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Riparian communities in the southern portion of Malheur National
Forest were intensively studied with the objective of designing an approach for

classifying disturbed riparian areas into units of similar potential. Not all
riparian community types in this portion of the Blue Mountains were sampled

due to time limitations. Some of the major community types sampled
included: Baltic rush (Juncus balticus) communities; Kentucky bluegrass (Poa
pratensis) communities; beaked sedge (Carex rostrata) communities; water
sedge (Carex aquatilis) communities; mountain alder (Alnus incana)

communities; and various willow communities (Salix geyeriana, Salix exigua

ssp. exigua, Salix rigida var. mackenziana, and Salix lemmonii). Sites were

selected to maximize geographic variation.

Piezometers were placed at each site to determine depth to water
table. Soil temperature at depths of 15 cm and 50 cm and water table depth
were measured semi-weekly. Plant frequency and understory cover by species
were determined using 25 cm square plot frames along three 10 m transects in
each community sampled. Belt transects were run to determine tree and shrub
densities. Tree cover was determined using a hand-held densiometer and the
line-intercept method was used for shrub cover. Soils were described and

samples were collected from each horizon for laboratory determination of
percent organic carbon, soil texture, and reaction (pH). Ordinations of plant
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correlation analysis as well as through canonical correlation of a species
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water table and soils data were employed in separating these communities into
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riparian dominance types may improve management of riparian zones in this
part of the Blue Mountains and the use of these types is encouraged.



ECOLOGY OF RIPARIAN PLANT COMMUNITIES
IN SOUTHERN MALHEUR NATIONAL FOREST

by

Wayne George Padgett

A THESIS

Submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of
Master of Science

Completed October 26, 1981

Commencement June 1982



APPROVED:

Redacted for Privacy
Professor of Rangeland Resources in charge of major

Redacted for Privacy
Head of Department of Rang'and RegJurces

Redacted for Privacy

Dean of Graduate hool

Date thesis is presented October 26, 1981

Typed by Deborah L. Pirkl for Wayne George Padgett



ACKNOWLEDGEMENTS

I would like to express my appreciation to those who were very helpful

through various aspects of this study. Dr. A.H. Winward, my major professor,

provided assistance from initiation and design of the project to the final draft of

the thesis. I would also like to thank Dr. Winward for his continued interest and

aid in my project after his leaving Oregon State University in the Fall of 1980. I

would especially like to thank George Evans, Rick and Barb Forsman, L.G.
Zelley, Red Campbell, and Ernie Kehrberg of the U.S. Forest Service for their

technical and moral support during my summer field seasons in Malheur National

Forest. Dr. Robert Frenke! and Dr. Gerald Simonson, as members of my
graduate committee generously offered much assistance during analysis and
interpretation of the data and on through the final draft of the thesis. Brad

Smith of the Forest Science Lab in Corvallis offered a great amount of his
personal time towards the computer ordination of my data. I would like to thank

Washington University Press for granting me the right to use illustrations by
Jeanne R. Danish from Vascular Plants of the Pacific Northwest by Hitchcock et

al. (1969). I would like to thank Beverly Clark and Susan Doescher for their
assistance in typing early drafts of the thesis and the Forest Service report. The

final draft of the thesis was typed by Deb Pirkl, Debi Shreve, and Jim Pieri of

HDR Sciences in Santa Barbara, California. I thank them for doing a terrific job

and putting up with those last minute changes. Finally, I would like to thank my

parents and the entire faculty, staff, graduate students, and their spouses for
providing an exceptional learning environment and endless support.



TABLE OF CONTENTS

Page

INTRODUCTION 1

OBJECTIVES 3

STUDY AREA 4

Location 4

Geology 4

Climate 7

Vegetation 7

Soils 7

LITERATURE REVIEW

Characteristics of Riparian Zones 10

Importance of Riparian Zones 11

Wildlife 11

Fisheries and Stream Ecosystems 11

Livestock Grazing 12

Other Uses 13

Classification 13

Literature and Information Pertinent to Study Area 15

Riparian Soils 15

Ecological Concepts 16

The Individualistic Approach 17

Ordination 17

Monoclimax 18

Polyclimax 18

The Habitat Type Concept 19

Riparian Dominance Types 19



METHODS

Page

21

Reconnaissance 21

Vegetation 22

Soils 24

Other Data 27

Data Analysis 27

RESULTS AND DISCUSSION 29

Analysis of Community Data 29

Soil Classification 29

Vegetation Structure 33

Ordination 33

Canonical Correlations 45

The Classification System 47

Key to Riparian Dominance Types 48

Quaking Aspen r.d.t. 52

Moist Aspen Phase 52

Xeric Aspen Phase 53

Mountain Alder r.d.t. 56

Mountain Silver Sagebrush r.d.t. 58

Willow Riparian Types 61

Coyote Willow r.d.t. 61

Mackenzie Willow r.d.t. 62

Geyer Willow Meadow r.d.t. 65

Geyer Willow Stream r.d.t. 66

Lemmon's Willow r.d.t. 68

Willow Ecology 69

Management 70

Kentucky Bluegrass Meadow r.d.t. 71

Baltic Rush r.d.t. 73



Page

Water Sedge r.d.t. 75

Beaked Sedge r.d.t. 77

Other Riparian Communities 79

Communities Patterns and Trends 80

CONCLUSIONS 89

LITERATURE CITED 91

APPENDICES 99



LIST OF FIGURES

Page

1. Location of riparian study area within Malheur National

Forest. 5

2. A generalized view of the geology found within the study

areas in Malheur National Forest.

3. Nested microplot used in sampling plant frequency and cover.

6

23

4. Line and belt transects used in macroplots for sampling

density of shrubs and trees and frequency and cover of

riparian species. 23

5. Modified piezometer used in measuring depth to water table. 25

6. Two-dimensional view of species scores from detrended

correspondence analysis. 39

7. Two-dimensional view of sample scores from non-transformed

data for stands. 43

8. Ecological relationship between Salix exigua ssp. exigua and

Salix rigida var. mackenzieana. 64

9. Some community patterns associated with gradients
measured in the field (depth to water table, soil texture). 81

10. Quaking aspen community that has been eliminated by actions

of beaver as well as heavy grazing. 82

11. Beaked Sedge r.d.t. with Mackenzie willows growing on drier

ground. 82



12. Baltic Rush r.d.t. bordering a Beaked Sedge r.d.t.

13. Aspen stand with low shrub cover and little invasion by

conifers. Most aspen regeneration is browsed in this

community.

Page

83

85

14. Aspen stand with higher aspen regeneration and invasion of

conifers. 85

15. Relationship between Salix rigida var. mackenzieana and

Salix exigua ssp. exigua dominated communities. 86

16. Mountain Silver Sagebrush r.d.t. found in a meadow bordered

by Pinus ponderosa community on the upland side and by a

Water Sedge r.d.t. on the more moist side.

17. Geyer Willow Meadow r.d.t. with understory dominated by
Carex aquatilis. Stunted conifers range from 39 to 73

years of age.

88

88



LIST OF TABLES

1. Monthly mean temperatures and precipitation for a 12-year

Page

period recorded at Seneca in Grant County, Oregon. 8

2. Classification of riparian soils to the subgroup level

and their taxonomic criteria. 30

3. Cover and frequency values of some riparian plant species

within each intensively sampled community. 34

4. Correlations between environmental data and axes from

detrended correspondence analysis. 42

5. Factor structure from canonical correlation analysis. 46



LIST OF APPENDICES

Page

A. Riparian communities studied with site identifications and

sequence numbers for each site. 100

B. Partial list of riparian and upland plants found within the
riparian zones of the study area. 103

C. Soil classification for riparian sites and description of

soils. 113

D. Stand and species ordinations using the detrended
correspondence analysis program DECORANA. 122

E. Illustrations of some important riparian plant species
found in southern Malheur National Forest. 128

F. Tree and shrub densities by species within each intensively

sampled community. 141



ECOLOGY OF RIPARIAN PLANT COMMUNITIES

IN SOUTHERN MALHEUR NATIONAL FOREST

INTRODUCTION

In the forested zones of eastern Oregon, as with many areas around the
United States, riparian zones make up a small, albeit important, percent of the
total land area. They are important parts of the landscape for several reasons.
They may provide food, water, shelter, and nesting habitat for many wildlife
species. They are typically aesthetically pleasing. They are often used for
various forms of recreation. They commonly provide high quality and quantity
of forage for livestock and wildlife. Because of the high desirability for these

areas, they are often overutilized and abused. Similarly, because of their

desirability in multiple-use management, it is becoming more and more
important to study and begin to understand the ecology of the riparian
ecosystems.

Variability is high among riparian plant communities within any given
geographic area; this variability is multiplied as the distance is increased
among riparian communities. This makes the study, analysis, and interpreta-

tion of data acquired from riparian areas difficult. Conclusions drawn from

one area may be totally unacceptable for another.

The classification of riparian plant communities using current methods
for habitat typing and community typing is nearly impossible. These methods
require that stands of relatively undisturbed, climax plant communities be
available for study. Because of their proximity to the ever-changing stream
channels, they are subject to natural forces of destruction. Grazing by

livestock, at improper seasons and intensities has often prevented riparian
communities from approaching a climax status. For this reason a system for
classifying disturbed riparian plant communities based on the potential of a

site to support such communities was considered necessary. This study was

designed for developing such a classification system for riparian zones in the

southern portion of Malhuer National Forest. It has attempted to identify and
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measure those biotic and abiotic factors important in the development of
various riparian plant communities in this part of the forest. The

understanding of these interactions may aid future land management plans
that include riparian zones and give some insight to their proper use.



3

OBJECTIVES

The objectives of this study were to:

1. Design an approach for classification of disturbed riparian areas
into units of similar potential (riparian dominance types).

2. Test the riparian classification approach on portions of the study
area and develop a key for riparian types in the southern Malheur
National Forest.

3. Develop management recommendations based on the ecological
features of each riparian type with special emphasis on improving
watershed characteristics.
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STUDY AREA

Location

Situated in the Burns District of Malheur National Forest, this study was

conducted along the Silvies River, perennial and intermittent tributaries of the

Silvies River, and in meadows associated with these tributaries. Three grazing

allotments (Big Sagehen, Myrtle, and Bridge Creek) were included in the study.

These allotments are located in both Harney and Grant counties of eastern

Oregon, approximately 32 km (20 mi) north of Burns on U.S. Highway 395 and

extend 32 km (20 mi) north (Figure 1).

Elevation of these allotments range from 1,360 m (4,462 ft) in the south
to 1,950 m (6,400 ft) in the north. Riparian study sites ranged in elevation
between 1,365 m (4,480 ft) and 1,610 m (5,280 ft).

Geology

The Silvies River is a major drainage system found in the southern
portion of the Blue Mountain Physiographic Division of Oregon (Carlson 1974).

A general view of the geology of the study area may be seen in Figure 2.

Jurassic rocks of the Mesozoic Era (136 to 195 million years old) make up

a large portion of the Bridge Creek, Big Sagehen Creek, and Little Sagehen
Creek study sites. Formations of the Jurassic Period in central Oregon are
predominantly sedimentary in character (Lupher 1941). Sedimentary and

metasedimentary rocks in this area often range from soft to hard and are
highly fractured (block and platy) with colors ranging from gray to brown
(Carlson 1974). Carlson found these rocks to be "steeply folded and faulted."

Tertiary lavas 3 to 65 million years old, often forming only thin cover, as

well as Quaternary alluvium (less than 3 million years old) may be found
throughout the remainder of the study area (Lupher 1941).
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Climate

The southern portion of Malheur National Forest typically has cold,
moist winters and warm, dry summers. Table 1 shows the 12-year average for
mean monthly temperature and precipitation at Seneca, Oregon, approxi-

mately 16 km (10 mi) north of the study area. Winter precipitation is

commonly in the form of snow, which may persist on the ground for extended

periods of time during the winter months.

Summer precipitation comes often from localized, high intensity

thunderstorms that usually last only short periods of time. Although the
summer temperatures are warm, occasionally reaching temperatures greater
than 90°F (32°C), there is a possibility of frost during every month of the
year.

Vegetation

Due to the range of elevation and variable soils in the study area, upland
vegetation was represented by numerous plant communities. Mountain big

sagebrush (Artemisia tridentata ssp. vaseyana) communities and ponderosa
pine (Pinus ponderosa) communities were common especially in the southern,
lower elevations. On more xeric sites low sagebrush (Artemisia arbuscula),
early low sagebrush (A. longiloba), and stiff sagebrush (A. rigida) communities

were found. Douglas-fir (Pseudotsuga menziesii) - ponderosa pine/elk sedge
(Carex geyeri) communities were common in each allotment. At higher
elevations this community graded into mixed conifer/pinegrass (Calamagrostis
rubescens) communities with grand fir (Abies grandis) and/or white fir (A.
concolor), Douglas-fir, ponderosa pine, and occasionally western larch (Larix
occidentalis) as dominant overstory species. Evidence of a cold air drainage
basin was seen along Bridge Creek where lodgepole pine (Pinus contorta)
dominated the overstory.

Soils

Riparian soils in Malheur National Forest have received only minimum
investigation prior to this study. Carlson (1974) described wet meadowland
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Table 1. Monthly mean temperatures and precipitation for a 12-year period
recorded at Seneca in Grant County, Oregon.

Location: Seneca Elevation 1,420 m (4,660 ft)
Period 1938-1960

Month Mean Temperature Precipitation
oF °C In. Cm.

January 23.6 -4.6 1.75 4.45
February 24.1 -4.4 1.17 2.97
March 31.0 -0.6 1.19 3.02
April 40.5 4.7 .97 2.39
May 46.8 8.2 1.19 3.02
June 53.5 11.9 .94 2.39
July 60.4 15.8 .32 .81
August 56.9 13.8 .33 .84
September 49.9 9.9 .64 1.63
October 42.2 5.7 .89 2.26
November 31.5 0.3 1.02 2.59
December 25.6 -3.6 1.54 3.91
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soils in Malheur National Forest as generally greater than 91 cm (36 in.) deep
with surface layers high in organic matter or peats. Texture of these sites was
described as silt loams to clay loams, silty clay loams and some clays. These
areas with slopes from 0 to 15 percent remain wet throughout the year.

Carlson also described soils in moist and dry meadows. Soil depth in
these sites is greater than 61 cm (24 in.) with surfaces soils generally high in
organic matter. Texture of these sites ranged from silt loams, loams, and clay
loams to some clays. Slope on these areas was from 0 to 15 percent and may
or may not be sub-irrigated during the growing season.

More detailed description of some riparian soils are included in the soils
discussion section of this report and may be used in conjunction with the above
discussion by Carlson.
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LITERATURE REVIEW

The current increase in the study of riparian zones has resulted in a
number of definitions being introduced. These definitions seem to vary
depending on the particular aspect of riparian zones being investigated:
whether being considered as habitat for wildlife; the zone of impact on the
stream channel itself; or the vegetation that is dependent on, or obligate to,
the soil moisture associated with riparian zones. Since this is a study of
riparian plant communities Carter's (1978) definition has been chosen: "Those
areas associated with streams, lakes, and wet areas where vegetative
communities are predominantly influenced by their association with water."

Characteristics of Riparian Zones

Since most plants of riparian communities have no adaptive structures
for conserving water they cannot exist without ground or surface water
(Campbell 1970). Riparian ecosystems are unique in their combination of high
species diversity, species density, and productivity (Brown et al. 1978;

American Fisheries Society 1980) and are noted for their large energy,
nutrient and biotic interchanges with the aquatic and terrestrial ecosystems by
which they are bound (Odum 1978).

Variability among riparian plant communities is quite high due to the
possible combinations of water sources with the physical characteristics of a
given area (Thomas et al. 1979a). Gradient, aspect, topography, soil, type of
stream bottom, water quality, and elevation all interact in various ways with
the plant communities.

Thomas et al. (1979a) also stated that all riparian zones associated with
forest ecosystems of the Blue Mountain region of eastern Oregon have the
following characteristics in common:

1. They are well-defined habitat zones surrounded by much
drier ecosystems.

2. They make up only a minor proportion of the total land area.



3. Plant and animal biomass is generally greater than that of
the surrounding areas.

4. They create a critical source of diversity within the forest
ecosystem.

Importance of Riparian Zones

Wildlife

11

Schneegas (1975) stated that the policy of the U.S. Forest Service is to
"develop an effective balanced program for all wildlife and fish species."
Thomas et al. (1979a) felt that "riparian zones are the most critical wildlife
habitats in the Blue Mountains." In southeastern Oregon about 80 percent of
the terrestrial species of wildlife are directly dependent upon riparian habitats
or use them relatively more than any other habitat in the same area (Thomas
et al. 1977). Of the 378 terrestrial species found in the Blue Mountains 285
are similarly dependent on riparian ecosystems (Thomas et al. 1979a). Though
many larger animals may spend a majority of their time in upland communi-
ties, they require accessibility to stream and lake margins for their survival.
There are, as well, many small species of animals that are endemic to riparian
habitats (Odum 1978).

Fisheries and Stream Ecosystems

Campbell and Franklin (1979) found that vegetation along small streams
was important in nutrient cycling and in supplying the detrital substrate
important in maintaining instream systems. Riparian communities are also
critical for the stabilization of stream channels and for fisheries (Mueggler
and Stewart 1980).

Water temperature is one of the most important factors affecting the
physiology of fish (Patton 1973). Fish are poikilotherms and are unable to
regulate their body temperature. Therefore, the shading of streams by
riparian shrub and tree communities may be important in maintaining the
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proper temperature for the survival of fish populations--especially on smaller
stream systems.

A change in stream temperature has been shown to change the metabolic
rate, affect migration, and influence hatching and development of fish. It has

also been shown to change the oxygen content of water (Patton 1973). As

water temperature increases the solubility of oxygen in water is decreased
(Brown 1979).

Livestock Grazing

Throughout the history of livestock grazing in the West, riparian
communities have been used as sources of feed, water, and shelter for cattle
and sheep. Platts (1979) noted that land managers often have not treated
riparian ecosystems differently than upland communities. Behnke (1979) felt
that, although road building, agriculture, logging, etc., have played important
roles in destroying or modifying riparian vegetation, grazing by domestic
livestock has been and continues to be "the most pervasive and ubiquitous
negative influence" on these ecosystems.

The Public Land Law Review Commission (1970) stated that meadows
and open parks often produce high amounts of forage that potentially could be
used by livestock. Cattle are attracted to the riparian ecosystems for several
reasons. Riparian vegetation is of a quality and variety which is typically
more palatable to cattle because of higher water content found in the shrubs,
f orbs, and grasses of this environment (Ames 1977). The availability of
drinking water is also an important factor in drawing cattle to these areas.
Livestock can potentially alter riparian ecosystems by reducing or eliminating
stream vegetation (Platts 1979). Platts also noted that channel widening or
aggradation and/or the lowering of water table, were potential problems of
abusive livestock grazing levels.

Leopold (1974) stated that livestock grazing in riparian communities may
be having cumulative deleterious effects on the productivity of both the land
and the water. It has been shown that abusive grazing on riparian communities
has caused a dramatic decline in percent shade on the stream due to loss of
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willows (Clair and Storch in press). Other studies have shown that grazing
negatively impacts riparian ecosystems (Gunderson 1968, Kennedy 1977, Ames

1977) but many of these studies fail to distinguish between levels of grazing or
season of use. Most all studies indicated that it is important to adjust grazing
systems to include maintenance and improvement of these heavily used
ecosystems.

Other Uses

There are many other uses of riparian zones that make them critical in
multiple-use planning. Riparian zones may be highly productive timber sites;
they are often the site of road building; rock from the stream channels may
often be used in road construction; recreationists use streams and rivers for
various purposes; and riparian areas offer scenic value to the landscape
(Thomas et al. 1979a). Most uses may be potentially destructive to the
riparian ecosystems and should be considered in developing land-use plans.

Classification

The classification of riparian vegetation communities compared to the
classification of upland plant communities is made difficult due to various
natural and man-induced disturbances. However, even with disturbance,
relatively stable riparian communities do establish themselves and are identi-
fiable in the field (Pfister et al. 1977). Cushwa (1976) stated that soil,
vegetation, and water occur in natural continua which are essentially impossi-
ble for management personnel to deal with. Because of this, he felt that the
continua found in riparian zones should be classified on the basis of "relative
homogeneity appropriate to different levels of decision-making."

In their study in the southwest, Horton and Campbell (1974) found that,
in order to manage riparian areas properly, one must have knowledge of (1)
present community relationships, (2) the possibility of establishing other
vegetation types, and (3) the reaction of various individual species that now
exist in riparian ecosystems or that might be introduced through management.
Brown et al. (1977) believed that classification and inventory of riparian
ecosystems is an important first step toward understanding the many problems
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that are associated with them. The classification of riparian communities can
be of great aid to land managers in the following manners:

1. It would help in the identification, description, and communi-
cation about riparian habitats.

2. The distribution and relative amounts of different

communities that may exist could be more accurately
established.

3. It would provide an inventory of the major plant species that
exist in the different communities.

4. Successional roles of the different species would be better
determined and thereby allow the land manager to make
more accurate predictions of results of different manage-
ment practices.

5. It would provide a framework for additional research and
reporting of research results (Pase and Layser 1977).

Horton et al. (1964) stated that in order to have a workable classification
scheme it must be both economical and repeatable, yielding data that are
"precise enough to be reliable". Poulton and Tisdale (1961), in their integrated
soil-vegetation approach, indicated that in establishing methodologies for
classifying range sites one should: (1) adequately measure the geographic
variations and patterns of plant cover and soils; (2) Balance the necessary
precision of each measurement against the need to adequately sample the
number of stands; and (3) Attempt to sample essentially all the vegetational
and soil features because, at the beginning of the experiment, it is impossible
to predict which factors are relevant or limiting.

Klemmedson et al. (1978) stated that the highest priority for future
research should deal with the dynamics of individual plants and plant
communities. One must be able to describe and explain the mechanisms of
interactions among the various biotic and abiotic factors on ecosystems and
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determine the effects of physical and biological stresses on individual plant
species and on various communities. Klemmedson et al. felt this necessary in
order to predict changes that may occur in plant communities and to facilitate
the development of sound management plans.

