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A study of the plant communities of the Billy Meadows Study Unit,

Wallowa-Whitman National Forest, was initiated in June, 1978. The

objectives were to: (1) identify the plant communities and classify

them by habitat types; (2) establish field procedures for subsequent

investigation of forest and steppe vegetation over a more extensive

area; (3) determine vegetative affinities to aspect and soil depth

in patterned ground mounded topography.

A reconnaissance survey was developed for rapid plot establishment

to permit investigation of the relatively large area. The purpose of

the reconnaissance was to gain a familiarity of the vegetation, charac-

terize the variability of the plant communities, and establish sites

for possible intensive study. Intensive investigations of selected

sites were conducted following preliminary classification to gain more de-

tailed information about the plant communities. A final classification re-

sulted based on the habitat type concept using three primary computer

programs (PRES, REFORM, ORDER) and discriminant analysis. Habitat



types were delineated based on similarities and differences demonstrated

by vegetation composition, environmental attributes and soils data.

A total of nine steppe and seven forest habitat types was differenti-

ated. Two seral community types of the Abies grandis/Linnaea borealis

habitat type (Abies grandis/Vaccinium membranaceum and Pinus contorta/

Vaccinium membranaceum) were studied intensively due to their extensive

coverage of the study unit. The steppe habitat types ranged from shrub-

land types dominated by Physocarpus and Symphoricarpos to Agropyron spica-

tum and Festuca idahoensis dominated bunchgrass types. Xeric scabland

types dominated by Artemisia rigida, Poa sandbergii and Eriogonum species

completed the principal steppe vegetation. Physocarpus malvaceus/Symphori-

carpos albus, Artemisia rigida/Agropyron spicatum and Eriogonum strictum/

Poa sandbergii habitat types were proposed as types not previously des-

cribed in the literature. The forested communities were dominated by

true firs (Abies,,lasiocarpa and Abies grandis) and Pseudotsuga menziesii.

Pinus ponderosa communities were limited in extent.

The Billy Meadows Study Unit contained a multitude of patterned

ground communities in all stages of plant succession. Five community

types were identified on the mound crests. Sequences of retrogressive

sucesssions were defined based on comparative analyses between mounds

of a singular habitat type. A sequential retrogression might be exempli-

fied on Agropyron/Festuca climax vegetation to Koeleria domination to

annual Bromus or Eriogonum heracleoides domination to an ultimate dis-

climax of Madia glomerata under the pressure of continued grazing.



Mound aprons were intensively studied to determine if plants were

influenced in their distribution by either aspect or soil depth. Some

species were particularly sensitive to soil depth (e.g., Collinsia

parviflora) and aspect (e.g., Bromus carinatus) while others were

ubiquitous (e.g., Achillea millefolium). Although annuals made up the

majority of mound apron communities, it was demonstrated that a dis-

tinctive pattern of occurrence could often be determined based on soil

depth and aspect of mounded topography.
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Ecology is as much a way of looking at things as it is a

body of scientific data, that in effect it is in part an art

and therefore intuitive. Perhaps we would learn as much or

more if we sat on a stump and just contemplated our surround-

ings instead of madly measuring and recording data.

P.B. Whitford

Department of Botany

University of Wisconsin-Milwaukee



Albany, Oregon
10/26/81

To My Teachers:

The trail has often been rocky - blazes have not been fresh
and the way lost at times. But finally the trail to a major pinnacle
in life has been travelled and I look back at those who taught me how
to climb to higher goals and who led me away from side trails that
could have taken me off on another journey. It is to these "teachers"
I address this account of my journey as I sit upon the pinnacle -
for the view is extremely clear and the panorama very grand.

Mom and Dad were the first teachers. A set of values was
provided - a simple map was drawn of possible routes (different trails)
that could be taken to reach varying summits of the mountain. Some
were easy hikes, others were more difficult. I took many exploratory
hikes, got lost a time or two, and gazed with awe at the untested trails
leading to the pinnacle. In youth the pinnacle was too remote, too
difficult - and probably not conquerable.

Wes Albinson taught me a moral code and guided me over some
of the early obstacles in the paths. Emma Pflugfelder saw a gleam
through the forest of adolescence and suggested I pursue the opening
to see if the trail was straight and in the right direction to achieve
the summit. The trail led me through a strange land of mixed vegetation
and into a patch of biological tangles.

Fred Johnson noticed another gleam through the understory of
a deep, dark forest. He offered to guide me out of the forest by show-
ing me an order to what was an apparent disarray of plants and environ-
ments. He provided indirect nudgings and forceful teachings to assure
my attainment as a master of the forest ecological puzzle.

A side trail was then taken and keen insight by Jack Krieger
helped me to see how to retrace my pathways and discover the way once
again.

Fred Hall was encountered as the trail steepened and obstacles
needed to be hurdled. He helped me clamor over these barriers and find
a dim path across a grassy expanse. Then the trail steepened again and
the climbing got harder. Al Winward was found at a rest stop and offered
direction and counsel as to the best route over the grassy ridge to the
long-awaited pinnacle. But perhaps it was not worth trying - I was

tiring. The trail was so steep and so long. Angelica provided the
reassurance. She packed my bag, made my lunch and gave me the time to
make the final assault for the top. Audrey and Melica were understand-
ing and patient. They knew, as only children know, that Daddy would
be back from his journey and our games could then be played.



So the final assault was made over the windy, chill steppe
of the summit ridge. Bad weather often forced a cessation but never
did it deter the trek. Too many good teachers had seen to that.

As I recount my journey, I look down on the slope to those
early beginnings. The pattern and order of the forest and nearby
grasslands is so easy to see now. The route to the pinnacle can be
straightened, bad trails avoided. I had many teachers help me make
the climb and attain the summit.

Not it is time to help others see the beauty and order of
the natural world. I will leave the pinnacle to go below. There I
will blaze new trails to help others see and understand the ecological
puzzle - to assure people use of the resources of the mountain. It

is time to be a teacher - to guide others as so many have guided me
to this wonderful panorama.
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AN INTERPRETATION OF SYNECOLOGIC RELATIONSHIPS IN
THE BILLY MEADOWS AREA OF THE WALLOWA-WHITMAN NATIONAL FOREST

INTRODUCTION

Plant community classification activities have increased markedly in

the western United States (Pfister, 1977). From the early beginnings by

J. E. Weaver in 1917 and subsequently by Daubenmire, between 1943 and the

early 1960s, plant synecological studies have progressed and developed

steadily in the Pacific Northwest. Today the basis for work in this field

retains descriptive plant community analysis but includes those studies

keyed for practical application of a typal approach to land management.

Pfister (1976) has demonstrated the use of habitat types as a basis

for land capability assessment (an expression of all environmental factors

as they apply to the biological potential of a given resource from a speci-

fic land unit). Intensive forest management of the 1980s requires a basic

classification with management parameters included to assist land managers

with tolerances to which they can prescribe their projects while avoiding

resource damage.

Hall has sought to incorporate management's needs into his classifica-

tion resulting in the "plant community type." His philosophy is that plant

communities should be classified in a manner that will meet the objectives

of the investigation (Hall, 1970). In land management, plant communities

are accordingly grouped to "similarities and limitation in management prac-

tices, productivity, and numerical similarity of important characteristics."

The classification provides potential vegetation types, productive poten-

tia]s of each type, management consideration and identifiability (Hall, 1980).
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The synecologist has a responsibility to two clients. First, a

basic classification should be produced reflecting the characteristics

of the vegetation. This classification should encompass the total

expression by the vegetation across the study area. Sampling should

be biased toward communities demonstrating the best ecologic condition

available. In this process some sampling of seral vegetation will and

should be performed to solidify theoretical assumptions made by the

investigator relative to successional relationships ongoing by the

vegetation for each proposed type. This basic classification contains

not only floristic data but also environmental and soils data. The

primary client for this information.is the scientific community.

Secondly, the classification needs to be presented in a more funda-

mental format with the management implication and productive potentiali-

ties clearly addressed for the "users" of the classification. The

collection of productive information relative to potentials of a type

is necessary but not part of the initial classification process. The

sensitivities of the various species comprising the flora of a plant

community are recognized and observed during the initial classification

study so that results from impacts by land management activities can

be predicted. The "management guide" based on the basic classification

is provided for the second client - the land manager.

The objectives of this study were to identify the plant communities

of the Billy Meadows Study Unit and classify them into a habitat type

classification. In this process field procedures were to be established

for subsequent investigation of forest and steppe vegetation over a more

extensive area. Patterned ground within the study unit was studied as

a special area of interest to better understand successional relationships
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of mounded vegetation and to identify zonal vegetative affinities to

aspect and soil depth on the slopes (aprons) of the mounds.



STUDY AREA

LOCATION

4

The Billy Meadows Study Unit is located 50 miles NNE of Enterprise,

Oregon in the Wallowa-Whitman National Forest in Wallowa County (Figures

1&2). Small inclusions of private ranching lands are located near the

southern Forest boundary. These private holdings are utilized by

ranchers for cow camps to administer their summer grazing activities

on National Forest lands of the Unit. Access is achieved via Highway

3 (between Enterprise and Clarkston, Washington ) 15 miles north of Enter-

prise, and Forest Service roads.

The study unit is part of the Columbia Plateau physiographic prov-

ince (Raisz, 1945) and the Blue Mountain physiographic province in the

Geology of Oregon (Baldwin, 1964). These provinces are too extensive

and varied to be practical. Therefore, a breakdown of the Blue Moun-

tains province was developed to include the following Subprovinces:

1. Blue Mountain sub-province - Blue Mountain uplift

2. Wallowa sub-province - Wallowa Mountain uplift

3. Snake sub-province - Snake River tributary lands

4. Ochoco sub-province - Ochoco Mountain uplift

The Billy Meadows Study Unit is located in a northern extension of

the Wallowa sub-province which is surrounded by canyons of the Snake

sub-province. The area straddles an anticline rising between the Wal-

lowa, Grande Ronde, and Imnaha-Snake River systems. These drainages

separate the landmass from the Wallowa Mountains, Blue Mountains, and

Rocky Mountains of Idaho, isolating it as an entity. Most drainages

from the study unit flow directly into the Grande Ronde prior to its

emptying into the Snake.
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Average elevations range from approximately 4,000 ft (1220 m) on

the southern border near Joseph Creek, to 5,400 ft (1646 m) on the axis

of the anticline along Summit Ridge. The majority of the study unit

is characterized by a gradually ascending south-facing slope to the

Summit Ridge divide with drainages running basically southerly to

Chesnimnus Creek. Long, deeply dissected ridges and canyons trend

northerly from the divide to the Grande Ronde Canyon. The northern

portion of the study unit is similar to a plateau that has been dis-

sected (e.g., Teepee Ridge decreases only 800 ft (244 m) over a five-

mile (8 km) length). The elevational changes, coupled with the dis-

sected landscape, provide for a varied vegetative landscape.

Billy Meadows Study Unit is a 131,000 acre (53,136 ha) area bound-

ed by Joseph Creek Canyon on the west, Snake River Canyon on the east

and the National Forest boundaries on the north and south. The name

is derived from Billy Meadows (William Smith grazed sheep here in the

1880s) and the Billy Meadows Guard Station located central to this area.
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CLIMATE

The study unit is characterized by a temperate continental climate

with a cool summer phase (Trewartha, 1968) where mean summer tempera-

tures are less than 72° F (22° C). The climate is characterized by

winter precipitation and summer drought. Spring and fall rains pro-

vide the major impact to the growth of plants with winter snows pro-

viding storage for the watershed. Snow depths average 3-5 ft (1-1.5 m)

at the 5,000 ft (1524 m) level.

Two year-long weather stations provide data for the area. The

first station has been situated at three different locations on the

southern boundary of the Billy Meadows Study Unit by ranchers who have

maintained the system. From June 1958 to September 1962 Enterprise

Station 16 NNE was located at the Dunbar Place east of Elk Mountain and

Crow Creek (Lat. 40° 34' n; Long. 117° 05' W), at an elevation of

4,330 ft (1320 m). In February 1963, Enterprise Station 21 NNE opened

and continued until December 1968. It was located at Lewis on Chesnim-

nus Creek (Lat. 45° 41'; Long. 117° 06') at an elevation of 3,520 ft

(1073 m). The current station on the southern boundary is located at

Chico on Chesnimnus Creek (Lat. 45° 42'; Long. 117° 09') at an elevation

of 3,280 ft (1073 m). It has operated continuously since February 1969.

The second station (Flora 7 SSE) is located south of Joseph Canyon

Viewpoint on Highway 3 (Lat. 45° 48'; Long. 117° 05') and has operated

since September 1964. It is a storage-gauge facility only. At an ele-

vation of 4,800 ft (1463 m) and just west of the study unit boundary,

it provides the data for the precipitation averages of the divide. The

Chesnimnus stations provide the weather data for the lower elevations
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of the study unit on the south perimeter.

Table 1 is a chart showing the monthly and yearly averages for

temperatures recorded at the Chesnimnus stations from 1959 to 1979.

The annual mean temperature for this 21-year period was 44.1° F (7° C).

Highest mean temperature was in July (63.7° F)(18° C) and lowest

was in January (26.2° F) (-30° C). Since mean temperature was less

than 72° F in the warmest month (63.7° F) (18° C) and 50° F (10° C)

for more than three months (June to September), the climate classified

to Temperate Continental (cool summer phase). The climate is further

characterized by winter temperatures well below freezing (December and

January) with heavy snows a trademark.

Table.2 is a chart showing the, monthly and yearly averages for

precipitation recorded at the Chesnimnus stations from 1959 to 1979.

The annual mean precipitation for the 21-year period was 17.5 in

(44.5 cm). Highest monthly precipitation fell in May (2.09 in)

(5.3 cm) with lowest precipitation falling in July (0.77 in) (1.9 cm).

Heaviest winter precipitation in the form of snow occurred in December

and January with the months of April, May and June providing signifi-

cant amounts for initiation of growth. Fall rains in November pro-

vided moisture to the soil before winter snows blanketed the area.

A comparison can be made between the Chesnimnus stations and the

Flora Station. Table 3 provides monthly and yearly averages for pre-

cipitation at Flora Station for the period 1966 to September 1978. The

mean annual precipitation for the period 1966 through 1977 was 25.3 in

(64.3 cm). Monthly averages were calculated for the 1971 through 1978

period since collections prior to 1971 were not made monthly. This



Year Jan.

TABLE

Feb.

1. Average Temperatures by Month for Billy Meadows Study Unit*

Dec. AverageMarch Apr. May June July Aug. Sept. Oct. Nov.

1959 28.2 27.1 32.5 40.7 42.9 55.8 62.8 58.8 51.2 43.4 32.9 27.2 42.0

1960 19.4 25.6 34.7 40.7 45.4 53.7 66.8 57.7 55.2 44.5 31.8 26.8 41.8

1961 29.9 33.1 33.6 38.8 45.6 59.0 63.5 67.6 47.8 40.4 29.5 24.2 42.8

1962 21.5 26.2 31.3 42.7 44.2 52.1 58.5 58.9 54.7

1963 39.1 37.2 40.7 52.3 56.5 61.6 64.5 61.9 49.0 37.1 26.7

1964 25.3 26.3 31.2 40.2 49.2 56.1 64.0 60.8 52.9 47.7 33.7 25.5 42.7

1965 29.5 33.6 33.5 44.9 47.1 55.7 63.7 62.7 49.2 48.4 37.7 26.9 44.4

1966 29.6 28.2 36.1 42.8 53.2 55.2 63.3 63.5 60.0 45.7 38.7 31.4 45.6

1967 32.4 35.5 35.6 38.6 49.2 57.4 65.3 66.5 60.1 45.8 35.0 27.0 45.7

1968 27.2 37.5 40.9 40.5 49.1 57.8 66.3 60.5 54.7 43.7 34.1

1969 35.4 44.6 52.6 58.4 61.6 61.3 55.5 40.7 33.9 30.0

1970 28.6 36.1 36.4 38.2 50.3 61.0 65.6 64.1 49.7 43.0 35.8 22.2 44.3

1971 30.1 33.0 33.2 42.3 52.1 55.6 62.4 67.3 49.5 41.7 34.4 26.1 44.0

1972 24.9 30.4 40.4 39.8 52.0 58.3 62.3 63.9 50.1 45.0 35.4 21.5 43.7

1973 24.7 31.5 37.7 42.0 51.4 58.3 64.8 62.7 55.0 44.0 33.6 32.3 44.8

1974 22.3 33.8 36.5 43.7 47.8 61.8 62.9 61.7 55.4 45.2 37.4 28.1 44.7

1975 26.5 28.8 34.3 37.7 47.9 53.6 67.2 59.3 55.5 45.5 33.3 31.6 43.4

1976 27.2 29.1 31.7 42.1 51.8 54.7 65.1 59.9 57.7 45.7 37.9 28.0 44.2

1977 25.3 36.4 35.0 47.2 47.8 61.8 62.5 66.0 54.6 45.2 35.3 31.0 45.7

1978 30.5 35.8 43.0 44.1 48.3 57.5 63.2 61.3 55.6 47.0 31.8 21.8 45.0

1979 14.5 32.3 38.9 44.6 52.3 58.4 64.8 64.7 58.5 49.0 30.5 32.5 45.1

Average 26.2 31.97 35.7 41.76 49.17 57.1 63.7 62.6 54.5 45.0 34.5 27.4 44.1

*Compiled from monthly summaries for Enterprise Stations (16 NNE, 21 NNE, and 20 NNE) in "Climato-

logical Data," Weather Bureau, U.S. Department of Commerce.



TABLE 2. Average Precipitation by Month for Billy Meadows Study Unit*

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Average

1959 1.03 1.17 1.07 1.02 2.70 .92 .38 .38 4.40 1.08 .63 .46 15.24

1960 .44 .38 1.53 2.97 3.10 .46 .22 2.81 1.27 1.05 2.09 .40 16.72

1961 .21 1.15 1.75 1.22 3.61 .79 .16 1.08 1.07 1.95 1.59 .92 15.50

1962 1.17 .42 .49 1.12 3.93 .77 .28 .96 1.41

1963 1.48 .60 1.40 2.04 1.99 .47 1.19 1.69 1.28 1.75 1.15

1964 1.07 ,24 .84 2.09 1.79 4.22 1.08 .47 1.12 .73 .91 3.60 18.16

1965 2.28 .77 .43 1.17 .85 2.01 1.23 3.25 .31 .33 1.23 .24 14.10

1966 1.29 .81 1.98 .28 .27 1.95 .30 .87 .98 1.37 1.23 1.78 13.11

1967 1.23 .57 1.4i 1.38 2.36 2.52 .33 .01 1.12 2.48 1.38 .84 16.19

1968 .41 1.30 1.28 .87 2.13 1.62 .40 1.88 1.59 1.54 2.37 1.81 17.20

1969 .34 1.92 1.68 3.66 .67 T 1.12 1.26 .59 2.15

1970 3.76 .91 1.15 .94 2.06 1.73 1.99 .06 3.00 1.32 1.10 1.60 19.62

1971 2.39 1.60 1.95 1.13 2.70 2.11 .76 .50 1.93 1.24 2.13 2.23 20.67

1972 2.29 1.62 2.56 1.55 1.45 1.23 .60 1.05 2.19 1.07 1.74 1.36 18.71

1973 1.25 .31 .94 .50 1.57 .88 .08 .11 1.38 2.08 3.84 3.29 16.23

1974 2.43 1.65 1.70 2.90 1.12 .68 1.24 .07 T .09 .98 2.18 15.04

1975 3.43 1.40 1.12 2.27 1.01 2.09 2.72 1.29 .00 3.43 3.65 2.29 24.70

1976 1.14 1.93 1.27 2.02 1.51 1.69 .84 2.68 .70 .22 1.00 1.08 16.08

1977 .30 .52 1.93 .14 3.26 1.57 .54 2.08 2.67 .94 2.63 4.54 21.12

1978 1.36 1.41 1.13 3.77 2.12 .54 1.23 1.45 2.66 T 1.17 2.07 18.91

1979 1.73 2.18 1.35 2.94 2.57 .95 .60 1.33 .04 2.06 1.35 1.03 18.13

Average 1.54 1.09 1.28 1.62 2.09 1.64 0.77 1.12 1.46 1.28 1.67 1.75 17.5

*Compiled from monthly summaries for Enterprise Stations (16 NNE, 21 NNE, and 20 NNE) in "Climato-
logical Data," Weather Bureau, U.S. Department of Commerce.



Year Jan.

TABLE 3.

Feb. Mar.

Precipitation by Month (From Flora Storage-Gage) (Inches)*

Dec.

Annual
AverageApr. May June July Aug. Sept. Oct. Nov.

1966 1.60 1.90 2.75 0.60 - 2.48 0.06 - 2.44 16.70 28.53

1967 3.55 1.00 2.00 2.60 4.80 0.31 8.70 22.96

1968 1.65 2.45 1.75 1.65 2.30 - 4.00 12.35 26.15

1969 2.30 1.95 - 4.70 - - 4.50 2.30 1.50 - 17.25

1970 6.20 - 4.80 1.50 - - 6.20 2.05 4.75 - 25.50

1971 8.30 0.85 3.25 1.85 1.60 4.10 0.95 1.00 1.70 2.00 2.30 4.55 32.45

1972 4.60 4.15 3.70 2.50 2.35 1.60 0.65 0.90 1.90 2.30 1.55 2.90 29.10

1973 1.75 1.40 1.30 0.80 1.15 0.70 0.05 0.15 1.60 5.70 3.40 4.15 22.15

1974 4.75 2.95 1.85 3.15 1.90 0.30 0.85 0.00 0.10 0.30 1.25 4.10 21.50

1975 4.55 2.30 2.60 3.25 1.25 2.15 2.10 1.85 0.05 3.95 4.15 3.70 31.90

1976 2.45 3.15 2.45 2.90 2.25 1.30 1.70 1.65 0.75 0.45 0.25 0.75 20.05

1977 0.25 1.45 3.35 0.50 3.40 2.05 0.40 2.35 2.35 1.20 4.75 4.55 26.60

1978 1.60 1.85 2.75 4.45 2.20 1.60 1.70 3.60 1.35 - - -

Average 3.44 2.15 2.65 2.15 2.31 2.11 0.97 1.98 1.64 2.29 2.66 3.49 25.3

1971-78
Average 3.53 2.26 2.66 2.43 2.01 1.73 1.05 1.44 1.23 2.27 2.52 3.53 26.66

*From "Storage-Gage Precipitation Data for Western U.S." (various summary bulletins), Environmental
Science Service Administration, U.S. Department of Commerce.



13

was a wetter set of years than the longer period, 1967-1977 as the mean

was 26.7 in (67.8 cm). At the lower elevation Chesnimnus stations,

May was the wettest month. At the higher elevations, December and

January were the wettest months when winter storms dropped heavier

amounts than in the spring. As at the Chesnimnus Station, July was

the driest month. The comparison of mean annual precipitation between

the Flora and Chesnimnus stations showed that Flora Station received

30.8% higher annual precipitation. The Chesnimnus stations are in the

bunchgrass steppe zone, whereas Flora Station is located in the true

fir zone.

A further comparison is available for the Flora station. From

September 1973 to September 1978, 26.9 in (68.3 cm) of precipitation

fell per year. In this same time span at Chesnimnus stations, 20.1 in

(51.0 cm) were recorded. This was a 25.3% increase in precipitation

at the higher elevation.

Another important climatological feature is the amount of sunshine

vs. cloudiness. For the northeast Oregon area, the following monthly

averages occur (data taken from Weekly Weather and Crop Bulletin,

National Summary, Vol. XLVI, No. 25, June 22, 1959, p. 6-8):
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% Cloudiness* % Sunshine**

January 81 25

February 79 35

March 80 40

April 64 50

May 62 55

June 58 60

July 20 85

August 36 80

September 40 80

October 58 45

November 71 30

December 85 25

* % Cloudiness - Tenth of sky covered by clouds each hour from
sunrise to sunset

** % Sunshine - Calculated using regression equations for approximating
mean observed percent of possible sunshine from percent of clear sky.

The average growing season has ranged from four days to 88 days with an

average frost-free period of only 37.3 days. This is based on the number

of days between dates when the temperature fell below 32° F (0° C).
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GEOLOGY

The entire study area is covered by Columbia River basalts dating

from the mid to upper Miocene of the Tertiary (25 million years b.p.)

(Baldwin, 1964). The flows are so extensive and deep (estimated at

4,000 to 5,000+ ft) (1220-1524 m) that underlying geology is unknown.

The eastern boundary of the study unit is on the rim of Snake River

Canyon. This awesome canyon dissects the flows of basalt in spectacu-

lar fashion to provide a "geologic window" of the flow structure. A

typical flow is about 100 ft (30 m) thick with some flows as much as

200 ft (61 m) in thickness. Occasional flows demonstrate periods or

episodes with little magma outpouring by being only a few feet thick.

Since the Snake River flows are generally quite uniform and approxi-

mately 100-200 ft (30-61 m) in thickness, it is assumed that the source

of the magma was on a flank of a fissure as opposed to very thick flows

found westward in the Columbia River Basin where ponding of the lava

has resulted in flows 500 ft (152 m) in thickness. Eruptions are be-

lieved to have been from fissures many miles long, regionally located

throughout the Columbia Basin (McKee, 1972).
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SOILS

Residual soils formed from weathering of the basaltic lava flows

to create the varying soils of the Billy Meadows Study Unit. In addi-

tion to weathering, another significant soil formation process began

about 12,000 years ago. At this time, Glacier Peak in the Northern

Cascades of Washington erupted sending ash eastward over the study unit.

Approximately 6600 years ago, the major ash fall occurred over the study

unit with Mt. Mazama's cataclysmic eruption. These ash-derived soils

occur extensively over the study unit where true firs dominate.

The study unit has been mapped by the Soil Conservation Service

(SCS) to soil series level (see Figure 3). Numbers refer to complexes.

The majority of the unit, and that portion characterized by gentle

south-trending macro-topography, belongs to the Tolo-Anatone-Klicker

(#13) complex.

The Tolo series consists of 20-40 in (50-102 cm) volcanic ash over

a residual alluvium or loessal soil to a total depth of 48-60 in or more

(122-152 cm). Strickler's findings (1965) at Starkey in the Blue Mountains

coincide with those at Billy Meadows. Abies grandis, Pseudotsuga men-

ziesii, and Larix occidentalis are associated on this series with Vac-

cinium, Chimaphila, Calamagrostis, Linnaea, and others. The Picea-

Abies, Abies grandis, and Pseudotsuga habitat types of Billy Meadows

occur on the Tolo series.

The Anatone series occurs on the ridgetops and gentle southerly

slopes of the area. The soils are only 1-10 in deep (2.5-25 cm) and

consist of 50-90% gravels and cobbles that increase with depth. The

Agropyron/Poa habitat type of gentle slopes, Artemisia rigida, Eriogonum
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Figure 3

Map of Soils Series of the Billy Meadows Study Unit

(From General Soil Map of Wallowa County, Oregon, U.S.D.A

Soil Conservation Service, November, 1973)
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and Poa/Danthonia habitat types all occur on Anatone soils.

Klicker soils are also shallow - 16-28 in (41-71 cm). They are

very stony loans to silt loans with influence from volcanic ash and/or

loess. They are found on southerly aspects and support Pinus ponderosa

and Pseudotsuga habitat types. Strickler (1965) noted that Symphoricarpos

attains its highest frequency on this series. The PSME/SYAL, PIPO/SYAL

and PSME/CARU habitat types were found on Klicker series soils.

The area of Billy Meadows study unit lying southeast of Chesnim-

nous and Devils Run Creeks comprising Cayuse, Hilton and Mitchell

Ridges, the Thomason Meadows area and the upper Zumwalt Prairie has

been mapped as the Wallowa-Snell-Zumwalt complex (#6).

The Wallowa soil series consists of bisquit or mounds formed

from ash or loessal soils that have been deposited over a residual

soil and then modified by prehistoric climates into the patterned ground

of today. Twenty to 40 in (50-102 cm) of the soil are gravel-free. The

FEID/AGSP habitat type and ERHE/POPR communities populate these mounds.

Snell soils are characterized by a dark brown to reddish brown

B2 horizon that consists of very stony clays to clay loans. Loess has

influenced these soils which occur on steep slopes. These are forested

with Pseudotsuga communities dominating.

Zumwalt soils are 20-40 in (50-102 cm) deep and occur on ridgetops

and concavities of the slopes. They are loessal soils over some welded

tuffs and pyroclastic material. These heavy clay soils produce the

highly productive FIED/AGSP grasslands found south and southwest of

Davis Spring Reservoir (Plots 165, 166, 167, 169).
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The Klicker-Snell-Tolo complex (#15) lies off the study unit in

the Snake River canyon slope off Cold Spring Ridge, Cottonwood Creek

Canyon, and Joseph Creek Canyon. Some plots do occur in this complex

north of Chico'and on Cunningham Ridge. These are samples of PIPO/SYAL

(Klicker), PSME/PHMA (Snell) and FEID/AGSP, AGSP/FEID, AGSP/POSA3

(Klicker) habitat types.
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GRAZING HISTORY - DOMESTIC LIVESTOCK

Billy Meadows Study Unit has received severe overgrazing from do-

mestic livestock. The majority of the abuse occurred at the turn of

the century when large cattle and sheep outfits utilized the meadows

and forested clearings for prime summer range. An example of an

early day operation is that of the Warnocks. From 1882 to 1904 they

ran one of the largest cattle operations in the history of Wallowa

County (Tucker, 1977). Their base ranch was deep in Hells Canyon at

Temperance Creek. Each spring they would push 1,000 head of cattle

through the long miles of canyonland to Chesnimnus summer range. In

comparison, today the Forest Service permits a maximum limit of 600

head by a permittee.

Much of the following historic text was related by Gerald Tucker,

Imnaha-Snake District Ranger, in a text written from his years on the

Wallowa National Forest. On May, 1905, the Wallowa Forest Reserve

747,200 acres)(302,616 ha) was established by proclamation by President

T. Roosevelt. Six days later he proclaimed 220,320 acres (89,230 ha)

as the Chesnimnus Forest Reserve (including the Billy Meadows Area).

On March 1, 1907, Roosevelt combined these Forest Reserves proclaiming

the establishment of the Imnaha Forest Reserve. A name change was

instituted on July 2, 1908 to create the Wallowa National Forest.

Through this entire Federal process, Howard K. O'Brien served as

Ranger-in-Charge of the Reserves and then as the first Forest Super-

visor. In 1906 he reported 251,830 head of sheep and 18,702 head of

cattle and horses on the Wallowa Forest Reserve. No figures are avail-

able for the Chesnimnus Forest Reserve for that year. For sheep alone,
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the density was 2.96 ac/sheep which can be assumed to be approximately

the same stocking level occurring on the Chesnimnus Forest Reserve at

the same period of time.

In addition to permitted livestock, there were trespass stock on

the new Federal lands. One of O'Brien's pioneer rangers, Grady Miller,

writes the following in 1938 of those early frontier years:

Trespassing stock were numerous and persistent. I had one
assignment lasting six weeks as follows: "Go out in Ches-
nimnus country, record all stock you can and see if they are
in trespass." I put in six weeks riding that country, re-
corded several thousand cattle and horses. On checking up
after returning to Supervisor's headquarters we found over
400 cattle in trespass as well as 125 horses. Adjustments
were made by having the trespassers pay usual grazing fees
for these unpermitted stock. Other cases were settled in
this manner. Honest stockmen soon learned that it didn't
cost any more to trespass than not to, so for a few years
this method was resorted to by a large percentage of stock-
men.

Overgrazing was in evidence over the entire Forest even un-
der the permit system. Regulated grazing was practically
impossible the first few years, as stockmen would run what
they wanted regardless of trespass proceedings. Around
1910 was the first time any reductions were made that actu-
ally could be enforced.

The domestic grazing situation for 1907, as reported by H.K.

