173-179, 183, 184, 187, 

188,211,215-216,222-224, 
236,238,244 

occurrence ....................................	165, 166, 167, 173, 174, 178, 
179,183,187,188,192,201, 
209,210 

response to disturbance ......................... 223 

successional status ............................. 180 


Purshia tridentatalFestuca idahoensis Zone ............. 211,212,215-216,218,222-223 

Pyroclastic rocks ..................................... 22,23,24,26, 34 


Quartz diorite ....................................... 13, 18,26 

Quartzite ........................................... 26 

Quartz monzonite .................................... 26 

Queets River ........................................ 11,64 

Quercus garryana: 

communities .................................. 111-114, 192,300,310 

occurrence ....................................	48,72, 111-115, 116, 117, 126, 

128,130-159,168,171,191, 
224,313 

size and longevity .............................. 48 

successional status ............................. 89, 122, 128 


Quercus kelloggii .................................... 111, 112, 114, 116, 117, 118, 

130,131,135,306 


Quercus woodland .................................... 50,53, 111-115, 130-159, 190, 

224 

Quillayute Prairie .................................... 69 
Quinault Research Natural Area ....................... 63,64 
Quinault River ...................................... 11,64 

Rabbitbrush (see Chrysothanmus spp.) 

Rain forest (see Olympic Rain Forest) 

Rain shadow ........................................ 42,82,88,93,110,209,224, 


263,273,276,312-313 
Rattlesnake Hills Research Natural Area ................ 229 
Redcedar, western (see Thuja piicata) 
Reddish Brown Lateritic soils .......................... 7,8,9,11,12,14,16,17,22,24, 

59,71, 110, 134, 137 
description of .................................. 349 

Red fir forests (see Abies magnifica var. shastensis) 
Redwood, coast (see Sequoia sempervirens) 
Regosols '" ......................................... 7-9,14-17,20,22,24,26,27, 

29,32,34,36,71,150,164, 
185,205,223,224,228,262 

description of .................................. 347 
Rhododendron macrophyllum: 

communities .................................. 73,74,86,98 
occurrence .................................... 59,67,68,73, 74, 76, 77, 80, 82, 

84,92,98,140,293,295,306 
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Rhus dil'ersiloba ..................................... 112, 113, 114, 115, 117, 118, 

122, 123, 124, 129, 134, 135, 

144,149,306 


Rhyolite ........................................... 34,35,37 

Riparian communities ................................ 79,110,124-126, 127,227-228, 


245,257,260,261,295 

Rockland ........................................... 7,8,9, 19,22,32,90,93,284, 


285 

description of .................................. 351 


Rock outcrop vegetation .............................. 148,247,263,269,290 


Rock stripes (see stone stripes) 

Rocky Mountains .................................... 42,49,101,105,160,161,185, 


209,214,249,290 

alpine zone .................................... 284,286 
forest types ................................... 49,71, 193,204,207 


Rodent: effect on soil ................................. 264 

Rodent caching: 


of Pinus ponderosa seeds ........................ 182 

of Purshia tridentata seeds ...................... 182,223 


Rogue River ......................................... 24, 129, 139, 153, 155, 157 

valley ........................................ 44, 110-119, 124, 129, 131 


Roman Nose Mountain ................................ 12,90 

Rosa nutkana ....................................... 113, 173, 174, 192,211,213­

215,220,224,297 


Ross Lake ........................................... 291 

vegetation ................................... 312 


Rubus parviflorus .................................... 61,82,84,86, 101, 113, 157, 

205,252,255,257,259,260, 

297,301 


Rubus spectabilis: 
communities .................................. 61,62,86,313 

occurrence .................................... 62,65,66,68, 84, 85, 100,293 

successional status ............................. 61 


Rubus ursinus ....................................... 63,65,74,77,84,134,140, 

142-144, 152, 155, 157 


Rush (see Juncus spp.) 

Ryegrass, perennial (see Lolium perenne) 


Saddle Mountain ..................................... 90 

Sagebrush (see Artemisia) 

Salal (see Gaultheria spp.) 