Literature and Information Pertinent to Study Area

Riparian Soils

Most riparian soils are alluvial and many are found on the flood plains of
streams and rivers. Streams with gentle slopes usually move from side to side
across the landscape depositing alluvial materials on the inside curves where
water energy is the lowest, and cutting banks on the outside curves where a
greater water velocity is reached (Brady 1974). During periods of flooding,

high water levels and subsequent high levels of suspended sediments and
bedload result in lateral deposition of materials beyond the stream channel
edge. Heavier particles fall out of suspension first and are deposited close to
the stream, while finer silts and clays are carried further from the stream.
The amount of bedload and suspended sediments that flow down the stream
and eventually deposited are dependent on the velocity of the stream and the
erosion of sediment into the stream from streambank sloughing, mass wasting,
and sheet or rill erosion from the upland areas, as well as the scouring of the
stream channel (Brown 1979).

Layered soils in riparian communities are common where different size
particles are deposited during different flood events. Stream terraces are
formed where there is a change in grade and the stream cuts down through
previously formed alluvial deposits. As the stream cuts down lower and lower,
it often leaves terraces of varying heights. These older alluvial terraces are
commonly more stable than those closer to the stream. These "older" soils
typically show increased pedogenesis (structure, accumulation of organic
matter, illuviation and eluvation).

Occasionally, riparian soils are developed through silting of ponds. In the

study area beaver ponds have been silted in and were commonly very high in
organic matter and saturated with water to the surface. Although not as
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common as streambank deposits, these soils were very important in

determining the vegetation present.

The degree of in situ development of these riparian soils determines
their classification. The three orders of soils classified in those riparian
communities studied included Mollisols, Histosols, and Entisols. Each of these
orders will be discussed in brief along with the major subdivisions of
classification.

Ecological Concepts

Oosting (1956) defined the community as an "aggregation of living
organisms having mutual relationships among themselves and to their environ-
ment." The term may be used to describe a concrete stand that one is
observing or an abstract community made up of several concrete communities
of similar make-up.

The plant community is the basic unit with which a plant ecologist
works. It is well recognized that these plant communities undergo succession
toward a somewhat dynamic stability, which is known as the climax plant
community. Several factors are important in determining what that climax
community will be and the rate at which succession occurs including: soil

development and physical characteristics; soil moisture; air and soil

temperature; precipitation patterns; light intensity; as well as many others.
Disturbance of the biotic and abiotic factors, whether by man, animal, or
through natural catastrophic events, will change the rate of succession and
may ultimately change the potential climax community. Many ecologists

agree on the methods of succession and how these factors affect succession.
There are, however, several differing schools of thought on what constitutes a
climax stand and the discreteness and repeatability of those communities.
Several textbooks and articles have been written on this subject so this report
will simply give a summary of some of the important differences and
similarities among the monoclimax, polyclimax, and individualistic approaches
to plant ecology and how they relate to this project.
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The Individualistic Approach. Gleason (1926, 1939) discussed his

individualistic approach to vegetation classification which argues that every

stand of vegetation differs from every other stand, thus making the
monoclimax theory totally impractical. Gleason (1926) stated that migration
and environmental selection (the primary causes of the development of plant
associations) "operate independently on each area, no matter how small, and
have no relation to the process on any other area." He also stated that the
recurrence of similar plant communities growing next to each other over great

distances and resulting in similar climax plant associations "is due to a
similarity in the contributing causes over the whole area involved."

Curtis (1959) followed Gleason's lead by using such phrases as "chance
historical happenings," "accidents of migration," and "partial catastrophic
destructions" in describing the causes of plant communities. He also felt that
no two stands of vegetation ever have the same species compositions. While

Curtis recognized this fact, he did not eliminate the "orderly arrangement" of
these non-discrete units of vegetation into similar groups so they might be
more easily studied and discussed.

Ordination. Bray and Curtis (1957) developed a method of data analysis

by which upland forest communities could be arranged. Previously, a linear

ordination had been developed for the upland forest communities in southern
Wisconsin. Bray and Curtis felt, however, that a multi-dimensional structure
possibly existed that could not be explained by linear ordination. This method
of data analysis arranges stands into multi-dimensional order, usually along an
environmental or physical gradient, and is a useful tool in looking at the
relationships among different community types. It has, therefore, been used in
the analysis of data in this paper to help in the understanding of inter-
community relationships (see Methods - Data Analysis).

In understanding the results of ordination it is necessary to first under-
stand the way in which plant species are distributed along environmental
gradients. Each individual species has its own range, or ecological amplitude,
which "decides" where that plant will be found. These amplitudes overlap to
varying degrees resulting in the combination of groups of plants into what are

called plant communities. Because plants respond to many environmental
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characteristics (light intensity, air temperature, day length, etc.) as well as
physical characteristics (soil moisture, soil depth, chemical and physical
properties of the soil, etc.) the likelihood of any two stands being exactly alike
is, for all practical purposes, non existent. There appear to be, however,
combinations of certain overstory plants and understory species that co-occur

quite frequently.

Monoclimax. The theory that any climatic region has only one potential
climax was reported by Clements (1936). He stated that, given enough time,
any habitat in a region would support a regional climax indicative of the most

mesophytic community that the climate could support. Clements recognized
instances where edaphic or physiographic factors differed so greatly from the

more mesic sites that ultimately a different climax community would most

likely occur.

A disclimax occurs when a climax community is modified or replaced or
direction of succession is changed. This usually occurs through some force of

disturbance by man, domestic animals, or other catastrophic events.

Depending on the nature and degree of disturbance, and availability of
introduced plant seed source, the result may be quite a different climax plant

community. Clements called this a "quasi-permanent community with the
general character of the climax."

Many riparian communities in Malheur National Forest are examples of

what Clements defined as disclimax communities. Understory vegetation is
commonly dominated by Poa pratensis and Agrostis alba, both introduced
perennial grasses which are quite vigorous and will probably out-compete the
natives that they have replaced.

Polyclimax. The polyclimax approach to vegetation uses the term
climax to denote the endpoint of development (succession) and thus, any self
perpetuating community that is relatively stable is considered a climax

community. Daubenmire (1968) defined climax as "a multi-conditioned
product of succession, its character reflecting the influences of all edaphic,
aerial, and biotic factors that comprise the environmental complex."

Daubenmire followed Tans ley (1935) in recognizing five different categories of
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climax vegetation depending on "key" forces influencing a given site. These

included climatic, edaphic, topographic, fire, and zootic climaxes. The

climatic climax is similar to what Clements called the monoclimax. It is
found on gently undulating topography with deep loamy soils and is not
dependent on changes in soil or topography, animals, or fire to maintain stable,

self perpetuating plant communities.

Daubenmire (1968) discussed the zone of intergradation (ecotone)

between different communities as existing in three distinct forms: (1) An

abrupt change in the environment causing an abrupt change in communities; (2)
A gradual change in the environment resulting in a gradual blending of the two

communities; and (3) An abrupt change in communities due to plant

interactions where environment changes gradually.

The Habitat Type Concept. Daubenmire (1968) defined the habitat type
as "all the area (sum of discrete units) that now supports, or within recent
time has supported, and presumably is still capable of supporting, one plant
association." A plant association (climax plant community) is not a habitat
type, but merely serves as an indicator of a habitat type. The habitat type is,
however, most often described in terms of the climax vegetation rather than
the sum of all factors resulting in the association.

Riparian Dominance Types. One must understand the concept of habitat
type to understand why riparian plant communities can rarely be described in
those terms. Through disturbance by man, animals, and natural stream and
river actions, most riparian communities do not become stable enough to
support climax vegetation. Relatively stable, recognizable patterns of vegeta-
tion do exist however, and the potential for supporting certain riparian
communities may exist without that vegetation being present. It is, therefore,
necessary to describe these sites as riparian dominance types.

Riparian dominance types are areas that support or have the potential to
support, various riparian plant communities. Some communities are relatively
stable, growing on higher stream terraces, whereas others are commonly found
on sand and gravel bars that are frequently disturbed by flooding and ice
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action. These pioneer communities are often important in the early stabiliza-
tion of stream banks and therefore must be studied and understood.

While recognizing that no two riparian communities are exactly the same

and that there is often a vegetation gradient between riparian communities, it
is also possible to recognize certain dominant species as occurring on similar
sites. Through factor compensation, two sites that may originally appear to be
different might be quite similar. For example, a clay soil with a water table
at a depth of 50 cm may have the same effective moisture regime as a coarse
textured soil with a water table at 20 cm depth. Because of the highly
variable characteristic of stream deposition of soils, it is important to
recognize that factor compensation does exist. The term "riparian dominance
type" will be used throughout the remainder of this paper to discuss those units

of land previously described and the vegetation associated with them.
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METHODS

Reconnaissance

In September of 1979 a reconnaissance of riparian communities was
conducted in the southern portion of Malheur National Forest. No attempt
was made to sample all riparian communities. It was believed that a detailed
analysis of some major riparian communities would offer better insight into
the ecology of riparian areas than would a less detailed study of more
communities.

Dominant overstory species were used in deciding which communities
should be sampled. Riparian communities with similar dominant overstory
species were grouped into what were designated riparian dominance types.
From reconnaissance, 57 different sites were initially selected for in-depth
analysis.

Selection of study sites was based on replicating vegetation communities
across their local geographic range while maintaining accessibility for taking
semi- weekly environmental measurements at each site. On each of the
selected sites, prominence ratings similar to those described by Winward and
Youtie (1976) were taken. The prominence ratings used were as follows:

5 Abundant - plants conspicuously scattered throughout and
showing highest degree of influence on the site.

4 Moderately abundant but areas without individuals present.

3 Plants uniformly scattered throughout stand but in low
abundance.

2 Plants encountered occasionally or in patches.

1 Rare - found only through intensive search.
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These prominence data were then used to determine vegetative similarities
among communities and in this process seven of the original 57 study sites
were eliminated from further study.

During this period of site establishment, plant identification (especially
of grasses) was made difficult due to grazing and browsing. In dioecious plants
it was often impossible to obtain both male and female reproductive parts.
Samples of plants that did have flowering parts were collected and pressed for
later identification in the laboratory. During the following field season an

extensive effort was made to collect all vascular plants found in the

established sites and identify them in the field and laboratory. Appendix B is a

list of those plants.

Vegetation

Because of the long and narrow shape of many riparian communities
macroplot size and shape varied according to the plant community studied.
This was necessary in order to avoid sampling the ecotone between any two
communities. Three transects, 10 m long, were sampled in each macroplot.
Nested microplots (25 cm square and 12.5 cm square - Figure 3) were sampled
at one meter intervals along the transect (Figure 4). Plant frequency was
measured in the following manner: each species was given a value of 1 if it
occurred in area 1 or in areas 1 and 2 (Figure 3); if the species fell only within

area 2 it was given a value of 2.

Percent cover for each herbaceous and shrub species, and total cover for

vegetation, litter, stones and cobbles, bare soil, and cryptogams were
estimated in each 25 cm square microplot using the following classes:

1 - 1 percent

2 - 1-5 percent

3 6-25 percent
4 - 26-50 percent

5 51-75 percent

6 76-95 percent
7 95 percent



1-
12.5cm

I

r

1

2

25 cm

25 cm

23

Figure 3. Nested microplot used to sample plant frequency and cover by
species.

-

1 by 10 Meter Belt Transect

10 Meter Line Transect

Figure 4. Line transect and belt transect used in macroplot for the
determination of plant frequency, cover, and shrub density in
riparian plant communities.
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All species found in the community but not in microplots were listed as P

(present in stand but not sampled) along with a prominence rating as previously

described.

One meter belt transects were sampled in each plot along the left side of

each of the three transects to determine shrub and tree density by species.
Three line-intercept transects were run in each shrub-dominated community

to determine shrub cover. In tree-dominated communities a forest

densiometer (Lemmon 1956) was used to determine tree cover by taking

readings at four points in four directions (north, east, south, and west).

The following age and dominance classes were used to assist in

describing successional stages of the various stands:

Code Age Class Code Stand Dominance

S Seedling 1 Pure Stand

P Pole sapling (trees) 2 Dominated by one class

Y Young 3 All age classes growing

M Mature together

0 Old

X Dead

R Resprout

Soils

Soil profiles were described in each of the 50 intensively sampled
riparian communities. Standard methods of description (U.S. Department of

Agriculture 1975) were used. Samples from each horizon were collected for

laboratory analysis of soil reaction (pH), organic carbon content, and texture.

Soil temperature was measured bi-weekly at depths of 15 and 50 cm at

each sample site. The recording of soil temperature was conducted between

the hours of 8:00 a.m. and 12:00 noon to avoid large hourly fluctuations of the

15 cm depth measurement.

Water table was also measured bi-weekly at each site using modified

piezometers (Figure 5) similar to those described by Hammermeister (1978).
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Vented Cork

.s."1,......e.''''"............s.

Soil Surface

3/4 inch PVC pipe

Water Table

I/

1

1/8 inch holes

Figure 5. Modified piezometer used for determining depth to water table in
riparian plant communities.
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Since positive water potential was not measured it was not necessary to fit
each piezometer with plastic foam floats. A cork float attached to a
calibrated stick was used to measure depth to water table.

Soil texture was determined using the hydrometer method as described
by Bouyoucos (1951) with the following modifications: soil samples were first
treated with hdyrogen peroxide to remove much of the organic matter that
could bias the results of analysis; sodium pyrophosphate was used as the
dispersing agent since it was believed to have fewer impurities than sodium
hexametaphosphate; and soil samples were stirred for two minutes at low
speed in an Osterizer dual speed 10 blender to totally disperse the individual
soil particles. This method of stirring was used on samples of known
composition of sand, silt, and clay with very favorable results. Calculations of
percent soil particle size classes was done following Bouyoucos' method with a
correction for hydrometer readings below a value of ten. One (1) was
subtracted from each reading less than or equal to 9.9.

Percent organic carbon was determined by regression of dry-combusion
and loss-on-ignition methods. The dry-combustion method of determining
percent organic carbon was believed to be the most accurate method and is
accepted as the "standard of reference method" for comparison with other
techniques (Metson et al. 1979). This method is also very costly. Therefore,
24 soil samples which were felt to represent the variation that occurred among
sites and horizons were selected to analyze using both methods. The samples
were first seived to a size of .25 mm. A sub-sample of approximately 2 g was
used in a modified loss-on-ignition method. Samples were placed in a muffle
furnace at 300 °C for approximately 12 hours. Normally a temperature of
550°C is used for the loss-on-ignition method. This lower temperature may

decrease loss during ignition of combined water with hydrated constituents of
the soil and carbon dioxide from carbonates when present. The oxidation of
incompletely oxidized minerals in the soil (e.g., ferrous iron compounds) may
also be decreased. Rather (1918) found these errors made the loss-on-ignition
method essentially worthless.

A sub-sample of approximately 0.10 g was used for the dry-combusion
method. A very high correlation (r=.9903) was calculated for these two
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methods. It was felt, therefore, that the less expensive modified loss-on-

ignition method appeared to be a good predictor of percent organic carbon as

determined by the dry-combustion method in these particular soils. The

remainder of the soils were tested following the methods described above for

loss-on- ignition.

Soil reaction (pH) was determined for each collected sample using
methods of the Oregon State University Soil Testing Lab. A volume of soil
approximately 10 cm3 was covered with 20 ml of de-ionized water. These

samples were stirred with a glass rod, covered, and allowed to stand for at
least 30 minutes. Samples were again stirred and pH was determined using a

pH meter.

Other Data

General data for each site were collected to characterize accurately the

riparian communities studied. These data included (1) general description of

stand location, (2) elevation, (3) percent slope, (4) aspect, (5) macro-and
microrelief, and (6) other measurable influences on the site such as grazing,

fire, streambed condition and periodic overland flow.

Data Analysis

Plant cover by species was calculated from cover class data collected in

the field using mid-points for each class for calculations (e.g., 0.5 percent,

3 percent, 15.5 percent, 37.5 percent, 62.5 percent, 85 percent, and

97.5 percent). Plant frequency was determined using the 0.25 m square
(0.0625 sq m) plot. With this plot size few species obtained 100 percent
frequency and most species within each community were included in the
sample. Cover data for each plot sampled were used in the ordination program

DECORANA, which is a FORTRAN program for detrended correspondence
analysis written by Mark 0. Hill (1979). Detrended correspondence analysis

(DCA) is similar to reciprocal averaging (RA) but avoid two major problems

associated with RA: (1) the so-called "arch" or "horseshoe" effect due to the

quadratic dependency of the first axis on the second; and (2) the compression

of the axis ends.
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Wilson (1981) found detrended correspondence analysis "more accurate in

revealing the underlying gradients of species distribution" than was principal
components analysis (PCA), although PCA was found to be more consistent.
Since DCA occasionally may produce aberrant results it was felt that personal
knowledge of the ecology of the communities ordinated should be used to
verify the results.

Simple correlations were calculated among the first three axes of DCA
and five environmental and physical factors including: mean summer tempera-
ture of soil at a depth of 50 cm; maximum summer soil temperature at a depth
of 50 cm; maximum summer depth to water table; minimum summer depth to
water table; and percent clay in the Al horizon or to a depth of 18 cm,
whichever was deeper.

A canonical correlation analysis (CCA) which has the ability to correlate
two data matrices (in this case a species cover matrix and an environmental
and physical data matrix) was done using the program CANON. CCA as
described by Cooley and Lohnes (1971) maximizes the covariance between
linear correlations of the two matrices.

Running the CANON program requires the total number of variables in
each matrix be fewer than 51. To conform to this requirement, it was
necessary to reduce the size of the species data set. Constancy was
calculated for all species found in the riparian communities studied. Fidelity

was then determined using the definitions proposed by Mueller-Dombois and
Ellenberg (1974).

The species cover matrix was composed of those plant species that
formed the dominant overstory or herbaceous layer in each community
sampled regardless of their fidelity and those species with "absolutely
restricted" or "strongly associated" fidelity. Strongly associated species made
up a majority of species used to run correlation and canonical correlation
programs. A few "favorably associated" species were included to bring the
total number of species used to 42. The five environmental and physical
variables chosen for simple correlation comprised the second matrix of
canonical correlation.
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Of the three orders of soils classified, Mollisols made up a majority of
soils described, with only a few Histosols and Entisols. Table 2 shows, to the
subgroup level, the classification of those soils and the criteria associated with
each level of determination. Each of these orders are discussed in brief along
with the major subdivisions of classification.

Mollisols. These soils were characterized by having a mollic epipedon
which is a dark surface horizon, high in percent base saturation, and greater
than 25 cm thick. Suborders of Mollisols included Xerolls, Aquolls, and
Borolls.

Xerolls had a xeric moisture regime which indicated they dried out in the
upper horizons for at least 45 days during the four months following the
summer solstice (June 21). They were also wet at least 45 days during the four
months after the winter solstice (December 21).

At the great group level these soils were all classified as Haploxerolls
because they had a cambic horizon immediately below the mollic epipedon or
aquic moisture at least in the lower horizons during part of the year. They did
not have and argillic, petrocalcic, or natric horizons or a duripan. Calcic and
gypsic horizons were also absent.

Subgroups of Haploxerolls included typic, aquic, and pachic. Typic

Haploxerolls were freely drained soils that did not show evidence of moisture
within 75 cm of the soil surface. These soils were found in conifer
communities that were sampled for comparison with the riparian communities.

Aquic Haploxerolls had mottles of low chroma and had shallow water
tables during the early part of the summer. These soils were found on low
landscape positions that received runoff from other communities. Pachic
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Table 2. Classification of riparian soils to the subgroup level and their
taxonomic criteria.

Mollisols
Xerolls

Haploxerolls
Typic
Aquic

Pachic

Aquolls
Cryaquolls

Typic
Cumulic

Haplaquolls
Typic
Cumulic
Histic

Borolls
Cryoborolls

Pachic
Argic

Histosols
Hemists

Borohemists
Sapric

Terric

Entisols
Aquents

Fluvaquent

Mollic epipedon
Xeric moisture regime

Cambic horizon
none
saturated within 1 m of soil

surface ( 90 days)
epipedon 50 cm

Aquic moisture regime
Cryic (cool) temperature

none
epipedon 50 cm

Warmer than cryic
none
epipedon 60 cm
histic over mollic epipedon

Frigid or cryic temperature
Cryic (cool) temperature

epipedon 40 cm
argillic horizon

Organic Soils
Moderate O.M. + decomposition

M.A.T.* 8°C
highly decomposed O.M. in

lower tiers
mineral layer 30 cm thick

No pedogenic horizons
Aquic moisture regime

0.C.# decreased irregularly
properties of mollic
except thickness

*
M.A.T. -

+0.M. -
#0.C. -

mean annual temperature
Organic Matter
Organic Carbon
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Haploxerolls were similar to the Aquic subgroup, but had a mollic epipedon
greater than 50 cm thick. These were also found on similar landscapes as the
aquic subgroup with a high water table early in the growing season.

The Aquoll suborder indicated that soils were naturally wet and had a
black epipedon with a matrix of olive hues and low chroma immediately below.

Mottles were highly contrasting and were also found below the mollic
epipedon. They may form in low spots where water collects or may be found
on broad, flat areas or seeps. They did not have an albic horizon.

Cryaquolls in this area had cryic temperature regimes and were usually
found in cold air drainage basins. The two subgroups of Cryaquolls included

Typic and Cumulic.

Typic Cryaquolls had a mollic epipedon less than 50 cm thick that was
resting on a cambic horizon. They did not have a histic epipedon or a buried
organic layer. Cumulic Cryaquolls were similar to the Typic subgroup except
the mollic epipedon was thicker than 50 cm. This is usually the result of the
slow accumulation of materials that are washed down from the surrounding
higher areas.

Haplaquolls had a black epipedon that graded into the cambic horizon
and had a temperature regime warmer than cryic. They are usually found on
nearly level landscapes but occasionally may be found on steeper areas that
have seeps.

Typic Haploquolls had a mollic epipedon with a thickness less than
60 cm. They did not have histic epipedons and were moderately deep soils.
Cumulic Haplaquolls are like the typic subgroup except the mollic epipedon is
thicker than 60 cm. They are common in depressions and on floodplains.

Histic Haplaquolls were like the typic subgroup but had a histic epipedon
found overlaying the mollic epipedon. They commonly had water standing
above the mollic epipedon for extended periods of time.
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The suborder of Mollisols with a frigid or cryic temperature regime, but

without an aquic or xeric moisture regime, were classified as Borolls. All
Borolls in this area had a cryic temperature regime and were, therefore,
classified as Cryoborolls at the great group level. These soils did not have

argillic horizons due to their relative youthfulness.