O'Brien, was that an unusually good livestock market existed with

record prices for sheep and cattle. He stated

The policy of the Forest Service is doing much to perpetuate
the cattle business in this country. Cattle in the Chesnimnus
Division of the Imnaha National Forest have increased from
8,583 head of cattle and horses in 1906 to 11,439 head of
cattle and horses in 1907 in the same grazing districts, or
an increase of 2,856 head.
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For the entire Wallowa portion of the Imnaha National Forest, the 1907-

1908 tally showed the following:

1907 - 15,177 cattle and horses; 106,421 sheep

1908 - 25,800 cattle and horses; 157,600 sheep

These dramatic numbers of livestock created an impact on the Ches-

nimnus lands. It was not a positive one. In 1912 the Wallowa National

Forest initiated the first scientific range analysis in Region Six

(Washington and Oregon). Tucker reports the results of this analysis

as follows (Tucker, unpublished):

The grazing reconnaissance itself was quite accurate and con-
tained a wealth of valuable information as to species of
plants, density, vigor, associations, types, carrying capa-
cities and proper seasonal use. However, the administrative
officers in charge of the Forest made little use of the re-
connaissance, probably because they did not understand it
and because to have attempted a rapid change in the grazing
pattern of the Forest would have caused too many administra-
tive problems. There was also prevalent, during those times,
an idea among many Forest Officers that the vegetation should
be grazed heavily each year as a means of fire protection on
the Forests. It was advocated by many Forest Service men
in high positions that the vegetation (grasses and forbs)
should be grazed in such a manner as to leave no more than
25% of the total growth at the end of the season. It

can be readily appreciated now that when that yardstick was
applied to the steep rocky portions of the range, there
surely must have been only a dust bed on much of the smooth,
easy ground.

Apparently in the period 1908-1911, a shift was made in the trend

of rising livestock numbers. Concern for the range undoubtedly increased,

resulting in a dramatic decrease in sheep usage in 1915 with a 50% re-

duction in cattle.

In 1935, the Chesnimnus range received another remedy. The graz-

ing season traditionally had run from May 16 to November 31 each year.
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The season was shortened one month. Unfortunately this was in the fall.

Today, the area has an average grazing period of June 1 to October 1.

The Chesnimnus range continued to receive extreme pressure from

domestic livestock through the 1930s. Sheep particularly were hard

on the vegetation. Wade Hall, Chesnimnus District Ranger (1931-1939);

Bear-Sleds District Ranger (1939-1950); Wallowa-Whitman National For-

est Range Staff Officer (1954-1966) speaks of very heavy sheep numbers

using Summit Ridge of the Study Unit for a driveway from the lower Im-

naha to the Chesnimnus summer range for years. The meadows and clearings

of this forested ridgetop are in very poor range condition today as a

result of the annual migration. A spur from Summit Ridge is Wildhorse

Ridge. It was utilized by 4800 head of sheep in 1931, according to Hall.

Today Wildhorse Ridge represents some of the most degraded rangeland on

the Billy Meadows Study Unit.

The tremendous impact domestic livestock created on the vegetative

resources of the Billy Meadows Study Unit can be readily observed from

the graph in Figure 4 and the chart in Table 4. Beginning in 1911,

over 280,000 animal unit months (AUMs) occurred on the Wallowa National

Forest. A significant decrease occurred from 1920-1925 to 160,000 AUMs.

From 1935-1950, decreases continued to about 100,000 AUMs on the Forest.

The reduction in usage was in part due to restrictions based on reducing

the historic use levels to realistic carrying capacity using scientific

range management techniques. The abusive use of the vegetative resource

in the formative years of the Forest, as well as the years before 1905,

had resulted in a rangeland that no longer could support the numbers of

livestock that had utilized the area at the turn of the century. The
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TABLE

Year

4. Livestock Allowed to Graze on Wallowa National Forest

Cattle Sheep Year Cattle Sheep

1911 13,625 121,740 1936 10,004 61,006

1912 12,646 117,075 1937 9,908 60,016

1913 11,846 107,358 1938 9,262 53,636

1914 13,161 103,285 1939 8,804 50,208

1915 15,834 82,765 1940 8,108 48,725

1916 19,370 81,026 1941 8,121 41,764

1917 23,802 74,306 1942 8,665 38,201

1918 28,269 69,649 1943 8,089 35,810

1919 28,752 60,551 1944 8,643 32,970

1920 25,457 61,447 1945 9,845 39,007

1921 22,476 67,203 1946 10,486 24,745

1922 23,830 62,000 1947 10,868 21,542

1923 18,106 59,135 1948 11,325 19,493

1924 16,746 60,039 1949 10,748 14,917

1925 14,935 56,610 1950 9,865 12,940

1926 12,949 62,744 1951 9,780 15,276

1927 12,170 68,040 1952 10,372 14,934

1928 10,712 66,645 1953 11,080 16,466

1929 10,318 93,177 1954 10,681 15,755

1930 10,081 68,876 1955 10,211 16,352

1931 9,654 71,213 1956 10,961 17,371

1932 9,954 71,367 1957 11,155 17,043

1933 10,496 66,637 1958 10,461 14,984

1934 10,935 67,619. 1959 11,003 16,144

1935 9,829 64,647 1960 10,790 17,462

1961 11,255 16,447

NOTE: Accurate records are not available for the years prior to 1911.
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Figure 4. Historical Domestic Use (Wallowa National Forest)
1911 1970
(from Wallowa-Whitman National Forest)
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plant communities of the gentle and moderately steep slopes of the Billy

Meadows Study Unit attest to the drastic change that has occurred on the

habitat.
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The history of deer and elk on the Billy Meadows Study Unit is

practically the reverse of the domestic grazing history. Deer were

numerous on the area according to various pioneers and apparently reached

a peak about 1950. Since then, annual harvest has maintained a stable

population.

The story of elk on the area is an interesting one. In 1907 James

T. Jardine and Arthur W. Sampson initiated studies to determine if it

would be practical to pasture sheep on the summer range using fenced

pastures. A 2560 ac (1037 ha) pasture was fenced about the Billy Meadows

Ranger Station and completed in 1908. The experiment proved that hand-

ling of sheep was not practical within fenced pastures. A use for this

huge predator-proof pasture was created in 1911 when the Oregon State

Game Commission took it over to increase the elk population of the area.

There were only a few scattered small bands of elk in eastern Oregon and

southeastern Washington during the 1890s and early 1900s. In the early

spring of 1912, 15 elk (two bulls, seven cows, and six yearlings) were

deposited inside the enclosure following a 17-day journey from Jackson

Hole, Wyoming.

The elk survived and multiplied. In 1933 the legislature created

an open season due to the steady increase in the Chesnimnus elk herd.

The herd has continued to grow despite increasing hunter pressure. Cen-

sus figures supplied to the Wallowa-Whitman National Forest (see Table 5)

show a 91% increase for the combined deer and elk population of the last

decade in the Chesnimnus Wildlife Management Unit. The 10-year average
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TABLE 5. Estimated Elk and Deer Populations from 1969-1980 in the

Chesnimnus Game Management Unit and Their Conversions to AUMs*

Year
Est. Pop.

Elk AUMs

Est. Pop.
Deer AUMs

AUMs
Deer E Elk

1969 2,480 8,734 2,888 2,765 11,499

1970 2,760 9,936 3,852 3,698 13,634

1971 2,920 10,512 3,132 3,007 13,519

1972 3,680 13,248 2,880 2,765 16,013

1973 3,480 12,528 3,132 3,007 15,535

1974 4,120 14,832 2,880 2,765 17,597

1975 3,600 12,960 3,132 3,007 15,967

1976 4,320 15,552 4,068 3,905 19,457

1977 4,640 16,704 4,320 4,147 20,851

1978 5,080 18,288 4,320 4,147 22,435

1979 4,520 16,272 4,320 4,147 20,419

1980 4,760 17,136 4,090 3,926 21,062

69-78 Ten-year average 3,708 elk 3,460 deer

*Population estimates from Oregon Department of Fish and Wildlife
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for permitted livestock on this Unit is 34,860 AUMs (see Figure 5).

Actual use by livestock coupled with deer and elk equals 46,690 AUMs.

The current problem is one of reducing total ungulate usage to accept-

able carrying capacities. Vegetation of the Billy Meadows Study Unit

reflects the intense competition being waged by elk and livestock on

the area.
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Billy Meadows Study Unit has had a long history of use by home-

steaders and Forest Service personnel for its timber resources. The

gentle topography and highly productive sites have permitted ease of

access for a ready market.

Between the years 1913-1926, a total of 146 million board feet (10.4

million board feet per year) was removed from the Wallowa National Forest

of which Billy Meadows Study Unit is a part. Logging was curtailed until

the start of the Second World War when the national economy demanded

lumber. The increase in annual cutting on the Wallowa National Forest

can be seen in the following chart from Tucker (unpublished):

Year MMBF Year I4MBF Year MMBF

1940 - 0.2 1949 13.3 1957 - 13.6

1941 - 2.7 1950 6.8 1958 - 30.6

1942 - 2.7 1951 - 9.9 1959 - 30.7

1943 - 3.8 1952 - 19.0 1960 - 20.9

1944 - 10.4 1953 - 14.6 1961 - 16.0

1945 - 5.5 1954 - 22.5

1946 6.6 1955 - 27.9

1948 - 11.2 1956 21.1

Some of the first sales on the Billy Meadows Study Unit were the Boner

Spring Sale (sold 9/46) - 3,920,000 b.f., cut over the following three

years; Sumac Sale (sold 6/48) - 3,900,000 b.f. cut in 1948 and 1949; Pea-

vine Sale, 38,815,000 b.f. (the largest timber sale ever on the Wallowa

National Forest) - sold 7/50 and cut over the following seven years; Billy

Meadows Sale - 15,000,000 b.f. (sold 6/53); and Buckhorn Sale 1,550,000

b.f. (sold 7/53) (Tucker, unpublished).
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Fire has always played a role in shaping the synecological pattern

of the Billy Meadows Study Unit. Old growth ponderosa pines show basal

fire scars, Douglas-fir and white fir habitat types have been pyrically

induced to maintain open growing stands of ponderosa pine, and dense

stands of lodgepole pine attest to the influence of fire.

Fire incidence was tallied for the 1960-1978 period (Figure 6).

During this 19-year period, 177 fires were initiated on Billy Meadows

Study Unit. All of these fires were readily extinguished using nearby

Forest Service fire crews. Only one reached a significant size (20 ac).

It can be assumed that without rapid deployment on lightning-caused fires

the role of fire as an ecological force would be significant. The ponder-

osa pine communities are succeeding to Douglas-fir, Douglas-fir is suc-

ceeding to white fir, larch and lodgepole pine stands are diminishing

and bunchgrass vegetation is stagnating as a result of practical elimina-

tion of periodic fires. A shift is occurring from fire tolerant to in-

tolerant species.

Major fire years in the 1960-1978 period were 1960 (32 fires); 1967

(28 fires); and 1970 (22 fires). The majority of fires occurred from Pea-

vine Creek eastward to Buckhorn Ridge and from Summit Ridge southward to the

National Forest boundary. This is the heavily forested portion of the Study

Unit. The 19-year average is 9.4 fires per season. In 1906, according to

H.K. O'Brien, Forest Supervisor, there had been six Class A fires (under

1/4 ac) and one Class B fire (1/4 to 10 ac) on the Chesnimnus Reserve.

Causes for these fires were provided as follows: 2 campfires left by

campers; 2 campfires left by sheepherders; 1 branding fire left by stock-
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.*1 Billy Meadows Study Unit (1969-1978)
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men; 1 campfire left by Indians; and 1 cause unknown (Tucker, unpublished).

The first major fire recorded on Billy Meadows Study Unit was the

Sterling Gulch Fire of 1931 that burned 250 ac. Then in 1934, the Basin

Creek Fire burned 700 ac of grassland, brushland, and some timber.

The largest fire ever recorded on the Study Unit was in 1937, when

the Summit Creek Fire erupted on August 19. It is also significant that

the first large scale air drop of supplies in Region Six was initiated

on this fire. Wool sacks were used for parachutes. The fire was manned

by 100 CCC men, 25 firefighters from the Whitman National Forest, 87

from the Umatilla National Forest, 50 from the Malheur National Forest,

54 from an SCS camp at Dayton, Washington, and 50 from Heppner. Seventy-

five local Wallowa County men also fought the blaze. The fire consumed

990 ac of timberline in the Summit Creek drainage (Tucker, unpublished).

The scar is still visible on Summit Ridge where a uniform stand of lodge-

pole pine occurs over an extensive area.

INCIDENCE OF FIRES ON BILLY MEADOWS STUDY UNIT (1960-1978)

1960 - 32 1970 - 22

1961 - 17 1971 - 3

1962 - 11 1972 - 5

1963 - 14 1973 - 0

1964 - 3 1974 - 3

1965 - 0 1975 - 6

1966 - 6 1976 - 8

1967 - 28 1977 - 6

1968 - 2 1978 - 10
1969 - 1

TOTAL: 177

9.3 average per year
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REVIEW OF HISTORIC SYNECOLOGIC LITERATURE PERTINENT TO THE

INTERMOUNTAIN PACIFIC NORTHWEST AND THE BILLY MEADOWS

STUDY UNIT

J.E. WEAVER

Weaver (1917) was first to study the steppe and forest vegetation

of southeast Washington. His work on the root systems of Palouse vege-

tation (1915) produced a profound awareness of the importance of bed-

rock fracturing, aspect, and interspecific competition to the plant

community. He dramatically showed the adaptation plants made to their

environments.

DAUBENMIRE

Daubenmire provided the first important studies of steppe vegeta-

tion in the Pacific Northwest. He studied overgrazing results in the

Agropyron Zone of southeastern Washington (1940, 1942b) during

the period when sheep grazing was still ongoing. He noted that Poa

sandbergii persisted as the most important member of a biotic climax.

Daubenmire (19421).1 published his first steppe classification paper

for southeastern Washington. He identified three zones and the plant

associations occurring within each zone. Two zones - the Agropyron-

Poa and the Festuca-Agropyron both occurred within this study. In

1970 the steppe vegetation of Washington was described using a habitat

type classification. Five habitat types of the 40 described were found

on the Billy Meadows Study Unit.

Climate was examined as a determinant of ecotones between plant

associations (1956) by Daubenmire. He concluded that each vegetation
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type differed from its neighbor in the degree of summer drought. At

the mesic end of the climatic gradient lack of heat in the summer be-

came the determinator, however. The separation of vegetation into

entities in the Northwest is largely based on climatically induced

changes to soil moisture levels, heat and transpiratory relations to

plant members, and topographic barriers to loss of moisture.

Daubenmire's sampling was based on the canopy coverage reflecting

the best parameter of a species in relation to its environment (Dauben-

mire, 1959). He believed the projection of the foliar canopy, including

voids, was reflective of the below-ground competitive relations of the

plant. He carefully selected study plots based on subjectively choos-

ing areas of maximum homogeneity. At a time when the three-step method

was considered really sacrosanct (Parker, 1951) Daubenmire professed

the utilization of a larger sampling area using a quadrat approach

instead of the 3/4 in loop. His canopy cover approach provided good

ecologic sampling but condition and trend sampling still required basal

area measurement to avoid fluctuations caused by foliar changes induced

by climate and grazing animals over time.

Daubenmire followed Tansley's (1935) polyclimax hypothesis, which

stated that vegetation appeared to be in equilibrium with all the effect-

ive factors present, including the climatic factors, and that the climax

differed from the climatic climax based on the special factor differenti-

ating it. Daubenmire (1968a)identified five climaxes - climatic, edaphic,

topographic, pyric and zootic. He also recognized a continua in floras

(1960) but chose to include successional relationships and environmental

variation in his studies and to classify on the basis of discrete plant
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communities. He felt a continuum approach would not permit classifica-

tion and without a classification there could be no science of vegeta-

tion. He decried Curtis' numerical techniques as complex with greater

satisfaction derived for a mathematician than a botanist (1966). He

sensed that continuum proponents could not cope with the vast array

of environmental gradients and truly portray an ecosystem as it existed

in nature. Using only species distribution and relative abundance a

continuum in vegetation was possible but by combining environmental

factors, discrete communities could be delineated.

Daubenmire extensively studied vegetational zonation (1943b,1980)

and the climatic mechanisms causing species limitation elevationally

(1943a, 1968b). Upper altitudinal limits of vegetation were found to

be controlled by low temperature, competition and biological influences

such as wind, snow and soil. Lower altitudinal limits of vegetation

were concluded to be affected by drought, high temperature, soil texture

and parasites. Drought was considered the primary limiting factor for

defining lower altitudinal limits of species while temperature:was

considered to control the upper altitudinal limit of species in the

northern Rocky Mountains. At the steppe-forest ecotone grasses maintained

a superior competitive ability over tree species via their ability to

germinate in autumn and grow intermittently in winter. This advantage

enabled them to survive summer drought whereas tree seedlings starting

late were unable to extend their tap roots rapidly enough to keep ahead

of advancing drought conditions.

Site index curves were considered too broad and misleading by

Daubenmire (1961, 1976). He felt curves should represent the full
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potentialities of a habitat type and be based on the best stands found

in each age group. When curves were created based on plant association

data from a specific study region the predictive results were found to

be much better.

TISDALE

In 1947 Tisdale published theTrasslands of the Southern Interior

of British Columbia." This followed Daubenmire's (1942a) publication of the

steppe associations of eastern Washington. Tisdale's work identified

three grassland zones containing several associes. His work supported

Daubenmire's findings and increased awareness in the approach and utility

of successional and poly-climatic studies. He also mentioned that grass-

hoppers follow depletion of rangelands as a secondary detrimental force

following cattle. This was supported in findings by Ellison (1960).

The rangelands of the Billy Meadows Study Unit are grazed heavily by

grasshoppers on the poorer condition vegetation.

In a joint paper with Poulton (1961), Tisdale discovered important

sampling techniques. The reconnaissance and intensive survey approaches

were presented. Reconnaissance level investigation provided a preliminary

idea of the nature and variability of the vegetation and soils. It was

designed to be extensive enough so that the full range of variation in

the vegetation and soils typical of the study area could be encountered.

An effort was made to characterize the kinds of permanent vegetation

as well as the seral communities produced from such influences as fire,

heavy grazing and insect epidemics. The intensive study was devised to

test hypotheses of the plant associations made in the reconnaissance.
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Plot selections were based on capturing homogeneity of undisturbed vege-

tation. The authors found that a minimum of five samples and a maximum

of 10 samples were adequate to portray a given type. Their approach was

more "range management" oriented since basal area rather than foliar

cover was used as the standard measurement technique. Micro-environ-

mental features were also studied. Their publication coupled with

Daubenmire's techniques and subsequent textbook (1968a) have influenced

many synecological investigations in the western United States (e.g.,

Franklin, Pfister, Winward, Henderson).

Tisdale's study of the Douglas-fir zone in British Columbia

reinforced Daubenmire's work in the forested communities of adjacent

northern Washington and Idaho of the early 1950s.

PFISTER

A Daubenmire student, Pfister emerged as the proponent of the

Daubenmire philosophy in the Pacific Northwest. His work has been

largely in Montana where he has studied forested communities exclusively.

Forest Habitat Types of Montana (1977) provides the guide to federal

land managers in the National Forests of that state. The complement

to this guide is Mueggler and Stewart's Grassland and Shrubland Habitat

Types of Western Montana (1980). A reflection of Pfister's inexperience

with steppe vegetation is his following statement (1976): "The develop-

ment and application of the habitat type system is more difficult in non-

forest types due to grazing disturbance and consequent difficulty of

evaluating successional versus environmental relationships." It would

appear that ecological relationships are more easily observed when one
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sees the entire stand at his feet as opposed to the inability to do so

when viewing a forest stand from below!

Pfister's program to provide a classification of vegetation in Montana

differs markedly from Hall's program in Oregon and Washington. Since

the number of ecologists involved were fewer, Pfister averaged one plot

per 13,000 ac. The Billy Meadows Study Unit averaged one plot per 400 ac

and the ecologists in Hall's program sample approximately one plot per

1000 ac. His classification is strictly to habitat type level focussing

on potential climax or stable vegetation as opposed to Hall's contention

that classification should include productivity measurements and may deal

with seral or disclimax vegetation. The Pfister (1980) approach provides

a taxonomy of potential natural vegetation types (associations) and an

ecological site classification (habitat type).

F. C. HALL

The Blue Mountains of Oregon received the first synecological investi-

gation when Hall (1967) completed his ecological studies on the Ochoco

National Forest. He broke with Pacific Northwestern ecological trends

and created plant community types instead of habitat types. Hall's

argument was that managers of public lands needed more than a descriptive

classification based on climax. He recognized many acres of public

lands that were not in near-climax conditions that would be difficult

to classify to a habitat type level. His plant community types were

therefore based on similarities of vegetation, site, and management char-

acteristics. The introduction of management characteristics into the

classification generally provided a broader type than the habitat type

(Hall, 1968).
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Plant Communities of the Blue Mountains in Eastern Oregon and

Southeastern Washington (Hall, 1973) provided a synecologic guide for

the National Forests of eastern Oregon. The guide speaks to community

identification, potentials and range condition standards. The emphasis

on productivity, similarities, and limitations in management practices

and site potentials is based on providing mapping capabilities to

Forest Service employees without advanced degrees in synecology. It

also enables field technicians to identify a community description of

disturbed ground and base management on the potentials of the disclimax

(Hall, 1970).

Productivity and management considerations are built into a later

classification after the basic classification is completed. In reality

the approach is the sampling and ordering of types into a table based

on stable-state or near-climax communities. Then in the secondary

ordering productivities,steepness of slope. soil depth and other manage-

ment parameters are added to re-define the types. Species composition

and density, production, land management opportunities and limitations

and stages of succession are the four basic criteria used to establish

Hall's plant community types (Hall, 1980).
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APPROACH TO SAMPLING THE WALLOWA-SNAKE SUBPROVINCE

The Wallowa-Snake subprovince is defined as the area consisting of

the Wallowa Mountain uplift and the dissected plateau with associated

canyons adjacent to the Snake, Imnaha, and Grande Ronde Rivers of north-

eastern Oregon. Specifically, it is a portion of the larger Blue Moun-

tain Province (Baldwin, 1964). As applied to the vegetative investiga-

tion being conducted by the Forest Service, only those lands adminis-

tered by the Wallowa-Whitman National Forest are considered in this study.

As part of the Region 6 Ecological Program, that part of the Wal-

lowa-Whitman National Forest exclusive of the Blue Mountains is being

investigated. A plant community type analysis will be conducted based

on an initial habitat type classification. The portion of the Wallowa-

Whitman National Forest being sampled is the Wallowa-Snake subprovince.

The Wallowa-Snake subprovince has been divided into 17 study units

that approximate a workable size of 80,000 to 100,000 acres each. These

study units are sufficiently small in size that a reconnaissance level

survey can be conducted within a one and one-half to two-month time time

period. The time frame is important as the scope of the Wallowa-Snake

ecological investigation is six years to complete a classification.

The annual sequence of study is based on movement with plant phen-

ology from spring to autumn and froM low to high elevation. Study units

therefore were set up in three distinct geomorphic zones as follows:

1. low elevation canyon study unit (271 m or 890 ft - approxi-

mately 1524 m or 5000 ft elevation)
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2. mid elevation commercial forest unit (approximately 1524 m

or 5000 ft - 2134 m or 7000 ft elevation)

3. high elevation subalpine unit (approximately 2134 m or 7000 ft

- 3000 m or 9845 ft elevation).

One of the 17 study units is the Billy Meadows Study Unit. It was

selected as the area to develop and refine the sampling process prior

to continuation of the full investigation across the remainder of the

Wallowa-Snake. The unit was selected because of the following attributes:

1. Its mid-elevation location provided the best possible samp-

ling for the available period of late June to mid-September.

2. The unit contains a network of roads permitting relative ease

of access to all portions.

3. The Billy Meadows Guard Station is located in the center of

the unit and provided exceptional field station facilities.

The only negative aspect of the Billy Meadows Study Unit as a learn-

ing area was its poor vegetative condition relative to other areas less

intensively managed within the Wallowa-Snake Study Area.

METHODS

In 1978 the 131,000 acres comprising the Billy Meadows Study Unit

was sampled using a reconnaissance approach. A total of 326 plots was

established (192 steppe, 134 forest). During the winter of 1978-79,

the 326 plots were ordered into an association table and specific plots

selected for intensive sampling. During the field season of 1979, samp-

ling was conducted intensively on 77 steppe and 64 forest reconnaissance

plots. This approach to sampling was designed to provide relatively
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rapid data gathering in the reconnaissance with more detailed measure-

ments being conducted on selected plots after a period of analysis and

assessment regarding all plots established.

RECONNAISSANCE SURVEY

Purpose

The primary objective of the reconnaissance survey was to gain a

familiarity of the study unit and the vegetation existing on that area.

The daily objective was to cover a segment of the unit to assure that

no voids remained where vegetation had not been observed by the con-

clusion of the survey. Once a familiarity of the vegetation had been

reached, the investigator was more capable of selecting plots for in-

tensive study leading to a classification.

In the course of reconnoitering the study unit, the investigator

sought to find the total variations a plant community demonstrates as

environmental parameters change. Plots were established to demonstrate

this variation.

As the reconnaissance proceeded in time, an awareness was gained

of the total vegetative pattern manifested across the landscape. The

reconnaissance effort then shifted from one of seeking new vegetative

types to a focus on locating types in better condition or with differ-

ing floristic or environmental components.

The survey created data with which a classification could be de-

vised. Hypotheses were created as a result of the daily sampling pro-

cess across the geographic expanse of the study unit. These hypotheses

were then ready for testing in the analysis stage.
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Procedures

Establishing the Traverse

Color aerial photos '(1:15,840) and USGS quadrangles (1:24,000;

1:62,500) of the unit were examined to gain familiarity with prominent

landforms and local points of interest. These two items provided the

basic source for field orientation and location of plots. Not only

were aerial photos used to "find" plant communities that were poten-

tially in good condition, but also they were used to precisely locate

plots to assist others in returning to established plots. A USGS quad

map was made of the study unit for overall visualization at a large

scale. The quad map also provided a working base for locating plots

and planning daily study routes. It enabled one to follow the progress

of the study and avoid missed reconnaissance areas within the study unit.

The study unit was divided into areas which could be reconnoitered

in a field day. These smaller areas were called daily study areas.

During the course of the field day, the study area was traversed in

such a manner that the greatest amount of variability was captured.

A preliminary route was often marked on aerial photos to provide guid-

ance and an initial means of attacking the job. All aspect changes

and major slope breaks were especially sought out in the process of

deciding where plots should be established. The traverse often avoid-

ed use of roads and major trails. Generally the better condition

vegetation was found at maximum distances from roads and major trails

since road building generally occurred with timber sale activity.

Domestic livestock tend to follow roads and major trails with result-

ant vegetative condition often not acceptable for classification plots.
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Plot Establishment

A plant community was selected for a reconnaissance plot for a

variety of reasons including:

1. A difference in plant community types was perceived.

2. A difference in aspect existed.

3. A difference in slope existed.

4. A significant geomorphic break occurred within a plant

community.

5. Soil differences were perceived.

6. Elevational extremes were significant.

7. Moisture regimes varied to the extent that different
1

phases

8. were perceived.

8. Homogeneity within a stand of a plant community.

Since the objective was always to characterize the variability

of the plant communities encountered, primary emphasis was given to not

only the community which demonstrated the best ecologic condition, but

also to changes in the environmental parameters influencing a given plant

community.

Each day the first time a plant community was encountered in good

ecologic condition a plot would be established. The same kind of plant

community would not be sampled again during that day unless some environ-

mental parameter was different (e.g., slope, aspect, soil, etc.). As

1
phase - a subdivision of an association and a habitat type represent-

ing minor differences in climax vegetation and environmental

conditions, respectively (Pfister, 1977)
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the reconnaissance progressed, the conformance to this rule would

waiver as a given vegetative entity appeared to be sampled adequately

for classification purposes within the study unit. Using the above

"rule of thumb," at the conclusion of a field day the total variation

of plant communities within a daily study area should have been repre-

sented with plots for the specific traverse made.

Time was taken to locate plot centers so that patches of disturb-

ance within the stand could be avoided whenever possible. Often lengthy

side traverses were made to locate better ecologic condition upslope

or downslope from the initial point of discovery for plot establishment.

In forested stands an old growth relict would often be sought to serve

as a stand historian.

Whenever variation was expressed within close proximity to a given

plot selection, an attempt was often made to pair plots. This procedure

had obvious merits. First, several environmental parameters could be

dropped as influencing both plots due to similar elevations, slopes,

aspects, etc. Second, an environmental parameter that was common to

both plots could be checked. And last, the close proximity of one plot

to another gave a potential intensive sampling crew a more efficient pro-

ductivity if the paired plots were selected.

The ecologic condition of the vegetation was the foremost attribute

constantly evaluated in the reconnaissance process. Selection of a plot

was always biased toward those plant communities representing the minimum

of disturbance. At times a plot was established in what was estimated as

a fair condition plant community feeling it would be the best to be en-

countered on the given day.
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Plot Characterization

Environmental Attributes

After establishing the plot center, various environmental attri-

butes were measured.

1. Elevation (either taken from USGS quad or measured with an

altimeter).

2. Aspect (slope direction) measured with a SILVA compass.

3. Slope percentage measured using a SUUNTO clinometer.

Additional site attributes were recorded and coded with high values

representing the assumed best site or condition of highest productivity.

There was no proven scientific basis for some of these codings. They

were developed as hypotheses that different slope positions and kinds of

relief generally produce more and provide a better growing location than

do others. An example where the coding procedure fails is in macrore-

lief. A flat, smooth site could produce one community on only 10 cm or

less of soil, while a steep, smooth site could produce a different com-

munity.

(a) Macrorelief - This attribute defined the general kind

of slope or relief that the plot occurred on. Ratings

were given from one to six (least productive to most

productive) with the following subjective headings.

1 = steep, irregular 4 = undulating

2 = steep, dissected 5 = flat, rough

3 = steep, smooth 6 = flat, smooth
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(b) Microrelief This attribute reflected the immediate

relief of the plot. Ratings were given from one to four

with the most productive considered to be concavities

where moisture collects and least productive considered

to be convexities that were often very lithic.

1 = convex 3 = concave

2 - flat 4 = complex

(c) Position on slope- This attribute defined the location of

the plot relative to its position on a slope. The lowest

value was considered less productive than the higher values

of bottomland and benches.

1 = ridgetop 4 = lower 1/3 slope

2 = upper 1/3 slope 5 = bench

3 = midslope 6 = bottom

Photographic Record

Photo points have proven to be the primary benefit of the Parker

Three-step Cluster Analysis System (Parker, 1950). Comparative photo-

graphy has provided outstanding results for trend analysis. Photo-

graphs were taken to capture the following:

1. Overall physiognomy of the site for general concept of the

plant association.

2. Skyline views to assist finding the plot center in the future.

3. Appearance of the plant community.

4. Floristic views to help in plant identification and to com-

plete a photographic herbarium.
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Plot Size

A circular plot was selected for the ocular estimate technique

employed on the reconnaissance. The size of this circular plot has

been fixed at 375 m
2
based on minimal area studies conducted by Dauben-

mire (1952). By locating the meter pole 10.93 m from the plot center,

the pole would stand on an imaginary circle that contained 375 m
2

within.

Plot Sampling

The major plot sampling activities were the creation of a species

list, gathering of soil data, and the noting of vegetative and other

observations in the plot. In order to adequately cover the entire

study unit, reconnaissance sampling had to be rapid. The objective

was to gather data sufficient to create a classification in a short

span of time. Collection of more data and a longer time span at the

plot were reserved for intensive efforts. Thirty to 45 minutes was

the usual duration of time at each reconnaissance plot.

Species List

Starting at the plot center, the investigator circled in increasing-

ly wider spirals until the plot perimeter was reached. In doing this

circuit all species encountered were listed. Unknowns were listed, and

collected for later identification. After overviewing the contents of

the plot, the species list was reviewed with crown canopy coverage per-

centage listed to the nearest 5% except at the lower limits where esti-

mates were made to the 3% and 1% levels. In forested stands arboreal

crown canopy coverage was also estimated by ocularly assessing both

tree overstory and tree understory as follows:
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Overstory (Percent)

(a) decadent - an old growth overstory tree member appearing

to be declining in vigor or dead.

(b) mature - overstory tree members in apparent good health.

(c) total percentage combining decadent and mature overstory.