Salem Hills ......................................... 15, 16 

Saline-alkali vegetation ............................... 245 

Salmon River ........................................ 11 

Salt desert shrub communities ......................... 245 

Sand dunes .......................................... 291,293,294 


communities .................................. 64,230-231,291-294 

plant succession on ............................. 291-295 

soils on ....................................... 13 


Sand Mountain ...................................... 25 

Sand stabilization: 


by colonizers .................................. 291,295 
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Sandstone .......................................... 10-13, 16,22,27,28,35 

soils derived from .............................. 10-12, 17,22 

Swauk ........................................ 20 


San Juan Islands ..................................... 88,89,305,309 

vegetation .................................... 313 


Sanpoil River ....................................... 26, 27 

Santiam River ....................................... 24,57,84,88,127 

Savannas: 


Jllnipems occidentali.'! .......................... 163-167 

Jllllipel'lI,'; ,';coplllol'lllll .......................... 230 

Pill /IS jeft'reyi .................................. 306-307 

Quercils spp. . ................................. 111-115, 122, 126-129 


"Scab flats" ........................................ 239 

Scabland communities ................................ 241 

Schist .............................................. 13, 18,28 


soils from ..................................... 20 

Sclerophyllous shrub communities ...................... 124,134,136,181,201 

Scotchbroom (see CytisliS spp.) 

Scree slopes ......................................... 91,309 

Scrub line ........................................... 248-249 

Second-growth forest ................................. 55 

Sedge (see Ca I'e.!' spp.) 

Seqlloia semperl'il'ells: 


communities .................................. 67-68 

occurrence .................................... 48,54,58,59,64 

productivity and biomass ........................ 54 

size and longevity .............................. 48 


Serpentine .......................................... 13, 14, 116, 135,304-310 

soils derived from ............................. 14, 304-305 


Serpentine communities .............................. 304-310 

Siskiyou Mountains ............................ 306-307 

small, scattered outcrops: 


Grant County, Oregon ...................... 310 

northwestern Washington ................... 309-310 


Wenatchee Mountains .......................... 307-309 

Serpentine indicator species ........................... 304-310 

Serpentine soils: 


characteristics of ............................... 93, 134, 305 

Settlement and cultivation ............................ 55,70,110,119,121,128,132, 


210,218,232,233,238 
Shade tolerance ...................................... 85,88,99,147 
Shale ............................................... 12, 13,22,27,28 

soils derived from .............................. 12-13 

Shadscale (see Atriple.r cOIl/ertljolia) 

Shelterwood cutting (see Forest management and 


sil vicu Itural practices) 

Shrub "garlands" ................................... 230 

Shrub-steppe ........................................ 31,36, 44-45, 51, 110, 172, 173, 


175,183,184,190,209,234 

communities .................................. 214-223, 227-230, 234-247 
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Sierozems ........................................... 8, 9, 29, 32, 34, 37, 164,210, 

218,223-225,228 


description of .................................. 349 

Sierran montane forest ............................... 49 

Siltstone ............................................ 10,12,13,16,18,22,27,28,35 


soils derived from .............................. 12-13 

Silver Lake .......................................... 187, 190,238,239,243,246 

Silver Star Mountain ................................. 311 

Siskiyou Mountains .................................. 13,42,93, 103, 110, 114, 118, 


119, 130, 131, 135, 136, 137, 

143, 150, 152, 154, 157, 158, 

305,306-307 


Sitanion hystrix ..................................... 121, 148, 149, 158, 159, 165, 

166,167,175,177,178,180, 

183,187,190,196,208,216, 

235,239,241,243,244,245, 

272 


Size and longevity of plants ............................ 48,53-55,65 

Skagit River ........................................ 291 


vegetation .................................... 312 

Skykomish River ..................................... 18 

Slate ............................................... 9, 18,26,28 

Snake River ......................................... 27,220,223,229,230 

Snoqualmie Pass ..................................... 21,42 

Snow: 


avalanches .................................... 100 

depth ........................................ 102, 150,205,208,249,261, 


283 

duration ...................................... 94, 103,233,259,264,270, 


277,280,283,290 

fall .......................................... 42, 253 


Snowberry (see Symphoricarpos spp.) 