Pachic Cryoborolls in this area had thick mollic epipedons (greater than

40 cm) and most had seasonally high water tables with distinct mottles in some

subsurface horizon. Argic Cryoborolls had an argillic horizon and were found

on gentle, stable slopes under coniferous forest vegetation.

Histosols. Soils of this order were not extensive but were important in

at least one riparian community type. These Histosols were dominated by

organic materials and, when saturated, had between 12 and 18 percent organic

carbon by weight. More than half of the upper 80 cm was composed of organic

materials. The suborders were determined by the degree of decomposition of

organic matter.

The Histosols classified in this study were all dominated by partially
decomposed organic matter such that a majority of the plant materials were

unidentifiable (Hemists). Since all Hemists had a frigid temperature regime in

this study area they were classified as Borohemists at the great group level.

Sapric Borohemists had sapric materials (highly decomposed organic
matter) that made up at least 25 cm of the lower tiers of the soil. Terric

Borohemists had a mineral layer thicker than 30 cm with its upper boundary

within the control section and below the surface tier.

Entisols. The pedogenic development of soil horizons is absent in this

soil order. There may be an ochric or anthropic epipedon and a few sandy soils

may have an albic horizon. Pedogenic horizons were absent for two reasons:

(1) there was not sufficient time for development; and (2) they were on flood

plains that were still receiving deposits of alluvium.

Soils in this order were classified as Aquents. They were saturated only

part of the year and had a chroma of 2 if mottled or a chroma of 1 or less if

not mottled.
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At the great group level, soils were classified as fluvaquents. This

indicated that percent organic carbon decreased irregularly with depth below
25 cm. These are typical of wet floodplain soils and often have relatively high
carbon content at lower depths than do other wet mineral soils.

The Mollic subgroup had all the characteristics of a mollic epipedon
except for thickness. They had dark colors, and formed on flood plains where
adjacent soils were Mollisols.

Appendix C shows the soil classifications as well as characteristics of
each riparian soil sampled. These are organized by riparian dominance type
for comparison within each grouping.

Vegetation Structure

Percent cover and frequency were calculated for all species in each
community sampled. Table 3 is an association table showing frequency and
cover of some species with fidelity that ranged from favorable (as with Juncus
balticus and Epilobium glandulosum) to absolute (as with Populus tremuloides).
Species in this table are arranged by life-form (i.e., tree, shrub, forb, etc.) and
within each of these groupings by position along the first ordination axis of
detrended correspondence analysis as described below. Riparian communities
are arranged, left to right, from wet and moist communities to more xeric
communities. Shrub and tree densities are shown in Appendix F.

Ordination. Four axes were calculated for both species and stands using
the detrended correspondence analysis (DCA) program, DECORANA. The first

axis of species ordination was intuitively along a moisture gradient with Carex
rostrata at the moist end and conifer species at the more xeric end (Figure 6).
The second, third, and fourth axes of the species ordination were less easily
interpreted and have, therefore, been omitted from this discussion.

Appendix D shows three the four DCA axes scores for both species and stand
ordinations.

Stand ordinations were somewhat easier to interpret. Site scores from
the first three axes were correlated with: mean summer temperature of soil
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Table 3. Cover and Frequency values

of some riparian plant species within

each intensively sampled community



Table 3.

Species
Code

Trees

Potr
Pipo

Shruos
Sari
Sale
Sage
Saexe
Rowo
Arcav
Sy al

Foros
Veam
Migu
Epgl
Racy
Viocn
Gema
Rucr
\Aoli
Urdi
Gaas
Neor
Anro
Gnpa
Gabo
Copa
Smst
Sime
LUPIN
Thfe2
Aqfo
Arco
Lotrt

Grasses
Glel
Agex
Agal
Hoor
Kocr
Pocu
Agre
Stoc

Grass likes
Carol
Elpa
Juen
Caao
Caat
Juba
Caau
Cami
Luca2
Jubu
Cado
Cage
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PLANT COVER/FREQUENCY

oeaKea Jeage
7 8 35 47 49 44

water Jeage
2 19 22 32

Ca ItIC KUSrl
6 21

.1/3

.01/7
0/7

2/.67 6/100 1/37 3/80 .4/20 .1/3 .05/10
4/80 2/37 .5/3 .7/17 .1/10 .1/3
6/83 9/87 .6/60 .2/20 4/99 .01/7 1/23 .2/13 .5/50 3/67 2/83 2/83
.1/3 .01/13 3/17 2/57

1/63 23/80 3/30
2/63
.1/3 .7/23

.2/13 .6/73 .2/27

.1/3

.01/3

9/100 5/90 .5/3 .1/17
.01/3 .2/10 1/80 .01/7

23/63 7/100
3/60 .01/3 .01/3

67/34 34/100 19/93 4/90 6/90 50/100
10/100 7/60 27/100 7/77 23/93

.01/3 .9/10 .3/27 .1/7
10/90 25/97 46/100 32/100 6/87

.01/3 .9/20 4/40
2/77 2/90 .3/90 1/90 36/100 35/100 6/67

.7/13

.01/3

.01/3
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Species
Code

Trees
Alin
Potr
Pipo

Shrubs
Sari
Sale
Sage
Saexe
Rowo
Arcav
Sy al

Forbs
Veam
Thgu
Epgt
Racy
Vlocn
Gema
Rucr

Urdi
Gaas
Neor
Anro
Gnpa
Gabo
Copa
Smst
Si me
LUPIN
Thfe2
Aqfo
Arco
Lotrt

Grasses
Glel
Agex
Agal
Hobr
Kocr
Pocu
Agre
Stoc

Grass likes
Caro2
Elpa
Juen
C aaq
Caat
Juba
Caau
Cami
Luca2
Jubu
Cado
Cage
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PLANT COVER/FREQUENCY

Baltic Rush
36 37

Moultain Alder
34 40 41 50

Wi lows
14 16 13 46 10 12

43/13 53/13 76/3 18/27

75/10 56/27 .2/7 11/3
43/7 24/17 20/7

1/23 11/3
19/20

2/7 4/27 3/3
3/7

3/30 2/13 .1/3

.3/20 .01/7 2/13 .3/20 .3/17 .5/7
.8/10 .1/7 3/40 .3/17 .01/10

.6/43 .4/50 .2/30 2/40 3/43 1/43 1/17 .01/3 .3/57
.1/3 2/.63

11/87 6/93 7/70 6/80 2/40 3/37 13/53 .5/7 .7/10 .01/10
.6/7 .6/10

.01/7
.1/3 2/7 .6/7 11/43

5/23 .7/13 .01/3 4/50 2/43 .01/3 1/13 8/60

.01/3 .6/7 2/10 2/3 6/27

.1/7 .2/7 .01/7 4/17 1/10 8/17
.1/11

.2/7 .1/7 1/20 .2/13 .7/10
.01/3 .1/10

.01/3
.1/7 5/17

.5/3
.6/7

.4/17 2/27 .4/17 3/53
1/

6/63 11/70 7/90 3/37 .01/10 3/ 8/87 .5/
.1/3 .01/13 3/27 .01/3

3/

.7/13
.1/3

1/23 2/20 7/60
4/ /30

.01/3 .01/10 .6/3
.3/17

20/100 24/100 2/43 .8/43 .01/7 /80 1/10 .1/3 7/80 2/20
5/80 1/20 .01/3 .01/3

.7/10 6/90 5/ 3/43 2/30 .1/3 .2/ 2/23
.01/3 .1/3 .1/3 .2/7

.1/10

.5/3
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Species
Code

Trees
Alin
Potr
P ipo

Shrubs
Sari
Sale
Sage
Saexe
Rowo
Arcav
Syal

Forbs
Veam
Vligu
Epgl
Rac.
\loch
Gema
Rucr
ktoli

UrG1

Gaas
N ebr
Anro
Gnpa
Gabo
Copa
Smst
Stme
LUPIN
Thfe
Aqfo
Arco
Lotrt

Grasses
Glel
Agex
Agal
Hobr
Kocr
Pocu
Agre
Stoc

Grasslikes
Caro2
Elpa
Juen
Caaq
Caat
Juba
Caau
Cami
Luca2
Jubu
Cado
Cage
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PLANT COVER/FREQUENCY

Willows
9 15 20

Kentucky Bluegrass
26 31 43 48

Silver Sagebrush
1 11 17 29 33

57/23 32/3
63/40
2/10

.1/3
19/53 8/37 20/40 11/77 20/63

.1/7 .01/3
1/30 .7/80 .01/7

.4/40 .01/7 1/57

1/33
2/20 6/17 .5/23 .1/3

.01/10 .3/33 .01/6 .1/7 .1/20 .6/77
.5/3

2/37 8/43
.1/20 .01/7

.01/3 3/13
.5/43 .01/3 2/30 .6/33 .1/17

8/50 .4/33 .4/50 .01/3 .2/23 .01/10
1/27
.9/13

2/3

.01/7 .01/3

3/53 11/80 2/10
.1/3 1/20 3/43 2/20 .5/3

2/27 .1/7 3/23

.3/20 3/23 2/30 .7/10 9/70 13/57 34/100 20/77

.1/7 .2/13 .01/10

11/77 .1/6 .1/3

26/93
.3/10 .4/17
2/27 2/33 13/13 .01/13 .01/3 .1/17 .5/17 .6/60 1/23

.01/3 .01/3 .1/3
2/50 .5/3
2/10

.01/3 .01/3 .01/10 .01/7 .01/3
.1/3 5/70 4/57 6/67 3/67



Table 3.

Species

Code

Trees

Alin

Potr

P ipo

Shrubs

Sari

Sale

Sage
Saexe
Rowo
Arcav
Syal

Foros

Yearn

Migu
Epgl

Racy
Mocn
Gema
Rucr
Moil

Linn
Gaas
Nebr
Anro
Gnpa
Copa
Smst
Sime
LUPIN
Thfe2
Aqfo
Arco
Lotrt

Grasses
Glel

Agex
Agal
Hobr
Pocu
Agre
Stoc

Grasslikes

Carol
Elpa
Juen
Caaq
Caat
Juoa
Caau
Carol

Luca2
JUDU
Cado
Cage
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PLANT COVER /FREQUENCY

Quaking Aspen

IS 23 25 27 45

Conifer

24 28 38 39 42

40/7 74/13 26/13 91/3 63/7 71/7 81/3C

10/ 35/ 77/ 71/ 28/3

2/7 .5/3 .1/3 1/7

3/3
.5/7 7/37 8/30 4/33 1/17 .1/10 2/10 .5/3 7/53

.01/13

4/27 .1/7

1/13
.01/3 .01/3

.5/3 .5/3

.7/17 2/27 .6/7

.01/3 .1/3 .01/7 .01/3

1/10

.1/20 .3/7 .01/7 .2/13 .01/3 .01/7 .01/7 .1/3

1/10 4/47 6/57 .1/7 .6/7 1/13 1/3

.7/30 3/43 .01/3 .2/13 .1/3 .2/23 .2/17

.01/7 .1/7 1/10 .5/3

8/50 3/7 3/17 5/30 .1/3 4/23 .1/3 .2/7

3/20 1/7 5/17 .9/17 .5/3 .5/3

11/67 3/40 3/20 21/83 4/50

.01/7 .1/3 .2/3 .1/3

.01/7

.5/3
.6/10

.1/3 7/73 4/30 .2/7 14/90

2/20 .01/7 .01/3 .01/3 .01/3 2/47 .5/17

.1/3 .1/3

2/30 .2/10

3/30 .5/3 .5/7 .5/3 13/67 13/17 2/90 9/90
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Figure 6. Two-dimensional view of species scores from detrended correspondence
analysis.
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at 50 cm; maximum soil temperature at a depth of 50 cm; minimum depth to
water table in summer; maximum depth to water table in summer; and percent
clay in the A 1 horizon or to a depth of 18 cm, whichever was greater. Table 4
shows the r values for these correlations. There were, naturally strong
correlations between maximum and mean summer soil temperature (r = 0.95)
and between maximum and minimum depth to water table (r = 0.88).

The first stand axis of DCA showed a very high correlation with
maximum depth to water table (r = -0.8066) and minimum depth to water table

(r = -0.8047). The negative correlation would be expected since a smaller
value means the soil is more moist (e.g., a value of 0 is equivalent to surface
water). this indicates that depth to water table is very important in
determining the community structure and could, most likely, be used to
determine potential vegetation for a given site.

The second axis of DCA was moderately correlated with percent clay in
the Al horizon (r = 0.5212). This indicates that soil texture is somewhat
important in determining community structure or that some aspect related to
soil texture is important. Because the amount of clay in the soil effects
capillarity as well as the exchange capacity of the soil it was not possible to
determine the exact nature of the relationship between the second ordination
axis and percent clay in the A 1 horizon. The very low correlation between
depth to water table and percent clay in the Al horizon (r = 0.0068) is in
agreement with the required orthogonality of the second axis of ordination to
the first. It was thought that percent clay may be an indicator of soil nutrient
levels. For this reason percent organic carbon was correlated with the second
axis of DCA. A very low r2 (0.0151) was found, however, and felt to explain
very little of the variation found in the second DCA axis.

The third axis of DCA showed little correlation with any of the environ-
mental and physical factors chosen. No interpretation of the meaning of this
axis could be made from the correlations performed.

Figure 7 is a two-dimensional view at the first and second sample score
axes of ordinations. The first (X) axis shows the plant community distribution
along a moisture gradient. Dry communities are seen on the left side of the



Table 4. Correlation (r) values for ordination axes and mean summer temperature
(MST), maximum summer temperature (MAXST), maximum depth to water
table in the summer (MAXWT), minimum depth to water table in the summer
(MINWT), and percent clay in the Al horizon or to a depth of 18 cm, whichever
was deeper (% clay).

MST

MAXST

MAXWT

MINWT

% Clay

AXIS 1

AXIS 2

AXIS 3

MST MAXST MAXWT MINWT % clay AXIS 1 AXIS 2 AXIS 3

1.0000 .9482

1.0000

.1306

.0988

1.0000

.0385

.0466

.8825

1.0000

.2349

.1083

.2295

-.0068
1.0000

-.0856
-.0411

-.8066
-.8047
-.1564
1.0000

.3250

.2414

.0348

-.1611
.5212

.1097

1.0000

-.0443
-.0004
-.1342
.0055

-.3580
.0989

-.0401
1.0000
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Figure 7. Two-dimensional view of sample scores from non-transformed data
for stands.
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Figure 7. See Appendix A for Stand Codes.
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graph; wet communities are on the right. The second (Y) axis generally shows
fine textured soils toward the top and coarse textured soils along the bottom.

Most riparian dominance types are reasonably well grouped which
indicates a high degree of similarity in species composition within any given
type. Riparian dominance types that showed a large variation in vegetation
associated with the dominant species (such as willow communities) are
separated, especially along the second (Y) axis of ordination.

Canonical correlations. Comparing the environmental and physical
characteristic matrix with the species matrix showed similar results using
canonical correlations as the simple correlations previously discussed

(Table 5). The first column of canonical factors indicated that minimum
(summer) depth to water table was important in determining community
structure while the second row showed maximum (summer) depth to water
table to be imoprtant. The third row of factor structures indicated that
percent clay in the Al horizon is also a factor to be considered when looking
at riparian plant communities. The results of canonical correlation are in
agreement with those found by simple correlations between each environ-
mental and physical variable with the stand ordination scores from DCA.



Table 5.
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Canonical correlations (CR) for the species matrix and the
physical and environmental matrix. Columns are canoni-
cal factors and rows are the tests.

1 2 3

MST -0.537 -0.457 0.391

MAXST -0.339 -0.407 0.379

MINWT -0.671 0.584 0.195

MAXWT -0.488 0.826 0.081

% Clay -0.173 -0.074 0.889

MST - mean summer temperature
MAXST - maximum summer temperature
MINWT - minimum depth to water table (summer)
MAXWT - maximum depth to water table (summer)

% Clay - percent clay in Al horizon or to a depth of 18 cm,
whichever is deeper
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The Classification System

The classification of riparian communities of the Silvies River and its
tributaries and associated meadows is based on both vegetative and edaphic
characteristics. Depth to water table plays an important role in this system
since disturbance of vegetation is common in riparian communities, resulting

in the absence of dominant overstory species.

Twelve riparian dominance types are identified with this system although

more were recognizable in the field. A few of the willow communties were

poorly represented by the environmental data since identification of willow
species was difficult during the early part of the study when plot sites were

selected. For this reason notes were taken on distinct differences among
these communities as familiarity with them increased.

Several conifer communities were sampled that were growing on high,

stable alluvial terraces or in other stable locations near riparian communities
where riparian vegetation was mostly absent. These communities acted as a
means for comparison with riparian soils and vegetation characteristics.

The following dichotomous key may be used to key out most riparian
plant communities in the southern portion of Malheur National Forest.
Appendix E is a key with illustrations to some important riparian shrubs and
sedges of the study area. It was developed using characteristics described by
Hitchcock and Cronquist (1973) and from field and lab notes taken on these
species.
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Phyto-Edaphic Key to Riparian Dominance Types

In Southern Malheur National Forest

la. Tree or shrub dominated communities.

2a. Tree dominate.

3a. Populus tremuloides presents in the overstory -with or

without conifers. Aspen r.d.t. p. 52.

4a. Communities found in older, developed alluvium. Soils

predominantly fine-loamy but may be coarse-loamy.
Water table within 1 meter of the soil surface through

the summer solstice. Understory vegetation commonly

includes Symphoricarpos albus, Aquilegia formosa, and

Thalictrum fendleri. Grasses include Agropyron repens,

Poa pratensis, and Stipa occidentalis. Carex geyeri

cover up to 5 percent. Moist Aspen Phase p. 52.

4b. Communities in recent to older developed alluvium.

Soils coarse-loamy, more xeric. Water table rarely

within 1 meter of the soil surface at the summer
solstice. Understory similar to above but commonly
lacks Thalictrum fendleri and Agropyron repens. Poa

pratensis cover is normally greater in this phase

(12-75 percent). Carex geyeri is absent. Xeric Aspen

Phase p. 53.

3b. Alnus incana typically dominates the overstory. Found along

stream's edge where soils vary from coarse-loamy to loamy-

skeletal and sandy-skeletal. Water table rarely falls below a

depth of 50 cm throughout the summer. Understory variable.

Mountain Alder r.d.t. p. 56.

2b. Shrub dominated communities.
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5a. Alluvial terraces, commonly not in floodplain. Soils fine-

loamy, fine, and coarse-silty. Artemisia cana ssp. viscidula

dominates overstory. Water table within 1 meter of soil
surface during some period before the summer solstice but
drying in the moisture control section by 60 days after the
summer solstice. Understory dominated by Poa cusickii and
Carex douglasii. Mountain Silver Sagebrush r.d.t. p. 58.

5b. Willows dominate overstory.

6a. Recent alluvium in lowest part of the floodplain
receiving yearly flooding. Soils coarse-loamy to

skeletal. Salix exigua ssp. exigua cover varies from 15
to approximately 30 percent. Understory may vary
from nearly absent to high cover of forbs, grasses, and
grasslikes. Coyote Willow r.d.t. p. 61.

6b. Other Willow dominated communities.

7a. Willows found in coarse-loamy alluvium. Water

table remains within 1 meter of the soil surface
throughout most of the year. Salix lemmonii

dominates the overstory but may be found in
various combinations with Salix rigida var.

mackenzieana, Salix geyeriana, and Alnus incana.
Poa pratensis and Carex microptera common in
the understory. Uncommon riparian dominance
type. Lemmon's Willow r.d.t. p. 68.

7b. Willow communities associated with meadows,
sagebrush communities, and relatively stable
alluvial terraces.

8a. Salix rigida var. mackenzieana dominates
the overstory. Alluvium commonly at a
higher level of the floodplain than Salix
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exigua ssp. exigua. Soil textures and water
table variable. Mackenzie Willow r.d.t. p.

62.

8b. Salix geyeriana dominates the overstory.

9a. Salix geyeriana found in wet meadows.

Soils fine to fine-loamy. Water at or
near the surface at least during the
early part of the summer. Geyer

Willow-Meadow r.d.t. p. 65.

9b. Salix geyeriana found along streams on

relatively stable alluvium within the
sagebrush zone. Soils vary from fine-

loam to coarse-loam. Water table
within 1 meter of the soil surface at
the summer solstice and may remain
at a depth of less than 50 cm

throughout the summer. Geyer

Willow-Stream r.d.t. p. 66.

lb. Grasses and Grass likes dominate.

10a. Poa pratensis dominates the overstory (cover 25-50%). Soils quite

variable from fine to fine-loamy and coarse-loamy. Communities
occupy high terraces and alluvial meadows. Water table usually

less than 70 cm (often less than 50 cm) at the summer solstice-
occasionally falling below 1 meter. Typically a large amount of
f orbs associated with this riparian dominance type. Kentucky

Bluegrass Meadow r.d.t. p. 71.

10b. Grass likes dominate the community.

lla. Carex spp. dominate.
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12a. Standing water found during the early part of spring but
may fall below 1 meter depth by mid to later summer.
Water table may remain near the surface but no
standing water year-round. Carex aquatilis dominates

the overstory. Soils vary from fine to fine-loamy and
coarse-loamy over sand. Coarse soils drain more
freely. Found in wet meadows and fairly stable

terraces near streams. Eleocharis palustris cover

varies from 1 to 25 percent. Poa pratensis cover less
than 10 percent. Water Sedge r.d.t. p. 75.

12b. Soils ponded throughout the year. Soils mucky or very

high in organic matter. Carex rostrata dominates the
overstory with almost pure stands. Veronica

americanum and Mimulus guttatus commonly present
but with percent cover less than 2 percent. Beaked

Sedge r.d.t. p. 77.

11b. Juncus balticus dominates the community with cover varying
from 20 to 35 percent. Water table from 0 to 40 cm at the
summer solstice and rarely falls below 60 cm in depth. Soils
vary from fine and fine-loamy to coarse-loamy. Poa

pratensis cover from 2 to 20 percent. Hordeum brachyan-

therum commonly present. Appears to be the most moist
r.d.t. in which Achillea millifolium var. lanulosa occurs.
Baltic Rush r.d.t. p. 73.
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Quaking Aspen r.d.t.