Understory (Percent)

(a) pole-sized - 10 to 28 cm (4 to 11 in) in DBH

(b) sapling - 0 to 10 cm (0 to 4 in) in DBH and over 1 m (39 in)

tall.

(c) Seedling - less than 1 m (39 in) tall.

(d) total percentage of seedlings, saplings, and pole-sized

understory.

The following additional coverage values were estimated at the

conclusion of vegetative coverage estimation procedures:

(a) mosses and lichens

(b) bare ground (disturbed by animals and man)

(c) erosion pavement - gravels less than 2 cm (3/4 in)

(d) rock - sized greater than 2 cm (3/4 in)

(e) litter (plant parts cured, dead, and not standing)

Soils

A soil pit was dug with a spade on most steppe soils while an

auger was employed on deeper forested soils. Soil depth (cm) was

measured and a surface sample of the soil was gathered. The sample

was bagged and labeled for later laboratory analysis as to texture, pH,

and color. Parent material was not included in the sample.
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Observations

Perhaps the most important portion of the reconnaissance investi-

gation was the noting of any and all observations, feelings, and thoughts

that had developed in the investigator's minds as a result of the plot

establishment. In a timely manner, notes were made regarding:

(a) tentative habitat type or plant community type

(b) ecologic condition of the stand

(c) major dominants and stand structural relations

(d) relationship of the sampled vegetation to adjacent vegetation

(d) additional species found outside the plot but still in the

stand

(f) any thoughts, revelations, and ideas that had been generated

during sampling.

Reconnaissance Summary

The process was streamlined to provide a quick, cost-efficient method

of data gathering. The ocular estimation provided coverages which were

perhaps inflated for some species. The degree of error in these per-

centages was offset by the bias of the investigator being consistent

over the course of the field season. The process was conducted most

efficiently with another person taking notes during the species listing

and coverage segment. This person also completed the soil pit which

freed the investigator to make observations and complete the residual

photography.
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Analysis of Data

Field data from the reconnaissance survey were entered into the

computer in the off-field season. A presence listing was created to

help edit and clean the data. Then the data were reformatted and an

association table produced. The plots were evaluated against each

other until types emerged. From these types a selection was made of

those plots which would be further studied in the intensive portion

of the study.

INTENSIVE SURVEY

Purpose

The intensive survey was conducted to gain more detailed informa-

tion about the plant commmunity. From the data gathered, enough in-

formation was available to either support or challenge the association

table developed from the reconnaissance survey. The goal of the sur-

vey was a final classification of the vegetation of a given study unit.

Plot Selection

Following completion of an association table from the reconnais-

sance plot data the investigator selected those plots which appeared

most valuable for further study. Ten to 12 plots per tentative type

were selected. Ideally, all plots could be selected for further study

and analysis, but the time necessary to sample intensively precluded

visits to all reconnaissance plots established. Also a point would de-

velop beyond which the addition of more plots would not significantly
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add or change information necessary to adequately classify the plant

communities of a study unit.

Aspect, soil, and slope percentage were considered very important

environmental parameters that create change and variability within a

plant community. The plots of one grouping were arranged by aspect,

slope classes, and elevational classes. Additionally, plots were ar-

rayed by percentage cover classes of major dominants. Plots were then

selected from these groupings to capture the total variability repre-

sented within the type. Bias was again extended favorably to those

plots representing plant communities in good ecologic condition. Also

an effort was made to select plots that represented the entire geo-

graphic range within a study unit, the differing landform types within

the study unit, and covered the major changes of soils within the study

unit. Some plots in less than excellent condition were used to define

a type.

Procedures

Establishing the Permanent Monitoring Plot

In the short run the utility of the initial reconnaissance plots

was to create a classification of the plant communities of a study unit.

However, in the long run, the value of intensive plots transcends the

immediate classification effort. It becomes a valuable resource to

land managers: not only has a data bank been created, but photo points

are also available for subsequent use. The intensive survey incorporated

permanent plot techniques in order that land managers could return in

subsequent years to study condition and trend of the plant community.
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Transect Establishment and Reference (See Figure 7)

The intensive sampling process reduced the size of the plot from

375 m
2
to 200 m

2
. This is henceforth called the "macroplot." The

investigator measured 5 m in directly opposing directions from the

plot center stake and visualized the location of two 20 m transects

at 900. It was determined how these two paralleling transects could

best be oriented to avoid patches of disturbed ground. Then the

transects were laid out 5 m to each side of the center plot stake

and 20 m in length. The general practice was to locate the transects

parallel to the contours of the slope. Steel stakes were placed at

each end of the transects for permanent marking. The resultant

10 x 20 m rectangle was the macroplot. The center plot stake was

referenced to a tree or fence post using an aluminum tag showing plot

number, bearing and distance.

A third transect (non-permanent) was laid out through the center

stake and parallel to the other transects. Along this 20 m transect

vegetative productivity was sampled on steppe plots.

Sampling

Three major areas were explored in the sampling process - vegeta-

tive composition (based on estimated canopy cover), soils, and produc-

tivity of the plant community.

Vegetation Sampling - Shrubs and Herbaceous Plants

The vegetative sampling of non-arboreal species was conducted

along the two 20 meter transects. At one-meter intervals,-20-1/10
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Figure 7

Diagram of Reconnaissance and Intensive Plot Configuration

Reconnaissance Plot = 375 m
2

Intensive Plot = 200 in
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square meter microplots were placed along the transect line. This re-

sulted in four square meters of sampled area within the 200 m
2
macro-

plot; a sample size recommended by Daubenmire (1959).

The microplots were located, as a rule, upslope of the line. If

the slope was minimal (less than 10%) the direction the microplots were

located on the transects was at the convenience of the investigator,

but was noted on the plot card. The concern for standardization was

so that future investigators could re-sample, as closely as possible,

the same 40 microplot areas on subsequent visits for trend studies.

Each microplot was sampled for the following:

(a) estimated crown canopy coverage for each perennial plant

species (%)

(b) presence listing of annual plants

(c) estimated coverage of mosses and lichens, litter, erosion

pavement, bare ground, and rock.

Vegetative Sampling - Arboreal

Arboreal species were sampled according to age classes in the

intensive sampling process. At the conclusion of the microplot samp-

ling on each transect, the meter pole was used to define a one-meter

wide belt along the transect within which all tree species less than

1 1m tall were counted and recorded by _species. This was a form

of nested plots where seedlings were counted in one plot size and sap-

lings, poles, and old growth were counted in another. All trees above

1 m in stature were counted in the macroplot and recorded by species

in the following groupings:
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(a) saplings - less than 10 cm (3.9 in) DBH

(b) poles - 10-28 cm (4-10 in) DBH

(c) Overstory

i 28-30 cm (11-14.9 in)

ii 28-51 cm (15-19.9 in)

iii 51 cm (20 in+) DBH

Productivity Sampling

Steppe - Total herbaceous biomass was clipped at ground level on

one square meter (10 microplots) along the center tran-

sect and separated in bags according to major decreasers

and a residual class for later weighing when air-dry.

No shrub vegetation was weighed.

Forest - Productivity of herbage was not sampled. Instead,

three to five old growth trees of each species were

selected and basal area was calculated using prisms at

each tree to reflect the productivity of the stand. Other

tree measurements obtained were DBH, DIB, height, and age.

Soils Sampling

A soil pit was dug to bedrock at each plot unless soils exceeded

200 cm (79 in). A soil profile analysis was then conducted with data

collected by horizon as follows:

(a) thickness of the horizon

(b) color

(c) texture

(d) structure (grade, size, type)
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(e) stone (frequency, type)

(f) pores (number, size, shape)

(g) roots (number, size, shape)

(h) consistency (dry, moist, wet)

(i) boundary (type)

(J) PH

(k) horizon designation

(1) mottles (frequency, size, color)

(m) bedrock type

(n) effective depth (average depth to where a sudden decrease

in roots occurs)

(o) rooting depth (depth to which 90% of all roots penetrate)

(p) total depth to bedrock

(q) bedrock fracture system

Photography

The purpose of the photographic work was to provide photo points

which could be retaken over time to depict vegetative change. This

was because the intensive plot transects also were devised for long-

term plant community condition and trend studies.

It was critical that the photographic sequence was written on the

plot card to record the photograph locations for documentation when

the rolls were developed.
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Observations

A circuit was made of the general plot area and notations made

relative to the condition of the vegetation, disturbance indicators,

additional species occurring in the stand not found in the microplots,

and any other biotic or abiotic factors that might influence the

community.

Data Analysis

The intensive data were run through a presence listing, reformat

program, and an association ordering program as was done with the

reconnaissance data. Following the ordering of plots into types, a

discriminant analysis program was employed to test the grouping.

DATA ANALYSIS PROGRAMS

Computer programs written in FORTRAN V have been written for the

UNIVAC 1142 computer at Fort Collins, Colorado and were used in this

study (Volland and Connelly, 1978). The analysis proceeded through

four stages which utilized available programs.

Data Preparation

This stage cleaned errors of data entry and reformatted it for

further usage. Two programs were used.

PRES - All species listed on the field data cards were printed in

a listing for the data set with occurrences by plot number

of the first three plots in which they occurred. The program
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was used to clean the set of misspelled species names. After

presence had been used to correct mistakes, the data were

ready for moving to the next program.

REFORM - This program reorganized the data into user-specified fields.

The environmental data as well as floristic data were format-

ted with a cleaned data base from which further programs

could run.

Tabular Ordination

The data were arranged in a format where interrelationships be-

tween plots and attributes could be visualized.

ORDER - The ORDER program arranged plots horizontally and plot

attributes vertically into an association table. The order-

ing of plots and attributes could be rearranged as the investi-

gator realized new group affinities. Numerical errors were

discovered and data edited with this program.

Classification

ORDER was used as a classification tool as well as a cleaning tool.

The ordering of plots with attributes into an association table provided

the investigator with the opportunity to consolidate entities of similarity

and create hypotheses as to the plant associations represented.

Prediction

The predictive phase tested the classified entities for homogeneity

and provided the investigator with acceptance or rejection of the
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hypothese developed.

BMDO7M - This program used stepwise discriminant and canonical

analyses to compare attributes with classified entities to

demonstrate affinity toward or away from a group. The best

discriminating attributes were identified.

IDENTIFICATION OF HABITAT TYPES

The similarity and differences demonstrated by vegetative compo-

sition, environmental attributes (especially slope, percentage, aspect)

and soils data were used to combine samples into groupings and delineate

habitat types.
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RESULTS AND DISCUSSION

CLASSIFICATION SEQUENCE

The classification was based on species presence and relative

cover. PRES (species presence), REFORM (reformatting of data), and

ORDER (association table formulation) were the three primary computer

programs utilized to create the classification. BMDO7M, a discrimi-

nant analysis program, was used to test the final ordered table.

The vegetation of Billy Meadows Study Unit was sampled in two

phases - reconnaissance and intensive. The data from these efforts

were divided into data sets consisting of steppe and forested plots.

Therefore, four data sets exist - recon steppe, recon forested,

intensive steppe, and intensive forested.

Of the 326 reconnaissance plots established in 1978, 192 were

placed in a steppe data set and 134 into a forested data set. The 1979

intensive plots were also divided into a steppe set consisting of 77

plots and a forested set of 64 plots.

The classification emerged from successive reordering of the plots

into groupings or types. Discriminant analysis was employed to test

the classification and resulted in some minor movements from peripher-

al locations in a group to an adjacent group.

Variables (environmental and vegetative') were coded. The six-let-

ter species codes used follow Northwest Plant Names and Symbols for

Ecosystem Inventory and Analysis (Garrison et al., 1976)., See Appendix 2

for a listing of codes with scientific and common names.



64

Presence - Species Listing

Presence (PRES) provided a listing of occurrence by species within

stratified groups according to life form. In steppe reconnaissance,

two groups consisted of species in shrub or herbaceous categories.

Four categories (overstory trees, understory trees, shrubs, and herba-

ceous) were shown with species occurrence in the forested reconnaissance

data sets. The program also provided the percentage frequency of given

species occurring across the data set. The first, second, and third

occurrences for a species in the data set were provided with capability

to find all occurrences of a species through a data set.

Steppe (Reconnaissance) - Two tree species, 21 shrub species, and

198 herbaceous species were identified and listed (see Appendix A).

Steppe (Intensive) - Five groups were established in this data set

to array the numbers collected.

1. Vegetative cover data - 128 perennial herbaceous and shrub

species plus ground cover data entries were listed.

2. Annual plants - 44 annuals were listed as present

3. Additional plants - 95 plant species were listed for occur-

rences outside the microplot samples, but within the stand.

4. Productivity - 17 species were listed for productivity clipping.

5. Soils horizons - 16 different soil horizon designations were given.

Forested (Reconnaissance) - Seven tree species were listed for both

overstory and understory arboreal categories. Shrubs (38) and herbaceous

species (149) account for the other two groups (see Appendix B).
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Forested (Intensive) - Five vegetative groups and one soil group

were established in this data set to array the following:

1. Tree overstory - seven species.

2. Tree understory - nine species.

3. Shrubs, perennial, herbaceous species, and ground cover data-

122 entries.

4. Additional species listed occurring outside the microplot

sample area, but within the stand - 105 species.

5. Annual species within the microplot sample - eight species.

6. Soil horizons - 18 different designations.

Presence listings provided the first opportunity to see patterns

in the vegetation which had been sampled. Especially visible was the

percent occurrence of a species across the plots sampled of the study

unit. Presence provided the following results of the Billy Meadows

sampling:

1. Artemisia rigida (ARRI) was the most common shrub sampled on

the steppe with Symphoricarpos albus (SYAL) and Rosa woodsii

(ROWOU) following closely behind.

2. Poa sandbergii (POSA3) occurred in 82% of the plots.

3. The degree of disturbance of the plots sampled is demonstrated

by the high frequencies of the following increasers:

Achillea millefolium (ACMIL) - 79%; Bromus brizaeformis (BRBR) -

55%; Grindelia nana (GRNA) - 21%; and Bromus tectorum (BRIE) - 27%.

4. The predominance of fir is demonstrated by a high frequency

of plots with Pseudotsuga menziesii (PSME) - 61%. The trend
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continued with PSME occurring in 70% of the understory sampled

in reconnaissance.

5. Seventy percent of the forested reconnaissance stands sampled

contained Rosa gymnocarpa (ROGY); 50% contained Linnaea bore-

alis (LIB02); and 53% had Vaccinium membranaceum (VAME) as

a component.

6. In the herbaceous grouping of the reconnaissance the follow-

ing species were encountered: Fragaria vesca (VRVE) - 76%;

Thalictrum occidentale (THOC) - 63%; Calamagrostis rubescens

(CARD) - 64%; and Carex geyeri (CAGE) - 55%; Carex concinnoides

(CACO) - 32%; Carex rossii (CARO) - 18%.

ORDER - The Association Table

See Appendices C and D for differentiated association tables of

the steppe and forested intensive data sets. A partial table of the

soils data is found in Appendix E.

The association table arranges data with environmental and vegeta-

tive variables oriented as rows and plots as columns. This displays

the data such that by movement of plot locations, the phytosociologi-

cal relationships become clearer through groupings which begin to

emerge. As the patterns were analyzed, new relationships often became

apparent that were misinterpreted or not understood in the field.

An unordered table is the first that is printed by the program.

It displays the plots in numerical order as sampled. From this table

a partial table containing the species which appear to have high diag-

nostic value was ordered with less dominant species not retained.



67

At the same time, the plot sequence is reordered to show the ten-

tative community type groupings as demonstrated on the plot card entry.

In the partial table "important" species selected include: all peren-

nials with relatively high constancy, species that demonstrate high

indicator value in studies from adjacent areas, and species appearing

to have high indicator value from the sampling process (Pfister,'1980).

Since the partial table for steppe reconnaissance is approximately

ten by four feet in size, a differentiated table containing only those

variables defining groupings has been created and reduced for this

presentation (see Appendix A).

The organization of the final association table is from mesic to

xeric from left to right. The series-level types were originally

separated according to major overstory dominance. The wettest types

were then separated and, by a process of elimination, succeeding types

were pulled out to the most xeric type remaining. The groupings were

separated by vertical lines and identified by habitat type.

Steppe - Reconnaissance Partial Association Tables

Twenty plant community groupings were isolated at the conclusion

of several orderings of the steppe reconnaissance data. The plant com-

munities were named by overstory and understory dominant as potential

habitat type designators. Not until after intensive sampling was the

decision made on a grouping of plots as representing a specific habitat

type. The plant communities named in the steppe reconnaissance analysis

and the number of plots sampled within each group are listed as follows:



Group Code No. of Plots

Festuca idahoensi*/CaMex sp. MM 1

-Moist meadow

Juncus tenuis/Poa sandbergii JUTET/POSA3 1

Slender rush/Sandberg's bluegrass

Artemisia tridentata vaseyana spiciformis/
Festuca idahoensis ARTRS/REID 4
Subalpine big sagebrush/Idaho fescue

Symphoricarpos albus/Poa pratensis SYAL/POPR 3

*Snowberry/Kentucky bluegrass

Physocarpus malvaceus/Symphoricarpos albus PHMA/SYAL 7

*Ninebark/snowberry

Acer glabrum/Symphoricarpos albus ACGL/SYAL 1

Rocky Mountain maple/snowberry

Acer glabrum/Smilacina stellata ACGL/SMST 1

Rocky Mountain maple/false Solomon's seal

Philadelphus lewisii/Agropyron spicatum PHLE2/AGSP 2

Mock orange/bluebunch wheatgrass

Holodiscus discolor/Symphoricarpos albus HODI/SYAL 2

Oceanspray/snowberry

Prunus virginiana/Symphoricarpos albus PRVI/SYAL 2

Chokecherry/snowberry

Crataegus douglasii/Symphoricarpos albus CRDO/SYAL 1

Douglas hawthorne/snowberry

Festuca idahoensis/Symphoricarpos albus FEID/SYAL 2

Idaho fescue/snowberry

Festuca idahoensis/Agropyron spicatum FEID/AGSP 30
*Idaho fescue/bluebunch wheatgrass

Agropyron spicatum/Festuca idahoensis AGSP/FEID 40
*Bluebunch wheatgrass/Idaho fescue

Agropyron spicatum/Poa sandbergii AGSP/POSA3 41

*Bluebunch wheatgrass/Sandberg's bluegrass

Artemisia rigida/Poa sandbergii ARRI/POSA3 23
*Scabland sagebrush/Sandberg's bluegrass

Artemisia rigida/Agropyron spicatum ARRI/AGSP 3

*Scabland sagebrush/bluebunch wheatgrass

Eriogonum strictum/Poa sandbergii ERST2/POSA3
*Erect buckwheat/Sandberg's bluegrass

Eriogonum douglasii/Poa sandbergii ERDO/POSA3 4

*Douglas' buckwheat/Sandberg's bluegrass

Poa sandbergii/Danthonia unispicata POSA3/DAUN 19

*Sandberg's bluegrass/onespike oatgrass

TOTAL 192

*groups sampled intensively

68
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In the analyses of the intensive steppe data some shifts occurred

between types. Of the 77 plots in the intensive steppe data set, 77.9%

remained in the original grouping from reconnaissance. The shifts were

as follows based on soils and refined plant ecological investigation:

FEID/AGSP - 5 plots received from AGSP/FEID group

AGSP/FEID - 3 plots received from FEID/AGSP and 6 from AGSP/POSA3

ARRI/POSA3 - 1 plot received from ARRI/AGSP

ERDO/POSA3 - 2 plots received from ARRI/POSA3
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Steppe - Intensive Partial Association Table

Of the twenty groupings formed from the reconnaissance analysis,

ten were used in the intensive survey to gather further data. Five to

ten samples are considered adequate to portray the variability within

a group (Mueller - Dombois, 1974). The 77 plots intensively sampled are

40% of the reconnaissance surveyed plots. The habitat types determined

from the intensive analysis and number of plots studied are below:

Physocarpus malvaceus/Symphoricarpos albus PHMA/SYAL 1

Ninebark/snowberry

Symphoricarpos albus/ Poa pratensis SYAL/POPR 2

Snowberry/Kentucky bluegrass

Festuca idahoensis/Agropyron spicatum FEID/AGSP 16

Idaho fescue/bluebunch wheatgrass

Agropyron spicatum/Festuca idahoensis AGSP/FEID 18

Bluebunch wheatgrass/Idaho fescue

Agropyron spicatum/Poa sandbergii AGSP/POSA3 13

Bluebunch wheatgrass/Sandberg's bluegrass

Artemisia rigida/Agropyron spicatum ARRI/AGSP 2

Scabland sagebrush/bluebunch wheatgrass

Artemisia rigida/Poa sandbergii ARRI/POSA3 10

Scabland sagebrush/Sandberg's bluegrass

Eriogonum douglasii/Poa sandbergii ERDO/POSA3 4

Douglas' buckwheat/Sandberg's bluegrass

Eriogonum strictum/Poa sandbergii ERST2/POSA3 2

Erect buckwheat/Sandberg's bluegrass

Poa sandbergii/Danthonia unispicata POSA3/DAUN 9

Sandberg's bluegrass/onespike oatgrass _
TOTAL 77



Forested - Reconnaissance Partial Association Table

Fourteen plant community groupings were formed from several re-

orders of the reconnaissance data. Names were provided to these

groupings based on dominant overstory tree species and understory

shrub or herbaceous species. The following is the breakdown of the

data by grouping and number of plots:

Number
Group Code of Plots

Picea engelmanii-Abies lasiocarpa/ PIEN-ABLA2/
Linnaea borealis LIB02
*Engelmann spruce-subalpine fir/
twin flower

Picea engelmanii/Linnaea borealis PIEN/LIB02 5

Engelmann spruce/twinflower

Abies grandis/Taxus brevifolia/ ABGR/TABR/
Linnaea borealis LIB02 3

Grand fir/Pacific yew/twinflower

Abies grandis/Linnaea borealis ABGR/LIB02 35

*Grand fir/twinflower

Abies grandis/Vaccinium membranaceum ABGR/VAME 14
*Grand fir/big huckleberry

Pinus contorta/Vaccinium membranaceum PICO/VAME 4

.*Lodgepole pine/big huckleberry

Acer glabrum/viola s.p., . ACGL/VIOLA 1

Rocky Mountain maple/violet

Sorbus scopulina/Smilacina stellata SOSC2/SMST 1

ountain-ash/false Solomon's seal

Pseudotsuga menziesii/Physocarpus malvaceus PSME/PHMA 24

*Douglas-fir/ninebark

Pseudotsuga menziesii/Calamagrostis rubescens PSME/CARU 24

*Douglas-fir/pinegrass

Pseudotsuga menziesii/Symphoricarpos albus PSME/SYAL 5

*Douglas-fir/snowberry

Pinus ponderosa/Symphoricarpos albus PIPO/SYAL
*Pondersoa pine/snowberry

Pinus ponderosa/Festuca idahoensis PIPO/FEID 4

*Ponderosa pine/Idaho fescue

Pinus ponderosa/Agropyron spicatum PIPO/AGSP 1

Ponderosa pine/bluebunch wheatgrass

TOTAL 134

*Groups sampled intensively
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Forested - Intensive Partial Association Table

Nine groups formed in reconnaissance were resampled to gather more

data with which to establish habitat types. Again, five to ten samples

were selected from the reconnaissance listing to characterize the varia-

bility within each group. Sixty-four of the 134 plots were selected

(42 %). The resulting habitat types determined after the intensive

survey analysis are listed below with the number of plots per type

studied:

Picea engelmanii-Abies lasiocarpa/
Linnaea borealis
Engelmann spruce-subalpine fir/twinflower

Abies gtandis/Linnaea borealis
Grand fir/twinflower

Abies grandis/Vaccinium membranaceum
Grand fir/big huckleberry

Pinus contorta/Vaccinium membranaceum
Lodgepole pine/big huckleberry

Pseudotsuga menziesii/Physocarpus malvaceus
Douglas-fir/ninebark

Pseudotsuga menziesii/Calamagrostis rubescens
Douglas-fir/pinegrass

Pseudotsuga menziesii/Symphoricarpos albus
Douglas-fir/snowberry

Pinus ponderosa/Symphoricarpos albus
Ponderosa pine/snowberry

Pinus ponderosa/Festuca idahoensis
Ponderosa pine/Idaho fescue

ABLA2/LIB02

ABGR/LIB02

ABGR /VAME p.c.t.

PICO /VAME p.c.t.

PSME/PHMA

PSME/CARU

PSME/SYAL

PIPO/SYAL

PIPO/FEID

TOTAL

5

18

6

5

.11

13

2

2

2

64
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Plot shifts occurred between groups as the analysis proceeded.

Of the 64 plots sampled, 55 plots remained in the original grouping

from reconnaissance.

the other groupings.

Number
of Plots

This resulted in a 14% shift of nine plots to

The shifts were as follows:

Recon
Group H.T.

3 ABLA2/LIB02 ABGR/LIB02

1 ABGR/VAME ABGR/LIB02

1 ABGR/LIB02 ABGR/VAME

2 ABGR/TABR/LIB02 ABGR/LIB02

1 ABGR/VAME PICO/VANE

1 PSME/PHMA PSME/CARU

The shifting of plots from type or groups is a result of analysis.

That analysis resulted from reordering plot location to array or por-

tray the data in groupings with similarity among variable values (en-

vironmental or vegetative). Additionally, discriminant and canonical

analyses were used to test the classification. Shifts resulted from

these tests.

Discriminant Analysis

Discriminant analysis was used to determine if separate groups

existed statistically following the reordering of the data. In the

steppe intensive data set several discriminate and canonical runs pro-

vided the following results:

1. A test of all 77 steppe plots ordered into ten groups re-

sulted in a 90% classification using 26 vegetative variables.

Of the 26 variables, 12 were significant discriminators.
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One variable, Agastache urticifolia (AGUR), resulted in

a very high F value. It is found only in Symphoricarpos

shrublands. The decision was made to drop AGUR and the

SYAL/POPR groups along with the PHMA/SYAL group to unmask

the other discriminators. (See Appendix G. Probability

Table, 77 plots, 10 groups, 26 variables.) (See Appendix

H. Territorial Map, 77 plots, 10 groups, 26 variables.)

2. With dropping the SYAL/POPR and PHMA/SYAL groups, the nine

groups remaining were run with the 12 significant discrim-

inators (ARRI, AGSP, FEID, DAUN, SIHYH, POPR, SEST, ERHE,

ERDO, MAGL, ERST2, AGUR). This resulted in an 85% classifi-

cation.

3. After other runs, the data set was split into two sets with

the following groups in each:

Set 1 - FEID/AGSP, AGSP/FEID, AGSP/POSA3

Set 2 - POSA3/DAUN, ARRI/AGSP, ARRI/POSA3, ERDO/POSA3,

ERST2/POSA3

Forty of the 77 plots were ordered into the three groups of

Set 1. All 26 selected variables were then used on this

group. A 100% classification resulted with FEID and POPR

creating the classification at Step 2 of the discriminant

analysis. (See Appendix I for Step 2, and Appendix J for

territorial map.)

Twenty-seven of the 77 plots were ordered into the five

groups of Set 2. The 26 selected variables were used result-

ing in a 96% classification. At Step 4, ERST2, ERDO, AGSP,
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and ARRI provided the classification with only one mis-

classified plot from the ordered classification. (See

Appendix K for Step 4.)

When the 13 best discriminators of the 26 were used with

these same five groups, a 100% classification resulted at

Step 8. The 13 discriminators were (in order of placement)

ERST2, ERDO, AGSP, ARRI (96%), KOCR, ACMIL, ERHE, DAUN (100%),

FEID, SEST, POSA3, DOPR, BASA (see Appendices L, M and N

for Step 8, F-table, territorial map).

4. All discriminant runs had been made using vegetative variables

to this point. Seven environmental variables were selected

to see how the classification held up using non-vegetative

discriminators. The variable3 selected were: elevation, slope,

effective rooting depth, rooting depth, total depth, bedrock

fracturing, and aspect. The five groups (POSA3/DAUN, ARRI/

AGSP, ARRI/POSA3, ERDO/POSA3, ERST2/POSA3) used previously

were utilized here. The result was an 81% classification.

It placed all ERDO/POSA3, ERST2/POSA3, ARRI/AGSP groups into

the same classification as the vegetative discriminators. It

placed all but one plot in POSA3/DAUN, but classified only 60%

OF THE ARRI/POSA3 group into the same units as the vegetative

discriminators. The use of environmental variables to test

this habitat type (natural) classification provided accept-

able results.

The use of environmental variables on the residual groups

(AGSP/FEID, FEID/AGSP, and AGSP/POSA3) did not give acceptable
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results. Using the same seven environmental variables as

above, only a 65% classification resulted. A later attempt

using these environmental variables known to influence plant

communities in eastern Oregon (elevation, slope and aspect)

resulted in only a 50% classification.

5. Shifting of plots from groups occurred as a result of the

discriminant analyses. An example of the shifting can be

seen looking at the FEID/AGSP, POPR MOUNDS, AGSP/FEID and

AGSP/POSA3 groups. Before initiating the discriminate analy-

sis on these groups, 13 plots were assigned to FEID/AGSP,

18 plots to AGSP/FEID and 11 plots to AGSP/POSA3. As a

result of discriminant analysis, nine plots remain in FEID/

AGSP, 18 plots in AGSP/FEID, and 13 plots in AGSP/POSA3.

With the forested intensive data, discriminant analysis was also

performed after several reorderings of the plots. The sequence of runs

was as follows and resulted in a statistically valid classification of

the forested stands.

1. Twenty-seven understory vegetative variables were selected

and the 64 plots were ordered into six groups. This basic

run provided an 81% classification at Step 11. Two groups

(PSME/PHMA and PSEM/CARU) were separated well on the terri-

torial map.

2. Eleven of the best discriminators were selected and the analy-

sis run with all 64 plots and the six groups. This resulted

in a 90% classification, but again the same territorial spread

resulted in the ABGR/VAME, ABGR /LIBO2, PIEN- ABLA2 /LIBO2 and
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PICO/VANE groups being clustered too tightly for separation.

3. Next, an attempt was made to determine which tree species

were the most discriminating. All 64 plots were used in

all nine groupings. Forty-six variables (all tree species

in all size classes) were tested. A 98% classification

resulted, but not all functions were significant. Ten

variables were selected for further analysis: ABLA2

(saplings), PICO (poles), ABLA2 (seedlings), PIPO (poles),

PIEN (large), ABGR (poles), PIPO (saplings), PIPO (cover),

PIPO (seedlings), PIPO (medium). These ten variables

combined to give an 86% classification at Step 10.

4. The above-named ten tree variables were used with the 11

best understory herbaceous discriminators in a further pro-

gression using discriminant analysis. At Step 13 (level of

significance) a 91% classification resulted with a 97%

classification overall. The PIEN/ABLA2 group was readily

separated. (See Appendix 0 , territorial map.)

5. A run looking at all understory tree species resulted in a

78% classification. The decision was made to move some plots

to a new seral grouping.

6. Next, 13 understory herbaceous species were analyzed. An

85% classification resulted. The species that were good dis-

criminators were: SYAL, PHMA, CARU, LIB02, FEID. VAME, ANPI,

GOOB, PYSE.

7. The same 13 understory herbaceous species were added to all

24 understory tree species variables next. A 100% classifi-
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cation resulted. At Step 15, a 97% classification resulted

using SYAL, PHMA, ABLA2 (saplings), PICO (poles), CARU,

PSME (poles), PIPO (seedlings), FEID, PIPO (poles), LIB02,

ABLA2 (seedlings), PIPO (saplings), ABGR (poles), PYSE,

and ABGR (saplings). (See Appendices P,.Q and R for Step

15, classified table, territorial map.)

8. A reduction from 37 variables to the best 21 tree and herb-

aceous understory species resulted in a 98% classification.

Based on these runs, two plots were moved to other groups

and four of the ten groups were dropped from further

analysis.

9. Nineteen variables (overstory trees, understory trees, and

selected understory herbaceous and shrub species) were then

run against the six residual groupings (ABGR/LIB02, ABGR/

VAME, PSME/PHMA, PSME/CARU, PSME/SYAL, and SERAL ABGR) with

a 94% classification resulting at Step 7. The territorial

map displayed these previously scattered groups as separate

clusters. The discriminators were PHMA, LIB02, CARU, PSME

(poles), GOOB, MIST2 and PICO (poles).