Snowbrush (see Ceanothus velutinus) 

Snowfields .......................................... 19,262,284,285,287,289, 


311 

Soils ............................................... 5-38, 88-90 


Abies concolor Zone ............................ 150 

Abies grandis Zone ............................. 194-195 

Abies lasiocarpa Zone .......................... 205 

Abies magnifica var. shastensis Zone .............. 155 

genesis ....................................... 5, 19 

Interior valleys of western Oregon ................ 110-111 

Juniperus occidentalis Zone ..................... 164 

Mixed Conifer Zone ............................ 137 

Mixed Evergreen Zone .......................... 134 

Picea sitchensis Zone ........................... 59 

Pinus contorta Zone ............................ 185-187 

Pinus ponderosa Zone .......................... 170 

Pseudotsuga menziesii Zone ..................... 191 

sources of information .......................... 7 

steppe and shrub-steppe of Columbia Basin ......... 210 
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steppe and shrub-steppe of central and southeastern 

Oregon ········ ............................. 236,238,239, 240, 242, 244, 


247 

subalpine meadow communities .................. 253,261-262,278 

Tsuga heterophylla Zone ........................ 71,78,79,80,202 

Tsuga mertensiana Zone ........................ 102 


Soleduck River ...................................... 11 

Solifluction .......................................... 286 

Solonchak soils ...................................... 8,9,210 


description of .................................. 350 

Solonetz soils ........................................ 8,9,34,210,218,219,220 


description of .................................. 350 

Sols Bruns Acides .................................... 7,8,11,12,59,71,111 


description of ................................. 349 

South Umpqua Experimental Forest .................... 140 

South Umpqua River ·· ............................... 24, 140, 143, 144, 145 

Southern Washington Cascades Province ................ 21-23 


geology ....................................... 22 

physiography .................................. 21 

soils ......................................... 8,22-23 


Southwestern Oregon ................................. 49,67,68, 130-159 

Spiny hopsage (see Grayia spinosa) 

Spruce, Engelmann (see Picea engelmannii) 

Spruce, Sitka (see Picea sitchensis) 

Squirreltail (see Sitanion spp.) 

Steamboat Mountain Research Natural Area ............. 107-109 

Steens Mountain · .................................... 34,35,163, 246, 247, 249 

Steppes ............................................. 36,44-45,51,90, 163, 168, 172, 


173,175,183,184,191,209 

communities .................................. 214-216,219-220,223 


Stillaguamish River .................................. 18,309 

Stipa comata ........................................ 165, 173, 174, 175,214,215, 


216,224,225,230,243 

Stipa occidental is ....................................	148, 149, 158, 159, 175, 177, 


178,180,184,187,188,196, 

208,239,243 


Stipa thurberiana .................................... 165-167, 187,209,214,216, 

236,241,242,244 


Stone nets .......................................... 286 

Stone stripes ........................................ 157,286,289 

Store Gulch Research Natural Area (proposed) ........... 135 

Strand ............................................. 64 


communities .................................. 291-294 

Strawberry Range ................................... 27,310 

Subalpine Zones ..................................... 44-45,49,248-290 


closed forest ................................... 44, 101-108 

dynamics at forest-meadow ecotones .............. 108-109,281-284 

meadows ...................................... 248-272 

parkland ...................................... 248-290 


Sucia Island ......................................... 313 

Sumac (see Rhus spp.) 

Sunrise Ridge ....................................... 275, 277, 278, 285 
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Swamp ............................................. 64,68-69,89,93 

Swordfern (see Polysticllllill spp.) 