Communities dominated by Populus tremuloides occur on riparian areas
throughout the Pinus ponderosa zone, Pseudotsuga menziesii zone, and
occasionally into the Abies lasiocarpa zone of eastern Oregon forests (Franklin
and Dyrness 1973). There are two phases of this r.d.t. found throughout the
study area that typically form small, isolated stands.

Both the xeric and moist phase of the Aspen r.d.t. support lush
vegetation. The xeric classification comes from the xeric moisture regime as
discussed in the soils section that follows.

Moist Aspen Phase

Floristics. Cover of Populus tremuloides varied from 60 percent cover

to nearly a dosed canopy. Cover of conifers (typically Pinus ponderosa,
Pseudotsuga menziesii, and/or Abies concolor-A. grandis) varied with stage of
succession and history of fires in the community. Cover of Symphoricarpos
albus was from 0 to 10 percent and was typically found in combination with
Aquilegia formosa and Thalictrum fendleri. This riparian dominance type was
very rich in species of forbs and grasses and low in grass-like species.
Common forbs included Achillea millifolium var. lanulosa, Fragaria virginiana,
Potentilla gracilis, Sidalcea oregana, and Smilacina stellata. Although the
dominant grass was Poa pratensis (up to 10 percent), Agropyron repens and
Stipa occidentalis were commonly present.

Bare soil made up less than 3 percent of the surface and litter occupied
up to 90 percent of the surface beneath the vegetation.

Soils. The Moist Aspen r.d.t. had a water table that was less than 1 m
from the soil surface at the time of the summer solstice (June 21). Drainage

was somewhat poor to moderate and run off was medium to occasionally slow.
Soils of this riparian dominance type were Mollisols with a thick (pachic)
mollic epipedon that extended into the B horizons. Profiles were fine-loamy
to coarse loamy becoming gravelly to skeletal in some lower horizons. Mean
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summer temperature of soil at a depth of 50 cm was 12.3 C + 0.7 C. Classifi-
cation of these soils are presented in Appendix C.

Pedogenesis indicated both alluvial and colluvial deposition including in
situ development forming a build-up of organic matter in the solum. These
r.d.t.s. may be situated on alluvial toeslopes or stable stream terraces.
Charred horizons were commonly found in the profile of these soils indicating

fire was a natural part of these ecosystems.

Xeric Aspen Phase

Floristics. Cover of Populus tremuloides varied from 25 to 75 percent in
those communities studied, but may be as much as 90 percent. As with the
Mesic Aspen r.d.t., the cover of conifers varied with stage of succession and
history of fires in the community. Cover of Symphoricarpos albus was from 0

to 10 percent but Aquilegia formosa and Thalictrum fendleri was most
commonly absent from this r.d.t. Poa pratensis cover was as high as
75 percent (12.6 to 75 percent was noted) and Carex geyeri and Agropyron
repens were absent.

Soils. The moisture regime in this phase of the aspen r.d.t. was less
mesic with the water table typically below 1 meter before the summer
solstice. Profile were coarse-loamy and were moderately well to well drained
with slow to medium runoff. Soils were Mollisols with thick mollic epipedons
extending into the B horizon. Mean summer soil temperature at a depth of
50 cm was 13.3 C + 0.9 C. Charred horizons were not noted in the profiles
described for these sites.

Pedogenesis indicated both alluvial and colluvial deposition with in situ
development of soils including a build-up of organic matter. This phase may
be situated on toeslopes and relatively stable stream terraces.

Both Xeric and Moist phases of aspen r.d.t.s. were found at all elevations
within the study units. Slopes were generally very shallow (0 to 4 percent) but
may be found on steeper slopes (up to approximately 10 to 15 percent).
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Ecology. The importance of aspen communities to wildlife, especially
birds, has been noted by Thomas et al., (1979b). Black capped chickadees

(Parus atricapilus), common flickers (Colaptes auratus), yellow-bellied

sapsuckers (Sphyrapicus varius) hairy woodpeckers (Dendroco_pos villosus), and

downy woodpeckers (Dendrocopos pubescens) as well as many other birds have

commonly been found nesting in aspen stands in the Blue Mountains. Aspen
communities are the primary habitat of the black-capped chickadee, downy
woodpecker, and yellow-bellied sapsucker.

Within the aspen communities of this study various birds were noted:
Red-tailed hawks (Buteo jamaicensis) were seen nesting in the top of a dead
aspen snag; yellow-bellied sapsuckers, common flickers, western bluebirds
(Sialia mexicana), and tree swallows (Iridoprocne bicolor) were seen nesting in

cavities in dead and decadent aspen trees; and robins (Turdus migratorius) and
mountain chickadees (Parus gambeli) were noted in the aspen communities,
probably feeding.

Deer (Odocoileus hemionus) were seen using these r.d.t.s on several
occasions for bedding during warm hours of the day. It was assumed that they
also fed in these r.d.t.s although none were sighted doing so.

Two important factors, fire suppression and ungulate grazing, seem to be
causing a decrease in these r.d.t.s. Fire plays a very important role in
maintaining many aspen communities. Aspen stands in the west reproduce
primarily through root suckers (Bartos 1979) which are triggered by some form

of perturbation. Without the influence of outside perturbations such as
burning or cutting, these communities are often replaced by conifer communi-
ties.

The heavy utilization of aspen suckers by wild ungulates in northwestern

Wyoming was noted as preventing the replacement of mature and dying trees
(Bartos and Mueggler 1979). Gruell (1980) also noted that recurrent browsing
on aspen suckers had caused their suppression and the deterioration of many
aspen communities.
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Within the southern Malheur National Forest, many aspen stands are in
mid to late succession towards coniferous communities. The suppression of
fire and the browsing of suckers by widlife and livestock has most likely led to
the deterioration of these communities. In some cases, a combination of past
beaver activity coupled with browsing has caused a decline in these riparian
types.

Most of these aspen r.d.t.s will be replaced by coniferous communities
unless action is taken to rejuvenate the aspen stands. Bartos and Mueggler
(1979) found that three years following moderate and high intensity burns, the
number of aspen suckers had tripled and doubled respectively.

Management. It is felt that fire should be included in the management
of these communities with special emphasis on maintaining adequate nesting
habitat for the various bird species found using the Aspen phases. Although
aspen communities make up only a small portion of the total land area in the
Blue Mountains, their value as wildlife cover and feeding, and nesting habitat
suggests that some sort of management should be directed at maintaining
them. The fencing of small aspen stands to eliminate browsing by wildlife and
livestock may be necessary to reestablish and rejuvenate some stands of this
riparian dominance type.

Adjacent Communities. The aspen r.d.t.s are most commonly bordered
by coniferous communities on the drier edge but may be bound by mountain big
sagebrush (Artemisia tridentata ssp. vaseyana) communities. Moist to wet
communities bordering these r.d.t.s may include various willow communities,
the Kentucky bluegrass meadow r.d.t., or moist sedge communities (including
the Weater Sedge r.d.t.).

Previous Classification. Hall (1973) described a quaking aspen meadow
for the Blue Mountains of eastern Oregon. This description would include
communities of xeric and moist phases of the Aspen r.d.t. together. Aspen

classification in other parts of the West have been described by Schalatterer
(1972), Reed (1971), and Morgan (1969). Of these, the Populus

tremuloides/Symphoricarpos oreophilus/Carex geyeri communities described
by Schalatterer (1972) in Idaho appears to be most like this r.d.t.



56

Mountain Alder r.d.t.

The Mountain Alder r.d.t. forms long, narrow communities along
mountain streams. Uncommon in southern portions of the forest, this r.d.t.
increases in importance at higher elevations and as one moves north.

Floristics. Cover of Alnus incana may vary greatly in this riparian
dominance type. In some instances it may be essentially absent due to heavy
browsing by livestock and wildlife. In those plots sampled, Alnus incana cover
varied from 18 to 76 percent. Salix lemmonii had higher cover than Alnus
incana on at least one site described which suggests that these two r.d.t.s
grade into one another. Symphoricarpos albus and Ribes lacustre were
commonly found growing within and near the canopy of Alnus incana.

Understory vegetation is variable and quite rich. Epilobium glandulosum,

Fragaria viriginiana, Smilacina stellata, Geum macrophyllum, and Mimulus
guttatus were found in varying amounts in all stands sampled. Of the grasses
Poa pratensis and Agrostis alba each made up from 0 to 14 percent of the
cover. Glyceria elata was found in low amounts on most sites (0.5 to 3 percent
over). Other grasses such as Muhlenbergia richardsonis, Deschampsia elongata

and Hordeum brachyantherum may or may not be present. Carex microptera
was found on all sites forming a trace to 6 percent of the total cover. Carex
aureum, Juncus balticus, Juncus ensifolius, and Luzula campestris typically
had less than 1 percent cover.

Soils. Water table in the Mountain Alder r.d.t. did not fall below 55 cm
during the sample season. Soils were very poor to poorly drained and runoff
was slow to very slow. Mean summer soil temperature at a depth of 50 cm
was 11.4°C + 0.7°C. The soils of these communities were classified as Aquolls
(Appendix C) with coarse loamy to loamy-skeletal and sandy-skeletal profiles.

Pedogenesis indicated alluvial deposition with in situ development of a
mollic epipedon. These communities were found almost entirely at the
stream's edge.

Ecology. The importance of the Mountain Alder r.d.t. as wildlife
habitats has not been investigated in much detail. These communities do,
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however, act to shade streams, provide nutrients to the stream through leaf
drop, and presumably fix nitrogen in the soils.

These communities appear to require the coarse soil near the stream's
edge so the oxygenated water flowing through the profile is supplied to the
roots. Alnus incana does not appear to grow well where there is simply
standing water. The root systems may also be very important in stabilizing
stream banks and commonly form overhangs for fish.

Management. The alders in this riparian dominance type are commonly

browsed very heavily. In many cases cover is greatly reduced and other
species may show dominance. These communities become susceptible to
channel erosion and degradation when cover is reduced.

It was felt that management should be directed toward maintaining these
communities especially where they are important for maintaining stream
temperatures and bank stability, as well as supplying nutrients to the stream.
Management for this r.d.t. may include late season grazing or, in some
instances, periods of complete rest from grazing. Sometimes fencing of small
stretches of the streams for several years may be required to allow these
communities to reestablish themselves and become less easily impacted by
grazing animals.

Adjacent Communities. Communities bordering the Mountain Alder
r.d.t. may include mixed conifers, the Baltic Rush r.d.t., Lemmon's willow
r.d.t., Water Sedge r.d.t., or Beaked Sedge r.d.t. The stream ecosystem forms
the other border.

Previous Classifications. Seyer (1979) described an Alnus

incana/Brachythecium community that occured predominantly along the edges

of a Sphagnum Bog in Crater Lake National Park of southern Oregon. It
occured between the margin of the forest and an open fen of a montane mire.
This community type appears to be similar to the Mountain Alder r.d.t. only in

its overstory. Both the environment and understory species associated with
this community differ. No other classification of Alnus incana communities
was found.
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Mountain Silver Sagebrush r.d.t.

These communities are more prominent in southern locations within the

study area, but were found throughout.

Floristics. Cover of Artemisia cana spp. viscidula varied from 8 to
20 percent on those communities studied. Understory was usually dominated

by Poa cusickii (1 to 35 percent cover) and Carex douglasii was found in most

stands with relatively high frequency. Winward (1980) noted that these

communities are floristically very rich with dry weight production of

herbaceous species often as high as 2,000 pounds per acre. A small f orb,

Gnaphalium palustre had a very high fidelity for this riparian dominance type,

although its cover was less than 1 percent on each site. Other herbaceous

species commonly found on the r.d.t. included Achillea millefolium var.

lanulosa, Navarretia minima, Orthocarpus hispidus, Oenothera tanacetifolia,
Potentilla gracilis, Sidalcea oregana, and Taraxacum off icinale. Grasses

commonly associated included Hordeum brachyantherum, Agrostis alba, Poa
pratensis, Koeleria cristata, and Muhlenbergia richardsonis. Grass likes other

than Carex douglasii were relatively scarce.

Bare soil was generally less than 3 percent but was as high as 17 percent

on a more degraded site whose cover of Poa sandbergii was nearly 6 percent.
Percent of the ground covered by litter was generally around 80 percent.

Soils. Water table in these communities was within 1 meter of the
surface at the time of the summer solstice. Mean depth to water table on
June 30, 1980 was 86 cm + 20 cm with the highest water table measured at
53 cm and the lowest at 110 cm. Water table in all communities was at least
1 m deep by late August but in one community the water table rose to 88 cm
by the second week in September. Low transpiration demands due to dried
vegetation may have been responsible for this increase in water table. The

moisture regime in all silver sagebrush communities was considered more xeric

than other r.d.t.s in the study area.

All soils in this r.d.t. were classified as Mollisols with mollic epipedons
from 35 cm to greater than 60 cm thick. Profiles were fine, fine-loamy, and
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coarse-silty in texture. These sites were somewhat poorly to moderately well
drained with slow to medium runoff. Mottles, when found, were generally
deeper than 80 cm, but were found at a depth of 53 cm in one profile.

Pedogenesis indicated alluvial deposition and were located on relatively
high, stable stream terraces. Platy structure was developed on three of the
sites studied with strong or moderate peds of subangular to angular blocky
structure in the lower horizons. This indicates that in situ development of the
soils has been able to take place without much recent erosional distrubances.

Ecology. Little, if any, study has been done on the use of this r.d.t. by
wildlife. The high production of herbaceous species in this community could
possibly provide forage for many species of wildlife as well as livestock. Deer
were noted feeding in this r.d.t. and using it as a corridor from the water to
the conifer communities.

The Artemisia cana ssp. viscidula communities differ from the Artemisia
cana ssp. bolanderi communities common to the sagebrush desert in that they
are not internally drained; they are typically very productive and have a
number of forbs growing in association with them. Commonly associated with
streams, they are often found on higher, more stable sites. As stream
channels cut deeper resulting in a lowered water table, these communities may
be replaced with Artemisia tridentata ssp. vaseyana plant communities.

Management. Since the Mountain Silver Sagebrush r.d.t. produces large
amounts of vegetation, those potentially could provide good forage for both
livestock and wildlife. Their small area (from less than one acre to 3 or 4
acres) makes them difficult to manage individually. The platy soil structure
on three sites suggests that these areas receive heavy use when soils are
moist.

Because Artemisia cana ssp. viscidula is a sprouting species, it generally
is not advisable to cut or burn the sagebrush to increase understory production.
The proximity of these communities to streams makes them difficult to spray
with herbicide. In most cases production appeared to be a relatively high level
and altered management for increased production was not needed. On those
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sites that require improvement some type of deferred or rest grazing system
may be necessary to facilitate recovery of the understory in these areas.

Adjacent Communities. Upland communities adjacent to the Mountain
Silver Sagebrush r.d.t. were always dominated by Artemisia tridentata ssp.
vaseyana. On the wetter side were the Kentucky Bluegrass r.d.t., Geyer
Willow Stream r.d.t., Mackenzie Willow r.d.t., as well as moist sedge
communities. This r.d.t. was also found immediately bordering streams.

Previous Classification. Schlatterer (1972) and Hironaka and Fosberg
(1979) described an Artemisia cana ssp. viscidula/Festuca idahoensis habitat
type in the Gros Ventre area of Wyoming and in small areas of Idaho. This

appears to be very similar to the Mountain Silver Sagebrush r.d.t. Mueggler

and Stewart (1980) found similar Artemisia cana ssp. viscidula communities
growing in alluvial soils along streams at elevations greater than 1,827 meters
in western Montana.
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Willow Riparian Dominance Types

Because little is known about the response of individual species of willow

to management, or how wildlife species respond to the various willow
communities, discussion of management and uses of these r.d.t.s will be
combined except where specific information is known.

Coyote Willow r.d.t.

Floristics. Salix exigua ssp. exigua cover varied from 16 to 25 percent in

those stands sampled. Agrostis alba (5 to 8 percent), Mentha arvensis (trace to

16 percent cover), Taraxacum off icinale (trace to 2 percent cover), and
Plantago major (0.5 to 2 percent cover) were found in all stands sampled.
Other species found with low cover (less than 3 percent) included Veronica

americana, Epilobium glandulosum, Muhlenbergia richardisonis, Juncus

ensifolius and Juncus balticus. Eleocharis palustris on one site formed nearly

16 percent cover.

Soils. A soil pit was dug on only one Coyote Willow r.d.t. It was

classified as a Mollisol with a relatively xeric moisture regime. Drainage was

somewhat poor with slow to medium runoff. Most Coyote Willow stands were

seen growing on gravel bars and in coarse textured alluvium at the stream's

edge. These would be classified most likely as Entisols with aquic moisture

regimes.

Pedogenesis indicated alluvial deposition with little in situ soil develop-

ment. These sites formed predominantly along the Silvies River where they

were flooded every year during high water. They were also found in gravel and

sand bars along Bridge Creek where seasonal flooding also occurred.

Ecology. Salix exigua ssp. exigua is a pioneer species in most places

where it was found. This willow is found predominantly on the inside curve of

the streams and rivers where the energy is the lowest at lower water levels.
Unlike other speices of willow growing in this area Salix exigua ssp. exigua
blooms later in the season when river waters are at lower levels. During the
summer of 1980 this willow species was in late anthesis at the end of July
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when Salix rigida var. mackenzieana and Salix lemmonii were in early seed

dispersal. Salix geyeriana began seed dispersal by July 1. Late seed dispersal
coinciding with low water flow may be important in the establishment of these

willow seedlings. Seeds would not be washed away and would be able to
germinate and become established when soils were moist but not inundated by

water.

Adjacent Communities. The Coyote Willow r.d.t. was predominantly
bordered by Mountain Silver Sagebrush r.d.t.s and the Mackenzie Willow r.d.t.
The Mountain Alder r.d.t. was occasionally found growing adjacent to this
r.d.t. was well as the Aspen r.d.t., although much more rarely.

Previous Classifications. Tuhy et al. (1981) described a Salix exigua/Poa
pratensis community type on the Greys River in western Wyoming that appears

to be very similar to the Coyote Willow r.d.t. It seems as though the
subspecies of Salix exigua found in the Wyoming study was melanopsis rather
than exigua, although it was not stated, since the common name used was that
of this other subspecies. Both community types were found colonizing gravel
and sand bars were flooding and disturbance is common. This community type

is similar to the Salix exigua phase of the Salix boothii/Carex microptera
community described by Norton et al., (1980) also found along the Grey's River

in Wyoming.

Mackenzie Willow r.d.t.

Floristics. Cover of Salix rigida var. mackenziana was measured at 56 to
75 percent. Other willows were typically absent from this r.d.t. Ribes aureum
and Rosa woodsii commonly formed less than 5 percent cover. Cover of Poa
pratensis was as high as 12 percent. Other grasses forming approximately
3 percent cover each included Bromus inermis, Hordeum brachyantherum, and

Agrostis alba. Forb cover was rich in diversity and included: Galium

asperrimum (2 to 4 percent), Fragaria virginiana (trace to 4 percent), and
Geum macrophyllum (trace to 13 percent). Grass likes were not common and
those present formed low percent cover.
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Litter cover was usually 85 percent or greater of ground not occupied by

plants.

Soils. Water table was higher than 1 meter at the summer solstice and
appeared quite variable. Some sites had a water table that never fell below
1 m and others were below 1 m by late June. These soils were somewhat
poorly to moderately well drained with very slow to medium runoff. They

were classified as Mollisols with aquic mositure regimes and fine-loamy to
coarse-loamy profiles. Brownish-yellow mottles were found as high as 20 cm

below the soil surface in fine-loamy soils.

Pedogenesis indicated alluvial deposition with in situ development of a
mollic epipedon. Structure was weak to moderate in the coarse-loamy soil and
moderate to strong subangular to angular blocky structure in the fine-loamy
soil. This r.d.t. was commonly found on alluvial terraces near the edge of the
Silvies River and other major drainages.

Ecology. Salix rigida var. mackenziana is a wide-spread willow in the
western states. It seemed to grow on drier sites in this area and formed the
most extensive and largest willow communities along the Silvies River. Salix
geyeriana was of ten found growing with Salix rigida var. mackenziana on what

appeared to be drier edges. This was not confirmed with water table
measurements, however.

Adjacent Communities. In addition to being found next to the Geyer
Willow r.d.t., the Mackenzie Willow r.d.t. was commonly found adjacent to,
and upland from, the Coyote Willow r.d.t. (Figure 8). Upland vegetation

adjacent to this r.d.t. was most commonly mixed conifer, Pinus ponderosa and
Artemisia tridentata ssp. vaseyana communities. The Mackenzie Willow r.d.t.
was found growing at the river's edge on high alluvial terraces. Only very

rarely were these found at the level of the river water.

Previous Classification. Franklin and Dyrness (1973) mention Salix rigida
growing within Populus tricocarpa communities in the lower Willamette and
Columbia River basins. Classifications of this species of willow are unknown.
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MACKENZIE WILLOW

COYOTE WILLOW

MACKENZIE WILLOW

Figure 8. Ecological relationship between Salix exigua ssp. exigua and Salix
rigida var. mackenzieana.
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Most discussion of willow communities in the past has been at the genus level
only.

Geyer Willow Meadow r.d.t.

Floristics. Salix geyeriana was commonly found growing in wet and
moist meadows with approximately 35 percent cover. Understory vegetation
was quite variable but was usually dominated by Carex aquatilis (26 to
32 percent cover) in wetter communities and Poa pratensis (57 percent cover)
in drier sites. On wetter sites Poa pratensis made up 7 to 13 percent cover.

Taraxacum officinale cover ranged from 6 to 14 percent. On wet sites
Eleocharis palustris cover varied from 11 to 27 percent. Other forbs
commonly found but with cover less than 3 percent included Potentilla
gracilis, Stellaria nitens, Trifolium longipes, and Montia linearis. Common

grasses were Muhlenbetigia richardsonis and Hordeum brachyantherum.

Stunted Pinus ponderosa trees were commonly associated with this r.d.t.
Evidently the trees were able to establish themselves but were unable to grow
very well due to high water table. Three pine trees with heights between 5
and 8 meters were aged at 39, 67, and 73 years. The DBH of these trees were
estimated between 15 and 25 cm. These trees had rounded tops which
indicated very slow growth.