The discriminant analysis often misclassified a plot which was

overridden by the investigator based on consideration of the totality

of environmental and vegetative factors.

Shifts were made based on the sequence of runs above. The discriminant

analysis did not classify seral communities of ABGR/LIB02. Placement

of these seral plots into a special grouping (i.e., PICO/VAME) helped

the classification statistically. An example of this can be seen by
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following the next sequence of runs.

1. The best ten discriminating variables were used to test the

six residual groups. A 94% classification resulted with three

plots unclassified at Step 7. A subsequent run using the

same variables on five groups (seral group was dropped)

also left two of the same three plots unclassified.

2. At this point further inspection of the association table

and plot data led to the conclusion that in fact these

three plots should be eliminated from the groupings. This

was done based on the following:

Plot 218 - determined to be ecotonal between ABGR/VAME

and PSME/PHMA.

Plot 254 - a seral PSME/PHMA community

Plot 305 - a seral ABGR/LIB02 community

3. A run was then made using the same best discriminators on

the five groups less the above three plots. A 98% classi-

fication resulted at Step 7. All PSME/PHMA plots were pro-

perly classified after three steps using PHMA, CARU, and

PSME poles. (See Appendix S .)

4. Another run was made dropping the PSME/PHMA group which had

classified above to remove its masking from the residual

four groups. A 100% classification resulted at Step 8 and

the territorial map provided good dispersion. (See Appendix

T. )
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THE STEPPE HABITAT TYPES OF BILLY MEADOWS STUDY UNIT

The principal steppe vegetation of Billy Meadows Study Unit has

been classified into habitat types based on climatic, edaphic, and

vegetative characteristics. Although habitat types conceivably exist

on the area, the manifestation of other vegetation was so limited or

in poor ecologic condition, that not enough samples were available

for classification. These fragmented communities will be discussed

at the end of this section since some were sampled in the reconnais-

sance phase.

The habitat types trend from the most mesic to the most xeric

across the breadth of the area as follows: Physocarpus malvaceus/

Symphoricarpos albus (ninebark/snowberry) (PHMA/SYAL); Symphoricarpos

albus/Poa pratensis (snowberry/Kentucky bluegrass) (SYAL/POPR); Festuca

idahoensis/Agropyron spicatum (Idaho fescue/bluebunch wheatgrass)

(FEID/AGSP); Agropyron spicatum/Festuca idahoensis (bluebunch wheat-

grass/Idaho fescue) (AGSP/FEID); Agropyron spicatum/Poa sandbergii

(bluebunch wheatgrass/Sandberg's bluegrass) (AGSP/POSA3); Artemisia

rigida/Agropyron spicatum (scabland sagebrush/bluebunch wheatgrass)

(ARRI/AGSP); Artemisia rigida/Poa sandbergii (scabland sagebrush/Sand-

berg's bluegrass) (ARRI/POSA3); Eriogonum douglasii/Poa sandbergii

(Douglas' buckwheat/Sandberg's bluegrass) (ERDO/POSA3); Eriogonum

strictum/Poa sandbergii (erect buckwheat/Sandberg's bluegrass) (ERST2/

POSA3); and Poa sandbergii/Danthonia unispicata (Sandberg's bluegrass/

onespike oatgrass (POSA3/DAUN).

Each of these habitat types will be treated separately in the

sections that follow. Factors of environment, productivity, soils, and
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vegetation composition and structure will be discussed as they appeared

to influence the plant communities and to define them into habitat types.

A comparative analysis of all steppe habitat types will follow the

individual sections. The following codes are used in the text:

CON = % of constancy of a species on all study plots.

COV = % mean crown cover of a species on all study plots where

it occurred.

= Data calculated from reconnaissance plots.

All coverage values were averaged for those plots where the species

occurred and not by dividing the total coverage by the total number of

stands in the association. Averages for productivity include zeros,

and division of the total herbage was by the total number of stands in

the association.

Ground coverage percentages for moss, bare ground, erosion pave-

ment, rock and litter do not include or account for overstory plant

canopies or stem bases. Therefore, totals are less than 100% on an

individual plot. A soil description is attached to each vegetative

description. This profile is averaged from the attributes found for

the soils of each plot within the group. A strong secondary descriptive

entity was placed in parentheses (e.g., roots - few (common) = most

samples had few roots, but a significant number had a common rating).

Horizons were agglomerated to facilitate averaging (e.g., B2 = B2,

B21, B22, B23, B3). To see variability within the horizons refer to

the association tables in Appendix C. A comparison between steppe habi-

tat types classified on the Billy Meadows Study Unit is in Table 23.

A species listing with codes is included in Appendix F.
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PHYSOCARPUS MALVACEUS/SYMPHORICARPOS ALBUS (PHMA/SYAL) HABITAT TYPE

Ninebark/Snowberry Habitat type (Plate 1)

Seven reconnaissance plots and one intensively sampled plot char-

acterize the Physocarpus malvaceus/Symphoricarpos albus habitat type

(PHMA/SYAL). Seepages in concavities of the canyons of the Wallowa-

Snake subprovince provide deep soils laden with moisture upon whith the

two shrubs exist in an otherwise xeric environment more adapted for

bunchgrasses. Hall (1973) is the only investigator to recognize PHMA/

SYAL as a type (NINEBARK SHRUBLAND Std -19). He noted that the type may

be a fire-induced shrubland suitable for conversion to trees and that

some fir were reproducing in the type. The PHMA/SYAL habitat type is

separated in this study from Pseudotsuga menziesii/Physocarpus malvaceus

habitat type (PSME/PHMA) by a distinctive lack of tree reproduction.

The PHMA/SYAL habitat type is probably a pyric climax based on the high

frequency of wildfires known to historically burn up the steep slopes

of the canyons. The shrublands supporting PHMA/SYAL habitat type are

either lacking in seed source of potential tree species or cannot sup-

port and maintain tree species. Abundant stands of shrublands dominated by

Physocarpus and Symphoricarpos exist in the canyonlands that clear-

ly lack an historically arboreal component.

Environmental Factors

Mean elevation of the sampled plots was 1304 m (4277 ft) with ranges

from 1129-1610 m (3703-5281 ft). Aspect plays a key role in this habi-

tat type. All plots were in the northwest and northeast quadrants (322°
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to 68°) (see Figure 8). The northerly aspects of canyon slopes in

Billy Meadows Study Unit generally provided the moisture and favorable

shading from desiccating summer temperatures necessary to maintain

arboreal and shrub vegetation in the Festuca/Agropyron Zone.

5

Figure 8.

Plot Locations by Aspect - PHMA/SYAL Habitat Type

Slopes in the canyons were steep. The mean for the seven PHMA/SYAL

plots was 69.4% (51-81%). All plots were on steep macrotopography equally

split between smooth and dissected slopes. The majority of the plots

were in concavities on the upper third of steep slopes. Generally at

midslope and lower third levels enough moisture had collected in the

concavities coupled with favorable northerly aspect to provide tree

cover (PSME/PHMA habitat type). Additionally soil depths were greater

at lower slope levels which enhanced the probability of tree establish-

ment in Physocarpus stands.

Reconnaissance pits yielded 68 cm as an average total depth for

these sites. Total depth encountered on the intensively sampled plot
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was 130 cm (51.2 in) however
2

. Effective depth was 30 cm (11.8 in)

and rooting depth was estimated at 200+ cm (80 in) on the one intensively

sampled plot. The solum was over a moderately fractured bedrock.

Soil pH averaged 6.6 (6.2-7.1). Surface soil temperatures averaged

52° F (11° C) (50-54° F) (10-12° C) in mid to late July.

Productivity

No clipping was performed on the intensively sampled plot. No ap-

preciable herbaceous vegetation existed beneath the dense canopy of

Physocarpus and total biomass clipping was deemed impractical.

Vegetative Composition

Physocarpus malvaceus totally dominated these communities (COV = 80%;

CON = 100%). Symphoricarpos albus was subordinate to Physocarpus and

was the only other species coexisting to any large degree (COV = 24%;

CON = 100%). Other shrubs occurred in these shrublands. Rosa spp
3

demonstrated their affinities with Symphoricarpos (Daubenmire, 1942a). -

71% constancy in the seven stands sampled. Amelanchier alnifolia - con-

stancy 43%; Spiraea betulifolia - constancy - 14%; and Prunus virgini-

ana melanocarpa - constancy - 14% were other frequent shrub components.

Acer glabrum also occurred in this habitat type.

The canopy was so dense that few herbaceous species were able to

2
Intensive samples consistently gave higher soil depth figures based

on greater pit excavation.

3
Hybridization apparently occurred between R. woodsii and R. nutkana to
such a degree that field identification was almost impossible and

impractical. These were lumped in this study.
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tolerate the shade and compete with the larger shrubs. Agropyron

spicatum and Festuca idahoensis occurred as intruders from adjacent

Festuca/Agropyron grasslands (AGSP - COV = 6; CON = 71) (FEID - COV = 2;

CON = 43). Animals utilize these cool, shaded stands for cover. As

a result, disturbance often occurs within a stand to a degree that

opportunistic annuals invade (Bromus brizaeformis - COV = 57; Galium

aparine - CON = 86). Agastache urticifolia was very common in Physo-

carpus and Symphoricarpos communities and apparently was confined to

them with one exception - snowbank communities. It occurred in 57%

of the sampled plots. Calamagrostis rubescens occurred in two of the

stands as an intruder from adjacent PSME/PHMA communities downslope.

See Table 6 for a partial listing of important components of the

PHMA/SYAL habitat type occurring in the seven reconnaissance stands.
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TABLE 6. Vegetative Composition in Seven PHMA/SYAL Stands

*(Reconnaissance Data)

Mean
Cover- Con-

Common age Cover stancy

Scientific Name Code Name ( %) Range (%)

Shrubs

Physocarpus malvaceus (PHMA) Ninebark 80 65-95 100

Symphoricarpos albus (SYAL) Snowberry 24 5-40 100

Rosa spp. (ROSA) Roe 6 0-20 71

Amelanchier alnifolia (AMAL) Serviceberry 6 0-10 43

Prunus virginiana
melanocarpa (PRVIM) Chokecherry 10 0-10 14

Spiraea betulifolia (SPBE) Birchleaf
spiraea 5 0- 5 14

Forbs

Agastache urticifolia (AGUR) Horsemint 9 0-20 57

Galium aparine (GAAP) Bedstraw 18 0-40 86

Arnica cordifolia (ARCO) Heart-leafed
arnica 18 0-20 28

Geum triflorum (GETR) Old man's
whiskers 8 0-15 43

Lupinus spp. (LUPIN) Lupine 1 0- 1 57

Fr.garia virginiana (FRVI) Strawberry 5 0- 5 14

Perideridia gairdneri (PEGA2) Yampa 1 0- 1 71

Woodsia oregana (WOOR) Woodsia 3 0- 5 28

Thalictruin occidentale (THOC) Western
meadowrue 5 0- 5 14

Achillea millefolium
lanulosa (ACMIL) Yarrow 1 0- 1 57

Grasses

Agropyron spicatum (AGSP) Bluebunch
wheat grass 8 0-15 71

Festuca idahoensis (FEID) Idaho fescue 4 0- 5 43

Poa pratensis (POPR) Kentucky
bluegrass 5 0- 5 14

Bromus brizaeformis (BRBR) Rattlesnake
brome 14 0-40 57

Calamagrostis rubescens (CARU) Pinegrass 28 0-40 28
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Ground Coverage* (From reconnaissance)

Mean Range

Moss - 13.2% (0-60)

Bare Ground - 6.6% (0-15)

Pavement - 0 0

Rock - 10.0% (0-10)

Litter - 71% (30-95)

The dense overstory canopy provided shading and reduced evapora-

tion to provide a good medium for establishment of mosses. A heavy

litter layer was present throughout the stands except where disturbance

resulted from animal use. The steep slopes with deep soil in the con-

cavities reduced percentage of rock encountered.

Soil suface temperatures were taken on three of the plots. They

were remarkably similar for three differing times of day - 12° C

(54° F), 10:30 a.m.; 10° C (50° F), 2:00 p.m.; and 12° C (53° F),

5:30 p.m. These temperatures were low enough to provide good thermal

cover for animals.

Soil Analysis - (Plot 181 - intensive sample)

02 - 0-2 cm thick; boundary - abrupt.

Al - 2-25 cm thick; color - 10YR 2/1; silt loam; weak, medium, granular;

stoneless; roots - many, medium; pores - common, medium, intersti-

tial; no mottles; soft when dry, friable and non-sticky when moist;

boundary - general.
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A3 - 25-60 cm thick; color - 10 YR 2/1; loam; structure weak, medium

size, subangular blocky; stoneless, roots - common; fine; pores -

common, fine, tubular; no mottles; consistency - soft when dry,

friable and slightly sticky when moist; boundary is general.

Bl - 60-90 cm thick; color - 10 YR 2/2; loam; structure - weak, medium

size, subangular blocky; stoneless; roots - few, fine; pores - com-

mon, fine, tubular; no mottles; consistency - soft when dry, friable

and slightly sticky when moist; boundary is general.

B2 - 90-130 cm thick; color - 10 YR 3/3; loam; structure - moderate,

medium size, subangular blocky; stone - few cobbles; roots - few,

fine; pores - many, fine, tubular; no mottles; hard when dry;

friable and slightly sticky when moist; boundary - abrupt.

The soil was very homogeneous throughout the total depth. Owing

to the steep slope, there has been a considerable amount of soil creep

down the hillside. Bedrock consisted of massive gray-black, non-

vesicular, slightly weathered basalt.



Plate 1. Physocarpus malvaceus/Symphoricarpos albus Shrublands (Stand 97)

Plate 2. Symphoricarpos albus/Poa pratensis Mounds
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SYMPHORICARPOS ALBUS/POA PRATENSIS (SYAL/POPR) PLANT COMMUNITY TYPE

Snowberry/Kentucky Bluegrass Plant Community Type (Plate 2)

Three reconnaissance and two intensively sampled plots character-

ized the Symphoricarpos albus/Poa pratensis plant community type (SYAL/PORR).

All of the sample plots were located in communities on mounded topo-

graphy. This type has not been identified previously in the

Pacific Northwest. Hall (1973) defined a snowberry_shrubland plant community

type but this was found on slopes from 30-80%. Daubenmire (1970) has des-

cribed a FEID/SYAL habitat type which is more like the snowberry shiubland

plant community type. In this habitat type the mounded topography

near the forested fringe contained large 0.5 - 1.5 m Symphoricarpos plants.

This was significantly different from the low stature Symphoricarpos plants

growing among the bunchgrasses on FEID/AGSP slopes which was classified

as a Festuca/Symphoricarpos plant community type.

The mounds have been used by livestock and big game to a high

degree. The replacement of the native grass by Poa pratensis was evidence

of degradation of the native plant community. The intervening scablands

were stoney and dessicated early in the summer. Ungulates therefore

have sought the soft, deep soils of the mounds where vegetation is pre-

ferred and maintains itself longer in the growing seasons. In addition

to Poa pratensis, the interstitial area in the mounds has been filled

with forbs (e.g., Eriogonum heracleoides, Agastache urticifolia and

Fragaria virginiana).
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Mean elevation of the sampled plots was 1503 m (4931 ft) with

ranges from 1427-1635 m (4680-5363 ft). Aspect did not play an import-

ant role in this type. Proximity to forested communities with

a seed source of Symphoricarpos and the soil depth of the mounds per-

mitted establishment of Symphoricarpos but prohibited growth by

tree species due to the impenetrability of the bedrock beneath the

mounds. Slopes likewise were unimportant as an environmental factor

for this type. The mean was 2.5% (1-5%). All plots were on

mounded topography,and therefore the type occurred on convexi-

ties. Adjacent concavities or scabland were populated by xeric plants.

The mounded topography occured on ridgetops.

Total soil depths averaged 87.5 cm (34.4 in) for the two intensive

plots sampled. These deep-soiled mounds ranged from 85 cm (33 in)

to 90 cm (35 in) in total depth to bedrock. Effective depth was only

10 cm (4 in) between the Symphoricarpos plants. Disturbance has not

permitted occupation of the interstices by deep rooted perennials.

Rooting depth of the Symphoricarpos plants was estimated at 120 cm

(47 in). Soil pH averaged 6.5 (6.5-6.6).

Productivity

Total biomass for Symphoricarpos was 1422 kg/ha (1270 lb/ac)

for one plot and 7111 kg/ha (6349 lb/ac) for the other plot. The aver-

age was 4627 kg/ha (4131 lb/ac) for the combined plots. Eriogonum

heracleoides was clipped on one plot and yielded 850 kg/ha (758 lb/ac).

Total biomass for the plots was 3872 kg/ha (3457 lb/ac) on one plot
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and 10,006 kg/ha (8934 lb/ac) on the other. Average total biomass

clipped for the combined plots was 6939 kg/ha (6196 lb/ac).

Vegetative Composition

Symphoricarpos albus dominated the community. It created small

hummocks beneath the plants from dust and litter accumulation. Agas-

tache urticifolia and Eriogonum heracleoides were often associated with

the hummocks beneath the Symphoricarpos plants. No mounds were found

containing Festuca idahoensis with Symphoricarpos. Because Poa praten-

sis is known to replace Festuca idahoensis (Daubenmire, 1942a) the hypo-

thetical subordinate climax dominant for the type might be Festuca

idahoensis. Rosa occurred in association with Symphoricarpos. Weedy

perennials occupied the interstices (e.g., Carex spp., Poa pratensis,

Potentilla gracilis, Potentilla glandulosa, Geum triflorum, Fragaria

virginiana, Fragaria vesca and Paeonia brownii). As disturbance increased

and Symphoricarpos was reduced, competition occurred between Poa praten-

sis and Eriogonum heracleoides. It appeared that Eriogonum dominated

as an ultimate disclimax on very abused SYAL/POPR mounds. Elk and do-

mestic cattle grazed the Poa and Carex with intensity. Gopher activity

within the mound was evidenced by numerous Krotovinas found in soil tx-

cavation. The aprons of the mounds were populated by Bromus mollis,

Perderidia gairdneri, Madia glomerata, Antennaria luzuloides, Achilles

millefolium, Clarkia pulchella, Lomatium ambiguum, Sanguisorba occiden-

talis and Polygonum douglasii. See Table 7 for a partial listing of

important vegetative components of the SYAL/POPR plant community type.
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TABLE 7. Vegetative Composition in SYAL/POPR Stands

Cover
Con
stancy

Mean
Cover-

Common age

Scientific Name Code Name (%) Range (%)

Shrubs

Symphoricarpos albus (SYAL) Snowberry 21.0 (3-39) 100

Rosa woodsii ultramontana (ROWOU) Woods rose 1.0 (0- 1) 50

*Rosa nutkana hispida (RONUH) Nootka rose 3.0 (0- 3) 33

Perennial Forbs

Eriogonum heracleoides (ERIE) Wyeth
buckwheat 13.0 (5-21) 100

Agastache urticifolia (AGUR) Horsemint 7.5 (7- 8) 100

*Fragaria virginiana (FRVI) Strawberry 5.0 (5- 5) 100

*Fragaria vesca (FRVE) Strawberry 3.0 (0- 3) 50

Achillea millefolium lanulosa (ACMIL) Yarrow 3.5 (1- 6) 100

Geum triflorum (GETR) Old man's
whiskers 1.0 (1- 1) 100

Potentilla glandulosa (POGL) Cinguefoil 2.5 (1- 4) 100

Potentilla gracilis (POGR) Cinguefoil 1.0 (0- 1) 50

Besseya rubra (BERU) Besseya 1.0 (0- 1) 50

*Paeonia brownii (PABR) Brown's
paeony 1.5 (1- 2) 100

*Woodsia oregana (WOOR) Woodsia 3.0 (0- 3) 50

*Lomatium ambiguum (LOAM) Wyeth bis-
quitroot 1.0 (0- 1) 50

*Tragopogon dubius (TRDU) Oyster plant 1.0 (0- 1) 66

*Sidalcia oregana (SIOR) Oregon chec-
kermallow 2.0 (0- 3) 66

*Perideridia gairdneri (PEGA2) Yampa 15.0 (0-15) 33

Annual Forbs

*Microsteris gracilis (MIGR) Microsteris 3.5 (0- 3) 66

*Collinsia parviflora (COPA) Blue-eyed
Mary 8.0 (1-15) 66

*Stellaria nitens (STNI) Chickweed 30.0 (0-30) 33

*Polygonum_douglasii (PODO) Douglas'
knotweed 4.0 (1-10) 100

*Clarkia pulchella (CLPU) Deer horn 2.0 (1- 3) 66

*Sanguisorba occidentalis (SAOC) Burnet 1.7 (1- 3) 100

*Madia glomerata (MAGL) Cluster
tarweed 9.3 (3-15) 100

* = tallied from reconnaissance plots

(continued on next page)
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TABLE 7. Vegetative Composition in SYAL/POPR Stands (continued)

age Cover
(%) Range

Con-
stancy

(%)Scientific Name Code

Mean
Cover-

Common
Name

Grasses

*Bromus mollis (BRMO) Soft chess 10.0 (0-15) 66

Poa pratensis (POPR) Kentucky
bluegrass 13.5 (9-18) 100

Bromus carinatus (BRCA) Mountain
brome 9.0 (6-12) 100

*Bromus brizaeformis (BRBR) Rattlesnake
brome 1.0 (0- 1) 66

*Carex sp. (CAREX) Sedge 10.0 (0-10) 33

* = tallied from reconnaissance plots
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Ground Coverage (%)

Mean Range

Moss 1.0 ( 1-1 )

Bare ground 20.5 (17 -24)

Pavement 3.0 ( 0-3 )

Rock 1.0 ( 0-1 )

Lichen 0

Litter 28.5 (27-30)

The degree of disturbance did not permit lichen and mosses to

populate the mounds beneath what should have been a very mesic environ-

mental canopy. Disturbance was identified in the relatively high

percentage of bare ground present in what should have been a nearly

homogeneous vegetative covering were the communities in good condition.

Daubenmire (1942a)found that Symphoricarpos was greatly favored

by the light covering of bare soil across the soil surface attributed

to rodent excavation. OwinIg to its stone-free nature, mounded topo-

graphy was highly frequented by rodents.

Soil Analysis (Average of two Intensive Plots)

Al - 0-20 cm thick (0-55); color - 5 YR 3/3 (10 YR 3/3); silt loam; moder-

ate, medium size, granular structure; few gravels to few cobbles;

common medium sized roots to many fine roots; pores - common, fine,

interstitial; no mottles; soft when dry, loose or friable and

non-sticky when moist; boundary - general.
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B2 - 20 (55) - 90 (85) cm thick; color - 5YR 3/3 (7.5YR 3/2); silt loam;

weak (moderate), medium size, subangular blocky structure; few

cobbles; roots - common, medium; pores - few to common, fine to

medium sized, interstitial; 0 to common, large mottles; soft to

very hard when dry, friable and nonsticky when moist; boundary -

abrupt.

The profiles showed no textural changes with only a weak structural

B horizon that contained a few yellow mottles. The lack of soil develop-

ment could be attributed to gopher activity. Three centimeters above

bedrock was a zone marked by a significant increase in abundance of

sand-sized, rounded, weathered black basalt. The bedrock was moderately

well-fractured of non-vesicular black basalt. Gopher burrows, active

and filled-in, were encountered in the profiles.
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FESTUCA IDAHOENSIS/AGROPYRON SPICATUM (FEID/AGSP) HABITAT TYPE

Idaho Fescue/Bluebunch Wheatgrass Habitat Type (Plate 3)

Daubenmire (1942) was the first to separate this, the more mesic

Festuca, from Agropyron in his Festucetum. In 1970, he segregated

the Festucetum into three habitat types. His Agropyron-Festuca habi-

tat type is too xeric to compare favorably with the FEID/AGSP. It

contains Opuntia polyacantha and Bromus tectorum as increasers which

are more associated with the series below FEID/AGSP elevationally

in Billy Meadows Study Unit. The Festuca/Symphoricarpos habitat type

of Daubenmire is the only other entity separated in the Palouse which

approaches FEID/AGSP. It, however, is more mesic with Symphoricarpos

always a component of the type. Rhizomatous Agropyron, Koeleria

associated with Festuca and Agropyron, and increasing Poa pratensis

are all attributes of the Daubenmire FEID/SYAL habitat type that are

characteristic of this FEID/AGSP habitat type (Table 8)

Tisdale (1947) defined a similar vegetation in his Upper Grassland

Zone of British Columbia. The replacement of Festuca idahoensis by

Festuca scabrella as the climax co-dominant was the only notable major

difference between his type and FEID/AGSP on Billy Meadows Study Unit.

Poulton (1955) defined a very similar association to the FEZD/

AGSP as the Festuca idahoensis/Koeleria cristata (FEID/KOCR) habitat

type. It was characterized by clear dominance of Festuca idahoensis

over Agropyron spicatum, rhizomatous Agropyron, and presence of

Koeleria with certain mesic forbs. His FEID/KOCR was almost identical

to this habitat type. His coverage figures were for pristine plots,

where the plots averaged in this study are from all ranges demonstrated
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for the entity across the breadth of the study unit. Therefore, per-

centages differ based on disturbance and topoedaphic communities as

opposed to climatic climax communities on gentle slopes. A soils

difference also separates Poulton's FEID/KOCR from the FEID/AGSP in

Billy Meadows Study Unit.

Johnson (1959) working in the southern Wallowa Mountains defined

a FEID/AGSP community in the Agropyron-Poa Zone. The community he des-

cribes is much too xeric based on associated species listed to compare

favorably with the FEID/AGSP in this study.

In 1962 Campbell defined FEID/AGSP and FEID/KOCR communities in

the Snake and Salmon River canyons of Idaho (northeast of Billy Meadows

Study Unit). His FEID/AGSP community is too xeric and more closely

approximates findings in this study of the AGSP/FEID habitat type. The

FEI /KOCR community is very similar to FEID/AGSP on Billy Meadows Study

Unit, but his sampling occurred at lower elevations (3000-4000 ft)

(915-1220 m). The FEID/KOCR he recognizes contains Spiraea corymbosa

75% of the time at these lower elevations. FEID/AGSP habitat type has

no Spiraea associated.

Hall has lumped his AGSP and FEID associations into plant community

types based on productivity, potential, and management considerations

(Hall, 1980). His four bunchgrass plant community types are based on

soil depth and steepness of slope. As the data are presented, it is

not possible to compare FEID/AGSP or AGSP/FEID with his groupings. His

association tables were obtained, however, for the comparison (see

Table 8).
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Winward and Youtie (1978) identified a FEID/AGSP community in the

Lawrence Memorial Grassland Preserve of Wasco County. Some vegetative

similarities are notable between the mounded FEID/AGSP there and FEID/

AGSP of this study area.

Tisdale (1979) identified a Festuca/Agropyron habitat type in

his further studies of the Snake River grasslands on the Idaho side.

He separates FEID/KOCR habitat type from FEID/AGSP habitat type based

on an abundance of Koeleria, a lack of co-dominance by Agropyron and

Festuca, and a richer forb composition. The FEID/AGSP of Billy Mead-

ows Study Unit has many similarities to the FEID/KOCR of the Snake

River Canyon. It is, however, distinctive owing to a lack of abund-

ance by Koeleria (COV = 4%), albeit a high constancy; closer co-domi-

nance of Festuca with Agropyron; lack of shrubby vegetation; and ab-

sence of Heuchera cylindrica and Phlox colubrina. The FEID/KOCR

habitat type does exist on the Oregon side of the Snake River canyon

and at higher elevations than were studied at Billy Meadows.

Mueggler and Stewart (1980) identified a FEID/AGSP habitat type

as "perhaps the most frequently encountered mountain grassland habitat

type in southwestern Montana." It appears to be very similar in compo-

sition to the FEID/AGSP of this study. (See Table 8.) The similarity

is so great (with one exception - occurrence of Stipa comata in Montana)

that the extension of a FEID/AGSP habitat type as defined by Mueggler

should be considered one and the same for northeastern Oregon. His

statement that Lupinus sericeus may form a major part in the community

is significant, for overgrazing has permitted Lupinus sericeus to in-

crease appreciably on many areas of Billy Meadows Study Unit. Their
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TABLE 8. Comparison of Similar Vegetation in the Literature for

FEID/AGSP Habitat Type (Coverage)

Poulton
(1955)

FEID/KOCR
h.t.

Species (3 stands)

Campbell
(1962)

FEID/KOCR
c.t.

(4 stands)

Hall
(1973)

FEID/AGSP
c.t.

(7 stands)

Mueggler
(1980)

FEID/AGSP
h.t.

(45 stands)

This Study
FEID/AGSP

h.t.

(19 stands)

Festuca
idahoensis 52 22 46 37 31

Agropyron
spicatum 11 14 2 18 20

Poa
sandbergii 4 1 8 3 7

Koeleria
cristata 2 3 3 4 4

Lupinus sp. 2 6 6 3 5

Stellaria nitens 3 1 8

Bromus tectorum 1 1 1 5

Poa pratensis 1 1 3

Balsamorhiza
sagittata 1 1 1 9

Tragopogon
dubius 1 1 1 1

Achillea
millefolium 4 2 4 1 8

Stipa comata 3

Spiraea
corymbosa 1

Eriogonum
heracleoides 8 4

Cryptogams 28 7 11 16 5

Bare Ground 1 1 16 5 23

Rock 1 3 8 8 4

Litter 39 46 48
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productivities (655-1293 1b/ac) (734-1448 kg/ha) are appreciably lower

than in this study (829-2644 lb/ac) (929-2964 kg/ha).

Environmental Factors

The majority of the samples were located in the west and southwest

quadrants. North slopes generally were tree-covered at these elevations.

Campbell (1962) also noticed that the fescue-dominated communities were

primarily confined to the south and west aspects with northerly and

easterly aspects forested. See Figure 9.

S

Figure 9

Plot Locations by Aspect - FEID/AGSP Habitat Type

Seven of nine intensive plots were located on ridgetops with the

other plots in the upper third of the slope. This demonstrated the af-

finity of FEID/AGSP to gentle slopes or steep slopes with higher moisture

than midslope canyon communities which were of a more xeric nature (e.g.,

AGSP/FEID or AGSP/POSA3) (Table 9).
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TABLE 9. Festuca idahoensis/Agropyron spicatum Habitat Type Data Summary

Elevation - Range 1251-1555 m (mean = 1387.5 m) (95% C.I.± 68.8)

4103-5100 ft (mean - 4551 ft)

Aspect - 13 plots > 5 %, 5 plots were in SW quadrant
3 plots were in NW quadrant
2 plots due west
1 plot due east
2 plots were in NE quadrant

Slope - Range 2-56% mean = 18% (95% C.I.± 16.6)

(5 of 9 plots on slopes < 10%)

Macrorelief - 6 plots flat ground; 2 plots steep ground; 1 plot undulating

Microfelief - 2 on concavities; 3 on flat surfaces; 4 on convexities

Position. - 7 ridgetop; 2 upper third slope

Total Soil Depth - 27 - 200 cm mean = 83.9 cm (95% C.I. ± 43.2)

10.6 - 78.7 in = 33.0 in

Effective Soil Depth - 10 - 55 cm mean = 29.9 cm (95% C.I. ± 11.2)

3.9 - 21.65 in = 11.8 in

Rooting Depth - 50 - 200 cm mean = 116.7 cm
19.7 - 78.7 in = 454.9 in

Lithic Relationship - 7 plots over bedrock; 1 on talus; 1 non-lithic

to 200 cm

Bedrock Fracturing - Few cracks 3; moderately cracked - 4;
well-cracked - 1; non-lithic - 1

pH - (6.4-6.9 range) mean = 6.6

Biomass kg/ha Range lb/ac Range 95% C.I.

Agropyron spicatum 553 0-1232 493 0-1099 ±324.4

Festuca idahoensis 680 206-1649 607 184-1471 ±399.5
Poa sandbergii 25 0- 100 22 0- 89 ± 30.9

TOTAL 1774 929-2964 1582 829-2644 ±521.7

Palatable Total (1258) (1122)

(continued on next page)



TABLE 9 (Continued).