SYlllphoricarpos albus ................................ 82,89,111,112,113, 117, 122, 


173,174,175,176,180,191, 

192,196,209,213,214,215, 

216,220,221,222,224,227, 

313 


Talus ............................................... 101, 157,262,284,309 

Talus communities ................................... 229-230 


AceI' circillatlllll dominated ...................... 91 

Tanoak (see Litlwcarplis dellsljfol'lls) 

Teanaway River ..................................... 308 

Temperate coniferous forests ........................... 52-101 


uniqueness .................................... 53-55 

Temperate Zones ..................................... 49 

Temperature gradients ............................... 47, 130 

Temperature growth index ............................ 50 

Terminology, ecological ............................... 1 

Terraces, stream ..................................... 14,16,38,64,67,68,78,81,93, 


140, 184 

glacial derived ................................. 26 


Three-Fingered Jack ................................. 25 

Three Sisters ........................................ 23,25, 249, 250, 269 

Tlwja pi ica ta: 

communities .................................. 202,204,311,312 

occurrence ....................................	48,49,53,58,59,61,67-69,72, 


74,76-79,81,82,92,94,99, 

104, 116, 139, 161, 163, 194, 

201,202,204,294,295 


size and longevity .............................. 48 

successional status ............................. 64,70,87,88,147,160,198, 


202,204,312 

Tidal flats ........................................... 291 

Tideland communities ................................ 291,294-296 

Tillamook burn ...................................... 56 

Timberline .......................................... 44-45,249 


vegetation .................................... 272-276 

Torriorthents ........................................ 225 

Torripsamments ..................................... 8,32 


description of .................................. 343 

Tree invasion (see Subalpine, dynamics and prairies and 


forest-meadow ecotones) 

Trask River ......................................... 11,80 

Tree clump development (at timberline) ................. 276-281 

Tree line ............................................ 248 

Trielltalis latifolia .................................... 74,75,79,84,85,86, 134,145, 


152,157,312 

Trout Creek Mountains ............................... 34 

True fir (see Abies spp.) 
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Tsuga hetel'Ophylla: 

communities ·············· ....................	59-61,64-67, 70-93, 94, 98,140, 

141,142,143,202-204,304, 

310,311 


occurrence ....................................	48,49,52,53,54,58,60,69, 

70-93, 94, 95, 104, 125, 130, 

139, 141, 144, 161, 163, 194, 

201-204,284,295,304 


size and longevity .............................. 48 

successional status ······ ....................... 61-63,64-67,68,70, 79,82-88, 


93,99,100,140,143,147,160, 

162,198,204,293,312 


zone .......................................... 44,49,50,53,54,57,58,68, 

70-93, 94, 137, 140, 161, 163, 

201-204,302,312 


Tsuga mertens/alia: 

communities .................................. 	101-109, 156, 157,267,268, 

277,278,311 


occurrence ·· ..................................	48,94, 101-109, 130, 155, 160, 

161,163,194,195,205,248, 

262,266,269,272,273,274, 

277,278,279,281,309 


size and longevity .............................. 48 

successional status ............................. 106-108, 157, 158, 162,207, 


280-281 

zone ..........................................	44,46,49,50,53,57,58,93, 


101-109, 154, 155, 163, 194, 

202,204,205,266,277 


Tuff ................................................ 12, 13,22,24, 28, :33, 34 

Tundra soils ......................................... 24 

Twin Creek Research Natural Area ..................... 65 

Twin Lakes ......................................... 199 

Twin Sisters Mountain ............................... 309 

Tyee Mountain ...................................... 90 


Udiftuvents ......................................... 7,11 

description of .................................. 342 


Ultramafic rocks ..................................... 13,27, :304-310 

Umpqua River ....................................... 71,127,129, 139, 15:~, 155, 


157 

valley ··············· ......................... 44, 110-119, 126, 129 


Vaccillilllll deiicioslIlII ................................ 105,251,252,253,254,255, 

256,258,261,262,265,266, 

267,268,269,278,281,288 


VOCCillill1ll lIIelllbmnocell III ········· ................... 79,80,96,98, 104, 105, 106, 

107, 142, 144, 158, 195, 196, 

197,202,205,206,207,266, 
267,268,277,278,284,312 

VOCCillill1ll ()l'ai({o/illill ······· .........................	61,65,79,82,95,96, 98,105, 
155,156,157,158,278 

~Y((CCillilllll ()l'atllill ··········· ........................	59,67,68,69,80, 85, 86,135, 
293,295,299 
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Vaccinium parvifolium ................................	59,61,65,69,74,77,80,82,85, 
86,96,306,312 