Soils. Water table in Geyer Willow Meadow r.d.t. was high through the
summer sampling period. At two sites that were intensively studied the water
table was less than 3 cm below the surface at the summer solstice. In early
August the water table averaged 30 cm with a range from 16 to 40 cm below
the soil surface. High water table on one site was due to a perched water
table above a silty clay layer with a very low permeability. All soils were
poorly to very poorly drained with slow to very slow runoff. Soils on these
sites were classified as Mollisols with aquic moisture regimes, histic
epipedons, and fine to fine-loamy profiles. Dark gray, gray, and olive mottles
(moist) were few to common between 80 and 100 cm.
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Pedogenesis indicated alluvial deposition with strong in situ development

of angular blocky structure immediately below the surface horizon and
extending through the gleyed B horizon. Stands of this r.d.t. were found on
stable alluvial toe slopes (meadows).

Ecology. Salix geyeriana seems to be well adapted to fine textured soils
with a higher water table. Water in these soils has a low oxygen content as is
evidenced by the mottles which are formed under a reducing moisture regime.

These communities were used as nesting habitat by Brewer's blackbirds
(Euphagus cyanocephalus) and yellow warblers (Dendroica petechia). these

communities were not found adjacent to flowing water and therefore might
attract different species of wildlife than streamside willow communities.
Further investigation in this area is encouraged.

Adjacent Communities. Stands of Pinus ponderosa-Pseudotsuga

menziessii communities commonly bordered this r.d.t. on the upland side.
Occasionally Artemisia tridentata ssp. vaseyana was found on the dry edge.
The Water sedge r.d.t. was commonly associated with, and adjacent to the
Geyer Willow Meadow r.d.t. The Baltic Rush r.d.t. and the Kentucky Bluegrass

r.d.t. were also noted growing near this r.d.t.

Previous Classifications. No previous classifications of Salix geyeriana
communities are known.

Geyer Willow Stream r.d.t.

Floristics. Salix geyeriana was found growing along small perennial
streams with approximately 60 percent cover. Understory vegetation was
dominated by Poa pratensis (2 to 21 percent cover), Fragaria virginiana (3 to
11 percent cover), and Galium asperrimum (2 to 8 percent cover). Many forbs
and grasses formed less than 3 percent cover: Achillea millifolium, Stellaria

nitens, Taraxacum officinale, Trifolium longipes, Bromus inermis,

Muhlenbergia richardsonis and Poa cusickii. Grass likes were not common in

these communities.
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Soils. Depth to water table was somewhat deeper than in the Geyer
Willow Meadow r.d.t. At the summer solstice water table ranged from 31 to
83 cm (less than or equal to 3 cm in the meadow r.d.t.). By late August the
water table ranged from 45 to 105 cm which shows some overlap with
measurements in the meadow type (21 to 61 cm).

These soils were classified as Mollisols with aquic moisture regimes but
without histic epipedons. The mollic epipedon was thick on one site (greater
than 60 cm) and profiles were fine-loamy to coarse-loamy. Drainage was poor

to somewhat poor with slow runoff. Fine yellowish brown and medium
brownish yellow mottles (dry) were common at depths greater than 60 cm and
few, fine yellowish red mottles were found between 49 and 63 cm on the
coarse-loamy site.

Stands of this r.d.t. were found on moderately stable, low, broad alluvial

terraces next to small perennial streams. Pedogenesis indicated alluvial
deposition with moderate to strong ped structure formed in subsurface
horizons. These sites appeared relatively stable with enough organic matter
buildup to form mollic epipedons.

Ecology. Salix geyeriana in these communities seemed to be adapted to
somewhat lower water tables with water that may or may not be higher in
oxygen than the meadow r.d.t. It appears as though these communities are
tied very closely to small stream systems that are found in conjunction with
Artemisia tridentata ssp. vaseyana upland communities. This r.d.t. commonly
forms a continuous band along the riparian areas associated with these low to
mid elevation sagebrush communities.

Although no data were collected on wildlife species in this r.d.t., various
common birds such as the robin and Brewer's blackbird were seen in and around

these communities.

Adjacent Communities. Artemisia tridentata ssp. vaseyana communities

were very common on the upland site of these communities. Occasionally the

Mountain Silver Sagebrush r.d.t. was located between these two community
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types. The Water Sedge r.d.t. and Baltic Rush r.d.t. were commonly in close
association with the Geyer Willow Stream r.d.t.

Previous Classification. No previous classifications of Salix geyeriana
communities are known.

Lemmon's Willow r.d.t.

The Lemmon's Willow r.d.t. was not studied very intensively due to its
uncommon occurrence. The following information is based on only two sites

sampled.

Floristics. Cover of Salix lemmonii was between 20 and 24 percent of

those sites studied. Salix geyeriana and Salix rigida var. mackenziana were
also found growing in one of these communities but the cover of each was less
than that of S. lemmonii. Alnus incana was also found growing in association
with this species of willow. Poa pratensis made up 4 to 12 percent cover and
cover of Fragaria virginiana was between 3 and 16 percent. Other species
commonly found included Galium asperrimum (1 to 8 percent cover), Achillea

millifolium var. lanulosa (1 to 5 percent cover), and Carex microptera and
Juncus balticus (both with less than 2 percent cover).

Soils. Depth to water table in those sites studied averaged less than
44 cm at the time of the summer solstice and was measured at 73 cm and
41 cm during the first week of September, 1980. Soil temperature may be
important in these communities (See Ecology section). Mean summer

temperature of the soil at a depth of 50 cm was 12.1°C + 0.2°C, which is
cooler than most of the other willow communities studied.

Both sites were classified as Mollisols; one with an aquic moisture
regime and both with cryic temperature regimes. Drainage was somewhat
poor to poor and runoff was slow to medium.

Pedogenesis was dominated by alluvial deposition with in situ develop-
ment of a mollic epipedon (50 and 70 cm thick) and moderate to strong
structure was noted. Both profiles were coarse-loamy with yellowish brown
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mottles (dry) as high as 14 cm below the soil surface on the site with the
higher water table. These communities were found on alluvial toeslopes on

stream terraces in narrow, occasionally steep valleys.

Ecology. This r.d.t. may be adapted to a colder microclimate than the

other willow r.d.t.s. However, not enough is known about these communities

to make definitive suggestions as to their status in relation to other willow
types.

Adjacent Communities. Upland communities found next to this r.d.t.

were commonly mixed conifer, Pinus ponderosa-Pseudotsuga menziesii, or

Pinus ponderosa communities. Usually bordering the streams on relatively

stable terraces, stands of this r.d.t. were found in association with wet and
moist meadow vegetation (Water Sedge r.d.t. or Kentucky Bluegrass r.d.t.).

Previous Classification. No previous classification of Salix lemmonii

communities is known.

Willow Ecology

Willow communities offer a large portion of edge which is important for

wildlife. Edges and their ecotones, according to Thomas et al. (1979b), are

usually richer in wildlife than adjacent communities and should, therefore,
obtain special consideration for wildlife management. In the ecotone between

two different plant communities there is an overlap of those species common

to each community type (Thomas, et al., 1979b).

Perhaps it is the lifeform of willow communities that is important in
wildlife management. However, since different species of willow grow in
different environments, it is likely that wildlife not only responds to life form
but also to proximity of streams, adjacent upland communities and adjacent

riparian communities.

Palatability of various willow species to livestock and wildlife has not
been investigated in depth, if at all. Since palatability may affect wildlife and
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livestock movement and utilization of different willow communities, much
more investigation should be made into this aspect of willow ecology.

Management

Most willows are susceptible to heavy seasonal browsing by livestock and

wildlife. Upland gamebirds, songbirds, and fur and game mammals have been
noted to feed on willow buds (Martin, et al., 1951). Deer and elk will also
browse on twigs and foliage. Because of the diversity that willow communities
supply for nesting, feeding, and bedding and their shading of streams, it is
often important to use management that favors the willow communities.
Livestock management may include early season grazing, late season grazing,
partial rest or complete rest from grazing. Early season grazing may cause
trampling of soils and heavy use of young succulent willow stems and leaves.
Monitoring of willow utilization should be carefully noted each year during the
grazing season. It is also important to note whether or not young willows are
replacing mature and older willows of the same or different species or whether
they are being browsed out. Without replacement, these communities may be
eliminated.
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Kentucky Bluegrass Meadow r.d.t.

The Kentucky Bluegrass r.d.t. was found at all elevations throughout the
study area. It was found on a relatively stable, moist position in the ripirian
zone in association with most other riparian communities.

Floristics. Poa pratensis is the dominant species in this r.d.t. with cover
values ranging from 23 to 51 percent on those sites studied. Of the other grass
species that were found, all had less than 4 percent cover: Agrostis alba
(3 percent), Hordeum brachyantherum (2 percent), and Bromus inermis

( 1 percent). Common grasslikes included Juncus bufonius (trace) and Juncus

balticus (trace). Cover of Achillea millifolium var. lanulosa ranged from 0.5
to 9 percent; Potentilla gracilis from trace to 15 percent; and Taraxacum
of ficinale from 0.5 to 18 percent. Stellaria nitens was found in all stands with
cover of 1 percent or less. No shrubs or trees were found in this r.d.t.

Soils. Depth to water table at the summer solstice averaged less than
51 cm with early September water tables ranging from 50 cm to more than
75 cm. All soils were classified as Mollisols, most of which had aquic moisture
regimes. One site had a xeric moisture regime with a thick ( 50 cm) mollic

epipedon. Profiles varied from fine and fine-loamy to coarse-loamy. Soils

were somewhat poorly to poorly drained and runoff was medium to slow.

Pedogenesis indicated alluvial deposition with in situ development of
mollic epipedons and moderate to strong subangular and angular blocky
structure. Stands of this r.d.t. were located on high, relatively stable alluvial
terraces and toe slopes.

Ecology. It is felt that many Poa pratensis dominated communities
were, at one time dominated by Deschampsia caespitosa. Heavy grazing has
resulted in the elimination of this species from most mountain meadows
(Franklin and Dyrness 1973). Poa pratensis is very tolerable to heavy grazing
and has, therefore, become the dominant grass in moist mountain meadows
throughout Malheur National Forest. A few Deschampsia caespitosa meadows
are still present on some sites and provide a very rare insight into the past
composition of these meadows.
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Management. Since it is unlikely that Deschampsia caespitosa will ever
replace the Poa pratensis communities it is necessary to base management on
maintaining the Poa pratensis. Because these soils are moist during the early
part of the growing season, and they typically provide moderate amounts of
forage, there is a possibility of heavy trampling by cattle. Moderate

utilization of these meadows is encouraged to keep the productin of perennial
grasses at a high level. Poa pratensis cover is very important in controlling
erosion on these sites. A high cover of forbs and annual grasses indicated that
grazing systems must be changed to facilitate the improvement of some stands

of this community.

Previous Classification. The Kentucky bluegrass r.d.t. is similar to the
moist meadow community type dominated by Deschampsis caespitosa and/or
Poa pratensis described by Hall (1973). Moisture is within the rooting zone
throughout the summer of these sites. Other Poa pratensis communities
described include a Deschampsia caespitosa - Poa pratensis (Franklin and
Dyrness 1973) and a Poa pratensis - Carex athrostachya community

(Volland 1976). The community described by Volland appears to be drier than
the Kentucky bluegrass r.d.t. and those communities described by Hall and
Franklin and Dyrness.
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Baltic Rush r.d.t.

The Baltic Rush r.d.t. was common in west to moist sites at all

elevations.

Floristics. Cover of Juncus balticus varied from 20 to 25 percent and
cover of Poa pratensis varied from 2 to 23 percent. Epilobium glandulosum

was found on all sites with a cover less than 2 percent. Veronica americana
and Taraxacum officinale formed less than 1 percent of the cover. Other

grasslikes occasionally found included Carex aureum, Carex micr2ptera, and
Carex athrostachya.

Soils. Water table in this r.d.t. varied greatly in the early summer. In
mid-June the depth to water table varied from 0 to 39 cm. By September the
variation was less with a range of 33 to 55 cm to water table. All soils were
classified as Mollisols with aquic moisture regions. Profiles were fine,
fine-loamy, and coarse-loamy. These soils either had thick mollick epipedons
( 60 cm) or had histic epipedons indicating a large build up of organic matter.
Soils were poorly to very poorly drained and runoff was very slow to slow.
Distinct mottles and/or concretions were commonly found at or near the
surface of most sites.

Pedogenesis indicated alluvial and colluvial deposition. Structure
formation was strongest in more stable meadow sites than streamside sites.
Stands of this r.d.t. were located on broad, alluvial toeslopes and narrow to
broad alluvial terraces.

Ecology. The Baltic Rush r.d.t. usually formed small mosaic communi-
ties near and within most all riparian communities. They are drier than
Beaked Sedge and Water sedge r.d.t.s. and wetter than the Kentucky Bluegrass
r.d.t. The moisture regime is very similar to that of the Mountain Alder r.d.t.
and these two r.d.t.s. are commonly found adjacent to one another. The Baltic
Rush r.d.t. apparently does not need to be associated with the coarse soils of
the stream's edge, however, and is therefore, more widespread.
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The use of the Baltic Rush r.d.t. by wildlife is unknown except as

corridors to other communities. Use by livestock was not monitored.

Management. Due to the high moisture content of these soils,

disturbance trampling is a possible problem on this r.d.t. As soils become

more dry they may be able to support livestock in greater numbers. Manage-

ment of the Baltic rush r.d.t. should probably be more dependent on other

communities with which they are associated.

Adjacent Communities. The Water Sedge, Beaked Sedge, Mountain

Alder, Kentucky Bluegrass, and nearly all Willow r.d.t.s, are found adjacent to

the Baltic Rush r.d.t. Probably the most widespread r.d.t., it seemed to be

associated with all riparian communities.

Previous Classification. Harris (1954) described a Juncus balticus-Carex

douglasii-Scirpus americanus-Eleocharis palustris community in the Columbia

River basin of Oregon that was found in intradune ponds with standing water 9

to 30 cm deep. This is a wetter community than the Baltic Rush r.d.t.
described in this study. No other classifications were found of Juncus balticus

communities.
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Water Sedge r.d.t.

Found at all elevations, the Water Sedge r.d.t. formed large to small
mosaics with other riparian dominance types.

Floristics. The cover of Carex aquatils on these sites varied from 25 to
46 percent. Eleocharis palustris cover varied from 1 to 27 percent. Juncus

balticus was usually present in very low cover (0 to 2 percent). Grasses were
not common, however, Poa pratensis had a cover value of 7 percent in one
stand. On the drier sites f orbs such as Taraxacum of ficinale (0 to 11 percent),
Trifolium cyathiferum (1 to 5 percent) and Trifolium longipes (3.5 percent)
were found. Epilobium glandulosum was found on all sites with less than
1 percent cover. On wetter sites Ranunculus cymbalaria (2 to 3 percent) and
Montia chamissoi (3 percent) were found.

Soils. These soils were all saturated at the surface at least until mid
June. Many were saturated until late June, and one site was saturated through
August. On two sites studied the water tables during the first week of
September were 76 cm and greater than 125 cm. Most soils were classified as
Mollisols with aquic moisture regimes and histic epipedons. The site where the
water fell below 125 cm was classifed as a Mollisol with an aquic subgroup of
the xeric moisture regime. Drainage was very poor to somewhat poor with
slow runoff to ponded water. Common, fine, distinct mottles ranging in color
from yellow, pale yellow, and brownish yellow, to gray (dry colors) were found

in lower horizons and occasionally to within 15 cm of the soil surface. Soil

profiles were fine to fine-loamy and coarse-loamy over sandy in the xeric soil.

Pedogenesis indicated alluvial deposition with weak to strong develop-
ment of subangular to angular blocky structure. Sands of this r.d.t. were
located on alluvial toeslopes and stream terraces.

Ecology. The Water Sedge r.d.t. was not found on permanently saturated
soil like those found in the Beked Sedge r.d.t. It is best expressed on soils
where the water table is lowered well below the surface level. It also
appeared to be somewhat warmer than the Beked Sedge r.d.t.
(12.5 °C + 0.5 °C). However, sites of this type are wetter than most other
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r.d.t.s described. Tuhy et al. (1981) described Carex aquatilis growing with

Carex rostrata in western Wyoming on the Greys River. In this area where

these two species were found together it was felt to be a transition zone
between the full expression of two distinct r.d.t.s. One sample stand

(sequence number 49, Appendix A) was an example of such a transition
community.

Management. These soils are very susceptible to trampling due to their

high moisture content. The higher percent organic matter in the epipedon may

help to alleviate this problem but care still should be taken.

Adjacent Communities. The Beaked Sedge, Baltic Rush, and Alder r.d.t.s

were found growing next to these communities. Carex aquatilis was found

growing in association with the Geyer Willow Meadow r.d.t. and occasionally

next to the Geyer Willow Stream r.d.t.

Previous Classifications. Tuhy et al. (1981) described a Carex rostrata

community type, in which C. rostrata and C. aquatilis totaled more than
75 percent cover either alone or together. As indicated, this appears to be a
transition covering the range of two distinct r.d.t.s. Stuth (1975) described a

Carex aquatilis-Hordeum brachyantherum habitat type in Klamath County,
Oregon which appears to be nearly identical to the Water Sedge r.d.t. Seyer

(1979) described a Carex sitchensis community that was found in similar
environments as the Water Sedge r.d.t. The Aster occidentalis phase of this

community type was found on fairly broad meadows where the drainage was

better than on other portions of the bog where Carex rostrata was found.
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Beaked Sedge r.d.t.

Beaked Sedge communities were most common in the Bridge Creek
allotment and locations at higher elevations. Examples of this r.d.t., however,

can be seen along the highway to Burns south of the forest boundary.

Floristics. The Beaked Sedge r.d.t. was floristically the poorest of all

the r.d.t.s studied. Cover of Carex rostrata varied from approximately 5 to
67 percent on those sites studied. Other sedges were essentially absent except

on the drier edge of this type where Carex aquatilis was more prominent.
Carex lenticularis formed approximately 5 percent cover on one site studied.

Juncus balticus and Juncus ensifolius were not common but did occur on some

of the sites. Epilobium &landulosum, Mimulus guttatus and Veronica

americana commonly were found on most sites. Agrostis exarata was present

on most sites (less than or equal to one percent cover) and Glyceria elata
formed 5 to 10 percent cover on two sites. On two boggy spring sites where

Carex rostrata communities were described, Muhlenbergia filiformis cover was

from 6 to 26 percent. Other forbs, grasses and grasslikes rarely totaled more

than one percent total cover.

Soils. Water table at all sites studied was at the surface (ponded) at the

time of the summer solstice. At only one site did the water table fall below
the surface. This was the community with the Carex lenticularis growing with

C. rostrata. Mean summer soil temperature at a depth of 50 cm was 11.8°C +

1.4°C.

Classification of these soils included Histosols with predominantly hemic

materials in the profiles and Mollisols with peraquic moisture regimes. The

Mollisols had coarse-loamy and coarse-loamy-skeletal profiles. The mollic

epipedon was generally thicker than 50 cm.

On two of the sites studied with Histosols, the organic soil formation was

due to silting in of beaver ponds. Evidence showed that the areas had, at one

time, been dominated by aspen communities which had been used to build the

dams. Increase in water table and beaver damage was suspected as the cause

for the elimination of aspen communities.
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Two sites were developed in what appeared to be depressions that had
silted in. The other two sites studied formed on soils saturated by underground

springs.

The source of soil material in all stands of these communities was from
alluvium. Organic matter in all sites was high.

Ecology. Nothing was found in the literature about wildlife use in this
particular r.d.t. Red-winged blackbirds (Agelaius phoenicus) nesting in nearby

willows were seen using this r.d.t., presumably for feeding.

Management. Areas supporting this community were so wet and
vegetation so coarse that cattle rarely entered this r.d.t. There is a potential
for trampling year round should cattle use these communities. The seeds of
many species of Carex are used as feed for many birds, fur and game
mammals, and small mammals (Martin et al. 1951). Few species of wildlife,
other than red-winged blackbirds, were seen using this type.

Adjacent Communities. Willow r.d.t.s and the Water Sedge, Baltic Rush
and Mountain Alder r.d.t.s were commonly found adjacent to this r.d.t. Where
adjacent slopes were steep enough or where drainage changed dramatically, it
was not uncommon to see Artemisia tridentata ssp. vaseyana communities or
mixed conifer communities.

Previous Classifications. Hall (1973) described a wet meadow
community type dominated by Carex nebraskensis with Carex microptera and
Agrostis diegoensis that physically appears to be very similar to the Beaked
Sedge r.d.t. Franklin and Dyrness (1973) noted nearly pure stands of Carex
rostrata and Carex aperta growing in a shallow lava-dam lake in the Cascade
Mountains. In marshy areas previously found near Mount St. Helens, Carex
rostrata was a major species in at least one community type. Campbell (1973)
described a Carex rostrata/Sphagnum squarrosum community as a bog type
found below main seepage areas. Campbell found that the water was moving
below the moss layer all year. Schlatterer (1972) also described a Carex
rostrata meadow type with much the same characteristics of the Beaked Sedge
r.d.t. Seyer (1979) described a Carex rostrata community that was also
essentially the same as the Beaked Sedge r.d.t.
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Other Riparian Communities

Some other riparian communities found within the study area included

Eleocharis palustris and Poa palustris communities. Eleocharis palustris

communities were uncommon and typically associated with the Water Sedge

r.d.t. and were generally ponded for longer periods of time. Only one stand of

this type was sampled for vegetation and soil characteristics. Total plant

cover was approximately 30 percent at the time of sampling. Cover of

Eleocharis palustris was nearly 15 percent while Carex athrostachya cover was

approximately 13 percent. The soil was classified as an Aquic Haploxeroll

with coarse-loamy over sandy soils. The water table fell below a depth of

one meter and upper horizons dried out as the summer season progressed.

Soils were poorly drained and runoff was ponded. The water table was less

than 25 cm deep at the summer solstice and fell to greater than 130 cm by

September.

Poa palustris communities were rare in the study area. One community

was sampled for comparison with the Kentucky Bluegrass r.d.t. Cover of Poa

palustris was measured at 20 percent while Taraxacum off icinale (12 percent

cover), Carex douglasii (6.5 percent cover), Eleocharis palustris (four percent

cover), and Navarretia minima (four percent cover) were major components of

this community. Juncus bufonius, a very small grasslike, made up nearly
four percent cover. The water table was approximately 35 cm below the soil

surface in mid-June but quickly fell below 130 cm by the first of July. Soils

were fine textured and somewhat poorly to moderately well drained with slow

runoff. They were classified as Aquic Haploxerolls, and had yellowish brown

and black mottles present at depths greater than 70 cm.
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Community Patterns and Trends

The relationships among the various riparian communities are recognized

as complex interactions with nearly infinite possibilities for gradations and

mosaic patterns. There are, however, some more commonly seen relationships

that repeat themselves over the landscape and can be predicted with some

confidence. This section will attempt to describe those spatial and temporal

community sequences and define those elements that determine the direction

of these successional trends.