Vegetative Composition in FEID/AGSP Stands (Partial Listing)

Scientific Name

Perennial Grasses

Code Common Name

Festuca idahoensis (FEID)
Agropyron spicatum (AGSP)

Poa sandbergii (POSA3)

Koeleria cristata

Poa pratensis

Perennial Forbs

Achillea millefolium
lanulosa

Lupinus sericeus
sericeus

Geum triflorum

(KOCR)

(POPR)

(ACMIL)

(LUSES)

(GETR)

Potentilla gracilis (POGR)
Eriogonum
heracleoides (ERHE)

Tragopogon dubius (TRDU)

Arnica sororia (ARSO)
*Balsamorhiza

sagittata (BASA)

*Hieracium
albertinum

*Lithophragma
parviflora

*Besseya rubra
*Erigeron pumilus

Annual Grasses

*Bromus mollis
*Bromus tectorum
*Bromus brizaeformis

Annual Forbs

(HIAL2)

(LIPA)

(BERM)

(ERPU)

Idaho fescue
bluebunch

wheatgrass
Sandberg's
bluegrass

prairie
junegrass

Kentucky
bluegrass

yarrow

silky lupine
old man's
whiskers

cinguefoil

Wyeth buckwheat
oystcrplant
twin arnica

balsamroot

western
hawkweed

small flowered
fringecup

red besseya
shaggy
fleabane

(BRMO) soft chess
(BRTE) cheatgrass
(BRBR) rattlesnake

brome

*Alyssum alyssoides (ALAL)

*Veronica peregrina (VEPE)

*Microsteris
gracilis (MIGR)

*Stellaria nitens (STNI)

*Clarkia pulchella (CLPU)

*Collomia linearis (COLI2

*Madia glomerata (MAGL)

pale alyssum
purslaze

speedwell

pink
microsteris

chickweed
deerhorn

) narrow-leaved
collomia

cluster tarweed

Coverage
Mean and 95%

C.I. Range
Con-
stancy

30.9 ±5.08 20-39 100

19.7 ±8.58 2-37 100

7.1 ±2.89 0-13 78

4.4 ±1.97 0-8 89

3.4 ±2.08 0-8 56

7.7 ±2.74 3-14 100

5.0 ±3.14 0-9 78

3.7 ±3.90 0-14 67
6.3 ±5.23 0-14 33

3.7 ±2.35 0-7 33

1.0 -- 0-1 56
3.3 ±3.10 (0-8) 33

9.0 (0-15) 32

1.9 (0-3) 37

5.5 (0-15) 21

3.5 (0-5) 32

2.0 (0-3) 42

4.0 (0-5) 32

4.7 (0-20) 47

3.3 (0-15) 37

2.3 (0-5) 42

3.3 (0-15) 42

3.0 (0-7) 32

8.0 (0-15) 21

2.4 (0-15) 58

1.4 (0-3) 53

6.8 (0-30) 26

103
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TABLE 9. Festuca idahoensis/Agropyron spicatum Habitat Type Data Summary

(continued)

Ground Cover (%) Mean Range 95% C.I.

Lichen 1.9 ( 0- 6) ±1.3

Moss 2.6 ( 0- 5) ±1.4

Pavement 1.8 ( 0 -6) ±1.6

Rock 3.9 ( 1-21) ±5.1

Bare Ground 23.4 (15-40) ±6.6

Litter - 47.7 (34-65) ±8.0
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Surface soil temperatures were taken in nine reconnaissance stands.

In late June, six temperatures averaged 58° F (14° C) (range 54-63° F)

(12-17° C). In late July, three stands recorded temperatures ranging

from 70° F (21° C) to 72° F (22° C) (average - 71° F) (21.6° C).

Ground Cover

The decrease in bryophytic plant cover coupled with an almost five-

fold increase in bare ground over findings by Mueggler may be a result

of greater disturbance to the Billy Meadows area stands; however, litter

levels are very similar.

Productivity

Daubenmire (1970) found approximately 1300 lb/ac (1456 kg/ha) in

a similar vegetation in southeastern Washington. Hall (1973) records

679 lb/ac (760 kg/ha) for his most productive bunchgrass plant community

type. These are less productive entities than the FEID/AGSP of this

study (1583 lb/ac) 1773 kg/ha).

Vegetative Composition

The FEID/AGSP habitat type can be considered mesic steppe based on

the affinity to deep soils on or near ridgetops and the very prolific

species composition (101 species encountered). It populated mounded

topography as well as deep-soiled ridgetops.

Disturbance in the FEID/AGSP results in an increase in bareground

which is then populated by increasing populations of Bromus tectorum,

Bromus brizaeformis, Lactuca, Achillea millefolium, and Poa pratensis.
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Poa pratensis was especially prolific in degraded communities of FEID/

AGSP. On the Palouse or prairie soils, Bromus mollis, Solidago missour-

iensis, Cirsium brevifolium, Bromus brizaeformis and Grindelia nana all

increased with disturbance.

Mounds demonstrated an interesting disturbance sequence based on

aspect. Northerly slopes tended to have higher residual Festuca ida-

hoensis stands with less Agropyron spicatum and a tendency to increase

to Geum triflorum. The mound center was often degraded to a mat of

Eriogonum heracleoides and/or Poa pratensis. On Southern exposures

Koeleria would tend to increase vegetatively first with Bromus mollis

and Bromus tectorum taking over as disturbance increased.

In good condition, the FEID/AGSP was characterized by Festuca

idahoensis dominance (20-40% cover) with subordinate Agropyron (approx-

imately 20%) and interspaces with 5-7% Poa sandbergii and 3-5% Koeleria.

A good condition stand always contained very limited amounts of Achil-

lea, Lupinus, Geum, Potentilla, Eriogonum heracleoides, and Tragopogon.

Soil Analysis

Al- 0-27 cm thick (max = 48 cm); color - 10 YR 2/1 to 10 YR 3/2; loam

(silt loam); moderate medium size granular structure; few to common

gravels; roots - common, fine; pores - common, fine, interstitial;

no mottles; consistency - soft when dry, friable and non-sticky

when moist; boundary - general.

B2 - 27-69 cm thick (max = 100 cm); color - 10 YR 3/2; loam (to clay

loam); moderate, medium size, subangular blocky structure; few to

common, cobbles; roots - few to common, fine; pores - few to many,
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fine, tubular; no mottles to mottled; consistency - soft to hard

when dry, friable to firm and slightly sticky to sticky when

moist; boundary - abrupt.

B2T -69-88 cm thick (max = 115 cm); color - 10 YR 3/4; clay loam; strong,

medium, subangular blocky; no stones; roots - few, fine; pores -

few, medium, interstitial; no mottles; consistency - hard when

dry, firm and sticky when wet; boundary - general.

Two plots contained argillic horizons. Plot No. 122 demonstrated

a very well developed profile (Al, Bl, B21T, B22T, BC, C with no lithic

material within 200 cm of the surface). The B21T and B22T were so

compacted by a high clay content as to severely limit water movement.

The C horizon contained very mottled, yellow brown and red fine sands.

Plot No. 167 was classified a Pachic Argixeroll (prairie soil). It

contained a very nicely developed black "A" horizon. Then at 45 cm an

abrupt change occurred to a brown clay loam with a noticeable decrease

in' roots and pores.

Three mounds contained FEID/AGSP in this sample group. They aver-

aged 77 cm deep and had two traits in common. First, in the upper

30 cm, a concentration of angular, non-weathered, non-vesicular gravels

were concentrated. Then evidence of active and inactive gopher burrows

occurred in two of the three. The mound without gopher evidence con-

tained vegetation in good ecologic condition.
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Plate 3. Festuca idahoensis/Agropyron spicatum Habitat Type (Stand 143)

Plate 4. Agropyron spicatum/Festuca idahoensis Habitat Type (Stand 40)

(Pole is marked in 10 cm segments and is 1 meter tall.)
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AGROPYRON SPICATUM/FESTUCA IDAHOENSIS (AGSP/FEID) HABITAT TYPE

Bluebunch Wheatgrass/Idaho Fescue Habitat Type (Plate 4)

The Festucetum of Daubenmire (1942a) was further delineated

(Daubenmire, 1970). The resulting Agropyron/Festuca habitat type

(dominated by Agropyron spicatum, Festuca idahoensis and with Poa

sandbergii as a major associate) is shrubless and occurs below the

Festuca - Symphoricarpos zone. A comparison is difficult since his

highest elevation plot is 3175 ft (968 m) (Billy Meadows AGSP/FEID

plots occurred from 3860 ft) (1177 m). Opuntia polyacantha is an in-

creaser for his entity. It is not present in the more mesic, higher

elevation AGSP/FEID of Billy Meadows Study Unit, but does occur in more

xeric bunchgrass vegetation of the Snake and Imnaha canyons. Chryso-

thamnus nauseosus occurred in 88% of Daubenmire's AGSP/FEID plots but

it is absent from the Billy Meadows AGSP/FEID habitat type.

The first definition of this habitat type apparently was W. John-

son's Festuca - Agropyron community in the southern Wallowa Mountains

(1959). He located the unit between 2000 - 3000 ft (609-915 m); much

lower than the Billy Meadows elevation. The high constancy he expresses

for Balsamorhiza sagittata and Bromus brizaeformis compare favorably with

the Billy Meadows data (67% and 75% respectively).

Campbell's (1962) Snake River Canyon Festuca/Agropyron commmunity

is very similar to the AGSP/FEID of Billy Meadows. (See Table10.)

Hall (1973) found less Festuca idahoensis than any other investi-

gator. This was probably because his study area was less mesic

than the northern Blue Mountains, Wallowa Mountains, and Palouse prairie.

His higher Poa sandbergii coverage values (17%) compare favorably with
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Daubenmire's (18%). This may be due to the fact that elk are not

utilizing rangeland on their study areas to the extent they are at

Billy Meadows Study Unit.

Nowakowski (1978) sampling the northern Wallowa-Whitman National

Forests located three of her six Agropyron/Festuca plots on the Billy

Meadows Study Unit. Her study did not attempt to classify habitat

types across an extension of land area, however. Therefore, her aver-

ages and findings are appropriate only for the limited plot locations

she sampled. The ranges she found for her plots are much more res-

tricted than those found across the 40 extensive plots in AGSP/FEID

of this study. An example is productivity. Averaging four plots

she found 890 lb/ac (998 kg/ha) in the AGSP/FEID compared to 1278 lb/ac

(1433 kg/ha) found in the 18 intensive plots of this study. This differ-

ence in productivity may possibly be a reflection of annual growth

differences, however.
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TABLE 10. Comparison of Similar Vegetation in the Literature

for AGSP/FEID Habitat Type (Constancy/Coverage)

Daubenmire
(1970)

AGSP/FEID
Perennial h.t.

Species (11 stands)

Campbell
(1962)

FEID/AGSP
c:t.

(6 stands)

Hall
(1973)

FEID/AGSP
c.t.

(19 stands)

Nowakowski
(1978)

AGSP/FEID
h.t.

(6 stands)

This Study
AGSP/FEID

h.t.
(40 stands)

Chrysotham-
nus nauseosus 64/tr
Phlox spp. 91/1 67/tr 26/5 33/1 17/3

Agropyron
spicatum 100/59 100/27 100/26 100/11 100/31

Festuca
idahoensis 100/53 100/24 53/6 100/8 100/12

Poa sandbergii 100/21 50/1 100/17 83/2 100/5

Koeleria
cristata 9/4 42/10 33/1 67/3

Achillea
millefolium 100/2 83/2 84/3 100/2 100/3

Astragalus spp. 54/4 50/1 16/tr 15/2

Balsamorhiza
spp. 18/tr 17/2 47/2 50/2 67/6

Eriogonum
heracleoides 17/tr 68/4 83/2 28/2

Annual
Species

Bromus
brizaeformis 83/1 50/2 75/4

Bromus mollis/
japonicus 9/1 30/5

Bromus tectorum 91/1 100/1 50/1 30/9

Phacelia
linearis 35/2

Stellaria nitens 36/1 100/1 18/16

Collomia
linearis 18/tr 16/1 73/2

Ground
Cover

Cryptogams 31 8 4

Pavement 11 3

Rock 2 29 16

Bare Ground tr 16 25

Litter 10 _ - 39
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TABLE 11. Agropyron spicatum/Festuca idahoensis Habitat Type Data Summary

Elevation

Aspect

Slope

- Range 1177-1464 m (mean - 1294 m) (95% C.I. ± 39.9)

3861-4802 ft (mean - 4243 ft)

- 0 plots were in NE quadrant
6 plots were in SE quadrant
6 plots were in SW quadrant
6 plots were in NW quadrant

- Range 2-69% mean = 40.9% (95% C.I. ± 10.6)

(2 of 18 plots on slopes < 10%)

Macrorelief - 12 plots steep, smooth slopes; 2 plots undulating;
2 plots flat, rough; 1 flat smooth; 1 steep, irregular

Microrelief - 8 on flat surface; 8 on concavities; 20 on convexities

Position - 3 ridgetop; 8 upper third; 7 mid-slope

Total Soil Depth - 15 - 200
- 5.9 - 79

cm mean = 80.8 cm (95% C.I. ± 23.95)

in = 31.8

Effective -Soil Depth - 10 - 100 cm mean = 31.1 cm (95% C.I. ± 10.05)

- 4 - 39.4 in = 12.2 in

Rooting Depth - 40 - 200 cm mean = 150.8 cm
15.7 - 79 in = 59.37 in

Lithic Relationship - 9 plots over bedrock; 8 on talus; 1 non-lithic

to 200 cm

Bedrock Fracturing - Few cracks - 2; moderately cracked - 6; rotten - 1;
non-available - 9

pH - (6.1-7.3

Biomass

range)

kg/ha

mean = 6.8

Range lb/ac Range 95% C.I.

Agropyron spicatum 866 105-1541 772 ( 94-1375) ±193.7

Festuca idahoensis 260 0- 778 232 ( 0- 694) ±104.5

Poa sandbergii 61 0- 89 54 ( 0- 79) ± 14.2

Poa pratensis 191 0- 207 170 ( 0- 185) ± 11.3

TOTAL 1433 539-1976 1278 (481-1763) ±207.7

Ground Cover (%) Mean Range 95% C.I.

Lichen - 1.5 ( 0- 3) ±0.37

Moss - 2.8 ( 0- 9) ±1.26

Pavement - 3.3 ( 0-11) ±1.29

Rock - 16.3 ( 0-30) ±4.18

Bare Ground - 25.2 (11-50) ±5.11

Litter - 38.5 (17-83) ±7.97



TABLE 11 (Continued)

Vegetative Composition in AGSP/FEID Stands (Partial Listing)

Coverage

Scientific Name Code Common Name

Perennial Grasses

Agropyron spicatum (AGSP)

Festuca idahoensis (FEID)

Poa sandbergii (POSA3)

Koeleria cristata (KOCR)

Poa pratensis (POPR)

Perennial Forbs

Balsamorhiza
sagittata

Bluebunch
wheatgrass

Idaho fescue
Sandberg's
bluegrass

Prairie
junegrass

Kentucky
bluegrass

(BASA) arrowleaf
balsamroot

Achillea millefolium
(ACMIL)

(ERNE)
lanulosa

Eriogonum
heracleoides

Lupinus sericeus
sericeus

Geum triflorum
(LOSES)

(GETR)

Potentilla gracilis (POGR)
Phlox viscida (PHVI3)

Hieracium .
(HIAL2)

albertinum
Tragopogon dubius (TRDU)

*Arnica sororia (ARSO)

*Lathyrus sp. (LATHY)

*Sisymbrium
altissimum (SIAL)

*Antennaria luzuloides (ANLU)
*Lomatium ambiguum (LOAM)

yarrow
Wyeth's

buckwheat

silky lupine
old man's

whiskers
cinguefoil
Snake River
phlox

western
hawkweed

oysterplant
twin arnica
peavine

tumble mustard
pussy toes
swale biscuit

root

r.r.nual Grasses

*Bromus brizaeformis (BRBR) rattlesnake
brome

*Bromus mollis (BRMO) soft chess

*Bromus tectorum (BRTE) cheatgrass

Annual. Forbs

*Phacelia linearis (PHLI) threadleaf
phacelia

*Alyssum alyssoides (ALAL) pale alyssum

*Stellaria nitens (STNI) chickweed
*Blepharipappus scaber (BLSC) blepharipappus
*Polygonum douglasii (PODO) Douglas'

knotweed

*Clarkia pulchella (CLPU) deerhorn

*Collomia linearis (CLOI2) narrow-leaved
collomia

*EPilobium (EPPA) autumn willow-

paniculatum herb

Mean and 95%
C.I. Range

Con-
stancy

31.4 '5.1 (17-50) 100

11.8 ±2.2 (4-21) 100

4.9 t1.9 (1-13) 100

2.9 .±1.2 (0-8) 67

11.0 ±2.1 (0-14) 11

5.7 (0-17) 67

3.3 ±2.0 (1-19) 100

2.2 ±0.9 (0-5) 28

4.1 .±1:9 (0-11) 44

4.5 ±2.5 (0-8) 11

4.8 _±2.4 (0-11) 22

3.3 (0-5) 17

1.0 (0-1) 28

1.0 (0-1) 33

4.2 (0-15) 13

3.8 (0-15) 20

2.3 (0-10) 18

6.9 (0-40) 20

1.8 (0-5) 38

3.9 (0-15) 75

5.3 (0-30) 30

8.5 (0-40) 30

2.1 (0-15) 35

8.3 (0-25) 25

16.0 (0-75) 18

4.5 (0-40) 43

2.2 (0-5) 25

2.4 (0-15) 48

1.6 (0-5) 73

1.2 (0-5) 53

113
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Environmental Factors

lower

Elevations for AGSP/FEID habitat type averaged 308 ft (94 m)

than FEID/AGSP habitat type on the study unit. Regarding as-

pect, plots were dominantly in the west quadrant with some southeast

orientation (Figure 10).

180

Figure 10

Plot Distribution by Aspect in AGSP/FEID Habitat Type
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At these elevations, the northeast quandrant is typically forested

owing to favorable aspect providing higher moisture and lower tempera-

ture levels. Slopes were steeper on the AGSP/FEID habitat type (R = 41%)

than on the FEID/AGSP habitat type (R = 18%). The majority of the plots

occurred on steep, smooth slopes in the upper third and mid slope levels

of ridges and canyons. This contrasted with the ridgetop and upper

third slope levels supporting FEID/AGSP where lower temperatures and

higher moisture content of the soils provided competitive advantage

for the domination by Festuca (Daubenmire, 1972).

Soil depths were not noticeably different between FEID/AGSP

(R = 83.9 cm) and AGSP/FEID (R = 80.8 cm). An increased percentage

of plots in AGSP/FEID occurred on talus slopes than in FEID/AGSP, which

may reflect soil moisture differences permitting dominance by Agropyron

over Festuca. Soil pH levels were slightly more basic in AGSP/FEID

(x = 6.8) than in FEID/AGSP (R = 6.6) (Table 11).

Surface soil temperatures were taken in 23 of the 40 reconnaissance

plots. Temperatures averaged 64° F (18° C) (range 51-80° F) (10.5-

27° C) between June 21 and August 2. This is a two-degree increase

over FEID/AGSP for the same sampling period.

Productivity

The AGSP/FEID habitat type of Billy Meadows Study Unit was less

productive than the FEID/AGSP. Festuca idahoensis declined 62% (680-

260 kg/ha) (607 - 232 lb/ac) with Agropyron spicatum increasing 28%

(623-866 kg/ha) (556-773 lb/ac) in the AGSP/FEID habitat type. Over-

all productivity dropped 19% in the AGSP/FEID habitat type . The total
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productivity (1433 kg/ha)(1278 lb/ac) compares favorably with Dauben-

mire's AGSP/FEID (1471 kg/ha)(1313 lb/ac) but is much more productive

than Hall's (1973) bunchgrass on deep soil and steep slopes (486 kg/ha)

(434 lb/ac).

Ground Cover

Cryptogam levels were similar between the FEID/AGSP and AGSP/FEID

habitat types but percentages of pavement, rock, bare ground and litter

all increased in AGSP/FEID. The steepness of slope in this habitat

type creates a potential for more surface erosion, colluvial rock, and

bare ground due to usage by livestock and game. The increase in litter

may be attributable to the dominance of Agropyron spicatum over Festuca

idahoensis with .the resulting increase based on the morphology of Agropy-

ron.

Vegetative Composition

The AGSP/FEID is defined by a dominance of Agropyron spicatum

over Festuca idahoensi3 with Poa sandbergii present in all stands.

Balsamorhiza sagittata was found in 67% of the intensive plots in

the AGSP/FEID. It demonstrated a high fidelity with the AGSP/FEID

habitat type on slopes. In comparison, balsamroot is only present

11% of the time in plots sampled in the FEID/AGSP habitat type. Forbs

were generally less conspicuous in the AGSP/FEID (e.g., Geum triflorum,

Potentilla gracilis, Eriogonum heracleoides).

Poa pratensis continued as a major increaser on the more mesic

sites of the AGSP/FEID habitat type. However, Bromus brizaeformis
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became more prolific in occurrence (75% of the plots sampled). Annual

forbs which were found in this type but not in FEID/AGSP were Phacelia

linearis, Blepharipappus scaber, Polygonum douglasii, and Epilobium

paniculatum. Phacelia, Blepharipappus, and Epilobium all provided

high coverage values on the steeper slopes of the AGSP/FEID habitat

type. In comparison, the following annuals of FEID/AGSP habitat type

did not occur in AGSP/FEID habitat type: Veronica peregrina, Micro-

steris gracilis, and Madia glomerata.

Disturbed areas on the steep slopes of the AGSP/FEID habitat type

were dominated by three bromes in order of decreasing dominance: Bromus

brizaeformis, Bromus tectorum, Bromus mollis.4 Achillea, Lactuca,

Sisymbrium, Amsinckia, Stellaria and Allysum were all frequently

encountered increasers on disturbed ground.

A noticeable feature of the vegetation created by the basaltic

flow structure should be mentioned. Surface water flow during periods

of soil saturation and subsurface moisture at later periods in the sum-

mer create Festuca domination adjacent to rimrock within the Agropyron -

Festuca zone. As distance was increased away from the rim downslope,

the climatic climax Agropyron-Festuca habitat type demonstrated itself.

As the next rim was approached the soil moisture had become more res-

tricting permitting an edaphic climax Agropyron-Poa habitat type to

dominate. If the slope is less than 15%, a lithic climax may be encoun-

tered when soils and moisture levels decrease above the subsequent rim

4Bromus mollis and Bromus japonicus were probably both occurring in

Billy Meadows Study Unit. They were lumped in this study as Bromus mollis.
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exposure to provide Poa-Danthonia habitat type, Eriogonum-Poa habitat

types, or Artemisia rigida dominated habitat types.

Soil Analysis (based on average of 18 intensive samples)

Al 0 - 42 cm thick (max = 150 cm); color - 10 YR 2/2; sandy loam to

silt loam; weak to moderate, fine to medium size granular structure;

few to common, cobbles; roots - common fine; pores - common to

many, fine to medium interstitial; no mottles; consistency -

loose to soft when dry, loose to friable and non-sticky to slightly

sticky when moist; boundary - general to abrupt.

B2 - 42 - 71 cm thick (max = 100 cm); 3 plots - 5 YR 3/3(2), 1 plot 7 YR

3/4, 3 plots - 10 YR 2/2; loam to silty clay loam; weak to moderate,

medium size, subangular blocky structure; common, cobbles; roots -

few, fine; pores - common, fine to medium, interstitial and tubular;

no mottles; consistency - soft to hard when dry, friable to firm

and non-sticky to slightly sticky when moist; boundary - general

to abrupt.

B2T -42 - 104 cm thick (max = 200 cm); 2 plots 7 YR 3/4, 3 plots 5 YR

3/2 (4), 1 plot - 10 YR 3/3; silty clay loam to clay; strong,

medium to coarse size, subangular blocky; common to many, cobbles

or stones; roots - few, fine; pores - few to common, fine to medium,

interstitial and tubular 1 plot of mottles; consistency - hard

when dry, firm and sticky to very sticky when moist; boundary -

general to abrupt.

Four plots contained only an Al horizon. These were on steep slopes

(50-69%) and demonstrated soil movement impeding soil development. Seven
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plots contained an argillic horizon.

Three plots were on slopes less than 10%. Two of these samples

were on mounded vegetation. In plot 139 red-orange mottles were found

in the B1 to the top of the B2 which corresponded to the effective

rooting depth. This seemed to indicate a perched water table.

Plot 55 was unique for the AGSP/FEID habitat type having B3 and

C horizons. It was a loessal soil unlike the others of this type.
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AGROPYRON SPICATUM/POA SANDBERGII (AGSP/POSA3) HABITAT TYPE

Bluebunch Wheatgrass/Sandberg's Bluegrass Habitat type (Plate 5)

Daubenmire (1942a) defined an Agropyron-Poa zone in southeastern

Washington as the Agropyronetum. In good condition stands of this type

Agropyron exhibited a bunched habit with Poa sandbergii associated in

the interspaces. His study area was significantly lower than Billy

Meadows Study Unit. His species listing, however, is very similar to

the one derived in this study. He noted that Bromus tectorum is the

principal annual increaser with disturbance (Daubenmire, 1970). Then

with increasing disturbance by sheep, use tended to be concentrated

on the Bromus allowing Poa sandbergii to assume dominance. The in-

crease of Poa sandbergii by sheep grazing on Bromus tectorum was

not witnessed in northeastern Oregon. Perhaps Poa sandbergii was

dominant on overused AGSP/POSA3 sheep range, but combined grazing by

livestock and elk have apparently reduced Poa sandbergii on this.habitat

type in the.past 20 years based on extensive photographic trend samp-

ling conducted in 1976-1977 by the author. Daubenmire's AGSP/POSA3

habitat type was studied on the Snake River canyon steppe of southeast

Washington and equates well with similar vegetation below 2000 ft (610 m)

in northeastern Oregon. Tisdale's (1947) Lower Grassland Zone encom-

passes vegetative units that are too broad for comparison with the

AGSP/POSA3 habitat type (e.g., Artemisia tridentata, Sporobolus cryp-

tandrus) (Table 12).

Poulton (1955) defined the Agropyron-Poa zone in Umatilla and

Morrow Counties very similarly to Daubenmire's work. His lower eleva-

tion study area approximated the findings of Daubenmire. Chrysothamnus
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occurred on all of Poulton's stands while these species were very in-

frequent in the Billy Meadows Study Unit. Chrysothamnus is found as

an increaser on disturbed AGSP/POSA3 habitat types in the lower eleva-

tions of northeastern Oregon.

Johnson (1959) found an Agropyron-Poa association in the southern

Wallowas between 2000 and 3500 ft elevation (610-1067 m). He mentioned

that Agropyron, Balsamorhiza sagittata and Eriogonum heracleoides had

the highest constancy. The presence of Eriogonum heracleoides in this

habitat type is surprising as it is generally more clotely associated

with Festuca idahoensis on more mesic sites and is absent from data for

this habitat type in this study.

The AGSP/POSA3 habitat type is included in Hall's (1973) "Bunchgrass

on deep soil, steep slopes plant community type." He noted that Poa

sandbergii decreases with increasing slope. This has been observed

on steep slopes in the AGSP/POSA3 habitat types at Billy Meadows. Soil

creep and surface movement undoubtedly reduced the population of Poa.

The use by livestock and an increasing elk herd of significant numbers

no doubt decreases the Poa through excessive use as forage and by tramp-

ling loss (especially in spring on water saturated soils).

Winward and Youtie (1978) identified an Agropyron-Poa community

in the Lawrence Memorial Grasslands of Wasco County.

Nowakowski (1978) did not locate any of her six AGSP/POSA3 plots

within the Billy Meadows Study Unit. She defined an AGSP/POSA3 habitat

type. Her upper elevational limit for the entity (1433 m) (4700 ft)

agrees with that for this study (1403 m) (4602 ft). Sampled biomass

was lower for her plots (660 kg/ha) (580 lb/ac) than for those clipped
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in this study (893 kg/ha) (797 lb/ac). Except for lower values, her

species-coverage list is similar.

The Agropyron-Poa habitat type was listed for Meadow Creek of

the Starkey Experimental Forest and Range in the Blue Mountains by

Ganskopp (1979) where it constituted the greatest area of steppe

communities present. A surprising finding by Ganskopp was a sparsity

of Bromus tectorum on this habitat type. He attributed this to season-

al moisture saturating the habitat type and resulting in a hindrance

to colonization during the normally dry summer and autumn periods.

This phenomenon is certainly not occurring on the Billy Meadows Study

Unit where Bromus tectorum has colonized extremely well.

Tisdale (1979) identified an AGSP/POSA3 habitat type in the grass-

lands of the Snake River Canyon in Idaho. It differs primarily in its

composition of Snake River flora (e.g., Opuntia polyacantha, Phlox

colubrina, and Lomatium triternatum). The AGSP/POSA3 habitat type

of this study appears to be more mesic than Tisdale's habitat type

based on higher constancy of Festuca and Koeleria in this type.

In Montana, Mueggler and Stewart (1980) found AGSP/POSA3 to occur

between 900 and 1800 m (2952-5904 ft) (a wider range than in this study).

They noted that Balsamorhiza sagittata is more abundant west of the

Continental Divide where it becomes locally abundant in this habitat

type. The Montana AGSP/POSA3 habitat type is much more rich in forbs

than any of the previously mentioned studies and closely approximates

the AGSP/POSA3 habitat type of this study.
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TABLE 12. Comparison of Similar Vegetation in the Literature for

AGSP/POSA3 Habitat Type (Constancy/Coverage)

Daubemire
(1970)

AGSP/POSA3

Poulton
(1955)

AGSP/POSA3

Nowakowski
(1978)

AGSP/POSA3

Mueggler
(1980) This Study

AGSP/POSA3 AGSP/POSA3
Species (8 plots) (1 plot) (6 plots) (8 plots) (11 plots)

Chrysothamnos
nauseous 88/tr 50/tr

Phlox spp. 62/3 38/3 15/2

Erigeron spp. 12/tr 33/2 25/tr 27/1

Agropyron
spicatum 100/68 85/20 100/11 100/46 100/23

Poa sandbergii 100/30 88/12 100/3 75/8 100/7

Stipa comata 12/3
Achillea
millefolium 75/2 78/3 83/1 75/2 73/4

Festuca
idahoensis 72/11 50/1 13/tr 45/2

Tragopogon
dubius 28/1 17/1 75/1 40/1

Balsamorhiza
sagittata 8/1 100/1 25/2 45/2

Koeleria
cristata 75/3

Bromus
brizaeformis 50/1

Bromus
tectorum 100/3 72/12 33/1 38/1 30/2

Epilobium
paniculatum 38/1 17/1 25/1 70/1

Stellaria
nitens 12/2 28/1 20/15

Polygonum
douglasii 50/3

Cryptogams 88/12 24 10

Pavement 8

Bare Ground 23 24

Rock 93/15 12 23

Litter 53 23
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TABLE 13. Agropyron spicatum/Poa sandbergii Habitat Type Data Summary

Elevation - Range 1220-1403 m (mean = 1300 m)

4002-4602 ft (mean = 4264 ft)

*Aspect - 1 plot in NE quadrant
11 plots in SE quadrant
18 plots in SW quadrant
0 plots in NW quadrant

Slope - Range 2-68% mean = 29.4%
(4 of 13 plots < 10%)

(95% C.I. ± 35.1)

(95% C.I. ± 14.1)

Macrorelief - 7 plots steep, smooth; 1 plot undulating; 3 plots flat,
rough; 2 plots flat, smooth

Microrelief - 6 on convexities; 2 on concavities; 2 on flat surfaces;
3 on complex ground

Position - 4 ridgetop; 5 upper third slope; 4 mid-slope

Total Soil Depth - 13-150 cm
5- 59 in

mean = 52.1 cm (95% C.I. ± 27.9)
= 2Q.5 in

Effective Soil Depth - 5- 50 cm mean = 20.6 cm (95% C.I. ± 8.4)

Rooting Depth

2- 20 in

- 20-200 cm
8- 79 in

= 8.1 in

mean = 94.2 cm
= 37.1 in

Lithic Relationship - 2 plots on talus; 11 plots

Bedrock Fracturing - uncracked - 1; few cracks
cracked - 4; well-cracked

pH

Biomass

- (6.3-7.3 range) mean = 6.8

on bedrock

3; moderately
- 3; not applicable - 2.