Vaccinium scoparium ................................. 	106,155,156,157,158,205, 

206,207,269,272,281,288, 

290 


Valeriana sitchensis .................................. 106, 153, 158,251,252,254­
258,260,262,265,287 


Vttrandepts ......................................... 7,8,9, 17,22,26,27,29,34,37, 

71,150,170,185,194,223, 

224 


description of .................................. 344 

Volcanoes ........................................... 18,21, 22, 25, 33, 36 


volcanic ash, soils .............................. 20,22,23 


Wallowa Mountains ................................	27,28, 160, 168, 190, 191, 192, 

195,197,202,204,244,249, 

250,271,272,273 


Warner Mountains ................................... 249 

Wasatch Mountains .................................. 153 

Wenatchee Mountains ................................ 250, 305, 307-309 

Western Brown Forest soils ........................... 7,8,9,11,12,14,16,20,24,71, 


134,137,150,170,194 

description of .................................. 349-350 


Western Cascades Province ............................ 16,23-24,71,93,101,149,151, 

153 


geology ....................................... 24 

physiography .................................. 23 

soils .......................................... 8,24 


Western yellow pine (see Pinus ponderosa) 

Wheatgrass, bluebunch (see Agropyron spicatum) 

Wheeler Creek Research Natural Area .................. 67 

"White fir phase" (see mixed conifer forests) 

Wickiup Springs Research Natural Area (proposed) ....... 156 

Wildcat Mountain Research Natural Area ............... 95,99, 105 

Wildryes (see Elymus spp.) 

Willamette Floodplain Research Natural Area ............ 122, 123 

Willamette River .................................... 16,24, 124, 125, 157 

Willamette valley .................................... 71,89, 110-123, 126, 128, 129, 


311 

Willamette Valley Province ............................ 15-16,42,44 


geology ....................................... 16 

physiography .................................. 15-16 

soils .......................................... 7,16 


Willapa Hills ........................................ 11, 12 

William L. Finley National Wildlife Refuge, Oregon ....... 114, 123, 126, 128 

Willow (see Salix spp.) 

Wilson River ........................................ 11,80 

Wind River ......................................... 300,311 

Wind River Research Natural Area ..................... 69,97 

Winterfat (see Eurotia lanata) 

Winter Ridge ........................................ 34 

Wolf Creek Research Natural Area ..................... 192 
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Woodrush (see Luzula spp.) 

Xerochrepts ......................................... 7,8,11,14,15,20,27,202 

description of .................................. 344 


Xerophyllum teflax: 

communities ········ .......................... 95,205,267,284, 300, 302 

occurrence ·········.···· ......................	74,76,79,80, 82, 91, 95, 96, 97, 


98, 100, 104, 105, 106, 135, 

143,205,281,301,306 


successional status ............................. 207 

Xerophytic Zones ................................... 49 

Xeropsamments ··········· .......................... 7,8,16,20,22, 27, 224 


description of .................................. 343 

Xerorthents ··············· .......................... 8,32, 224 


description of .................................. 343 

Xerorthents (shallow) ................................ 32 


description of .................................. 343 

Xerumbrepts ················· ....................... 7,8,16,17, 24,71,111,137 


description of .................................. 344 


Yamhill River ....................................... 11, 12 


Zones .............................................. 46-47,49-51 
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COMMENTARY AND 

BIBLIOGRAPHIC SUPPLEMENT 


Jerry F. Franklin 
Chief Plant Ecologist, USDA Forest Service, Pacific Northwest Research Station, 
Forestry Sciences Laboratory, Corvallis, OR, and Bloedel Professor of Ecosystem 
Analysis, College of Forest Resources, University of Washington, Seattle, W A 

Tawny Blinn 
Editorial Assistant, USDA Forest Service, Pacific Northwest Research Station, For­
estry Sciences Laboratory, Corvallis, OR 

Major advances have occurred in our understanding of the vegetation of the 
Pacific Northwest since Natural Vegetation of Oregon and Washington was pub­
lished in 1973. These advances are reflected in the large number of articles and 
reports published in the last 15 years; this supplemental bibliography contains more 
than 500 citations compared to only about 400 in the original book. 