Many years of research would be required to actually describe the

temporal changes, or succession, of one riparian dominance type to another. It

is necessary, therefore, to look at spatial patterns of communities and infer

from them, the trends that one might expect. Figure 9 shows some of the

community patterns that are associated with those gradients measured in the

field.

Beavers commonly use Populus tremuloides for building their dams. In

areas of the forest many Populus tremuloides communities have been, or are in

the process of being, eliminated by action of both beaver and heavy browsing

(Figure 10). Beavers have not only used the aspens for their dams, but their

dams have flooded areas and raised the water tables to levels where aspen

might be unable to survive. Although beavers are not extensive in this area,

their impacts may still be seen throughout the forest.

As the beaver ponds silt in, the hydric communities are most likely

replaced by Typha latifolia communities. These communities are somewhat

uncommon in the study area but their common widespread occurrence
throughout the West as well as their sparse appearance in the forest makes

this a reasonable assumption. As siltation continues, the Typha latifolia

communities may be replaced by Carex rostrata communities.

On the drier edges of Carex rostrata communities, Carex aquatilis and

Juncus balticus communities are commonly present with Salix rigida var.
mackenzieana occasionally dominating the overstory. This suggests that these

communities may succeed the Carex rostrata communities as they become
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Figure 10. Quaking aspen community that has been eliminated by actions of
beaver as well as heavy grazing.

Figure 11.Beaked Sedge r.d.t. with Mackenzie willows growing on drier ground.
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Figure 12. Baltic Rush r.d.t. bordering a Beaked Sedge r.d.t.
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drier through increased siltation and/or decreased water table levels.

Figure 11 shows a Beaked Sedge r.d.t. with Salix rigida var. mackenzieana on

drier ground within the border of the community. Figure 12 shows a Baltic

Rush r.d.t. bordering the Beaked Sedge r.d.t. in the background.

In areas supporting the aspen communities, fire suppression has also

played an important role in the elimination of these stands. Fire has been

shown to be important in the rejuvenation of aspen clones by stimulating the

growth of root suckers. Without fire these stands lose vigor and, when coupled

with heavy browsing of existing suckers, these communities may become

invaded by conifers. Figures 13 and 14 show some common aspen stands in the

process of succession toward conifer dominance.

Salix exigua ssp. exigua is found predominantly in sand and gravel bars

along the inside curves of streams and rivers where annual flooding and

scouring is common. The inside curve is where the force of the water on the

streambank is the lowest (Figure 15).

The Coyote Willow r.d.t. might be eliminated through periodic scouring

of the rivers by high water flows (although this species of willow seems to be

very well adapted to this particular physiographic location) or through a

change in the stream channel. Since the soils in these r.d.t.s are very coarse

textured they have a very low water holding capacity. If the stream channel

were to change dramatically leaving these soils intact, they could become the

most xeric community in the riparian zone. As these soils silt in they again

increase their water holding capacity and are able to maintain a more mesic

community.

The Coyote Willow r.d.t. may be directly succeeded by the Mackenzie

Willow r.d.t. if the stream channel is lowered and siltation occurs or if the

stream channel cuts the outside curve of the stream or riverbed wider and the

water table remains at a relatively high level.

At colder locations (higher elevations or cold air drainages) Mountain

Alder, Lemmon's Willow, or other herbaceous r.d.t.s such as Baltic Rush r.d.t.s

may succeed the Coyote Willow r.d.t.
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Figure 13. Aspen stand with low shrub cover and little invasion by conifers.
Most aspen regeneration is browsed in this community.

Figure 14. Aspen stand with higher aspen regeneration and invasion of conifers.
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Figure 15. Relationship between Salix rigida var. mackenzieana and Salix exigua
ssp. exigua dominated communities.
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Salix geyeriana is commonly found on warmer sites bordered by

Artemisia cana ssp. viscidula where soils become drier due to increased
distance from the stream and/or on a higher terrace of the stream. The

Mountain Silver Sagebrush r.d.t. was also found in drainage areas where the
water table remains higher throughout the year than upland communities but

are not wet in the upper horizons. As shown in Figure 9, these communities

may succeed from Coyote Willow, Geyer Willow Stream, or Water Sedge

r.d.t.s. Figure 16 shows a common Mountain Silver Sagebrush r.d.t. which was

growing adjacent to, and grading into, a Water Sedge r.d.t. Upland communi-

ties in these areas are commonly dominated by Artemisia tridentata ssp.
vaseyana communities.

How the Geyer Willow Meadow r.d.t. becomes established is not

completely clear. Figure 17 is a typical view of this r.d.t. with an understory
dominated by Carex aquatilis. Note the stunted conifers (Pinus ponderosa)
within this r.d.t. Ages of these pines varied from 39 to 73 years.

These communities are seasonally flooded and water table remains
within one meter of the soil surface throughOut the summer on most sites.
They were most common in the lower elevation in the southern portion of the
study area which might indicate that soil temperatures were sufficiently warm
and soil moisture enough for a few Salix geyeriana shrubs to get started. Once
started they began to spread through cloning and/or seed dispersal. Perhaps

these communities might best be described as a phase of the understory with
which they are associated and, as these sites become drier, they might be
replaced by coniferous or dryland shrub species depending on the surrounding

vegetation and/or environmental variables.
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Figure 16. Mountain Silver Sagebrush r.d.t. found in a meadow bordered by a
Pinus ponderosa community on the upland side and by a Water Sedge
r.d.t. on the more moist side.

Figure 17.Geyer Willow r.d.t. with understory dominated by Carex aquatilis.
Stunted conifers range from 39 to 73 years of age.
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CONCLUSIONS

There are numerous routes that a community might take in its

succession, depending on the particular circumstances involved in and around

each r.d.t. and each individual community. The previous discussion is

presented as merely a guideline to some of the possibilities one might expect

in the field.

Through the in-depth look at each riparian dominance type presented in

this paper, it is believed that one can develop an understanding of the
relationships among all riparian communities. While this report has dealt with

only some of the more common riparian dominance types, the processes
involved in studying these communities are also applicable to others. The

monitoring of riparian communities over time is important in understanding
the differences among riparian dominance types. It is believed that this guide

may help in the further study and analysis of riparian ecosystems which

include plants, animals, and all the abiotic factors involved in determining
their coexistence.

While not unexpected, this report has indicated that water table plays a
very important role in determining the location of riparian plant communities

within the riparian zones. Soil texture was shown to play a lesser role in this

determination and it has been suggested that water table depth and soil
texture are somewhat interrelated. Finer textured soils, with their greater
capillarity, were believed to have a higher "effective" water table than coarse
soils with the same "actual" depth to water table. Soil texture was believed to
be very important in the location of Mountain Alder r.d.t.s. These community
types were found almost exclusively along stream corredors where soils were
coarse and where aerated water could flow through the horizons.

In the management of riparian plant communities the land manager must
decide which riparian dominance type(s) is (are) most important on a location
by location basis. The manager should then manage the riparian zone for that
(those) communities. This may include fencing entire stream reaches or only
small stretches of streams where difficult problems exist. It may include

changing the season of use or the type or class of animals used. It may mean
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the complete rest of a pasture for one or more seasons. These are all

decisions the land manager must choose for each particular case under

consideration.

The importance of riparian zones for multiple uses has gained in
popularity in the recent years. They provide important habitat for wildlife,

food for wildlife and livestock, and aesthetic values to the landscapes. They

are commonly sources of various forms of recreation which may result in an

even greater impact on the zone. The streams and rivers themselves are

essential for maintaining fish populations, but it has been shown that the
riparian vegetation plays nearly as important role in the maintenance of
proper conditions in which the fish must live.

More research must be done in the riparian zones in order to get a more

complete understanding of all the interactions that occur. As more is learned

about the ecology of individual species of willows, sedges and other common

riparian species, more will be known about all the relationships among the
animals and plants with their special environment. It is important that

management prescriptions for riparian areas consider the ecological

characteristics of species on a site by site basis.



91

LITERATURE CITED

American Fisheries Society. 1980. Position paper on management and

protection of western riparian stream ecosystems.

Ames, C.R. 1977. Wildlife conflicts in riparian management: Grazing. In:

Importance, preservation, and management of riparian habitat U.S. For.

Serv. Gen. Tech. Rept. RM-43. p 49-51.

Bartos, D.L. 1979. Effects of burning on the aspen ecosystem. In:

Proceedings of the 8th Wyoming Shrub land ecology workshop. Jackson,

Wy. Univ. Wyo., Laramie. p 47-58.

Bartos, D.L. and W.F. Mueggler. 1979. Influence of fire on vegetation
production in the aspen ecosystem in western Wyoming. In: Northern

America Elk Ecology, Behavior and Management. M.S. Boyce and L.D.
Hayden-Wing, eds. Univ. Wyo., Laramie. p 75-78.

Behnke, Robert J. 1979. Values and protection of riparian ecosystems In:

The mitigation symposium: A national workshop on mitigating losses of

fish and wildlife habitats. Gustav A. Sanson, Tech. Coordinator. U.S.

Dept. Agric. Rocky Mt. For. and Rng. Exp. Stn. Gen. Tech. Rept.
RM-65. P 164-167.

Brown, David E., Neil B. Carmony, and Raymond M. Turner. 1977. Inventory

of riparian habitats. In: Importance, preservation and management of

riparian habitats. U.S. For. Serv. Rocky Mt. For. and Rng. Stn. Gen.

Tech. Rept. RM-43. p 10-13.

Brown, George W. 1979. Forestry and Water Quality. Oregon State Univ.

Bookstores, Inc. Corvallis, Ore. 74 p.

Brown, Sandra, Mark M. Brinson, and Ariel E. Lugo. 1978. Structure and

function of riparian wetlands. In: Strategies for protection and
management of floodplain wetlands and other riparian ecosystems.

Symposium proceedings. R. Roy Johnson and J. Frank McCormick,

Tech. Coordinators. U.S. Dept. Agric. Forest Serv. Gen. Tech. Rept.

WO-12. p 17-31.



92

Bouyoucos, George John. 1951. A recalibration of the hydrometer method for

making mechanical analyses of soils. Agron. J. 43(9):434-438.

Brady, Nyle C. 1974. The Nature and Properties of Soils. 8th ed. MacMillan

Publishing Co., Inc., New York. 639 p.

Bray, J. Roger, and J.T. Curtis. 1957. An ordination of the upland forest
communities of southern Wisconsin. Ecol. Monog. 27(4):325-349.

Cain, S.A. 1939. The climax and its complexities. Am. Midl. Natr.

21:146-181.

Campbell, C.J. 1970. Ecological implications of riparian vegetation manage-

ment. J. Soil and Water Cons. 25:49-52.

Campbell, Alcetta Gilbert. 1973. Vegetative ecology of Hunts Cove, Mt.

Jefferson, Oregon. M.S. Thesis unpubl. Oregon State Univ. Corvallis,

Ore. 89 p.

Campbell, A.G. and J.F. Franklin. 1979. Riparian vegetation in Oregon's

western Cascade Mountains: Composition, biomass and autumn

phenology. U.S. Internat. Biol. Prog. Bull. 14. Coniferous Forest

Biome. 90 p.

Carlson, Garwin. 1974. Malheur National Forest Soil Resource Inventory:
Pacific Northwest Region. U.S. Dept. Agric. Forest Serv. 177 p.

Carter, W.D. 1978. Managing riparian zones for fish and wildlife in eastern
Oregon and eastern Washington. A paper delivered at regional Society
for Range Management meetings. Spokane, Wash. 9 p.

Clair, E., and R. Storch. (In press) Streamside management and livestock
grazing: An objective look at the situation. In: Symposium on livestock

interactions with wildlife, fish, and their environments. John Menke, ed.
U.S. Dept. Agric. Forest Serv. Pacific Southwest For. and Rng. Exp. Stn.



93

Clements, F.C. 1936. Nature and structure of the climax. 1 Ecol.
24:252-284.

Cooley, W.W., and P.R. Lohnes. 1971. Multivariate Data Analysis. John

Wiley & Sons, Inc. New York. 364 p.

Curtis, J.T. 1959. The vegetation of Wisconsin: An ordination of plant
communities. Univ. of Wisconsin Press, Madison. 657 p.

Cushwa, Charles. 1976. Overview of current wetland classifications and

inventories in the United States and Canada: U.S. Forest Service. In:

Proceedings of the National Wetland Classification and Inventory

Workshop. U.S. Fish and Wildl. Serv. 1 Henry Sather, ed. pp 25-30.

Daubenmire, R. 1968. Plant Communities: A Textbook of Plant Synecology.

Harper & Row. New York. 300 p.

Franklin, J.F. and C.T. Dyrness. 1973. Natural vegetation of Oregon and

Washington. U.S. Dept. Agric. Forest Serv. Gen. Tech. Rept. PNW-8.

417 p.

Garrison, G.A., J.M. Skov lin, C.E. Poulton, and A.H. Winward. 1976. North-

west plant names and symbols for ecosystem inventory and analysis. 4th

ed. U.S. Dept. Agric. Forest Serv. Pacific Northwest For. and Rng.

Exp. Stn. Gen. Tech. Rept. PNW-46. 263 p.

Gleason, H.A. 1926. The individualistic concept of the plant association.

Bull. Torrey Botan. Club. 53:7-26.

Gleason, H.A. 1939. The individualistic concept of the plant association. Am.

Midland Naturalist. 21:92-110.

Gruel!, George W. 1980. Fire's influence on wildlife habitat on the
Bridger-Teton National Forest, Wyoming: Vol. 1-Photographic record

and analysis. U.S. Dept. Agric. Forest Serv. Intermt. For. and Rng. Exp.
Stn. and Intermt. Region. Research Paper INT-235. 207 p.



94

Gunderson, D.R. 1968. Floodplain use related to stream morphology and fish

populations. J. Wildl. Mgt. 32:507-514.

Hall, F.C. 1973. Plant communities of the Blue Mountains in eastern Oregon

and southeastern Washington. U.S. Dept. Agric. Forest Serv. R-6 Area

Guide 3-1. 62 p.

Hammermeister, D. 1978. Water and anion movement in selected soils of

western Oregon. PhD Thesis unpubl. Oregon State Univ. Corvallis, Ore.

Harris, S.W. 1954. An ecological study of the waterfowl of the potholes area,

Grant County, Washington. Am. Midl. Nat. 52:403-432.

Hill, M.O. 1979. DECORANA--A FORTRAN program for detrended corres-

pondence analysis and reciprocal averaging. Section of Ecology and

Systematics. Cornell Univ. Ithaca, New York. 31 p.

Hill, M.O. and H.G. Gauch, Jr., 1980. Detrended correspondence analysis: An

improved ordination technique. Vegetatio. 42:47-58.

Hironaka, M. and M.A. Fosberg. 1979. Nonforest habitat types of southern

Idaho. Interim Report. University of Idaho. Pullman.

Hitchcock, C.L., A. Cronquist, M. Ownby, and J.W. Thompson, 1969. Vascular

Plants of the Pacific Northwest. Il lust. by Jeanne R. Danish. Vol. 1, 2, 5.

Univ. Washington Press. Seattle, Wash.

Hitchcock, C.L. and A. Cronquist. 1973. Flora of the Pacific Northwest: An
Illustrated Manual. University of Washington Press. Seattle, Wash.

730 p.

Horton, J.S. and C.J. Campbell. 1974. Management of phreatophyte and

riparian vegetation for maximum multiple use. U.S. Dept. Agric. Forest

Serv. Research Paper RM-117. 23 p.



95

Kennedy, C.E. 1977. Wildlife conflicts in riparian management: Water. In:

Importance, preservation, and management of riparian habitat. U.S.

Dept. Agric. Forest Serv. Rocky Mt. For. and Rng. Exp. Stn. Gen. Tech.

Rept. RM-65. pp 52-58.

Klemmedson, 3.0., R.D. Pieper, D.D. Dwyer, W.F. Mueggler, and M.J. Trlica.

Research needs on western rangelands. J. Range Manage. 31:4-8.

Lemmon, Paul E. 1956. A spherical densiometer for estimating forest
overstory density. Forest Sci. 2:314-320.

Leopold, A.S. 1974. Ecosystem deterioration under multiple use. In:

Proceedings Wild trout management symposium. U.S. Fish and Wild.

Serv. and Trout Ultd. Denver, Colo. pp 96-98.

Lupher, R.L. 1941. Jurassic stratigraphy of central Oregon. Bull. Geol. Soc.

Am. 52:219-270.

Martin, A.C., H.S. Zim, and A.L. Nelson. 1951. American Wildlife and Plants:

A Guide to Wildlife Food Habits. Dover Publications, Inc. New York.

500 p.

Metson, A.J., L.C. Blakemore, and D.A. Rhoades. 1979. Methods for the

determination of soil organic carbon: A review, and application to New

Zealand soils. New Zealand J. Sci. 22:205-228.

Morgan, M.D. 1969. Ecology of aspen in Gunnison County, Colorado. Am.

Midl. Nat. 82-204-228.

Mueggler, W.F. and W.L. Stewart. 1980. Grassland and shrubland habitat

types of western Montana. U.S. Dept. Agric. Forest Serv. Intermt. For.

and Rng. Exp. Stn. Gen. Tech. Rept. INT-66. 154 p.

Mueller-Dombois, D. and Heinz Ellenberg. 1974. Aims and Methods of
Vegetation Ecology. John Wiley & Sons. New York. 547 p.



96

Norton, B.E., P.7. Urness, A.R. Southard, and R.P. Young. 1980. A riparian

community classification study. Dept. Range Science. Utah State Univ.

Logan, Utah. 77 p.

Odum, E.P. 1978. Ecological importance of riparian zones. In: Strategies for

protection and management of floodplain wetlands and other riparian

ecosystems. R. Roy Johnson and J. Frank McCormick, Tech. Coordi-

nators. U.S. Dept. Agric. Forest Serv. Gen. Tech. Rept. WO-12.

pp 2-4.

Pase, C.P. and E.F. Layser. 1977. Classification of riparian habitat in the

Southwest. In: Importance, preservation, and management of riparian

habitat. U.S. Dept. Agric. Forest Serv. Rocky Mt. For. and Rng. Exp.

Stn. Gen. Tech. Rept. RM-65. pp 5-9.

Patton, D.R. 1973. A literature review of timber-harvesting effects on

stream temperatures: Research needs for the Southwest. U.S. Dept.

Agric. Forest Serv. Research Note RM-249. 4 p.

Pfister, R.D., B.L. Kovalchik, S.F. Arno, and R.C. Presby. 1977. Forest

habitat types of Montana. U.S. Dept. Agric. Forest Serv. Gen. Tech.

Rept. INT-34. 174 p.

Pimentel, R.A. 1979. Morphometrics: The Multivariate Analysis of Biological

Data. Kendall/Hunt Publishing Co. Dubuque, Iowa. 276 p.

Platts, W.S. 1979. Livestock grazing and riparian/stream ecosystems- an

overview. In: Proceedings, Forum-Grazing and riparian/stream

ecosystems. Oliver B. Cope, ed. Trout Ultd., Inc. pp 39-45.

Poulton, C.E. and E.W. Tisdale. 1961. A quantitative method for the
description and classification of range vegetation. J. Range Manage.

14:13-21.

Public Land Law Review Commission. 1970. The forage resource. Vol. 2.

Univ. Idaho with Pacific Consultants, Inc. 109 p.



97

Reed, R. 1971. Aspen forests of the Wind River Mountains, Wyoming. Am.

Midl. Nat. 86:327-343.

Schlatterer, E.F. 1972. A preliminary description of plant communities found

on the Sawtooth, White Cloud, Boulder, and Pioneer Mountains. U.S.

Dept. Agric. Forest Serv. Intermountain region. 111 p.

Schneegas, E.R. 1975. National Forest nongame bird management. In:

Proceedings of the symposium on management of forest and range
habitats for nongame birds. Dixie R. Smith, Tech. Coordinator. U.S.

Dept. Agric. Forest Serv. Gen. Tech. Rept. WO-1.

Seyer, S.C. 1979. Vegetative ecology of a montane mire, Crater Lake
National Park, Oregon. Unpubl. Masters Thesis, Oregon St. Univ.,

Corvallis, Oregon. 187 p.

Stuth, J.W. 1975. Livestock, deer, and logging interactions in the lodgepole

pine-pumice region of Central Oregon. PhD Thesis, unpubl. Oregon

State Univ. Corvallis, Ore. 175 p.

Tans ley, A.G. 1935. The use and abuse of vegetational concepts and terms.

Ecology. 16:284-307.

Thomas, 1W., C. Maser, and J.E. Rodiek. 1977. Riparian zones-their

importance to wildlife and their management. Reno Wildlife Workshop.

April 1977.

Thomas, 1W., C. Maser, J.E. Rodiek. 1979a. Riparian zones. In: Wildlife

habitats in managed forests in the Blue Mountains of Oregon and
Washington. J.W. Thomas, Tech. Ed. U.S. Dept. Agric. Forest Serv. Ag.

Handbook No. 553. pp 40-47.

Thomas, 1W., R.J. Miller, C. Maser, R.G. Anderson, and B.E. Carter. 1979b.

Plant communities and successional stages. In: Wildlife habitats in
managed forests in the Blue Mountains of Oregon and Washington. J.W.

Thomas, Tech. ed. U.S. Dept. Agric. Forest Serv. Ag. Handbook No.

553. pp 22-39.



98

Tuhy, J., S. Jensen, and B.E. Norton. 1981. Riparian community classification

for the Greys River, Wyoming. Final Report to the U.S. Forest Service,

Region 4. Dept. Range Science, Utah State Univ. Logan, Utah. 190 p.

U.S. Department of Agriculture Soil Conservation Service. 1975. Soil

Taxonomy. Ag. Handbook No. 436. 754 p.

Vol land, L.A. 1976. Plant communities of the central Oregon pumice zone.

Pacific Northwest Region. U.S. Dept. Agric. Forest Serv. R-6 Area

Guide 4-2.

Wilson, M.V. 1981. A statistical test of the accuracy and consistency of

ordinations. Ecology 62:8-12.