All Plots (Includes Very Poor Ecologic Condition)

Agropyron spicatum

kg/ha Range lb/ac Range

576.3 0-1490 514 0-1329

Festuca idahoensis 0.9 0- 6 0.8 0- 5

Poa sandbergii 40.9 0- 121 36 0- 108

Bromus spp. 62.7 0- 185 56 0- 165

Achillea millefolium 41.1 0- 535 37 0- 477

TOTAL 892.6 (349-1656) 796 311-1477

(continued on next page)



TABLE 13 (Continued).

Vegetative Composition in AGSP/POSA3 Stands (Partial Listing)

Coverage

Scientific Name

Perennial Grasses

Code Common Name

Agropyron spicatum (AGSP)

Festuca idahoensis (FEID)

Poa sandbergii (POSA3)

Danthonia (DAUN)

unispicata
*Koeleria cristata

bluebunch
wheat grass

Idaho fescue
Sandberg's
bluegrass

onespike
oat grass

(KOCR) prairie
junegrass

Perennial Forbes

Achillea millefolium
lanulosa (ACMIL)

Balsamorhiza (BASA)

sagittata
Balsamorhiza incana (BAIN)

Grindelia nana (GRNA)

Trifolium
macrocephalum (TRMA)

Erigeron
chrysopsidis (ERCH)

Lomatium cous (L00O2)

Phlox viscida (PHVI3)

Apocynum (ANANP)

androsaemifolium
*Tragopogon dubius (TRDU)

*Sedum stenopetalum (SEST)

*Lomatium ambiguum (LOAM)

Annuals

*Bromus (BRBR)

brizaeformis
*Bromus tectorum (BRTE)

*Veronica peregrina (VEPE)

*Stellaria nitens (STNI)

*Blepharipappus
scaber (BLSC)

*Polygonum douglasii (PODO)

*Collomia linearis (COLI2)

(SIAL)

(EPPA)

*Sisymbrium
altissimum

*Epilobium
paniculatum

yarrow
arrowleaf
balsamroot

hoary
balsamroot

low gumweed

bighead clover

golden daisy
cous
sticky phlox
spreading

dogbanc
oysterplant
wormleaf

stonecrop
swale desert-
parsley

rattlesnake
brome

cheatgrass
purslane

speedwell
chickweed

blepharipappus
Douglas'
knotweed

narrow-leaf
collomia

Jim Hill
mustard

autumn
willow herb

Mean and 95%
C.I. Range

Con-
stancy

22.5 ±7.19 (0-46) 100

2.2 ±0.79 (0-4) 45

7.3 ±3.49 (1-21) 100

1.2 ±0.27 (0-2) 45

1.4 ±0.86 (0-3) 50

4.4 ±5.15 (0-27) 73

2.4 ±1.58 (0-7) 45

2.7 ±0.35 (0-3) 27

2.0 ±1.05 (0-4) 27

1.0 (0-1) 36

1.0 (0-1) 27

1.0 (0-1) 27

2.0 (0-2) 15

7.0 (0-13) 15

1.0 (0-1) 40

5.7 (0-15) 30

1.4 (0-3) 50

1.9 (0-5) 80

2.3 (0-3) 30

2.0 (0-3) 20

15.0 (0-15) 20

1.1 (0-3) 70

5.4 (0-15) 50

1.5 (0-3) 80

1.7 (0-3) 30

1.3 (0-3) 70

125
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TABLE 13. Agropyron spicatum/Poa sandbergii Habitat Type Data Summary

(continued)

Biomass (continued)

All Plots (Excluding No. 57 and 71 in Very Poor Condition)

kg/ha Range lb/ac Range

691.6 178-1490 617 159-1329

1.1 0- 6 1 0- 5

37.0 0- 84 33 0- 75

0 not separated (included in total)

Agropyron spicatum
Festuca idahoensis
Poa sandbergii
Bromus spp.
Achillea

millefolium
TOTAL

0

863.7 (349-1656)

Ground Coverage (%) (All Plots)

Mean Range 95% C.I.

770 311-1477

(Excluding V. Poor Condition)

Mean Range

Lichen - 2.2 0-12 ±1.91 2.2 0-12

Moss - 7.3 0-19 ±4.93 7.8 0-19

Pavement - 7.8 1-28 ±4.87 8.1 1-28

Rock - 24.4 2-42 ±7.75 28.1 11-42

Bare Ground- 23.1 10-45 ±7.43 22.0 10-42

Litter - 23.3 8-42 ±6.33 20.2 8-34
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The Billy Meadows Study Unit does not encompass elevations lower

than 1220 m (4000 ft). If it did, the AGSP/POSA3 habitat type would

certainly continue as a topo-edaphic climax to lower elevations (271 m)

(890 ft) in the Snake River Canyon. The habitat type is zonally below

the AGSP/FEID, although this is not apparent from the elevational

comparison. It is found within the AGSP/FEID zone on lithic exposures

and thinner soils and interfingers with AGSP/FEID by its orientation

to southerly aspects where summer temperatures dessicate soil moisture

levels below the tolerance of Festuca idahoensis. The extensive roots

of the Agropyron plants utilize the spring moisture in the top soil

leaving Poa sandbergii to aestivate early in the summer months.

Festuca idahoensis finds these environments much too severe. See

Figure 11 for the orientation of AGSP/POSA3 samples in the southern

hemisphere.

Figure 11

Plot Distribution by Aspect - AGSP/POSA3 Habitat Type
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Slopes were steep (29%) where AGSP/POSA3 wasa topo-edaphic climax.

Almost 50% of the plots used to characterize the habitat type were on

gentle slopes occurring in the AGSP/FEID habitat type as edaphic climaxes.

The majority of the samples occurred on convexities on ridgetops, at

midslope, or on upperslope locations (Table 13).

Soils were significantly shallower (52.1 cm) (40.5 in) than on

AGSP/FEID habitat type (80.8 cm) (31.8 in) or FEID/AGSP habitat type

(83.9 cm) (33.0 in). The effective soil depth was correspondingly

shallower. Most plots occurred over bedrock that was moderately to

well cracked. Soil pH levels were equivalent to those found on AGSP/

FEID samples. Surface soil temperatures taken during the month of

July averaged 66° F (18.9° C) which was two degrees warmer than mean

temperatures of AGSP/FEID plots.

Productivity

The herbage levels declined 40% from the AGSP/FEID production

levels (mean = 1433 kg/ha) (1279 lb/ac) to those of AGSP/POSA3 (mean =

864 kg/ha) (771 lb/ac). This was partially due to the increase from

41% to 50% in rock and bare ground coupled with the decrease from 43%

to 22% by bunchgrasses (Festuca and Agropyron). Daubenmire sampled

only two stands of AGSP/POSA3 for productivity - 986 kg/ha (880 lb/ac)

and 1254 kg/ha (1120 lb/ac). These were probably model plots compared

to plots depicting the range of variability found throughout an entity

as used herein. Anderson (1956) reported 224-560 kg/ha (200-500 lb/ac)

for north central Oregon at lower elevations. Mueggler did not measure

productivity in this type, but estimated 300-500 lb/ac (336-560 kg/ha)
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and Hall found 434 lbs/ac (486 kg/ha) for his "deep soil, steep slope,

bunchgrass plant community type" and 679 lbs/ac (761 kg/ha) for "bunch-

grass on deep soils and gentle slopes."

Ground Cover

Cryptogam levels were 57% higher in the AGSP/POSA3 habitat type

than in the AGSP/FEID habitat type. Erosion pavement and rockiness

increased on these more xeric, open sites. Bare ground was less due

possibly to the inhospitability of the thinner soils on steep, south

slopes to burrowing animals and lack of terracing by animals. Litter

levels were 48% lower than in AGSP/FEID habitat types due to greater

space between bunchgrass in the AGSP/POSA3 causing less biomass

per unit of area.

Vegetative Composition

The AGSP/POSA3 habitat type is dominated by bluebunch wheatgrass

and Sandberg's bluegrass. Agropyron was reduced 26% in foliar cover

in this habitat type over the AGSP/FEID due to the more open nature of

the site created by less available soil moisture and less favorable

aspect. Fescue diminished greatly or was absent altogether. Poa

pratensis ceased to be the increasing graminoid and was replaced by

Bromus brizaeformis and Bromus tectorum. Achillea and Balsamorhiza

sagittata showed reduced levels as their affinities were more pro-

nounced in the Idaho fescue zone. Achillea was a prominent increaser

on this habitat type, however. Absent altogether were such mesic

perennial forbs as Lupinus sericeus, Eriogonum heracleoides, Potentilla

gracilis, and Geum triflorum. Perennials which were more prominent in the
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shallow soil, xeric steppe communities began to manifest themselves in

the AGSP/POSA3 (e.g., Trifolium macrocephalum, Sedum stenopetalum,

Balsamorhiza incana, Erigeron chrysopsidis, and Lomatium cous).

Some annuals became more prominent in the AGSP/POSA3 habitat type

(Blephoripappus, Polygonum douglasii, Epilobium paniculatum, and Sisym-

brium altissimum) while others were low in abundance (Phacelia linearis,

Clarkia pulchella, and Alyssum allyssoides).

Soil Analysis (Based on average of 13 intensive samples)

Al 0-24 cm thick (max = 50 cm); color - 7 plots 10 YR 2/2, 4 plots

5 YR 3/3, 1 plot 7 YR 3/2; loam to silt loam (silty clay loam);

weak to moderate, medium size, granular structure; common to many

cobbles and stones; roots - common, fine; pores - common, fine

to medium size, interstitial; no mottles; consistency - loose to

hard when dry, loose to firm and non-sticky when moist; boundary -

general to abrupt.

B2 24-71 cm thick (max = 150 cm); color - 2 plots 10 YR 2/3, 2 plots

7 YR 3/3; loam; moderate, medium size, subangular blocky; common

to many cobbles; roots - few, fine; pores - common, fine to medium,

interstitial, mottled to no mottles; consistency - soft when dry,

friable and slightly sticky when moist; boundary - abrupt.

B2T 26-63 cm thick (max = 150 cm); color - 2 plots 10 YR 3/2, 2 plots

5 YR 3/3, 2 plots 5 YR 2/2; silty clay loam to silty clay; moderate

to strong, medium size, subangular blocky; many boulders; roots - few,

fine; pores - few, medium, interstital and tubular; no mottles; con-

sistency - hard when dry, firm and sticky when moist; boundary - abrupt.
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Four plots contained only an "A" horizon. These tended to be

AGSP/POSA3 communities with xeric members associated on steppe habitat

types in the thin-soil series (e.g., POSA3/DAUN habitat type).

Five plots contained an argillic B horizon. Two of the five plots

had noticeable compaction problems from grazing animals. One had 36%

bareground - a 39% increase over the average of the habitat type. Com-

paction was noticeable in the AGSP/POSA3 habitat type on steeper ground

due to trampling displacement. Cattle and elk had displaced the sur-

face soil downslope resulting in bermed, terrace trails contouring the

steep canyon slopes. Exposed soil banks above the trail, and displaced

exposed soil on the downward side, created the high percentage of bare-

ground in these sites. The terrace can become a water course during

rainstorms and concentrate runoff into an erosive force (Anderson, 1974).



Plate 5. Agropyron spicatum/Poa sandbergii Habitat Type (Stand 146)

Plate 6. Artemisia rigida/Agropyron spicatum Habitat Type (Stand 185)



ARTEMISIA RIGIDA/AGROPYRON SPICATUM (ARRI/AGSP) HABITAT TYPE

Scabland Sagebrush/Bluebunch Wheatgrass Habitat Type (Plate 6)
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This habitat type has not been classified by investigators in the

Pacific Northwest; it is not very extensive. The scabland sagebrush

occupies lithic sites which would otherwise be AGSP/POSA3 sites.

Fracture patterns in the underlying bedrock permit establishment of the

Artemisia on ridgetops where basaltic flows are close to the surface.

The type does not demonstrate ecotonal tendencies when the climax

dominants occur on lithic convexities. An ecotonal community is sus-

pected when AGSP/POSA3 communities on gentle slopes merge with ARRI/POSA3

scablands (discussed later) and a mixing occurs.

Environmental Factors

The mean elevation was 1449 m (4753 ft) which places the habitat

type topoedaphically in the FEID/AGSP or PSME/PHMA zones. Slopes

were undulating to steep, which, coupled with the convex microrelief

restricting the habitat type, inhibited soil building processes that

would allow Agropyron to out-compete the Artemisia. (Table 14).

Shallow soil (15 cm) occurred over moderately cracked bedrock

permitting establishment by Artemisia. If no fracture were present,

the site would likely support either AGSP/POSA3 or POSA3/DAUN habitat

types. If the bedrock were well fractured, Agropyron or Festuca would

probably outcompete the Artemisia.



Productivity

ARRI/AGSP habitat type produced the lowest levels of Agropyron

spicatum of any habitat types containing Agropyron in Billy Meadows

Study Unit. Poa sandbergii (85 kg/ha) (76 lb/ac) was produced in

greater amounts only in the Artemisia rigida/Poa sandbergii habitat

type. The highest levels of Artemisia rigida were produced in this

habitat type (1169 kg/ha) (1043 lb/ac).

Ground Cover
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In good condition, moss levels were high (52%) with approximately

30% of rock on the surface. Erosion pavement was practically nonexistent

due to the domed ridgetop. Bare ground was very low due to the tight

moss-rock matrix. Litter levels were low due to the sparsity of vege-

tation and the removal of litter by ridgetop winds. In poor condition

the moss mat was broken and rock overturned; bare ground often approached

50%; and mosses were reduced to near zero percent.

Vegetative Composition

Artemisia rigida, Agropyron spicatum and Poa sandbergii dominated.

Agropyron average coverage lowered from 31% in AGSP/FEID, to 22% in

AGSP/POSA3 to 7% in this habitat type. Sedum stenopetalum, Phlox pulvinata,

Trifolium macrocephalum, and Lomatum cous were well adapted to the

harsh environment. Increasers with disturbance were Polygonum douglasii,

Grindelia nana, and Achillea millefolium.
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TABLE 14. Artemisia rigida/Agropyron spicatum Habitat Type Data

Summary

Elevation - Range 1373-1525 m (mean = 1449 m)

4503-5002 ft (mean = 4753 ft)

Aspect - 2 plots in SE quadrant

Slope - Range 15-35% (mean = 25%)

Macrorelief 1 plot steep, irregular; 1 plot- undulating

Microrelief - convexities

Position - ridgetop

Total Soil Depth - 11 - 19 cm mean = 15.0 cm

4.3 - 7.5 in = 5.9 in

Effective Soil Depth - 8.0 cm (one sample only)
3.1 in

Rooting Depth - 60 - 75 cm mean = 67.5 cm
23.6 - 29.5 in = 26.6 in

Lithic Relationship - Bedrock

Bedrock Fracturing - Few to moderately cracked

pH 6.7 (6.5-6.9 range)

Biomass

kg/ha Range lb/ac Range

Agropyron spicatum 73.5 46-101 65.6 41-90

Poa sandbergii 84.8 0- 85 75.6 0-76

Artemisia rigida 1169 333-2005 1042.7 297-1788

TOTAL 1366 464-2268 1218.5 414-2023

Ground Coverage (%)

Mean Range

Lichen - 4.0 ( 0- 4)

Moss 52.0 ( 0-52)

Pavement 1.0 ( 0- 2)

Rock 30.5 (29-32)

Bare Ground - 24.5 ( 4-45)

Litter 8.0 ( 8- 8)

(continued on next page)
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TABLE 14. Artemisia rigida/Agropyron spicatum Habitat Type Data

Summary (continued)

Vegetative Composition (Partial Listing)

Mean Con-

Common Coverage stancy

Scientific Name Code Name o Range

Shrubs

Artemisia rigida (ARRI) Scabland
sage 12.5 10-15 100

Perennial Grasses

Agropyron spicatum (AGSP) Bluebunch
wheat grass 7.5 5-10 100

Poa sandbergii (POSA3) Sandberg's
bluegrass 5.5 5- 6 100

Perennial Forbs

Sedum stenopetalum (SEST) Wormleaf
stonecrop 1.0 1- 1 100

Trifolium macrocephalum (TRMA) Bighead clover 4.0 0- 4 50

Phlox pulvinata (PHPU) Cushion phlox 6.0 0- 6 50

*Achillea millefolium (ACMIL) Yarrow 2.0 0- 3 67

*Arabis holboelii (ARHO) Holbell's
rockcress 1.0 0- 1 67

*Lomatium cous (L00O2) Cous 3.0 0- 3 33

*Lomatium ambiguum (LOAM) Swale desert
parsley 3.0 0- 3 33

Annuals

*Polygonum douglasii (PODO) Douglas'
knotweed 5.0 0-15 33

*Blepharipappus scaber (BLSC) blepharipappus 3.0 0- 3 33

* = Reconnaissance data
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Soil Analysis (based on average of two plots)

Al 0-10 cm thick (max = 11 cm); color - 5 YR 3/2; silt loam; weak,

fine, granular structure; many cobbles; roots - many, fine; pores -

many, fine, interstitial; no mottles; consistency - loose when

dry, loose and nonsticky when moist; boundary - abrupt or general.

B2T 10-19 cm thick (max - 19 cm); color 7 YR 3/2; silty clay loam;

moderate, coarse, subangular blocky; many boulders; roots - few,

fine; pores - few, medium, interstitial; no mottles; consistency -

hard when dry, firm and sticks' when moist; boundary - abrupt.

The two plots intensively sampled represented extremes in condition.

Plot No. 111 appeared to be in good condition and contained only an Al

horizon. Plot No. 18 appeared to be in poor condition with severely

compacted and eroded soils that included an Al and a B2T.

Surface soil temperatures were taken midday at both plots. The

disturbed soil was 68° F (20° C) on June 29, and a month later on the

good condition stand the temperature was significantly different. Be-

neath the base of a scabland sagebrush, the temperature was 57° F

(14° C) while in an interspace beneath the moss mat over a rocky sub-

strate, the temperature was 102° F (39° C).
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ARTEMISIA RIGIDA/POA SANDBERGII (ARRI/POSA3) HABITAT TYPE

Scabland Sagebrush/Sandberg's Bluegrass Habitat Type (Plate 7)

The ARRI/POSA3 habitat type was first defined by Daubenmire (1942a)

as part of the Artemisia-Agropyron Zone. In 1970, he noted that it

formed the most widespread lithosolic habitat type of the Washington

steppe occurring as far as the Pseudotsuga Zone in the Blue Mountains.

He noted the Bromus tectorum was the primary increaser and that both

elk and domestic cows relished the Artemisia browse. His coverage

values for Artemisia (21%) and Poa (25%) are high, reflecting his modal

tendencies of plot selection, compared to those on Billy Meadows Study

Unit (ARRI = 11%; POSA3 = 10%). Culver (1964) working in the Owyhee

area of southeastern Oregon also found Artemisia rigida at 20% coverage.

Hall (1967) gives maximum coverage values which equate with Daubenmire's

averages. An explanation for the lower coverages at Billy Meadows

(Table 15) could be the heavy use subjected to the plants by stock and

game.

Hall's soil depths, effective depths, elevational range and slope

percentages all are equivalent to these findings. His plant species

list and coverage values are very similar to those of this study. Rock,

pavement, and bare ground percentages also are equivalent, but more

cryptogams were present on the more mesic Billy Meadows Study Area.

He found Trifolium macrocephalum and Sitanion hystrix hordeoides 90-100%

of the time in the Ochoco Mountains. The more mesic northeastern Oregon

ARRI/POSA3 sites contain more Sedum and less Sitanion and Trifolium.
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Winward and Youtie (1978) identified an Artemisia rigida/Poa

sandbergii/Lomatium cous community in Wasco County. Trifolium macro-

cephalum and Lomatium cous were the most frequent forbs in that community.

These were two prominent forbs in the ARRI/POSA3 habitat type, but were

not the most frequent. Their coverage values equate well except for

Artemisia which was only 5%. They found 20% bare ground compared to

13% with this study.

Ganskopp (1979) also identified an ARRI/POSA3 habitat type at

Starkey Experimental Forest in the Blue Mountains.
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TABLE 15. Comparison of Similar Vegetation in the Literature

for ARRI/POSA3 Habitat Type (Constancy/Coverage)

Daubenmire
(1970)

ARRI/POSA3
(7 stands)

Hall
(1967)

ARRI/POSA3
(10 stands)

This Study
ARRI/POSA3
(10 stands)

Artemisia rigida 100/21 90/9 100/11

Poa sandbergii 100/25 100/46 100/10

Lithophragma bulbifera 100/3

Bromus tectorum 100/13 13/2

Collinsia parviflora 57/2

Draba verna 86/4

Epilobium paniculatum 86/2 30/1

Festuca pacifica 71/1

Lactuca serriola 57/1

Microsteris gracilis 71/2

Trifolium macrocephalum 90/20 30/1

Sitanion hystrix hordeoides 28/1 100/3 30/1

Agropyron spicatum 14/3 20/1 60/1

Achillea millefolium 20/tr 43/1

Lomatium cous 30/1

Danthonia unispicata 20/tr 50/1

Sedum stenopetalum 100/3

Arabis holboellii 70/1

Lomatium leptocarpum 60/3

Antennaria spp. 14/tr 20/tr 40/1

Balsamorhiza spp. 10/tr 30/1

Allium acuminatum 14/tr 50/1 65/2



TABLE 16. Artemisia rigida/Poa sandbergii Habitat Type Data Summary

Elevation

Aspect

Slope
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- Range 1281-1586 m (mean = 1400 m) (95% C.I. ± 67.0)

4202-5202 ft (mean = 4593 ft)

- Majority of plots have directions between 180-315°

- Range = 4-17% (9.1% = mean)

(6 of 10 plots < 10%)

(95% C.I. ± 3.3)

Macrorelief - 5 plots flat, rough; 1 plot flat, smooth; 4 plots

undulating

Microrelief - 4 plots flat; 3 plots concave; 2 plots complex; 1 plot
convex

Position - 8 ridgetop plots; 2 plots on upper third of slope

Total Soil Depth - 8- 20 cm mean = 15.1 cm
3- 8 in = 5.9 in

Effective Soil Depth - 5- 15 cm
2- 6 in

Rooting Depth

(95% C.I. ± 11.7)

mean = 9.3 cm (95% C.I. ± 3.7)

= 3.7 in

- 20-200 cm mean = 97.0 cm
8- 79 in = 38.0 in

Lithic Relationship - bedrock

Bedrock Fracturing - few cracks - 6 plots; moderately cracked - 1 plot;

well cracked - 3 plots

pH - 6.7 (range 6.3-7.2)

Biomass

kg/ha Range lb/ac Range 95% C.I.

Artemisia rigida 1043.5 258-2216 931 230-1977 ±567.3

Poa sandbergii 87.0 62- 167 78 55- 149 ± 29.9

TOTAL 1423.4 421-2505 1270 375-2234 ±540.8

Ground Coverage (%)

Mean Range 95% C.I.

Lichen - 3.4 (1- 7) ±1.6

Moss - 13.1 (4-44) ±9.1

Pavement - 23.7 (1-51) ±11.8

Rock - 22.9 (7-42) ±7.5

Bare Ground - 13.4 (7-24) ±5.0

Litter - 6.9 (5-10) ±1.1
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TABLE 16 (Continued)

Vegetative Composition in ARRI/POSA3 Stands (Partial Listing)

Coverage
Con-Mean and 95%

Scientific Name Code Common Name C.I. Range stancy

Shrubs

Artemisia rigida (ARRI) scabland sage 10.9 ±3.39 (15-19) 100

Perennial Grasses

Agropyron spicatum (AGSP) bluebunch
wheat grass 1.2 ±0.29 (1-2) 60

Poa sandbergii (POSA3) Sandberg's

Danthonia. (DAUN)
bluegrass

onespike
9.8 ±3.27 (4-18) 100

unispicata
Sitanion hystrix (SIHYH)

oatgrass
dwarf squirrel

1.2 ±0.32 (1-2) 50

hordeoides tail 1.0 -- (0-1) 30

Perrennial Forbs

Sedum stenopetalum (SEST) wormleaf
stonecrop 3.4 ±1.27 (1-5) 100

Arabis holboellii (ARHO) Holboell's

Lomatium (LOLE)

rockcress
slender-fruit

1.0 (0-1) 70

leptocarpum
Trifolium (TRMA)

lomatium
bighead

3.2 ±1.46 (0-6) 60

macrocephalum
Antennaria (ANLU)

clover
woodrush

1.3 ±0.41 (0-2) 30

luzuloides
Erigeron (ERCH)

pussytoes
golden

1.0 (0-1) 40

chrysopsidis daisy 1.0 -- (0-1) 50
Lomatium cous (L00O2) cous 1.3 ±0.41 (0-2) 30

Eriogonum (ERDO) Douglas'
douglasii buckwheat 2.0 ±1.01 (0-3) 20

Antennaria dimorpha
Balsamorhiza incana

(ANDI)

(BAIN)

low pussytoes
hoary

2.0 -- (0-2) 20

balsamroot 1.0 (0-1) 30

*Achillea millefolium
lanulosa (ACMIL) yarrow 1.2 (0-3) 43

*Grindelia nana
*Castilleja oresbia

(GRNA)

(CAOR3)

low gumweed
pale Wallowa

2.0 (0-10) 39

paintbrush 2.5 (0-5) 48

*Allium acuminatum (ALAC) tapertip onion 1.9 (0-5) 65

Annuals

*Bromus brizaeformis (BRBR) rattlesnake
brome 1.0 (0-1) 39

*Bromus mollis (BRMO) soft chess 1.3 (0-3) 35

*Bromus tectorum
*Veronica peregrina

(BRTE)

(VEPE)

cheatgrass
purslane

1.7 (0-3) 13

speedwell 5.0 (0-15) 17

*Blepharipappus
scaber (BLSC) blepharipappus 1.3 (0-3) 30

*Polygonum douglasii (PODO) Douglas'

*Epilobium (EPPA)
knotweed

autumn
4.8 (0-15) 87

paniculatum willow-herb 1.3 (0-3) 30



Environmental Factors
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Mean elevation was 1400 m (4592 ft) which generally locates the

habitat type topoedaphically in the FEID/AGSP through the Pseudotsuga

Zones of the study area. The majority of the plots established in the

ARRI/POSA3 h.t. (Figufe 12) faced southerly with 65% to the soutwest. Hall

(1967) likewise found these communities to generally face a southerly

direction. Slopes were generally less than 15%. The habitat type

occurred on undulating or flat topography on ridgetops or the upper

portion of slopes. Soils were lithosolic averaging 15 cm (5.9 in)

deep with effective depths to 9 cm ( 3.5 in). Shallow bedrock was the

restricting factor in these communities. It was always cracked to

some extent, permitting Artemisia rigida to occupy the site (Table 16).

Temperature extremes were the rule on this and other gentle slope

lithosolic habitat types (e.g., POSA3/DAUN, ERDO/POSA3, discussed in

later sections). In spring, the soils were saturated from heavy spring

precipitation and melting snow. Freezing and thawing heaved the small

bunchgrass Poa plants readily when coverage by erosion pavement, crypto-

gams, rock, and perennial plants was disturbed. Frost boils occurred

on poor condition scablands of the habitat type.

Surface soil temperatures were taken on 17 plots with a mean of

68° F (20° C). On plots sampled before July 15, the temperature averaged

62° F (17° C) while on those sampled after July 15 the mean temperature

had risen to 76.5° F (25° C). At one plot on July 24, temperatures

were taken in a hummock beneath a plant of Artemisia and in the inter-

space between the shrubs on a Sedum, moss, rock matrix. Beneath the

Artemisia at 3 p.m., the temperature was 82° F (28° C). In the interspatial



Figure 12.

Plot Distribution by Aspect - ARRI/POSA3 Habitat Type
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opening, with no shade, the temperature was 108° F (42° C). Mosses

aestivated and Sedum existed because of its succulent stems and leaves

in this harsh summer environment.

Productivity

The highest production levels of Poa sandbergii on the Billy Mead-

ows Study Unit were found in this habitat type (87 kg/ha) (78 lb/ac).

Total biomass for Artemisia compared closely with that found in the ARRI/

AGSP habitat type. The only other production data available for this

habitat type was from Hall (1973). His 232 kg/ha (207 lb/ac) average

for his plant community type is significantly lower than the 1423 kg/ha

(1270 lb/ac) found in the habitat type for this study. However, Hall's

data included herbaceous productivity only. If the weight by Artemisia

is removed from the total weight, 380 kg/ha (339 lb/ac) remains which

can then be compared with Hall's.

Ground Cover

Cryptogam levels were lower than in the ARRI/AGSP habitat type,

but higher than any other habitat type in the study. The combination

of high cryptogam (16%), erosion pavement (24%), and rock (23%), were

critical to the ecologic condition of this habitat type. Disturbance

of any or all of the ground cover could lead to rapid deterioration

of the vegetation by erosive forces. Bare ground and litter were

very low in comparison to other habitat types studied.
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Vegetative Composition

The habitat type was characterized by a complete lack of Festuca

idahoensis and associated mesic steppe members. Agropyron spicatum was

reduced to an occasional individual on deep soil inclusions from adja-

cent bunchgrass vegetation. The climax dominants were frequently

associated with Balsamorhiza incana and Trifolium macrocephalum

patches. Sedum stenopetalum was always present in the habitat type in

good to fair condition stands. Other common associates were Erigeron

chrysopsidis, Lomatium cous, and L. leptocarpum, Arabis holboellii,

Allium acuminatum and Castilleja oresbia.

With disturbance the moss mat became discontinuous, bare ground

percentage increased, and rocks were turned and displaced. Grindelia

nana invaded on deeper soil pockets, while Bromus brizaeformis and

Bromus mollis tended to populate the site. The annual which appeared

to exist well on these harsh sites was Polygonum douglasii.

Soil Analysis

Al 0-12 cm thick (max = 23 cm); color - 5 YR 3/3 (7 YR 3/4); silt

loam (sandy loam); weak to moderate, fine to medium, granular struc-

ture; common to many cobbles and stones; roots - few to common,

fine to medium size; pores - common to many, fine, interstitial;

no mottles; loose to soft when dry, loose to friable and non-

sticky when moist; boundary - abrupt.

B2 12-22 cm thick (max = 25 cm); color - 2.5 YR 3/3; loam (silty

clay loam); moderate, medium, subangular blocky; many boulders;

rrots - few, medium; pores - few, medium, interstitial; no mottles;
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consistency - soft when dry, loose to firm and slightly sticky

when moist; boundary - abrupt.

Six of the ten sampled plots contained only an A horizon. One

plot contained a CR horizon. No argillic horizons were found in this

habitat type. A consistent finding was that bedrock was fractured,

often highly so, with roots penetrating to great depths in the basalt.

Another consistent trait of the ARRI/POSA3 soils was that they were

reddish brown.



Plate 7. Artemisia rigida/Poa sandbergii Habitat Type (Stand 159)

Plate 8. Eriogonum doug1asii /Poa sandbergii Habitat Type (Stand 29)
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ERIOGONUM DOUGLASII/P0A SANDBERCII (ERDO/POSA3) HABITAT TYPE

Douglas' Buckwheat/Sandberg's Bluegrass Habitat Type (Plate 8)

Poulton (1955) was the first to segregate an Eriogonum entity

in the Pacific Northwest. In his Agropyron-Poa Zone, he found Erio-

gonum compositus, E. niveum, and E. nudum associated with Poa sand-

bergii. He did not attempt separation within the Eriogonums.

Daubenmire (1970) subsequently defined six Eriogonum habitat

types in southeastern Washington. These were all on lithosolic habi-

tats. Five Eriogonums (E. niveum, E. sphaerocephalum, E. douglasii,

E. compositum, and E. thymoides) were associated with Poa sandbergii.

His Eriogonum microthecum-Physaria oregana habitat type occurs at

much lower elevations in the Imnaha River drainage adjacent to the

study area. His ERDO/POSA3 habitat type was found flanking the

Cascades in the Artemisia tridentata/ Agropyron spicatum and Purshia

tridentata Zones. Contrary to Franklin and Dyrness (1973), ERDO/POSA3

is not confined to the eastern flank of the Cascades (Table 17).