We have included all relevant literature citations of which we are aware including 
some currently in press. We have tried to be comprehensive regarding vegetative 
communities and their distribution, including successional dynamics. The coverage is 
exemplary only regarding ecosystem analysis, autecology, and plant population 
ecology. We will appreciate readers bringing omissions to our attention. 

Plant Community Analysis and Classification 
The most comprehensive advance during the last 15 years has been in our 

understanding of plant communities, including their composition, distribution, and 
relation to the environment. The greatest single contributor to this advance has been 
the Area Ecology program of the U.S. Department of Agriculture, Forest Service. 
Trained plant ecologists have now sampled and classified vegetation on every na­
tional forest in Oregon and Washington. The program was created by Frederick C. 
Hall, based on the work and philosophy of R. F. Daubenmire. Vegetation classifica­
tions are now available as processed reports for every national forest (see the litera­
ture citations under Atzet, Brockway, Hall, Halverson, Hemstrom, Henderson, 
Hopkins, C. Johnson, Topik, Volland, and Williams) as are large, compatible syneco­
logical data sets. 
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Vegetation analysis has also been conducted by other individuals and institu­
tions. Major examples include classifications in Olympic, Mount Rainier, and North 
Cascades National Parks (e.g., Agee and Pickford 1985, Franklin and others 1987a, 
Smith and Henderson 1986), Bureau of Land Management areas in southwestern 
Oregon (e.g., Wheeler and others 1986a, 1986b), and studies at various universities 
(e.g., del Moral 1979b, del Moral and Long 1977, Frenkel and Heinitz 1987, Kratz 
1975). 

Wetland communities, especially salt marshes, have finally begun to receive the 
attention they deserve. Studies have examined not only composition of salt marsh 
communities and its relation to environmental gradients (e.g., Disraeli and Fonda 
1979, Eilers and others 1983, Ewing 1983), but also the effects of diking and dike 
removal (e.g., Mitchell 1981). Mountain wetlands, riparian vegetation, and lowland 
bogs have been studied (e.g., Campbell and Franklin 1979, Frenkel and others 1986, 
Kovalchik 1987, Padgett 1982). 

Subalpine and alpine meadow communities have always been favorite subjects of 
ecologists. Efforts to describe these communities have continued (e.g., Douglas and 
Bliss 1977, Henderson 1974, Mairs 1977), with increased attention to the impacts of 
human and other animal use (e.g., Schreiner 1982). Population studies of these 
communities have been conducted, especially by del Moral and his associates in the 
meadows of the Olympic Mountains. 

Disturbance Ecology 
Research in the Pacific Northwest reflects the increased interest in effects of 

disturbance on vegetation patterns, processes, and rates of recovery. Catastrophic as 
well as small-scale disturbances have been examined. Approaches have included 
modeling (e.g., Dale and others 1986), chronosequences (e.g., Oliver and others 1985), 
and stand-age reconstructions (e.g., Franklin and Hemstrom 1981). 

The most notable disturbance in the region was the catastrophic eruption of 
Mount St. Helens on May 18. 1980. which precipitated major studies of successional 
patterns and processes in affected regions (Bilderback 1987; Keller 1982, 1987). 
Included were studies on the devastated region close to the mountain (e.g., Wood and 
del Moral 1987), as well as in the ashfall areas in the Cascade Range (e.g., Antos and 
Zobel 1985, Zobel and Antos 1986) and in eastern Washington (e.g., Mack 1981a). A 
major surprise was the importance of biological legacies-living organisms and 
organic materials including woody debris-in determining rates and pathways of 
recovery (e.g., Franklin and others 1985). Reviews of the Mount St. Helens research 
have been made covering one (Keller 1982) and five (Keller 1987) years of recovery. 

Other disturbances that have received much attention are wildfire, exotic inva­
sions, grazing, and clearcutting. Fire histories have been analyzed for several geo­
graphic regions (e.g., Hemstrom and Franklin 1982; Stewart 1986a, 1986b); they 
suggest that both large- and small-scale fires have been important. Mack, Rickard, 
and their associates have analyzed the invasion of Bromus tectorum L. (cheatgrass 
brome) in the steppic regions east of the Cascade Range. Succession after clearcutting 
continues to receive attention and has been the subject of long-term studies on 
permanent sample plots (Halpern 1987). Research on tree mortality and the role of 
forest gaps in northwestern forests is just getting underway. 