Winward, A.H. and B.A. Youtie. 1976. Ecological inventory of the Lawrence

Memorial Grassland Preserve. Report-Rangeland Resources Program.

Oregon State Univ. 43 p.

Winward, A.H. 1980. Taxonomy and ecology of sagebrush in Oregon. Oregon

State Univ. Ag. Exp. Stn. Bull. 642. 15 p.



99

APPENDICES



100

APPENDIX A

Riparian Communities Studied With Site Identifications

and Sequence Numbers for Each Site



Riparian Dominance Type

Mountain Alder

Aspen

Water Sedge

Beaked Sedge

Baltic Rush

Mackenzie Willow

Geyer Willow

Coyote Willow

Lemmon's Willow

101

Stand Code Sequence Number

AL01 34
AL02 41
AL03 40
AL04 50
AL05 54

AS01 4

AS02 5

AS03 45
AS04 18

AS05 23
AS06 25
AS07 27

SW01 2
SW02(SB07) 49
SW03 19
SW04 22
SW05 32
SW06 51

SB01 7

51302 8
51303 35
51304 44
51305 47
51306 53
SW02(SB07) 49

RUO1 6
RUO6 36
RUO3 37
RUO4 21

WRO1 14
WRO2 15

WRO3 58

WTO1 9
WTO2 16

WTO3 20
WTO4 56

WX01 13
WX02 55
WX03 57

W201 46
W202 10

W203 12
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Mountain Silver Sagebrush SSO 1 1

SSO2 33
SSO3 11

SSO4 17
SSO5 29

Kentucky Bluegrass KY01 43
KY02 48
KY03 26
KY04 31
KY05 52

Mixed Conifer C001 38
C002 39
C003 42
C004 24
C005 28

Other Communities
Common Spike-Rush 0001 3

Fowl Bluegrass 0002 30
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APPENDIX B

Partial List of Riparian and Upland Plants Found Within
the Riparian Zones of the Study Area



APPENDIX B

Alpha code, scientific name, and common name of riparian plant species sampled on the study units according to
the nomenclature of Hitchcock and Cronquist (1973) and Garrison et al. (1976).

Alpha Code

Trees

Abco

Abgr

Alin

Juoc
Pico

P ipo

Potr
Psme

Shrubs & Half-shrubs

Amal

Arcav

Artrt
Bere

Scientific Name

Abies concolor (Gord. & Glend.)

Abies grandis (Dougl.) Forbes

Alnus incana (L.) Moench

Juniperus occidentalis (Hook.)

Pinus contorta Dougl.
Pinus ponderosa Dougl.

Populus trmuloides Michx.

Pseudotsuga menziesii (Mirbel) Franco.

Amelanchier alnifolia Nutt.

Artemisia cana ssp. vicidula Pursh
Artemisia tridentata ssp. vaseyana Nutt.
Berberis repens Lindl.

Common Name

white fir
grand fir

mountain alder
western juniper

lodgepole pine

ponderosa pine

quaking aspen

douglas-fir

saskatoon serviceberry

mountain silver sagebrush
mountain big sagebrush

creeping hollygrape



Appendix B (continued)

Alpha Code

Chum

Chvi

Cost

Loin

Riau

Rice

Rowo

SALIX

Saexe

Sage

Sarim

Sale

Shca

Syal

Syor

Forbs

Acmil

Acco

Scientific Name

Chimaphila umbellata (L.) Bart.
Chrysothamnus viscidiflorus (Hook.) Nutt.

Cornus stolonifera Michx.

Lonicera involucrata (Rich.) banks

Ribes aureum Pursh
Ribes cereum Dougl.

Rosa woodsii Lindl.

Salix L.

Salix exigua ssp. exigua var. exigua Nutt.
Salix geyeriana Anderss.

Salix rigida var. mackenzieana (Hook) Cronq.
Salix lemmonii Bebb

Shepherdia canadensis (L.) Nutt.

Symphoricarpos albus (L.) Blake

Symphoricarpos oreophilus Gray

Achillea millefoium var. lanulosa Piper

Common Name

common princes-pine
green rabbitbrush

red-osier dogwood

bearberry honeysuckle

golden current
wax current

woods rose

willow

coyote willow

geyer willow

Mackenzie willow

Lemmon's willow

russet buffaloberry

common snowberry

mountain snowberry

western yarrow
Aconitum columbianum var. columbianum Nutt. columbia monkshood



Appendix B (continued)

Alpha Code

Anof

Anro

Aqfo

Arch

Arco

Arlu

ASTER

Asch

Brdo

Cama

Civu

Copa

CREPI

DELPH

DESCU

DODEC

Epan

Epgl

ERIGE

Frye

Scientific Name

Anchusa officionalis L.
Antennaria rosea Greene

Aquilegia formosa Fisch.
Arnica chamissonis Less.

Arnica cordifolia Hook.

Artemisia ludoviciana Nutt.
Aster L.

Aster chilensis Nees

Brodiaea douglasii (Lindl.) Wats.

Calochortus macrocarpus Dougl.

Cirsium vulgare (Savy) Tenore

Collinsia parviflora Lindl.

Crepis L.

Delphinium L.

Descurainia Webb & Berth.

Dodecatheon L.

Epilobium angustifolium L.
Epilobium glaberrimum var. glaberrimum Barbey

Erigeron L.

Fragaria vesca L.

Common Name

common bugloss

rose pussytoes

sitka columbine
chamisso arnica
heartleaf arnica
Louisiana sagebrush

aster
pacific aster
Douglas brodiea

sagebrush mariposa

bull thistle
littleflower collinsia
hawksbeard

larkspur

tansemustard
shootingstar

fireweed
smooth willow-weed

fleabane

woods strawberry



Appendix B (continued)

Alpha Code

Frvi

Gaas

Gabo

Gevi

Gema

Getr
Gnpa

Hahi

Hial2

Hial

Hofu

Hype

Lipe

Lotrt

LUPIN

Lulec

Mear3

Minu

Migu

Scientific Name

Fragaria virginiana var. platypetala (Rydb.) Hall
Galium asperrimum Gray
Galium boreale L.

Geranium viscossisimum F. & M.

Geum macrophyllum Willd.

Geum triflorum Pursh
Gnaphalium palustre Nutt.

Haplopappus hirtus Gray
Hieracium albertinum Farr.

Hieracium albertinum Hook.

Horkelia fusca Lindl.

Hypericum perforatum L.

Linum perenne L.

Lomatium triternatum ssp. triternatum
(Pursh) Coult. & Rose

Lupinus L.

Lupinus lepidus var. cusickii (Wats.) Hitchc.

Mentha arvensis L.

Microseris nutans (Geyer) Schultz-Bip.

Mimulus guttatus DC.

Common Name

broadpetal strawberry
rough bedstraw

northern bedstraw

sticky geranium

largeleaf avens
prairie smoke avens
lowland cudweed

hairy goldenweed

western hawkweed

white hawkweed

tawny horkelia

common St. Johnswort

perennial flax

nineleaf lomatium

lupine

prairie lupine

field mint
nodding microseris

common monkeyflower



Appendix B (continued)

Alpha Code

Mipe

Moch

Moli

Mymi

Nami

Nebr

Oeta
Orhi

Osoc

Peryv

Phhal

Plsc2

Plma
Poan4

Poar

Pogl

Pogr

Racy

Raoc

RUMEX

Scientific Name

Mite lla pentandra Hook.

Montia chamissoi (Ledeb.) Robins. & Fern.

Montia linearis (Dougl.) Greene

Myosotis micrantha Pall.

Navarretia minima Nutt.
Nemophila breviflora Gray

Oenothera tanacetifolia T. & G.
Orthocarpus hispidus Benth.

Osmorhiza occidentalis (Nutt.) Torr.
Penstemon rydbergii var. varians A. Nels

Phacelia hastata var. leucophylla (Torr.) Cronq.
Plagiobotrys scouleri Johnst.

Plantago major L.
Potentilla anserina L.
Potentilla arguta Pursh
Potentilla glandulosa Lindl.
Potentilla gracilis Dougl. Ex Hook.

Ranunculus cymbalaria Pursh
Ranunculus occidentalis Nutt.

Rumex L.

Common Name

fivestamen mitrewort
chamissoi indianlettuce

lineleaf indianlettuce
blue scorpion-grass

least navarretia
Great Basin nemophila

tansyleaf eveningprimrose
hairy owl-clover

sweetanise
Rydberg penstemon

whiteleaved phacelia
scouler popcornflower

rippleseed plaintain
common silverweed

tall cinquefoil
gland cinquefoil

northwest cinquefoil

shore buttercup
western buttercup
dock



Appendix B (continued)

Alpha Code

Rucr

Scan

Sese

Sior

Sime

Smst

Stni

Taof

Thfe2

Trcy

Trere

Trio

Trwo2

Urdi

Veth

Veam

Vese

VIOLA

Scientific Name

Rumex crispus L.

Scutellaria angustifolia Pursh
Senecio serra Hook.

Sidalcea oregana (Nutt.) Gray

Silene menziesii Hook.
Smilacina stellata (L.) Desf.

Stellaria nitens Nutt.
Taraxacum officinalis Weber

Thalictrum fendleri Engelm.

Trifolium cyathiferum Lindl.
Trifolium eriocephalum var. eriocephalum Nutt.

Trifolium longipes Nutt.

Trifolium wormskjoldi Lehm.

Urtica dioica L.

Verbascum thapsis L.

Veronica americana Schwein.

Veronica serphyllifolia L.

Viola L.

Common Name

curly dock

narrowleaf skullcap
butterweed groundsel

Oregon checkermallow

Menzies silene
starry solomonplume

shining chickweed

common dandelion

fendler meadowrue

cup clover

wooly head clover

longstalk clover

arrow-grass
stinging nettle

flannel mullein
American speedwell

thymeleaf speedwell

violet



Appendix B (continued)

Alpha Code

Grasses

Agre

Agsp

Agtr2

Agal

Agex

Agsc

Alae

Arel

Besy

Brca

Brin

Brte

Caru
Dagl

Deca
Deel

Elgl

Feid

Scientific Name

Agrophyron repens (L.) Beauv.

Agropyron spicatum (Pursh) Scribn. & Smith

Agropyron tricophorum (Link) Richt.

Agrostis alba L.

Agrostis exerata Trin.
Agrostis scabra Willd.

Alopecuris aequalis Sobol.

Arrhenatherum elatius (L.) Presl.

Beckmannia syzigachne Steud. Fern.

Bromus carinatus H. & A.

Bromus inermis Leys.

Bromus tectorum L.

Calamagrostis rubescens Buckl.
Dactylis glomerata L.

Deschampsia caespitosa (L.) Beauv.
Deschampsia elongata (Hook.) Munro

Elymus glaucus Buckl.

Festuca idahoensis Elmer

Common Name

quackgrass
bearded bluebunch wheatgrass

pubescent wheatgrass
redtop

spike bentgrass
winter bentgrass
shortawn foxtail

tall oatgrass
American sloughgrass

California brome

smooth brome

cheatgrass brome

pinegrass
orchardgrass

tufted hairgrass
slender hairgrass

blue wildrye

Idaho fescue



Appendix B (continued)

Alpha Code

Feoc

Feru
Glel

Glgr

Hobr

Kocr

Mufi

Muri

Phpr

Poam

Pocu

Pone

Popa

Popr

Posa3

Sihy

Spgr

Stoc

Scientific Name

Festuca occidentalis Walt.
Festuca rubra L.
Glyceria elata (Nash) Jones

Glyceria grandis Wats.
Hordeum brachyantherum

Koeleria cristata Pers.
Muhlenbergia filiformis (Thurb.) Rydb.

Muhlenbergia richardsonis (Trin.) Rydb.

Phleum pratense L.

Poa ampla Merril

Poa cusickii Vasey

Poa nervosa (Hook.) Vasey

Poa palustris L.

Poa pratensis L.

Poa sandbergii Vasey

Sitanion Hystrix (Nutt.) J. G. Smith

Spartina gracilis Trin.

Stipa occidentalis Thurb.

Common Name

western fescue
red fescue
tall mannagrass

American mannagrass
northern meadow barley

prairie junegrass
pullup muhly

mat muhly

Timothy

big bluegrass

Cusic bluegrass

Wheeler bluegrass

fowl bluegrass

Kentucky bluegrass

Sandberg's bluegrass
bottlebrush squirreltail
alkalai cordgrass

western needlegrass



Appendix B (continued)

Alpha Code

Grass likes

Caaq

Caau

Caar2
Caat
Cado

Cage

Cale5

Cami

Caro

Caro2

Elpa

Jubab
Jubam

Jubu

Juen

Luca2

Scmi

Scientific Name

Carex aquatilis Wahl.
Carex aurea Nutt.
Carex arcta Boott
Carex anthrostachya Olney

Carex douglasii Boott

Carex geyeri Boott
Carex lenticularis var. lenticularis Michx.

Carex microptera Mack.
Carex rossii Boott

Carex rostrata Stokes
Eleocharis palustris (L.) R. (Sc S.

Juncus balticus var. balticus Willd.
Juncus balticus var. montanus Engelm.

Juncus bufonius L.

Juncus ensifolius var. ensifolius Wikst.

Luzula campestris L. DC.
Scirpus microcarpus Presl.

Common Name

water sedge
golden sedge

northern clustered sedge
slenderbeak sedge

Douglas sedge

elk sedge

smallwing sedge

Ross sedge

beaked sedge

common spike-rush

Baltic rush
Baltic rush

toad rush

swordleaf rush

field woodrush

panicled bulrush
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APPENDIX C

Soil Classification for Riparian Sites and Description of Soils



Riparian Dominance Type
Soil Suborder
Particle Size Class
Site Identification

Minimum Maximum Mean
Depth to Depth to Summer
Water Water Soil
Table Table TempoC

Profile Description
Horizon(Thickness)/Texture(Organic Carbon)

Beaked Sedge r.d.t.
Sapric Borohernist
SBOI

SB02

SB04

Terric Borohernist
SI305

Cumulic Cryaquoll
SB03

Typic Haplaquoll
Coarse-Loamy Skeletal
Sf307

Water Sedge r.d.t.
Aquic Haploxeroll
Coarse-Loamy over Sandy
SW01

Histic Haplaquoll
Fine
SW04

0

0

0

0

0

0

0

0

0 9.6

0 12.4

0 11.1

0 12.9

22 11.0

0 13.7

0e1(0-19cm)/SiL(20.4); 0e2(19-100)/SiL(19.3);
11C(100+) /SiL(20.4)

Oe I (0-1 lcm) /SIL(14.0); 0e2(11-50)/SiL(12.3);
11C(50-100)/SiL(19.0)

0e1(0-30cm)/CL(12.8); 0e2(30-48)/SiL(8.1);
Bg(48-70)/L-CL(0.8)

0e1(0-20cm) /Muck(na); 11C1(20-33)/CL(na);
11C 2g( 33-68)/L-CL(na)

A I 1(0-24cm)/SL(3.8); Al2(24-48)/L(3.5);
11C(48-68)/CosL(2.2)

Oe(0-10crn)/(na); A11(10-21)/CosL(6.4);Al2
(21-26)/L(2.3); 11C(26-45) /Sk-LCos(1.8); II1A lb
(45-54)/L(2.0); 1VCg(54-85+)Sk-Cos(0.6)

125 12.7 A I(0-42crn)/CL(5.0); A21(42- 71)/SiC(0.6);
A22(71-87)/SL(0); A23(87-97)/SiL(0.3);
C1(97-119)/CosL(0)

76 13.3 02(2-0cm); A1(0-18)/SiCL-CL(7.2); B21(18-52)/
SiCL(3.9); B22g(52-81)SiC-SiCL(I.8); B23g
(81-100+)/SiC(0.2)



Riparian Dominance Type
Soil Suborder
Particle Size Class
Site Identification

Minimum Maximum Mean
Depth to Depth to Summer
Water Water Soil

TempTable Table

Profile Description
Horizon(Thickness)/Texture(Organic Carbon)

Histic Haplaquoll
Fine
SW 05

Fine-Loamy
SW 03

Baltic Rush r.d.t.
Cumulic Haplaquoll
Coarse-Loamy
RUO1

Fine-Loamy
RUO6

Histic Haplaquoll
Fine-Loamy
RUO4

Cumulic Cryaquoll
Coarse-Loamy
RUO3

0

0

1

39

0

130 12.4

3 12.0

45

55

01(2-0cm); A1(0-18)/SiC-SiCL(7.9); A21
(18- 44) /SiCL(1.5); A22g(44-75)/CL-SiCL(0.7);
A23g(75-117)/CL-SiCL(0.2); Cg(117+)/CL(0.2)

Al 1(0-12cm)/L(13.8); A 1 2(12-18)/CL(6.9); B2g
(18-47)/CL(1.0); B3g(47-85+)/L(0.6)

01(2-0cm); Al(0-13)/SiL(12.3); AC(13-28)/CosL
(2.9); IIA1(28-85)/SiL(10.1); IIIC(85-1-)/LoCos(1.2)

A1(0-22crOL(5.0); B21(22-43)/L(4.1); B22g
(43-82)/L(1.9); IIC(82-1-)/Gr-Cos(na)

51 15.6 Al 1(0-12cm)/CL(6.3); Al2(12-30)/CL(2.3);
B1(30-43)/CL(0.8); B3g(43-954)/L-CL(0.2)

12 33 11.7 A1(0-16cm)/L(4.6); B2g(16-41)/L-CL(2.5); IlCg
(41-844 ) /SL(1.2)



Riparian Dominance Type Minimum Maximum Mean
Soil Suborder Depth to Depth to Summer
Particle Size Class Water Water Soil
Site Identification Table Table TempoC

Profile Description
Horizon(Thickness)/Texture(Organic Carbon)

Mountain Alder r.d.t.
Cumulic Cryaquoll
Coarse-Loamy
AL0I 29 33 11.3 A 1 1g(0-1 lcm)/SL(2.3); A 12g(11- 34)/L(5.6);

ACg(34-56)/CosL(0.9); 11Cg(56-87+)/L(7.2)
Sandy-Skeletal
AL03 16 38 10.9 A1(0-5cm)/SL(3.3); AC(5-19)/Sk-LCos(0.3);

I1A1(19-38)/SL(2.0); 11AC(38-57)/Sk-LCos-
CosL(1.7)

Loamy-Skeletal
AL02 33 55 10.7 A1(0-16cm)/Sk-SL(4.9); IIA1(16-40)/L(4.2);

II1C1(40-63)/Sk-CosL(1.9); IVC 2(63-80+)/Sk,
Rky-LCos-SL(0.8)

Coyote Willow r.d.t.
Aquic Haploxeroll
Coarse-Loamy
WX01 14.6 A 1 1(0-6cm)/L( 1.7); Al2(6-14)/SL(0.1); IIAI lb

(14-23)/L(0.8); I1Al2b(23-43)/L(0); IIA 1 3b
(43-46)/SL(0); 111AC(46-53)/SL(0); IVC1(53-87cm)/
Gr,Co, St, Cos(0); VC2(87-100+)/Sk-Cos(0)

Geyer Willow r.d.t.
Histic Haplaquoll
Fine-Loamy
WTO3 0 27 12.2 02(3-0cm); Al(0-15)/SiL(na); A21(15-50)/SiCL(na);

A22(50-66)/CL(na); B21g(66-95)/C(na); B22g
(95-110+)/C(na)



Riparian Dominance Type
Soil Suborder
Particle Size Class
Site Identification

Minimum Maximum Mean
Depth to Depth to Summer
Water Water Soil

TempTable Table

Profile Description
Horizon(Thickness)/Texture(Organic Carbon)

Fine

Geyer Willow Stream r.d.t.
Cumulic Haplaquoll
Coarse-Loamy
WTO1

Typic Haplaquoll
Fine-Loamy
WTO2

Mackenzie Willow r.d.t.
Cumulic Haplaquoll
Coarse-Loamy
WRO1

Typic Cryaquoll
Fine-Loamy
WRO2

0 76 13.3 02(2-0cm); A1(0-18)/SiCL-CL(7.2); B21(18-52)/
SiCL(3.9); B22g(52-81)/SiC-SiCL(1.8); B23g
(81-100+)/SiC(0.2)

23 36 13.7 A 1 1(0-1 1 cm)/SiL(5.3); Al2(11-49)/SiL-L(3.7);
B3g(39-63)/L(0.9); HC lg(63- 76) /CosL(0.4);
IIC 2g(76- 85 +) /St- CosL(na)

72 105 13.1 A1(0-13cm)/SiL(na); A3(13-45)/L(na); 1321g
(45-81)/L(na);1322g(81-100+)/SL(na)

77 112 12.9 A1(0 -13cm)/SL(na); 11A1(13-27)/L(na); IIAC
(27-31)/SL(na); II1A1(31-43)/L(na); 1VC 1
(43-48)/SL(na); VC2(48-81)/SL(na); VIC 3
(81- 110+)/Gr-Cos(na)

30 98 12.8 Al(0-19cm)/SiL(9.1); A3g(19-46)/CL(3.3);
BlIg(46-69)/L(2.4); B12g(69-104)/SiL(1.9);
IICg(104-112+)/LS(na)



Riparian Dominance Type
Soil Suborder
Particle Size Class
Site Identification

Minimum Maximum Mean
Depth to Depth to Summer
Water Water Soil

TempTable Table

Profile Description
Horizon(Thickness)/Texture(Organic Carbon)

Lemmon's Willow r.d.t.
Typic Cryaquoll
Coarse-Loamy
1V203 36 48 11.9 01(1-0cm); Al1(0-14)/L(4.4); Al2g(14-23)/

SL(1.8); B2g(23-5 0/L(2.3); B3g(51-81)/L(0.5);
11C(81+)/SL(0.9)

Pachic Cryoboroll
Coarse-Loamy
W201 44 73 12.3 01(0-1cm); A l 1(0- 14)/5L(2.7); Al2(14-40)/

SL(1.1); B2(40-68)/SCL-L(2.6); R
Kentucky Bluegrass r.d.t.
Pachic Haploxeroll
Fine-Loamy
KY03 57 73+ 15.1 A1(0-14cm)/SiL(5.4); 1321(14-38)/CL(1.1); B22

(38-58)/CL(1.4);11C1(53-68)/SL-SCL(0.9);
111C2(68+)/SC(na)