Environmental Factors

The ERDO/POSA3 habitat type had the highest mean elevation of any

Billy M adows steppe association. It was conspicuous along the eastern

edge of the study area bordering the lip of the Snake River Canyon on

Cold Spring Ridge where moisture was highest in the steppe. It appears

higher amounts are necessary for maintenance of the Eriogonum douglasii.

Slopes were generally less than 10% with the stand located on flat or

undulating terrain on ridgetops. Soil was deeper than on the Artemisia

rigida lithosols and deepest for all lithosolic habitat type studied.
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Bedrock was always fractured permitting roots of the Eriogonum to

penetrate to deeper levels. Surface soil temperatures averaged 65° F

(18° C) which was the coolest mean temperature found for the litho-

solic habitat types.

Productivity

No production data were available from other sources. Less Poa

was clipped on this habitat type than on ARRI/POSA3 habitat type,

however. Total production was greater than on AGSP/POSA3 and Eriogonum

strictum/Poa sandbergii habitat types (see Tables 8, 11, 13 and 15).

Ground Cover

Cryptogam levels were high (19%). The mosses and lichens added

with rock and erosion pavement comprised 57% of the ground cover and

protected this vegetation from erosive properties of wind, rain and

hooves. Bareground and litter combined (16%) were the lowest of any

habitat type except the Poa/Danthonia habitat type.

Vegetative Composition

The principal graminoids (Agropyron and Festuca) of the Billy

Meadows Study Unit did not manifest themselves in this habitat type.

Poa sandbergii and Eriogonum douglasii were the climax dominants.

Other associated perennials were Phlox viscida, Phlox pulvinata, Sedum

stenopetalum, Balsamorhiza incana, Lomatium leptocarpus, Lomatium cous,

Trifolium macrocephalum, and Antennaria dimorpha. Two Snake River sub-

province endemics occurring in this habitat were important based on



TABLE 17. Comparison of Similar Vegetation in the Literature

for ERDO/POSA3 Habitat Type (Constancy/Coverage)

Species

Perennials

Poulton

(1955)
Poa-Eriogonum
(3 stands)

Daubenmire
(1970)

ERDO/POSA3
h.t.

(2 stands)

C. Johnson
(1981)

ERDO/POSA3
h.t.

(4 stands)
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This Study
ERST2/POSA3

h.t.

(2 stands)
(See next Sec-
tion for descrip-

tion)

Poa sandbergii 99/25 100/24 100/11 100/5

Agropyron spicatum 32/5 50/2

Eriogonum niveum 28/3

Eriogonum nudum 15/1

Balsamorhiza spp. 18/1 50/1 50/2

Eriogonum strictum 100/3

Eriogonum douglasii 100/6 100/9

Phlox spp. 50/10 75/3 50/2

Lomatium
leptocarpum 50/6 50/4

Lomatium cous 75/1

Sedum stenopetalum 100/4 100/1
Arabis holboellii 100/1 50/1
Trifolium macro-
cephalum 50/2 50/5

Annuals

Draba verna 97/3 100/tr

Stellaria nitens 55/2

Bromus tectorum 25/tr 50/tr 50/1

Collinsia parvi-
flora 100/2

Epilobium panicu-
latum 100/2

Microsteris
gracilis 100/2

Cryptogams 99/23 100/19 100/12

Bare Ground 100/24 100/10 100/18

Stone 98/26 100/24 100/28
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TABLE 18. Eriogonum douglasii/Poa sandbergii Habitat Type Data

Summary (Based on Four Intensive Samples)

Elevation - Range 1342-1647 m (mean = 1533 m)

4402-5402 ft (mean = 5027 ft)

Aspect - No pattern

Slope - Range 2-13% mean = 8.2%
(3 of 4 plots < 10%)

Macrorelief - 2 plots flat, smooth; 2 plots undulating

Microrelief - 1 convexity; 1 concavity; 2 flat

Position - 3 ridgetop; 1 upper third slope

Total Soil Depth - 15 - 50 cm mean = 25.7 cm
6 -20 in = 10 in

Effective Soil Depth - 9 - 13 cm mean = 10.7 cm
3.5 - 5 in = 4 in

Rooting Depth - 15 - 75 cm mean = 48.7 cm
6 - 30 in = 19 in

Lithic Relationship - Bedrock

Bedrock Fracturing - Few cracks - 1; moderately cracked - 2;

well cracked - 1

pH - 6.6 (6.4-6.8)

Biomass kg/ha Range lb/ac Range

Eriogonum douglasii 745.3 71-1429 665 63-1275

Poa sandbergii 68.8 19- 107 61 17- 95

TOTAL 1120 585 -1773 999 522-1582

Ground Coverage (%) Mean Range

Lichen - 3.8 (1-12)

Moss - 15.0 (1-36)

Pavement - 15.0 (1-31)

Rock - 23.5 (8-38)

Bare Ground - 9.5 (2-20)

Litter 6.8 (3- 9)

(continued on next page)
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TABLE 18. Eriogonum douglasii/Poa sandbergii Habitat Type Data

Con-
stancy

Summary (Based on Four Intensive Samples) (continued)

(Partial Listing)

Mean
Coverage

Vegetative Composition

Scientific Name Code Common Name (%) Range (%)

Shrubs

Artemisia rigida (ARRI) Scabland sage 1.0 0- 1 50

Perennial Grasses

Poa sandbergii (POSA3) Sandberg's bluegrass 10.7 4-17 100

Danthonia unispicata (DAUN) Onespike oat grass 1.0 0 50

Sitanion hystrix Dwarf
hordeoides (SIHYH) squirreltail 1.0 0- 1 50

Perennial Forbs

Eriogonum douglasii (ERDO) Douglas' buckwheat 8.5 5-12 100

Sedum stenopetalum (SEST) Wormleaf stonecrop 3.5 1- 5 100

Arabis holboellii (ARHO) Holboell's rockcress 1.3 1- 2 100

Achillea millefolium
lanulosa (ACMIL) Yarrow 1.0 0- 1 50

Balsamorhiza incana (BAIN) Hoary balsamroot 2.0 1- 3 50

Lomatium leptocarpum (LOLE) Slender-fruit lomatium 4.0 0- 5 50

Trifolium macro-
cephalum (TRMA) Bighead clover 5.0 0- 5 50

Lomatium cous (LOCO2) Cous 1.3 0- 2 75

Antennaria dimorpha (ANDI) Low pussytoes 4.0 0- 7 75

Phlox viscida (PHVI3) Sticky phlox 3.0 0- 4 50

Penstemon elegantulus (PEEL) Lovely penstemon 1.7 0- 3 75

*Phlox pulvinata (PHPU) Cushion phlox 3.0 0- 3 25

*Arenaria congesta (ARCO2) Bullhead sandwart 3.0 0- 3 25

*Orobanche uniflora
purpurea (ORUNA) Naked broomrape 3.0 0- 3 25

*Castilleja oresbia (CAOR3) Pale Wallowa paintbrush 3.0 0- 3 25

*Erigeron disparipilus (ERDI3) Snake River daisy 9.0 0-15 50

Annual Forbs

Allysum alyssoides (ALAL) Pale allysum 2.0 0- 3 50

Polygonum austiniae (POAU) Austin's knotweed 3.0 0- 3 50
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their scarcity in the Pacific Northwest flora. These were Erigeron

disparipilus and Penstemon elegantulus.

Soil Analysis

Al 0-11 cm thick (max = 15 cm); color - 2 plots (10 YR 2/2), 5 YR 3/2,

7.5 YR 3/2; silt loam; weak, fine, granular structure; common to

many gravels; roots - common, fine to medium; pores - few to many,

fine, interstitial; no mottles; consistency - loose when dry,

loose and non-sticky when moist; boundary - abrupt.

B2 11-18 cm thick (max = 18 cm); color - 5 YR 3/3; loam; moderate,

medium, subangular blocky; many, stones; roots - few medium; pores -

few, medium, interstitial; no mottles; consistency - soft when

dry, friable and slightly sticky when moist; boundary - abrupt.

B2T 11-35 cm thick ( max = 50 cm); color - 10 YR 3/2 (7 YR 4/6);

silty clay loam; moderate, medium, subangular blocky; many

boulders; roots - few, medium; pores - few to common, fine, vesi-

cular or tubular; no mottles; consistency - soft to hard when dry,

friable to firm and sticky to very sticky whem moist; boundary -

abrupt.

Apparently the fracture pattern effectively prohibited colonization

by Artemisia. Below 15 cm root mats and soil continued, but cracks

were fewer and the root mats thinned as fractures ceased in the basaltic

bedrock.
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ERIOGONUM STRICTUM/POA SANDBERGII (ERST2/POSA3) HABITAT TYPE

Strict Buckwheat/Sandberg's Bluegrass Habitat Type (Plate 9)

This is the first description of this habitat type in the Pacific

Northwest. Eriogonum strictum occupied lithosolic habitats on convex-

ities such as brows of ridgetops, windswept saddles and edges of dis-

sected plateau tops. There was a marked spatiality caused by fracture

patterns and scarcity of soil moisture. See Table 12 for a comparison

of this type with other Eriogonum/Poa communities of the Pacific North-

west.

Environmental Factors

Unlike the ERDO/POSA3 habitat type which was prevalent at the

higher steppe elevations as an edaphic type, the ERST2/POSA3 habitat

type was the lowest elevation steppe habitat type on the Billy Meadows

Study Unit (mean elevation = 1291 m) (4234 ft). This habitat type

occurred more commonly at lower elevations in the Agropyron-Poa Zone

of the Snake and Imnaha River drainages as an edaphic climax.

Aspects were to the southwest in all plots sampled. Slopes

averaged 15%, which coupled with this aspect provided a severe en-

vironment for plant growth with summer temperatures very dessicating.

Surface soil temperatures averaged 74° F (23° C) in early to mid July,

making it the most severe exposure to plants of all habitat types studied.

Soil depth was the shallowest of any habitat type sampled (12.5 cm

average) (4.9 in). The slope direction, percentage of slope, and thin

soils all equated to a harsh environment for plant life. The dense

pubescence of Eriogonum was the morphologic feature, along with
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paucity of leaves and leaf size, which permitted it to exist on these

sites. Bedrock was moderately to well fractured permitting Eriogonum

opportunity to colonize (Table 19).

Productivity

This was the least productive habitat type studied (range 138-

237 kg/ha)(123-211 lb/ac). Eriogonum apparently received little

utilization. Poa only accounted for 58 kg/ha (52 lb/ac).

Ground Cover

Cryptogams accounted for only 12% of the ground cover. The

majority of the site was either rock (28%), erosion pavement (22%), or

bare ground (18%).

Vegetative Composition

Eriogonum and Poa both dominated but, combined, only equalled 8%

of areal coverage. Chrysothamnus nauseousus occurred frequently but

in minor amounts. Agropyron and Achillea intruded on deeper soil

patches. Oryzopsis hendersoniioccurred 50% of the time and was speci-

fic to this habitat type. Common associates were Erigeron chrysopsidis,

Sedum stenopetalum, and Arabis holboellii Trifolium and Balsamorhiza

were absent from these communities due to the increased slope draining

subsoils to levels prohibitive for these species.

Polygonum douglasii, Bromus tectorum and Bromus brizaeformis

were the most common annuals in the communities.
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TABLE 19. Eriogonum strictum/Poa sandbergii Habitat Type Data Summary

Elevation - Range 1281-1302 m (mean = 1291.5 m)

4202-4271 ft (mean = 4236 ft)

Aspect - SW quadrant

Slope - 15%

Macrorelief - undulating

Microrelief - convex

Position - flat

Total Soil Depth - 11-14 cm mean = 12.5 cm
4- 6 in = 5 in

Effective Soil Depth - 7-11 cm
3- 4 in

Rooting Depth - 50-100 cm
20- 39 in

mean = 9.0 cm
= 3.5 in

mean = 75.0 cm
= 30 in

Lithic Relationship - Bedrock

Bedrock Fracturing - moderately to well cracked

pH = 6.9

Biomass kg/ha Range lb/ac Range

Eriogonum strictum 72 27-116 64 24-103

Poa sandbergii 58 35- 81 52 31- 72

TOTAL 188 138-237 168 123-211

Ground Coverage (%) Mean Range

Lichen - 1.5 ( 1- 2)

Moss 10.5 ( 4-20)

Pavement 22.0 (13-31)

Rock 28.0 (18-38)

Bare Ground 18.0 (17-19)

Litter 5.0 ( 4- 6)

(continued on next page)
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TABLE 19. Eriogonum strictum/Poa sandbergii Habitat Type Data Summary

(continued)

Vegetative Composition

Scientific Name

(Partial Listing)

Code Common Name

Cover-
age

Con
Range stancy

Shrubs

Eriogonum strictum (ERST2) Strict buckwheat 3.0 2-4 100

*chrysothamnus nauseosus (CHNA) Gray rabbitbrush 1.0 0-3 60

Perennial Grasses

Poa sandbergii (POSA3) Sandberg's bluegrass 4.5 2-7 100

Sitanion hystrix
hordeoides (SIHYH) Dwarf squirrel tail 1.0 0-1 50

Oryzopsis hendersonii (ORHE) Henderson ricegrass 1.0 0-1 50

*Agropyron spicatum (AGSP) Bluebunch wheatgrass 1.6 0-3 80

Perennial Forbs

Erigeron chrysopsidis (ERCH) Golden daisy 1.0 1-1 100

Sedum stenopetalum (SEST) Wormleaf stonecrop 1.0 1-1 100

Phlox pulvinata (PHPU) Cushion phlox 2.0 0-2 50

*Achillea millefolium
lanulosa (ACMIL) Yarrow 1.4 1-3 100

*Arabis holboelii (ARHO) Holboell's rockcress 1.0 0-1 80

*Eriophyllum lanatum (ERLA) Woolly sunflower 1.0 0-1 60

*Orobanche fasciculata (ORFA2) Clustered broomrape 1.0 0-1 60

*Annual Forbs and Grasses

Bromus tectorum (BRTE) Cheatgrass 1.0 0-1 80

Phacelia linearis (PHLI) Threadleaf phacelia 1.0 0-1 60

Alyssum alyssoides (ALAL) Pale alyssum 3.0 0-5 60

Veronica peregrine (VEPE) Purslane speedwell 1.0 0-1 60

Bromus brizaeformis (BRBR) Rattlesnake brome 1.5 0-3 80

Polygonum douglasii (PODO) Douglas' knotweed 6.0 0-15 80
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Soil Analysis

Al 0-9 cm thick (max - 11 cm); color - 10 YR 3/4 (5 YR 3/3); sandy

loam (silt loam); weak to moderate, granular or subangular blocky,

granular structure; common to many gravels; roots - few, fine;

pores - common to many, very fine to fine, interstitial, no mottles;

consistency - loose to soft when dry, loose to friable and non-

sticky when moist; boundary - general to abrupt.

B2 9-17 cm thick (max 20 cm); color - 5 YR 3/2; loam or silty clay;

moderate to strong, medium, subangular blocky; many boulders;

roots - few, fine to medium; pores - common to many, fine to

medium, interstitial; no mottles; consistency - soft to hard

when dry, friable to firm and slightly sticky to very sticky

when moist; boundary - abrupt.

Four of the five reconnaissance plots were on the ERST2/POSA3

habitat types and had sandy loam textures. This seemed to be consistent

with subsequent findings by the author for this habitat type in the

Snake and Imnaha Canyons. Fracture systems tended to be platy with

root penetration between the plates in a vertical plane. Sheet and

gully erosion were devastating to accumulated soil and plant life when

the erosion pavement was broken by trampling and cutting of hooves by

domestic and native ungulates.



P41

Plate 9. Eriogonum strictum/Poa sandbergii Habitat Type (Stand 75)

Plate 10. Poa sandbergii/Danthonia unispicata Habitat Type (Stand 173)
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POA SANDBERGII/DANTHONIA UNISPICATA (POSA2/DAUN) HABITAT TYPE

Sandberg's Bluegrass/Onespike Oatgrass Habitat Type

Hall (1973) first delineated this type in the Ochoco-Blue Moun-

tains. He called it "bluegrass scabland plant community type." His

environmental attributes and soils analysis data compared favorably

with this study. He found higher coverages of Poa (20-30%) which is

probably a reflection on the utilization of the species by combined

elk and livestock on Billy Meadows Study Unit. He noted that bedrock

was generally uncracked which prevented Artemisia from colonizing the

site. The soils analyses of this study support that statement (78%

of samples were on uncracked or lightly cracked bedrock) (Table 20).

Winward and Youtie (1978) identified a Poa sandbergii/Lomatium

cous community in Wasco County. Poa dominated but Danthonia was

absent from the population. Similar associates to the Billy Meadows

vegetation were Trifolium macrocephalum, Lomatium cous, and Sedum

lanceolatum. Lewisia rediviva, present there, was not found in the

flora of northeastern Oregon.

In the Blue Mountains, Ganskopp (1979) classified and mapped

the POSA3/DAUN habitat type. He noted a primary indicator species

as Lomatium leptocarpum which was a common species of lithosols of

this study.

Four of Nowakowski's (1978) six plots in her Poa-Sedum stenopeta-

lum habitat type were on the Billy Meadows Study Unit. She mentioned

Balsamorhiza serrata as an indicator for the type. There appeared to

be hybridization occurring on the dissected-leaved balsamroot species

in Billy Meadows Study Unit. Variations could be found in a single
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population that key to B. serrata, B. incana, and B. hirsuta. B.

incana was selected as the most probable of the three in this study.

Coverage percentages were double and productivities 45% higher for

the stands sampled in this study in comparison to her stands (see

Table 15).

Volland (1976) identified a "bluegrass scabland plant community

type" in the pumice zone of Central Oregon that was synonomous with

the POSA3 /DAUN habitat type at Billy Meadows. Some xeric species

not found in northeastern Oregon were associated with his type

(e.g., Festuca microstachys, Lomatium nudicaule).
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TABLE 20. Comparison of Similar Vegetation in the Literature

for POSA3/DAUN Habitat Type (Constancy/Coverage)

Hall
(1973)

(POSA3 p.c.t.)
(10 stands)

Nowakowski
(1978)

(POSA3/SEST h.t.)
(6 stands)

This Study
(POSA3/DAUN h.t.)

(9 stands)

Poa sandbergii
Danthonia

100/22 100/5 100/11

unispicata 70/6 67/4 89/8

Sedum spp. 20/4 100/2 89/5

Lomatium
leptocarpum 10/1 89/4

Erigeron
chrysopsidis 67/1

Trifolium
macrocephalum 60/14 33/tr 33/2

Balsamorhiza
incana 83/1 33/1

Lomatium cous 11/1

Antennaria
luzuloides 100/1.5 44/3

Madia glomerata 50/1 16/2

Navarretia
intertexta 33/tr 21/1

Polygonum douglasii 100/3 63/9

Blepharipappus
scaber 26/5

Veronica peregrina 37/4

Balsamorhiza serrata 60/6 --

Antennaria
stenopetalum 70/4

Cryptogams 22 31

Rock 23 33

Bare Ground 31 8

Pavement 7 16

Total Herbage 179 kg/ha 237 kg/ha 428 kg/ha
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TABLE 21. Poa sandbergii/Danthonia unispicata Habitat Type Data Summary

(Based on Nine Intensive Samples)

Elevation

Aspect

- Range 1208-1448 m (mean = 1340.9 m) (95% C.I. ± 62.1)

3962-4749 ft (mean = 4398 ft)

- 2 plots NE quadrant
4 plots SW quadrant
3 plots NW quadrant

Slope - Range 3-11% mean = 6.3% (95% C.I. ± 2.0)

All plots < 11% slope

Macrorelief - 2 plots undulating; 3 plots flat rough; 4 plots flat smooth

Microrelief - 1 plot convex; 1 plot concave; 7 plots flat

Position - 7 plots ridgetop; 1 plot upper third slope; 1 plot lower
third slope

Total Soil Depth - 8-20 cm
3- 8 in

mean = 13.6 cm
= 5.4 in

Effective Soil Depth - 3-15 cm mean = 8.0 cm

Rooting Depth

1-6in

- 20-50 cm
8-20 in

Lithic Relationship - Bedrock

= 3.1 in

mean = 29.4 cm
= 11.6 in

Bedrock Fracturing - uncracked - 1; few cracks - 6; moderately
cracked - 1; well cracked - 1

pH - 6.3 (5.8-6.6) - acidic

Biomass kg/ha Range lb/ac Range 95% C.I.

Poa sandbergii 98.4 17-349 88 15-311 ± 74.8

Danthonia unispicata 119.9 0-589 107 0-525 ±148.1

TOTAL 427.8 238-1074 382 212-958 ±204.2

Ground Coverage (%) Mean Range 95% C.I.

Lichen - 3.3 ( 1- 7) ± 1.27

Moss - 27.4 ( 6-55) ±10.53

Pavement - 15.5 ( 0-57) ±17.75

Rock - 32.9 (14-59) ±12.81

Bare Ground - 7.9 ( 0-35) ± 8.54

Litter - 7.4 ( 2-14) ± 2.64

(continued on next page)
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TABLE 21. Poa sandbergii/Danthonia unispicata Habitat Type Data Summary

(Based on Nine Intensive Samples)
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Aspect
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Macrorelief - 2 plots undulating; 3 plots flat rough; 4 plots flat smooth

Microrelief - 1 plot convex; 1 plot concave; 7 plots flat

Position - 7 plots ridgetop; 1 plot upper third slope; 1 plot lower
third slope

Total Soil Depth - 8-20 cm
3- 8 in

mean = 13.6 cm
= 5.4 in

Effective Soil Depth - 3-15 cm mean = 8.0 cm
1- 6 in = 3.1 in

Rooting Depth - 20-50 cm
8-20 in

Lithic Relationship - Bedrock

mean = 29.4 cm
= 11.6 in

Bedrock Fracturing - uncracked - 1; few cracks - 6; moderately
cracked - 1; well cracked - 1

pH - 6.3 (5.8-6.6) - acidic

Biomass kg/ha Range lb/ac Range 95% C.I.

Poa sandbergii 98.4 17-349 88 15-311 ± 74.8

Danthonia unispicata 119.9 0-589 107 0-525 ±148.1

TOTAL 427.8 238-1074 382 212-958 ±204.2

Ground Coverage (%) Mean Range 95% C.I.

Lichen - 3.3 ( 1- 7) ± 1.27

Moss - 27.4 ( 6-55) ±10.53

Pavement - 15.5 ( 0-57) ±17.75

Rock - 32.9 (14-59) ±12.81

Bare Ground - 7.9 ( 0-35) ± 8.54

Litter - 7.4 ( 2-14) ± 2.64

(continued on next page)
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TABLE 21. Poa sandbergii/Danthonia unispicata Habitat Type Data Summary

(Based on Nine Intensive Samples) (Continued)

Vegetative Composition (Partial Listing)
Mean

Cover-
age

Con-
stancy 950

Scientific Name Code Common Name (%) Range (%) C.I.

Shrubs

Artemisia rigida (ARRI) Scabland sage 1.0 0- 1 11

Perennial Grasses

Poa sandbergii (POSA3) Sandberg's bluegrass 10.6 1-17 100 ±3.67

Danthonia unispicata (DAUN) Onespike oatgrass 7.5 0-18 89 ±4.72

Agropyron spicatum (AGSP) Bluebunch wheatgrass 2.0 0- 2 11

Perennial Forbs

Sedum stenopetalum (SEST) Wormleaf stonecrop 4.5 0- 8 89 ±1.97

Lomatium leptocdrpum (LOLE) Slender-fruit
lomatium 3.6 0- 6 89 ±1.16

Antennaria luzuloides (ANLU) Woodrush pussytoes 3.3 0-10 44 ±3.5

Erigeron chrysopsidis (ERCH) Golden daisy 1.2 0- 2 67 ±0.31

Trifolium
macrocephalum (TRMA) Bighead clover 1.8 0- 3 33 ±0.74

Achillea millefolium
lanulosa (ACMIL) Yarrow 1.3 0- 2 33 ±0.44

Balsamorhiza incana (BAIN) Hoary balsamroot 1.0 0- 1 33

Grindelia nana (GRNA) Low gumweed 1.0 0- 1 33

Arabis holboellii (ARHO) Holboell's rockcress 1.0 0- 1 11

Lomatium cous (L00O2) Cous 1.0 0- 1 11

Antennaria dimorpha (ANDI) Low pussytoes 1.0 0- 1 11

Lomatium spp. (LOMAT) Lomatiums combined 4.5 0-14 61

*Tragopogon dubius (TRDU) Oysterplant 1.0 0- 1 32

*Allium acuminatum (ALAC) Tapertip onion 1.4 0- 3 26

*Allium tolmiei (ALTO) Tolmey's onion 8.6 0-15 26

Annuals

Bromus mollis (BRMO) Soft chess 1.5 0- 3 32

Bromus tectorum (BRTE) Cheatgrass 1.0 0- 1 10

Veronica peregrina (VEPE) Purslane speedwell 3.9 0-15 37

Bromus brizaeformis (BRBR) Rattlesnake brome 1.0 0- 1 16

Blepharipappus scaber (BLSC) Blepharipappus 4.6 0-15 26

Polygonum douglasii (PODO) Douglas' knotweed 8.7 0-15 63

San guisorba

occidentalis (SAOC) Annual burnet 1.0 0- 1 26

Madia glomerata (MAGL) Cluster tarweed 1.7 0- 3 16

Navarretia intertexta (NAIN) Needle-leaf
navarretia 1.0 0- 1 21

Epilobium paniculatum (EPPA) Autumn willow-herb 1.4 0- 3 26

Polygonum White-margined

polygaloides (POPO) knotweed 10.0 0-10 10
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Elevations for the habitat type ranged from 1208-1448 m (3962-4749 ft).

It was found in all steppe zones and in the Pseudotsuga zone in all

aspects except southeast (see Figure 13). Slopes were generally less

than 10%. The association occurred on flat to undulating topography

on ridgetops or where lithic contacts (basalt flows) were close to the

surface. Only the ERST2/POSA3 habitat type occured on shallower soils.

The bedrock was usually uncracked or contained few small cracks. Coloni-

zation by deep, rooted species was nearly impossible. The soils became

saturated in spring and early summer, then dried very hard during late

summer and early fall. Temperatures taken of the surface soil from

June 21-July 3 averaged 68° F (20° C). From July 6-July 28, the POSA3/

DAUN stands sampled averaged 72° F (22° C). If sampling had occurred

in August, soil temperatures would undoubtedly have been nearly comparable

to those found on the ERST2/POSA3 habitat type. Soil temperatures

averaged 70° F (21° C) for all samples combined. Soil pH (6.3) was

the lowest of any habitat type (Table 21).

Productivity

Danthonia was not present in all samples of the habitat type. When

it did occur, it produced 17% more herbage than did Poa. Only the

ERST/POSA3 habitat type produced less herbage of the types sampled.

POSA3/DAUN produced 428 kg/ha (382 lb/ac) on the Billy Meadows Study

Unit. Nowakowski (1978) found 237 Kg/ha (212 lb/ac) in plots that

were sampled later in the season when these sites dessicate greatly.

Hall (1973) found only 179 kg/ha (160 lb/ac) on the bluegrass scablands
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Figure .13.

Plot Distribution by Aspect - POSA3/DAUN Habitat Type
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of the Blue and Ochoco Mountains. Productivities were undoubtedly

greater in Wallowa County where precipitation amounts and timing were

more favorable to this vegetation. Volland (1976) found only 78 kg/ha

(70 lb/ac) in bluegrass scabland in the rain shadow of the Cascades.

Ground Cover

All ground cover values were lower in the POSA3/DAUN habitat

type than in the ARRI/POSA3 habitat type. Hall's (1973) bluegrass scab-

land samples were apparently more disturbed based on less cryptogams,

more bare ground (95%) and less erosion pavement (56%).

Vegetative Composition

Danthonia occurred in patches based on soil moisture availability.

It is apparently less tolerant of drought than Poa. Often seepages

occurred from fractures on the gentle sloping sites. Danthonia cover

would decrease uniformly downslope from the fracture as distance in-

creased. Above the fracture, the stand often was devoid of Danthonia.

Associated with the Danthonia more so than with Poa was a tight moss

mat among the surface rock. Veronica peregrina always was associated

with the Danthonia-moss clusters. It did not associate with Poa on

moss-less substrate. Lomatium appeared to have the same moss affinity.

Lomatium leptocarpum (89/4) was more specific to this habitat type

than Lomatium cous (11/1). Occurring with Poa on stonier portions of

the habitat type was Sedum stenopetalum. Erigeron chrysopsidis was

a common associate.
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With disturbance of these sites the moss mat would be broken, more

bare ground would occur, and Antennaria luzuloides increased. Also

tending to increase with disturbance were Bromus mollis, Polygonum

douglasii, and Grindelia nana.

Two features of the Chesnimnus area POSA3/DAUN types merit mention.

Vernal pools often occurred with a dense Danthonia sward basally

oriented with fringe at the shore-level of Deschampsia danthonioides

(see Plate 11 ). Other vernal pools fringed by the Deschampsia con-

tained bottoms of Polygonum polygaloides (see Plate 12 ). Tension

crack fractures often paralleled the axis of the ridges where these

cracks occurred and Danthonia generally defined these at the surface

by a distinct line through the Poa scabland of POSA3/DAUN habitat type

(see Plate 18 ).

The POSA3/DAUN habitat type often formed a mosaic with ARRI/POSA3

communities. It could be found as patchy, channeled and peninsular

vegetation where one of the following conditions, or a combination of

several, existed:

1. lack of fractured bedrock

2. deeper soil

3. increased soil moisture regime

4. concavity where moisture collects.

Soil Analysis

Al 0-13 cm thick (max = 25 cm); color - 5 YR 3/3, 7 YR 3/2, 10 YR 3/2;

silt loam; weak to moderate, fine to medium, granular structure;

many cobbles or stones; roots - common, fine; pores - common,
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fine, interstitial; no mottles; consistency - loose to soft when

dry, friable and non-sticky when moist; boundary - abrupt.

B2 13-17 cm thick (max = 20 cm); color - 5 YR 3/3, 7.5 YR 3/3;

loam; moderate, medium, subangular blocky; many stones; roots -

common, fine; pores - common, medium, interstitial; no mottles

or mottles present; consistency - hard when dry, firm and slight-

ly sticky when moist; boundary - abrupt.

B2T 13-40 cm thick (max = 40 cm); color - 10 YR 3/3; silty clay;

moderate, coarse, columnar, many boulders; roots - few, fine;

pores - few, fine, interstitial; no mottles; consistency - hard

when dry, firm and very sticky when moist; boundary - abrupt.

The majority of the samples did not have B horizons. The basalt

beneath these samples was unfractured or occurred with very little

fracture pattern. Fractures beneath the Danthonia stripes averaged

60 cm (24 in). When Danthonia did not occur over a tension crack,

but still was present, the bedrock demonstrated a higher degree of

fracturing even though the basalt was considered slightly fractured.

No root mats were found in these soils.

One plot had an argillic horizon (Plot No. 67). It was a stand

of POSA3/DAUN that occurred in an intra-forested clearing with accumu-

lation of surface and subsurface salts probably from the adjacent

pine forest. Strong evidence of Fe, Mn, and clay illuviation existed

in the B2T.
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Plate 11. Vernal Pool with Bottom of Danthonia unispicata, Margin of
Deschampsia danthonioides, and Mound Covered by Poa pratensis,
Achillea millefolium, and Bromus mollis.

Plate 12. Vernal Pool with Bottom of Polygonum polygaloides, Margin of
Deschampsia danthonioides, Apron of Madia glomerata and
Antennaria luzuloides, and Mound Covered by Eriogonum
heracleoides and Poa pratensis.
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ERIOGONUM HERACLEOIDES/POA PRATENSIS (ERHE/POPR) PLANT COMMUNITY TYPE

Wyeth's Buckwheat/Kentucky Bluegrass Plant Community Type

This plant community type has not been described in other studies.

It is considered to be a retrogressive successional stage of the

Festuca/Agropyron habitat type which is found on mounded topography.

The presence of this seral community on mounds has resulted from the

probable intense grazing that has historically occurred on them due

to their isolation by stoney, less productive communities. Indian

ponies, game, and domestic stock have likely used the mound vegeta-

tion more than the intervening communities.