Paleobotanical studies provide a long-term context on climatic and vegetational 
dynamics. Such research has continued to contribute to our regional knowledge 
through a variety of techniques including pollen analysis (e.g., Mack and others 
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1979), tree-ring analysis (e.g., Brubaker 1980), forest aging (e.g., Yamaguchi 1978), 
and macrofossils (e.g., Dunwiddie 1987). 

Ecosystem Processes 
In the last 15 years, we have made great strides in our understanding of struc­

ture and function in northwestern ecosystems, both forest and steppe. The Interna­
tional Biological Program's (lBP) Coniferous Forest Biome and Grassland Biome 
projects, which were in progress in 1973, have now been completed and have spawned 
numerous successor research projects. Forest work was focused in the Cedar River 
watershed in the Washington Cascade Range and in the H.J. Andrews Experimental 
Forest in the Oregon Cascade Range; shrub-steppe research was conducted primarily 
at the Hanford reserve in eastern Washington (e.g., Rickard 1985). These studies 
expanded understanding of productivity and its relation to the environment (e.g., 
Fujimori and others 1976, Gholz 1982, Grier and Logan 1977, Grier and Running 
1977, Waring and Franklin 1979), belowground processes (e.g., Vogt and others 
1981a, 1981b, 1981c), canopy processes (Massman 1982, Nadkarni 1984), the ecologi­
cal roles of coarse woody debris (standing dead trees and downed boles) (e.g., Harmon 
and others 1986, Maser and Trappe 1984), and the influence of individual tree species 
on soil properties (e.g., Turner and Franz 1985a, 1986). Major progress reports have 
been published on the IBP-related research (Edmonds 1980, Waring 1980). 

Ecosystem studies have also been conducted in the Olympic rain forest. Topics 
include succession (e.g., Luken and Fonda 1983), forest-river interactions (e.g., Starkey 
and others 1982), nurse-log phenomena (Harmon 1987), and interactions between elk 
and vegetation. 

Composition, structure, and function of old-growth forest ecosystems have been 
studied intensively (e.g., Franklin and others 1981, Juday 1977), especially west of 
the Cascade Range where old-growth forests have become a major land-use issue. The 
role of such forests as habitat for specialized animal species is of concern. Preserva­
tion of such forests is increasingly viewed as a landscape issue (e.g., Franklin and 
Forman 1987, Harris 1984). 

Scientific Reserves 
Significant progress has been made during the last 15 years in the establishment 

of scientific reserves to represent the major vegetation types of Oregon and Washing­
ton. A multi-institutional regional plan (Dyrness and others 1975) was an important 
step, which has been followed by more detailed State plans (Oregon State Land 
Board 1981, Washington State Department of Natural Resources 1987). Research 
natural areas and scientific reserves have nearly doubled (Greene and others 1986), 
with areas established by six Federal agencies, the State of Washington, and The 
Nature Conservancy. This effort has been aided by the development of natural 
heritage data bases through the cooperative efforts of The Nature Conservancy and 
the State governments. 
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Future Research Needs 

Information on the vegetation of the Pacific Northwest will probably continue to 

develop at a similar rate during the next decade as it has during the last. Although 
some shifts in topical and regional emphasis are occurring, total research appears to 
be increasing modestly. Clearly, a shift toward more detailed studies of processes and 
more use of experimentation and modeling has occurred. 

Some major research needs that should be addressed include synthesis and 
collation of plant-community data; analysis of successional patterns, including atten­
tion to mUltiple pathways and detailed stand reconstructions; regional analysis of 
disturbance patterns including additional paleobotanical studies; and expanded aut­
ecological and popUlation studies of important species, including other than the 
dominant life forms. An absolutely critical need in all of this research will be the 
development of long-term data sets on successional changes, populations, and eco­
system processes. Without such sustained efforts, information essential to develop­
ing and testing ecological theories will not be available. 
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