Coarse-Loamy
KY01 65 12.4 A1(0-21cm)/SiL-L(4.7); A21(21-53)/L(0.6); A22

(53-61)/L(1.1); A23g(61-100+)/L(0.4)
Typic Haplaquoll
Coarse-Loamy
KY02 44 50 15.4 A 1 1(0-24cm)/SiL(2.8); A 1 2(24-38)/L-SiL(1.9);

Blg(38-80+)/L(0.7)



Riparian Dominance Type
Soil Suborder
Particle Size Class
Site Identification

Minimum Maximum Mean
Depth to Depth to Summer
Water Water Soil

TempTable Table

Profile Description
Horizon (Thickness) /Texture(Organic Carbon)

Mountain Silver Sagebrush r.d.t.
Aquic Haploxeroll
Coarse-Sandy
SSO4 47

Fine-Loamy
SSO3 98

Fine
SS02

Pachic Haploxeroll
Fine
SSW

Fine-Loamy
SSO5

Aspen r.d.t.
Pachic Haploxeroll
Coarse-Loamy
ASOI

135 14.3 Al(0-15cm)/CL(8.1); A21(15-31)/SiC(2.4); A22
(31-80)/SiC(0.6); B31(80-94)/SiC(0.6); B32
(94-105+)/CL(0.6)

116 13.4 Al 1(0-27crn)/SiCL-CL(4.5); Al2(27-37)/SiCL(2.3);
A21(37-53)/C(0.8); A22g(53-86)/SiL-CL(0.4);
filg(86-102)/SL(0.3); B2g(102+)/L(0.0)

94 122 13.9 Al(0-19cm)/SiCL-SiL(4.8); B21(19-38)/SiCL(I.8);
B22(38-64)/SiCL-SiC(0.8); B31(64-77)/SiCL-SiC
(0.4); 1 32g(77-94)/SiL(0.2); B33g(94+)/L-SiL(0.0)

79 101 14.3 A11(0-8crn)/SiC(4.9); Al2(8-20)/SiCL(5.3); A3
(20-64)/SiCL-CL(4.7); C1(64-78)CL(2.3); C2
(78+)/CL(0.6)

62 135 12.8 A1(0-8cm)/L(10.8); B21(8- 58);SiCL-CL(2.3);
B22
(58-73)/CL(1.1); B3g(73-100+)/C(0.3)

155+ 155+ 14.6 A l 1(0- 12cm)/L(7.4); A 1 2(12- 30)/L(5.2); A3
(30-60)/L(3.8); Bl(60-94)/L(3.3); B3(94-110)/
L(1.3); C1(110+) /SL(0.8)



Riparian Dominance Type
Soil Suborder
Particle Size Class
Site Identification

Minimum Maximum Mean
Depth to Depth to Summer
Water Water Soil
Table Table Temp

Profile Descri tion
Horizon(Thickness)7Texture Organic Carbon)

AS02 102 155+ 12.5 AI 1(0- 37cm)/SiL(8.5); Al2(37-104)/SiL(6.1);
11C(104- 120 0/SL-L(1.5)

Fine-Loamy
AS06

Aquic Haploxeroll
Coarse-Loamy
AS04

Pachic Cryoboroll
Fine-Loamy
AS05

88 118 13.3 Al 1(0- 13crn)/CL(5.2); A 1 2(13-43)/SL-C(2.3);
B2t(43-53)/SiCL(1.8); B3(53-85)/Gr,CL-L(0.7);
C 1(85- 110+)/Sk,LS(2.3)

135+ 135+ 12.8 A1(0- 13crn)/SL(8.3); C1(18-42)/Gr,LCos(2.1);
11A1b(42-60)/L(12.3); 11C 1(60-80+)/Sk,CosL
(2.8)

87 135+ 11.4 01(3-2cm); 02(2-0); Al(0-14)/CL(6.1); Charcoal
(14-15); A lb(15-26)/CL(5.2); 82(26-34)/CL(3.1);
Charcoal(34-35); 1lAb(35-51)/CL(2.2); 1183lb
(51-66)/SCL(1.1); IIB32b(66- 83 +) /CL- L(2.2)

AS07 57 135+ 11.9 01(1-0cm); Al(0-5)/L(2.4); CL(5-12)/Gr,CosL
(0.6); 11A lb(12-21)/L(3.4); 111A lb(21- 24)/1_(15.7);
111111(24-54)/L(1.8); 111B2(54-140+)/CL(1.3)

Coarse-Loamy
AS03 71 84 12.5 Al(0-31cm)/L(2.2); A3(31-71)/SL-L(0.8); B1

(71-102+)/L(0.7)



Riparian Dominance Type
Soil Suborder
Particle Size Class
Site Identification

Minimum Maximum Mean
Depth to Depth to Summer
Water Water Soil

TempTable Table

Profile Description
Horizon (Thickness) /Texture(Organic Carbon)

Conifer Communities
Pachic Cryoboroll
Fine-Loamy
C004

Argic Cryoboroll
Fine-Loamy
C003

Pachic Haploxeroll
Fine-Loamy
C005

Typic Haploxeroll
Coarse-Loamy
C001

Aquic Haploxeroll
Fine-Loamy
C002

83 113 10.1

11.0

12.1

10.1

13.9

A I 1(0-16cm) /L(1.1); 112t(16-30)/CL(1.1);
C(30-41)/SL(0.5);11B21(41-61)/CL(0.7); IIB22
(61-80)/L-SCL(0.1); 11B3(80-100)/SCL(0.3);
IIBC(100+)/SL-SCL(0.5)

01(3-2cm); 02(2-0); A1(0-7)/L-SiL(7.9); A3
(7-25)/L-CL(3.8); B21t(25-45)/CL(1.7); B22t
(45-70/CL(0.9); B3(71- 87 +) /SL- L(0.4)

01(3-2cm); 02(2-0cm); A1(0-10/L-SiL(7.0);
B2t(1 1- 34)/CL(1.8); B31(34- 53)/Sk,SCL(1.0);
R32(53- 68) /Gr, SCL(na); IIC(68-0/St,Co,SCL-L
(0.6)

01(3-2cm); 02(2-0cm); A1(0-20)/Sk,L(3.2);
B3(20- 46) /Sk,L(0.9); 11C(46-78+)/Sk,Cos-SL
(0.5)

01(2-1cm); 02(1 -0cm); A1(0-10/L-SiL(6.8);
831(11-60)/L(1.7); B32g(60-103+)/L(0.8)
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APPENDIX D

Stand and Species Ordinations Using the

Detrended Correspondence Analysis

Program DECORANA
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STAND ORDINATION SCORES

AXIS 1
Eig.=.833

AXIS 2
Eig.=.548

AXIS 3
Eig.=.460

Stand* Scores Stand- Scores Stand* Scores

51304 701 5505 380 SB05 401

51306 676 SSO2 375 RUO1 365

SBOI 675 SSO4 361 RUO3 309

51302 675 WX03 320 WX02 296

SW02 593 SSO3 316 SW05 291

51305 561 0002 302 WX01 279

SB03 557 0001 283 SB03 251

sW06 542 WX02 276 W202 250

SW03 536 W202 234 SSO3 250

SW02 519 SW02 227 RUO6 250

SW04 454 WX01 227 AL04 249

0001 453 RUO4 219 SB02 24S

SW05 442 SW04 217 51304 248

W202 429 SSO1 216 51301 244

RUO1 422 SW05 216 SW02 232

WX03 420 SW06 205 51306 228

WT03 417 RUO1 204 AL05 227

AL04 411 SW03 204 SSO1 223

WRO2 408 W103 176 W201 213

RUO4 393 WTO2 164 KY03 211

AL02 392 SB05 160 KY02 211

WX02 380 KY05 155 KY01 208

AL03 377 SB06 150 KY05 207

RUO3 374 51304 148 5S02 206

AL01 361 SBO1 142 AL01 203

WRO1 341 SW02 142 SSO4 202

W203 332 C004 139 C002 195

RUO6 332 RUO3 138 ASO4 188

WTO2 322 51302 137 C005 188

KY05 317 C001 121 A501 186

AL05 307 51303 115 AS06 185

1VT01 305 C002 110 AL03 185

WX01 301 C003 110 AS03 185

0002 287 KY03 109 AS02 184

WTO4 286 RUO6 103 KY04 184

WRO3 276 AL05 95 C001 184

KY04 275 WTO1 94 A507 183

KY02 263 KY04 88 WX03 182

KY03 251 A507 83 C003 179

KY01 248 AS05 82 WTO4 179

5503 244 A502 80 SSO5 177

SSO1 222 AS06 76 AS05 172

5S05 214 AS03 71 AL02 169

SSO4 212 WTO4 70 0002 163
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AXIS 1
Eig.=.833

Stand* Scores

AXIS 2
Eig.=.548

Stand* Scores

AXIS 3
Eig.=.460

Stand* Scores

ASO1 208 ASO4 67 WRO2 156

W201 208 KY02 67 W203 145

SSO2 192 C004 64 WRO3 141

C005 170 WRO2 WTO1 138

ASO4 165 W203 4? C004 137
AS02 160 ALOI 39 RU04 133

AS07 142 ASOI 33 WRO1 109
AS06 138 WRO1 22 SW04 61

AS05 114 W201 22 SW03 55

AS03 111 KY01 20 0001 40

C004 74 WRO3 16 SW02 22

C003 62 AL04 2 SW03 19

C002 28 AL03 0 WTO2 13

C001 0 AL02 0 SW06 0

*For Stand Names see Appendix A
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AXIS 1

SPECIES ORDINATION SCORES

Downweighting of Rare Speices

AXIS 2 AXIS 3

Species Score Species Score Species Score

CARO2 702 HOFU 455 CASI 471

GLGR 623 POSA3 450 JUEN 430

MIGUS 611 ARTRV 447 MOCH 399

VEAM 605 POAM 443 SPGR 396

GLEL 604 LIPS 433 JUBA 394

MUFI 583 POCU 432 MUFI 374

CALE 575 NAMI 422 CAAU 372

CASI 572 ORHI 416 AGAL 349

JUEN 566 DELPH 415 TRLO 347

EPGL 564 LULEC 402 ALAE 332

AGEX 552 GNPA 399 KOCR 331

CAAQ 547 MEAR3 397 SAEXE 328

RACY 542 OETA 396 ARLU 327

ALAE 521 ARCAN 392 HYPE 311

HYPE 496 POAN4 392 AGEX 301

TRCY 467 POPA 390 SESE 300

MOCH 464 JUBU 388 TRERE 300

TRLO 457 KOCR 384 HOBR 300

MINU 456 CADO 383 CAMI 297

DECA 451 SAEXE 371 VEAM 294

CAAT 436 EQUIS 366 MOLI 288

JUBA 435 LUPIN 350 CALE 286

MURI 432 SPGR 315 PLMA 285

POAN4 429 GETR 312 LULEC 282

MEAR3 424 MOLI 304 MURI 282

GEMA 414 SIHY 304 GETR 277

ALIN 412 CAAT 289 ANRO 267

EQUIS 407 HOBR 287 POGR 267

RUCR 406 MINU 286 ACMIL 265

PLMA 404 MURI 278 EPGL 263

CAAU 400 PLMA 276 SALE 261

SARI 399 AGAL 271 SIOR 258

SCMI 394 AGEX 252 DELPH 255

VIOLA 393 ARLU 250 STNI 253

PHPR 393 POGR 249 CARO2 248

SAEXE 386 TRCY 248 RUCR 247

AGAL 383 STNI 247 ARCAV 243

SALE 379 LUCA 243 RACY 238

TRWO2 379 ACMIL 235 TRWO2 239

CAMI 377 TAOF 227 GLEL 235

SAGE 370 PHPR 225 VIOLA 232

DEEL 369 SIOR 222 CADO 228

RILA 367 TRERE 222 AREL 228
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AXIS 1 AXIS 2 AXIS 3

Species Score Species Score Species Score

RIAU 355 CHUM 219 CIVU 226
MOLI 353 SHCA 219 AGSP 219

CARO 353 MOCH 218 RAOC 218

URDI 351 CODA 216 RILA 215

ARCH 348 CARU 214 NEBR 213
HOBR 348 SESE 210 SYAL 212

ACCO 336 DECA 206 FRVI 212

POGL 336 JUBA 205 GEMI 212

GAAS 320 CAAQ 205 AMAL 209

SPGR 318 EPGL 204 ROWO 206

SESE 302 LOTRT 194 GLGR 204

TRERE 301 CAGE 188 PIPO 192

LUCA 294 SAGE 187 THFE2 192

TAOF 293 DAGL 186 POPR 192

RIB!) 291 AGTR 185 POSA3 192

NEBR 289 BERE 180 OETA 191

POPA 288 PICO 179 COPA 190

FEOC 288 RUCR 175 GNPA 188

STNI 282 ARCH 173 DEEL 186
POPR 269 PSME 172 ARTRV 185

ARLU 264 ABCO 172 AGTR 181

OETA 233 PONE 172 BRDO 181

KOCR 228 CALOC 171 LIPE 181

CIVU 224 EPAN 170 POTR 180

RAOC 224 CASI 169 PSME 180

ANRO 222 AGSP 164 ABCO 180

SIOR 221 JUEN 158 PONE 180

ACMIL 215 AMAL 157 HOFU 180

NAMI 213 ALAE 157 PHPR 180

AREL 213 CIVU 153 ORHI 178

GNPA 208 SCAN 149 BRCA 177

POGR 208 CARO2 148 POPA 176

CADO 204 HIAL 147 LUPIN 173

LULEC 198 CAAU 146 AGRE 173

JUOC 197 GLGR 141 OSOC 172
FRVI 195 OSOC 138 ELGL 171

ORHI 194 ROWO 131 STOC 171

BRIN 194 RICE 124 AQFO 179

FEID 191 VEAM 123 SCAN 170
ROWO 190 CAMI 117 DODEC 168

DELPH 188 PIPO 114 POAN4 168

GETR 181 TRLO 112 PICO 167

POCU 181 DEEL 106 CALOC 167

ARCAV 175 ELGL 105 SCMI 167
POAM 170 SIME 103 EPAN 166

LIPE 158 DODEC 93 ARCO 162
POSA3 58 GLEL 91 POAM 158

BRTE 156 MUFI 87 JUOC 155
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AXIS 1 AXIS 2 AXIS 3

Species Score Species Score Species Score

HOFU 155 SYAL 84 JUBU 155

SIHY 153 FRVE 82 ARCH 151

ARTRV 152 MIGU 81 FRVE 149

GABO 148 GABO 77 NAMI 149

COPA 145 BRDO 76 ALIN 142

GEVI 142 POTR 73 TAOF 142

RICE 139 CALE 66 MIGU 140

SMST 130 NEBR 65 DAGL 131

STME 122 SMST 63 POCU 130

AGRE 112 GAAS 61 CAGE 125

ELGL 104 GEVI 56 MEAR3 123

BRCA 101 STOC 50 BRTE 120

LUPIN 99 ARCO 42 FEID 12G

DAGL 98 POGL 42 LOTRT 118

AG1R 91 AQFO 41 HIAL 117

THFE2 39 GEMI 40 SMST 113

DODEC 88 TRWO2 34 FEOC 11G

BRDO 87 THFE2 32 POGL 100

POTR 86 RAOC 31 EQUIS 100

FRVE 85 ACCO 19 BERE 99
AQFO 79 RILA 16 GEVI 99
ARCO 76 URDI 14 CARU 80

SYAL 75 POPR 14 SARI 76

OSOC 71 VIOLA 8 CHUM 71

CALOC 64 FRVI 6 SHCA 71

AMAL 63 FEOC 3 BRIN 71

LOTRT 59 SARI -5 SIME 66

EPAN 55 CARO -6 CARO 65

HIAL 51 AGRE -8 RACY 62
STOC 40 FEID -12 GABO 61

BERE 36 ANRO -19 RIAU 56

SCAN 26 SCMI -28 ACCO 55

CHUM 21 JUOC -30 URDI 52

SHCA 21 RIAU -37 RICE 51

CARU 12 BRCA -43 SIHY 45

CAGE 7 ALIN -55 DECA 38
PSME 4 BRIN -81 GAAS 37

ABCO 4 HYPE -105 MINU 33

PONE 4 LUCA -108 CAAT 20

PIPO -13 SALE -133 TRCY 17

AGSP -20 AREL -176 CAAQ -9
PICO -43 BRTE -205 SAGE -40
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APPENDIX E

Key and Illustrations of Some Important Riparian Plant Species

Found in Southern Malheur National Forest

(Illustrations reproduced with permission from Univ.

Washington Press. Hitchcock et al. 1969)



129

Key to Some Important Riparian Plants
In Southern Malheur National Forest

SHRUBS

la. Plants dioecious (male and female reproductive structures on separate
plants) with both male and female flowers in catkins. Salicaceae

2a. Leaves narrow, generally 4 to 15 times as long as wide.

3a. Scales pale to yellowish; leaves generally 5 to 15 times as
long as wide (5-15 cm long and 4-20 cm wide); leaves often
persistently hairy; ovaries and capsules hairy; flowering late
June through August. Growing predominantly on coarse
textured soils and sand and gravel bars. Coyote Willow.
Salix exigua spp. exigua

3b. Scales most often brown to blackish; leaves generally 4to 6
times as long as wide, not conspicuously pubescent at
maturity; stems glaucous; grows on more stable sites in wet
meadows and along small streams mostly at lower elevation
in the forest and Silvies Valley. Geyer Willow. Salix geyeriana

2b. Leaves generally wider

4a. Ovaries and capsules densly short hairy; leaves typically
entire; twigs reddish-brown to yellowish-brown. Very
extensive along the Silvies River. Mackenzie Willow. Salix
rigida var. mackenzieana

4b. Ovaries and capsules densly short hairy; leaves typically
entire; twigs glaucous. Found on Stancliff Creek near Silvies
River and along Bridge Creek. Lemmon's Willow. Salix
lem mon ii

lb. Shrubs with both male and female catkins on the same plant. Female
catkins cone-like. Mountain alder. (Betulaceae) Alnus incana.
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SEDGES

la. Spike solitary, terminating the culm; perigynium 1 to 3. Associated with
conifers and some aspen communities. Elk Sedge. Carex geyeri.

lb. Spikes more than 1.
2a. Spikes elongate and cylindric.

3a. Stigmas 3; achene trigonous.
4a. Plant robust (up to 7-8dm); rhizomatous; Perigynium

spreading at maturity; common in bogs and very wet
meadows. Beaked Sedge. Carex rostrata.

4b. Plant much smaller (0.5-3 dn117lerally without
rhizomes; moist meadows to coniferous forests. Ross
Sedge. Carex rossii.

3b. Stigmas 2; achene lenticular (flattened like a double convex
lense).
5a. Well developed sheath on bract subtending lowest spike;

plant small (10-20 cm); perigynium rounded, turning
golden brown at maturity. Golden Sedge. Carex
aurea.

5b. Bract subtending lowest spike essentially without a
sheath; perigynium flattened.
6a. Plant without rhizomes; perigynium nerved on

both sides; lowest bract greater than or equal to
terminal spike. Carex lenticularis.

6b. Plant rhizomatous; perigynium essentially without
nerves; leaves generally bluish-green in color;
scales subtenting perigynium black; common
throughout study area in wet to very moist sites.
Water Sedge. Carex aquatilis

2b. Spikes not elongate; relatively short and sessile.
7a. Spikes with male flowers above female; plant rhizomatous.

8a. Perigynium small (less than 2.5 mm); beak very short
(0.2-0.4 mm). Carex simulata.

8b. Perigynium larger than 2.5 mm; beaks 1.0 to 1.5 mm;
styles long giving spikes a fuzzy appearance. Douglass
Sedge. Carex douglassii.

7b. Spikes with female flowers above the male.
9a. Perigynium flattened; lower bract of inflorescence

generally longer than or equal to the inflorescence;
often less than 8 cm; beak relatively long and well
defined. Carex athrostachya.

9b. Perigynium strongly flattened, with somewhat
prominent dorsal nerves; generally less than 5 mm;
bracts shorter than the inflorescence. Oval-head
Sedge. Carex microptera.



5

YZ

S. geyeriana

131

r,

1
/I2

var. mackenzieana

S. rigidc



132



133

Alnus incana
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C. geyeri
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C. lenticulans
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APPENDIX F

Tree and Shrub Densities by Species

Within Each Intensively Sampled Community
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TREE & SHRUB DENSITY

Species 34 40 41 50 1 11 . 17 29 33

Code

Trees
Alin 2.9 5.43 2.4 12.1
Potr
Juoc
Pipo
Psme
Abco

Shrubs
Sari .13 .03 .03
Sale .10 .60
Sage
Saexe
Rowo .27
Riau .13
Rila .27 .73
Cost .37
Arcav 4.15 3.17 2.72 4.46 8.35

Rice
Syal 1.86
Shca
Amal
Bere

TREE & SHRUB DENSITY

Species 14 16 13 46 10 12 9 15 20

Code

Trees
Alin
Potr 1.67
Juoc
Pipo .03 .03
Psme
Abco

Shrubs
Sari 3.87 4.67 3.86 1.03 .07

Sale 1.83 2.10
Sage 15.27 .66 2.9 5.67 3.33

Saexe 4.63
Rowo 1.30 3.23 .60 .80 .27

Riau .30 7.1 .93 .63

Rila .10 .03
Cost
Arcav .10 .60 .02

Rice .03 1.33 .33 .13

Syal .03 .43 .40

Shca
Amal
Bere
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TREE & SHRUB DENSITY

Species 4 5 18 23 25 27 45

Code

Trees
Alin
Potr .05 1.17 1.63 .50 1.53 1.63 2.17

Juoc .07 .03

Pipo .30 .03 .06

Psme .03
Abco

Shrubs
Sari
Sale
Sage
Saexe
Rowo .70 .13 .43 .56 .33

Riau
Rila .33
Cost
A rcav
Rice .02 .07 .20 .47

Syal .20 10.43 4.73 3.53 2.17

Shca .33

Ama! .03

Bere .40

TREE & SHRUB DENSITY

Species 24 28 38 39 42

Code

Trees
Alin
Potr .03
Juoc
Pipo .18 .10 .07 .30 .17

Psme .13 .10
Abco .13

Shrubs
Sari
Sale
Sage
Saexe
Rowo .26 .90
Riau
Rila
Cost
Arcav
Rice .13

Syal 2.17 2.13 18.96 3.13
Shca .33
Aural .30
Bere 1.90