This community does not resemble Daubenmire's (1970) Festuca/

Eriogonum heracleoides habitat type of the Okanogan Mountains. Dif-

ferences include a stoney substrate and occurrence of Balsamorhiza

sagittata and Allium in the Okanogan Mountain vegetation.

Environmental Factors

This type was located in the FEID/AGSP zone on mounded topo-

graphy. Since the substrate was a dome, the aspects were varied.

Slopes were all less than 10% with the convex microrelief situated on

flat ridgetops. Soil depths averaged 79 cm (31 in) which is similar

to FEID/AGSP habitat type (82 cm) (32 in). Bedrock underlying the

mounds was moderately to little cracked. Soil pH at 6.5 was equivalent

to FEID/AGSP habitat type at 6.6. (Table 22)

Surface soil temperatures were taken in eight reconnaissance plots.

In late June to early July, five temperatures averaged 58° F (14° C)
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and in late July, three temperatures averaged 65° F (18° C). These

compare with FEID/AGSP habitat type for the same time periods (58° F or

14° C and 71° F or 22° C, respectively).

Ground Cover

Cryptogams, erosion pavement, rock, bare ground, and litter all

compared similarly to the FEID/AGSP habitat type but litter percentages

were higher on the ERHE/POPR mounds.

Productivity

Herbage levels were 18% lower than on FEID/AGSP habitat type. There

was a much greater decrease in forage production, however, since 16% of

the total was Eriogonum of low palatability and only 43% of the total

consisted of the palatable graminoid - Poa pratensis.

Vegetative Composition

The conclusion is that original vegetation on the mounds of the

Billy Meadows Study Unit probably was the FEID/AGSP association.

Heavy use has almost eliminated Festuca and Agropyron with a marked

increase in Poa pratensis resulting. Also increasing with disturbance

were Eriogonum heracleoides and Potentilla gracilis. Koeleria cris-

tata was present on all samples. Also associated were Geum triflorum,

Tragopogon dubius, Achillea millefolium (100%), Potentilla glandulosa,

and Geranium viscosissimum. On the aprons of the mounds where soils

were shallower and colluvial surface movement more pronounced, the

following species were frequently found: Poa sandbergii, Bromus mollis
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(91%), Bromus tectorum, Bromus brizaeformis, and Lomatium ambiguum.

Annuals frequently found on the mounds in association with Eriogonum

and Poa pratensis were Collomia linearis (82%), Veronica peregrina,

Madia glomerata,and Clarkia pulchella. Clarkia was especially promi-

nent (91%) and colored the mound tops vividly- in midsummer (Plate 13 )

The degree of disturbance was readily apparent at a distance when

this aspect dominance occurred.

On scablands surrounding the mounds the vegetation often was

comprised of undesirable increasing and invading species (e.g., Grindeli

When present, the climax dominants occurred on the mound with

Festuca generally more pronounced on the north slopes and Agropyron

tending to locate southerly (Plate 14 ). Poa sandbergii also tended

to occupy the more xeric southerly hemisphere.

Based on the sampling of mounded vegetation (patterned ground study

begins on page 296) as well as observations made throughout the area,

a successional sequence appears as follows:

South North

AGSP domination FEID dominationI D
n i
c s

t

e u
a r
s b
i a
n n
g c

e T

increasing perennial forbs
(Achillea, Eriogonum)

Bromus mollis dominance

or

Eriogonum dominance

Madia domination

increasing perennial forbs
(Potentilla spp:, Geum)

Poa pratensis dominance

Or

Eriogonum dominance

Madia domination

Eriogonum heracleoides was much more tolerant of dry soil. As

the site was degraded by overgrazing, foliage removal left more bare

ground exposed to dessicating winds and solar radiation. Dessication
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Plate 13. Aerial View of Patterned Ground Showing Continuous Steppe on
Ridge Crest, Anastomosing and Ovate Mounds on Slight Slope
with Poa/Danthonia Scabland on Steeper Slope to the Right.
Disturbance is Highlighted by Pink Clarkia pulchella and
White Eriogonum heracleoides.

Plate 14. Festuca Dominated Northslope and Agropyron Stand on
Southslope of Deep-soil Mound.
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in excess of a meter depth would affect many of the decreasing gramin-

oids but would not inhibit the buckwheat with its deeper rooting system

(Daubenmire, 1972). Weaver (1915) found an Eriogonum heracleoides

root extending 13.5 ft (411 cm) below the plant with actual length of

the root 14.3 ft (436 cm). Seven laterals extended from the taproot

with one extending 7.5 ft (229 cm) horizontally before descending.

Soil Analysis

Al 0-50 cm thick (max - 76 cm); color - 10 YR 2/2 (7.5 YR 3/2);

loam (silt loam); weak to moderate, very fine to very coarse,

granular structure; few gravels; roots - common to many, fine;

pores - few to many, fine to medium, interstitial; no mottles;

soft to hard when dry, friable and non-sticky to slightly sticky

when moist; boundary - general.

B2 50-94 cm thick (max - 125 cm); color - 7.5 YR 3/2; loam to silty

clay loam; moderate, medium, subangular blocky; no stones to few

gravels; roots - few, fine; pores - common, medium, tubular;

mottles; consistency - hard when dry, friable and slightly sticky

when moist; boundary - abrupt.

B2T 50-70 cm thick (max - 70 cm); color - 7 YR 4/4; silty clay;

strong, medium, subangular blocky; many cobbles; roots - few,

fine; pores - few, fine, tubular; no mottles; consistency - hard

when dry, firm and sticky when moist; boundary - abrupt.

The soil of the mounds was thick with very little stoniness associ-

ated with a highly varied structure. The B2 horizon, when present,

contained mottles. Only one mound sampled had an argillic horizon.



177

Krotovinas were common in a soil profile. These rodent burrows

were generally filled with a dense, fine network of roots, litter, and

soil. Active gopher burrows were frequently found in the B horizons

of mounded topography. Rodent populations were considered secondary

causes to range depletion (Ellison, 1960) with over-grazing genreally

the primary causal effect permitting their increase.



TABLE 22. ,Eriogonum heracleoides/Poa pratensis (ERHE/POPR) Plant

Community Type Data Summary

Elevation - 1375.9 = mean
4512.9 ft

Range = 1230-1464 m
4034-4802 ft

Aspect - No pattern (all aspects represented nearly equally)

Slope - 1-7% = range mean = 3.3%
all plots < 10%

Macrorelief - 5 plots flat, rough; 1 plot flat, smooth

Microrelief - 5 plots - convex; 2 plots - flat

Position - ridgetop

Total Soil Depth

Effective Soil Depth

Rooting Depth

57-125 cm

- 15-60 cm

- 75-150 cm

mean = 78.6 cm

mean = 32.9 cm

mean = 125.7 cm
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Lithic Relationship - bedrock

Bedrock Fracturing - 6 plots - moderately cracked; 1 plot few cracks

pH 6.5 (range 6.3-6.7)

Biomass kg/ha Range lb/ac Range

Poa pratensis 621.7 337-1092 554 301-974

Eriogonum heracleoides 232.4 0- 647 207 0-577

Total 1424.1 1270

Ground Coverage (%) Mean Range

Lichen 1.0 ( 1-1 )

Moss 2.5 ( 0-5 )

Pavement 1.0 ( 0-1 )

Rock 1.3 ( 0-2 )

Bare Ground - 25.0 (12-45)

Litter 58.4 (25-84)

(continued on next page)
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TABLE 22(Continued). Vegetative Composition (Partial Listing)

Con-Mean (%)

Scientific Name Code Common Name Coverage Range stancy

Perennial Grasses

Agropyron spicatum (AGSP) bluebunch
wheat grass 3.0 0-7 43

Festuca idahoensis (FEID) Idaho fescue 1.3 0-2 43

Poa sandbergii (POSA3) Sandberg's

Koeleria cristata (KOCR)

bluegrass
prairie

3.2 0-8 71

junegrass 3.3 1-9 100

Poa pratensis (POPR) Kentucky
bluegrass 44.5 31-77 100

Perennial Forbs

Eriogonum Wyeth's

heracleoides (ERNE) buckwheat 11.2 0-26 86

Achillea millefolium
lanulosa (ACMI L) yarrow 13.0 6-28 100

Lupinus sp. (LUPIN) lupine 3.0 0-3 29

Potentilla gracilis
Geum triflorum

(POGR)

(GETR)

cinquefoil
old man's

13.1 0-21 43

Potentilla

whiskers
sticky

2.3 0-5 43

glandulosa
Geranium

(POGL) cinquefoil
sticky

4.0 0-7 29

viscosissimup (GEVI) geranium 22.0 0-22 14

*Tragopogon dubius (TRDU) oyster plant 1.0 0-1 73

*Erigeron pumilus (ERPU) shaggy fleabane 1.7 0-5 55

*Perideridia Bolander's

bolanderi
Lomatium ambiguum

(PEBO)

(LOAM)

yampa
swale desert-

5.7 0-15 27

parsley 9.6 0-40 45

Annual Forbs and Grasses

Bromus mollis (BRMO) soft chess 7.8 0-15 91

Bromus tectorum
Bromus brizaeformis

(BRTE)

(BRBR)

cheat grass

rattlesnake
14.7 0-40 27

Veronica peregrina (VEPE)

brome
purslane

1.7 0-3 54

speedwell 1.4 0-3 45

Clarkia pulchella
Collomia linearis

(CLPU)
(COLI2)

deerhorn
narrow-leafed

10.6 0-40 91

Madia glomerata (MAGL)

collomia
cluster

1.7 0-5 82

tarweed 16.5 0-43 86
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FRAGMENTAL COMMUNITIES

These areas represent plant communities identified in the reconnais-

sance survey that were not found comonly enough to warrant intensive

sampling to habitat level.

Meadow

Representation was poor on the study unit. Meadows tended to be

very modified from heavy usage by game and livestock. The one meadow

sampled was located between mounds containing Artemisia tridentata

ssp. vaseyana f. spiciformis at an elevation of 1586 m (5202 ft). A

Juncus dominated with native grasses having been replaced by Poa pra-

tensis. Disturbance was indicated by high composition of Grindelia,

Poa, and Arnica sororia. The soil was gleyed near bedrock.

Juncus tenuis seepage

A seepage community was sampled in the AGSP/POSA3 zone. Juncus

tenuis and vigorous Poa sandbergii characterized the community. Moss

made up 40% of the ground cover.

Artemisia tridentata ssp. vaseyana f. spiciformis/Poa pratensis (ARTRS/

POPR Plant Community Type (Plate 15).

The type was restricted to Cold Spring Ridge on the study unit.

Here storms tend to persist and the precipitation is probably in-

creased due to the influence of this ridgetop terrain adjacent to

the Snake River Canyon. This has permitted the maintenance of Artemisia

tridentata vaseyana form spiciformis (Winward, 1977) at a lower eleva-

tion (1604 m - 5262 ft) than is common in other geographic areas (1980 -

2440 m; 6500 - 8000 ft). W. V. Johnson (1959) identified an Artemisia
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Plate 15. Artemisia tridentata-spiciformis/Poa pratensis Community
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tridentata vesayana - Symphoricarpos rotundifolius community above

5500 ft (1677 cm) in the southern Wallowa Mountains. Winward provided

the first habitat type of Artemisia tridentata vaseyana spiciformis

in Idaho with his ARTRS/BRCA-FEID habitat type. In 1972, Schlatterer

identified the habitat type in his work in south central Idaho between

7000-9000 ft (2134-2744 m). Hall (1973) identified Artemisia

tridentata vaseyanaspiciformis associated with Carex geyeri in the

Blue Mountains from 6100-8200 ft (1860-2500 m).

The type ii the Billy Meadows Study Unit was dominated by

Artemisia tridentata vaseyana spiciformis with Symphoricarpos. Poa

pratensis had largely replaced the Festuca idahoensis and Bromus cari-

natus due to past overgrazing. Other common associates were Lupinus,

Eriogonum heracleoides, Achillea, Koeleria cristata, Arnica sororia,

and Besseya rubra. Annuals commonly occurring were Galium aparine,

Veronica peregrina, Stellaria nitens, and Collinsia parviflora.

Slopes generally were less than 10% on flat to undulating ridge-

tops with location of the sagebrush communities on mounded topography

(Plate 15 ). Soil depths averaged 37 cm (12-53 cm). Surface soil

temperatures taken at the end of June averaged 52° F (11° C). These

depths were shallower and soil temperatures for the period were cooler

than the FEID/AGSP habitat type which was the zonal climax.

See Table 23 for partial listing for vegetation of this community type.
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TABLE 23. Partial Vegetation List for ARTRS/FEID Plant Community Type

Percent Constancy/Coverage
Con/Cov Range

Scientific Name Code Common Name (%) (Cover)

Shrubs

Artemisia tridentata
vaseyana spiciformis

Symphoricarpos albus

Grasses

Festuca idahoensis
Poa sandbergii

Koeleria cristata

Bromus carinatus
Poa pratensis

Perennial Forbs

Achillea millefolium
lanulosa
Besseya rubra
Eriogonum heracleoides

Arnica sororia
Geum triflorum

Calochortus elegans

Antennaria rosea
Delphinium depauperatum
Frasera speciosa
Lithophragma parviflora

Lupinus sericeus
Lupinus caudatus

Annual Forbs

Galium aparine
Veronica peregrina

Stellaria nitens
Collinsia parviflora
Microsteris gracilis

(ARTRS)
(SYAL)

subalpine big
sagebrush

snowberry

(FEID) Idaho fescue
(POSA3) Sandberg's

bluegrass
(KOCR) prairie june-

grass
(BRCA) mountain brome
(POPR) Kentucky

bluegrass

(ACMI L)

(BERU)

(ERHE)

(ARSO)

(GETR)

(CAEL)

(ANRO)

(DEDE)

(FRSP)

(LIPA)

(LUSES)

(LUCA)

(GAAP)
(VEPE)

(STNI)

(COPA)

(MIGR)

yarrow
red besseya
Wyeth's
buckwheat

twin arnica
old man's
whiskers

elegant cats-
ear

pink pussytoes
slim larkspur
fasera
smallflower
fringecup

silky lupine
tailcup lupine

cleavers
purslane

speedwell
chickweed
blue-eyed Mary
pink microsteris

100/46
25/15

(40-65)
(0-15)

50/2 (0-3)

50/3 (0-3)

100/2 (1-3)

100/2 (1-3)

50/40 (0-65)

100/3 (3-3)

100/6 (3-15)

100/3 (3-3)

75/3 (0-3)

75/3 (0-3)

75/2 (0-3)

75/3 (0-3)

50/3 (0-3)

50/3 (0-3)

50/3 (0-3)

50/15 (0-15)

25/15 (0-15)

25/15 (0-15)

25/15 (0-15)

75/6 (0-15)

50/9 (0-15)

50/3 (0-3)
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FESTUCA IDAHOENSIS/SYMPHORICARPOS ALBUS PLANT COMMUNITY TYPE

Idaho Fescue/Snowberry (FEID/SYAL) Plant Community Type

The SYAL/POPR plant community type of this study occurred on mounded

topography with Symphoricapos forming distinct shrubs above the grass

layer. However, the FEID/SYAL community did not occur on mounds and

the Symphoricarpos was depauperate and rhizomatous within the grass

layer. This community is similar to the Festuca/Symphoricarpos habitat

type of Daubenmire (1970) and Tisdale (1979). Symphoricarpos, Agropyron,

and Festuca all tended to co-dominate. Associated were Poa sandbergii,

Balsamorhiza sagittata, Achillea, Koeleria, and Lupinus sericeus.

The Agropyron Zone steep slope annuals were associated here - Bromus

brizaeformis, Clarkia, Blepharipappus, Stellaria, Collomia, and Poly-

gonum douglasii (Table 24).

The type was generally found on steep east-facing slopes from

1220-1342 m (4000-4400 ft) in the AGSP/POSA3 Zone as a topoedaphic inclu-

sion. It was usually in a cove near the ridgetop in the upper third

of the slope. Snowbank duration may provide the additional moisture

to permit the type to exist at these elevations. The soils were

sandy loams. Surface soil temperature was 61° C (16° C) in early

July (AGSP/FEID = 64° F or 18° C; AGSP/POSA3 = 66° F or 19° C).

Canyon Slope Garland Communities (Plate 16)

Stone stripes ringed by various shrub communities formed noticeable

garlands in the bunchgrass portions of the study unit. Daubenmire (1970)

stated that the stone stripes, resulting from lateral segregation during
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Plate 16. Canyon Garland Communities (Philadelphus and Holodiscus)
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downward migration, were well vegetated for such a harsh medium.

Since precipitation penetrated rapidly through the rock to depths where

it evaporated only very slowly, a good storage of moisture resulted

deep beneath the talus for establishment of plants on the margins.

Shrubs such as Acer, Philadelphus, Holodiscus, and Prunus formed

narrow garlands on the margins of the stripes in the canyons of Billy

Meadows Study Unit.

Acer glabrum dominated communities occurring as shrub garlands

on some talus stripes of the steep canyon slopes. Both samples in

this study were from 1220 m (4000 ft) in the AGSP/POSA3 Zone. Slopes

were 71 and 82% on steep, dissected midslope sites. The rocky talus

stripe often contained a zonal sequence of Scutellaria on the stripe,

then Acer as a band followed by PHMA/SYAL shrublands or AGSP/POSA3

grasslands. Acer averaged 85% coverage. Associates were Amelanchier

alnifolia, Symphoricarpos, Philadelphus, Prunus, Rosa, and Sambucus

cerulea. Galium aparine also was commonly found.

Talus rings of the steep canyon slopes also contained Philadelphus

lewisii dominated communities (Plate 16 ). These occur in the AGSP/

POSA3 Zone (1200 m) (3950 ft). Slopes were steep (62%) with occurrence

of the communities on the talus stripes at midslope levels. Philadelphus

averaged 75%. Associates were Sambucus cerulea, Amelanchier, Ribes

cereum, and Ribus inerme. Phacelia heterophylla, Galium aparine, and

Scutellaria antirrhinoides were herbaceous components.

Holodiscus discolor dominated another steep canyon slope community

on talus stripes. These communities were in the AGSP/POSA3 Zone at

1220 m (4000 ft). Slopes were steep (averaging 65%) at midslope levels.
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Holodiscus dominated (80%) with the following associated shrubs -

Rosa woodsii ultramontana, Symphoricarpos, Amelanchier, Prunus, and

Philadelphus. Herbaceous species frequenting the communities were

Galium aparine, Lomatium dissectum, and Scutellaria antirrhinoides.

Scutellaria and Galium were both opportunistic colonizers of the col-

luvial disturbance.

Prunus virginiana melanocarpa provided a community on the upper third

of steep canyon slopes in ravines and on seepage benches in the Agropyron-

dominated habitat types. Elevations were at 1220 m (4000 ft) and 1464 m

(4800 ft). Prunus dominated over all shrubs (70%). Other shrubs associ-

ated were - Amelanchier, Symphoricarpos, Holodiscus, and Rosa woodsii ul-

tramontana. Herbaceous components were Agastache urticifolia, Galium, Bro-

mus brizaeformis, Erigeron speciosus, Lathyrus, Fragaria vesca, and Helian-

thella uniflora.

Crataegus douglasii completed the major shrub communities occuring

on the steep canyon slopes where seepages permitted establishment in an

otherwise xeric, hostile environment for shrubs. The plot characterizing

these communities was located on a steep (37%) midslope over a seepage

at 1403 m (4600 ft). Crataegus dominated (90%) with Populus tremuloides,

Rosa gymnocarpa, Amelanchier, Symphoricarpos, and Prunus associated as

shrub species. Galium, Bromus tectorum, and Cynoglossum officinale were

present due to animal disturbance.

Agropyron subsecundum occurred in the Acer (20%), Prunus (trace), and

Crataegus (trace) communities. Lomatium dissectum was found in the Acer,

Philadelphus, and Holodiscus communities as traces or less than 5%.



TABLE 24". Partial List of

Scientific Name

Shrubs

Symphoricarpos albus
Berberis repens

Perennial Grasses

Agropyron spicatum

Festuca idahoensis
Poa sandbergii

Koeleria cristata

Perennial Forbs

Lupinus sericeus
Balsamorhiza sagittata

Achillea millefolium
lanulosa

Annuals

Bromus brizaeformis

Collomia linearis

Clarkia pulchella
Stellaria nitens
Blepharipappus scaber
Polygonum douglasii

Vegetation

Code

(SYAL)

(BERE)

(AGSP)

(FEID)

(POSA3)

(KOCR)

(LUSES)
(BASA)

(ACMIL)

(BRBR)

(COLI2)

(CLPU)

(STNI)

(BLSC)

(PODO)

188

for FEID/SYAL Plant Community Type

Con/Cov Range
Common Name (%) (Cover)

snowberry 100/9 (3-15)

Oregon grape 50/3 (0-3)

bluebunch
wheatgrass

Idaho fescue
Sandberg's

bluegrass
prairie june-

grass

silky lupine
arrowleaf
balsamroot

yarrow

rattlesnake
brome

narrow-leaved
collomia

deerhorn
chickweed
blepharipappus
Douglas'

knotweed

100/40 (40-40)

100/15 (15-15)

50/15 (0-15)

100/3 (3-3)

100/2 (1-3)

100/15 (15-15)

100/49 (3-15)

100/2 (1-3)

100/1 (1-11)

100/2 (1-3)

50/3 (0-3)

50/3 (0-3)

50/3 (0-3)



TABLE 25. Comparison Between Billy Meadows Steppe Habitat Types of Indicator Species and Attributes

(Constancy/Coverage)

FEID/AGSP
ERWPOPR

c.t. AGSP/FEID AGSP/POSA3 ARRI/AGSP ARRI/POSA3 POSA3/DAUN

Agropyron spicatum 100/20 43/3 100/31 100/23 100/8 60/1 11/2

Festuca idahoensis 100/31 4 3/ 1 100/12 45/2

Poa sandbergii 78/7 71/3 100/5 100/7 100/6 100/10 100/11

Koeleria cristata 89/4 100/3 67/3 50/1

Poa pratensis 56/3 100/45 11/11

Achillea millefolium
lanulosa 100/8 100/13 100/3 73/4 67/2 43/1 33/1

Balsamorhiza sagittata 32/3 67/6 45/2

Lupinus sericeus sericeus 78/5 44/4

Eriogonum heracleoides 33/4 86/11 28/2

Potentilla gracilis 33/6 43/13 22/5

Geum triflorum 67/4 43/2 11/5

Bromus mollis 32/4 91/8 30/5 35/1 32/2

Bromus tectorum 47/5 27/15 30/9 30/2 13/2 10/1

Bromus brizaeformis 37/3 54/2 75/4 80/2 39/1 16/1

Collomia linearis 53/1 82/13 73/2 80/2

Phacelia linearis 35/2 12/1

Blepharipappus scaber 43/S 70/1 33/3 30/1 26/5

Polygonum douglasii 25/2 50/5 33/5 87/5 63/9

Clarkia pulchella 58/2 91/11 48/2 24/1

Epilobium paniculatum 53/1 70/1 30/1 26/1

Alyssum alyssoides 42/2 25/8 17/5

Veronica peregrina 42/3 45/1 20/2 20/2 17/5 37/4

Madia glomerata 26/7 86/17 -- 16/2

Sisymbrium altissimum 18/2 30/2

Stellaria nitens 21/8 18/16 20/15

Balsamorhiza incana 27/3 30/1 33/1

Grindelia nana 27/2 39/2 33/1

(continued on next page)



TABLE 25 Comparison Between Billy Meadows Steppe Habitat Types of Indicator Species and Attributes

(Constancy/Coverage) (Continued)

ERHE/POPR
FEID/AGSP c.t. AGSP/FEID AGSP/POSA3 ARRI/AGSP ARRI/POSA3 POSA3/DAUN

Trifolium macrocephalum
Erigeron chrysopsidis
Lomatium cous
Phlox viscida
Apocynum androsaemifolium
Tragopogon dubius
Sedum stenopetalum
Lomatium ambiguum
Artemisia rigida

56/1 73/1

--

45/10

17/3
--

33/1
--

38/2

36/1
27/1

27/1
15/2
15/7
40/1
30/6
50/1

50/4
--

33/3

100/1
33/3
100/13

30/1
50/1

30/1

100/3

100/11

33/2
67/1
11/1

32/1
89/5
--

11/1

Danthonia unispicata 50/1 89/8

Sitanion hystrix hordeoides -- 30/1

Arabis holboellii 67/1 70/1 11/1

Lomatium leptocarpum 60/3 89/4

Eriogonum douglasii 20/2

Castilleja oresbia 48/3

Allium acuminatum 65/2 26/1

Antennaria luzuloides 40/1 44/3

Lichen 2 1 2 2 4 3 1

Moss 3 3 3 8 52 13 10

Pavement 2 1 3 8 1 24 18

Rock 4 1 16 28 31 23 13

Bare Ground 23 25 25 22 25 13 8

Litter 48 58 39 20 8 7 3
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THE FORESTED HABITAT TYPES OF BILLY MEADOWS STUDY UNIT

The forested communities of Billy Meadows Study Unit have been

classified into eight habitat types based on climatic, edaphic and

vegetative characteristics. Fragmental communities consisting of

seral vegetation or vegetation near climax, of limited amount in good

ecologic condition, are discussed and described. Additional vegeta-

tion that was limited in representation on this area is covered in the

fragmental community description since not enough samples were available

for adequate habitat type characterization.

The forested habitat types are listed from mesic to xeric as

represented on the study unit: Abies lasiocarpa/Linnaea borealis

(ABLA2/LIB02); Abies grandis/Linnaea borealis (ABGR/LIB02)5; Pseudo-

tsuga menziesii/Calamagrostis rubescens (PSME/CARU); Psueudotsuga

menziesii/Physocarpus malvaceous (PSME/PHMA); Pseudotsuga menziesii/

Symphoricarpos albus (PSME/SYAL); Pinus ponderosa/Symphoricarpos

albus (PIPO/SYAL); Pinus ponderosa/Festuca idahoensis (PIPO/FEID).

Two major groups sampled and segregated in the association table were

Pinus contorta/Vaccinium membranaceum (PICO/VAME) and Abies grandis/

Vaccinium membranaceum (ABGR/VAME), which are seral to Abies grandis/

Linnaea borealis habitat type (see Table 26 )

Pseudotsuga and Abies grandis habitat types dominated the Billy

Meadows Study Unit. These habitat types supported climatic and topo-

5Abies grandis and Abies concolor hybridize in northeastern Oregon

(Daniels, 1969).
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graphic climax vegetation in the study area. The Abies lasiocarpa

Zone started at elevations above the 5000 ft (1524 m) level. The

Abies lasiocarpa/Linnaea borealis habitat type was an extension of

this higher zonal vegetation along drainage bottoms as a result of

cold air drainage. The limited nature of these situations on the

study unit has provided few areas exhibiting adequate sampling locali-

ties. At the other extreme, the xeric forested communities were also

poorly represented on the area. This was because the basal plain

is elevated and topography is gentle resulting in mesic

bunchgrass communities (e.g., FEID/AGSP) adjacent to forested communi-

ties of mesic composition (e.g., PSME/SYAL). The ponderosa pine habi-

tat types were even more restricted occurring in either topographic or

topoedaphic situations only. It was extremely difficult to find stands

of climax (or near climax) Pinus ponderosa communities. When located,

they often presented ecotonal or fringe communities too narrow to

sample or were in poor ecologic condition from logging or overgrazing.

The preponderance of stands sampled in Abies grandis and Pseudotsuga

is thus explained. The Abies grandis/Vaccinium and Pinus contorta/

Vaccinium plant community types were isolated in the analysis because

of their good representation on the area as seral stages of the Abies

grandis/Linnaea borealis habitat type.

A productivity summary is attached to each habitat type description.

The summaries reflect the measurements of sampled trees within

stands of each habitat or plant community type. Base 100 was used on

all site indices except where noted. The table of findings by Hall

(1973), Steele (1975), Pfister (1977) and Johnson (1981) is a listing
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and should not be construed as a comparison since different site indi-

ces were used and height-growth curves differed among investigators.

Also plant community types or habitat types were not strictly comparable

since some investigators had different floristic components dominating

their types and others included additional species (e.g., Hall's

community types). A comparison of the forest habitat types and com-

munity types of the Billy Meadows Study Unit with summary,of product-

ivity is included (see Table 27 ).

The use of Hall's unpublished association table for his guide (1973)

permitted comparison of constancy and coverage data with other investi-

gators in the Pacific Northwest. The data were averaged for his basic

classification instead of his agglomerated plant community types con-

tained in the guide.



TABLE 26 . Association Table Showing Relationship of Forest Habitat Types of Billy Meadows Study Unit

(Con/Cov)

Trees

ABLA2/
LIB02

ABGR/
LIB02

ABGR/ PICO/
VAME VAME

(p.c.t.)(p.c.t.)

PSME/
PHMA

PSME/
CARU

PSME/
SYAL

PIPO/
SYAL

PIPO/
FEID

Abies lasiocarpa 100/26
Picea engelmannii 100/41 35/12

Abies grandis 70/40 67/33

Pseudotsuga menziesii 60/10 53/20 67/15 25/2 78.51 92/46 50/45

Pinus ponderosa 12/3 25/6 56/27 54/45 100/55 100/51 100/36

Larix occidentalis 80/13 41/12 100/28 25/4 22/22

Pinus contorta 60/10 29/13 83/24 100/88 23/9

Shrubs

Vaccinium membranaceum 100/15 83/11 83/18 100/26 31/5

Rosa gymnocarpa 40/2 67/1 33/5 60/3 30/3 31/2 100/4

Lonicera utahensis 80/1 72/1 67/2 20/1

Spiraea betulifolia 50/2 50/2 80/4 60/7 61/5 50/57

Berberis repens 65/3 50/4 20/1 20/28 46/2

Symphoricarpos albus 22/2 17/1 80/6 69/5 100/15 100/48 50/1

Physocarpus malvaceus 90/37 15/6

(continued on next page)



TABLE 26 (Continued).

Grasses

ABLA2/
LIB02

ABGR/
LIB02

ABGR/ PICO/
VAME VAME

(p.c.t.) (p.c.t.)

PSME/
PUMA

PSME/
CARU

PSME/
SYAL

PIPO/
SYAL

PIPO/
FEID

Calamagrostis rubescens 20/3 28/9 50/3 100/13 90/14 100/34 100/1 100/12 100/2

Bromus vulgaris 60/1 67/3 33/1 20/1

Carex concinnoides 20/4 44/3 50/9 40/6 20/4 61/6 50/4

Carex rossii 60/4 39/3 33/2 60/12 10/6 23/4

Carex geyeri 40/4 28/2 17/1 60/5 80/9 85/12 100/4 17/5 100/3

Stipa occidentalis 23/5 100/3

Festuca occidentalis 61/4

Festuca idahoensis 15/9 43/5 ',50/31

Agropyron spicatum 15/7 43/25 100/4

Koeleria cristata 15/4 29/2 50/2

Bromus carinatus 15/2 100/3 50/6

Poa pratensis 8/2 50/58 50/8

(continued on next page)



TABLE 26 (Continued)

Forbs

ABLA2/
LIB02

ABGR/
LIB02

ABGR/ PICO/
VAME VAME

(p.c.t.)(p.c.t.)

PSME/
PUMA

PSME/
CARD

PSME/
SYAL

PIPO/
SYAL

PIPO/
FEID

Linnaea borealis 100/17 94/24 50/5 100/18

Pyrola secunda 100/4 72/3 50/2 100/2

Pyrola asarifolia 40/4 28/2 --

Chimaphila umbellata 60/3 56/5 83/2 80/6

Anemone piperi 60/3 83/3 50/2 60/5 --

Trifolium longipes 80/3 39/3 17/4 20/35 50/4 54/10 50/1 43/13 50/19

Viola orbiculata 80/2 28/6 67/5 80/13 -- --

Arnica cordifolia 60/2 39/5 17/2 20/1 10/19 75/5

Goodyera oblongifolia 40/2 44/2 100/1 15/2

Clintonia uniflora 40/2 44/3 -- --

Thalictrum occidentalis 80/1 78/5 67/4 80.4 60/6 46/8

Smilacina stellata 20/1 28/1 -- 10/2

Disporum trachycarpum 20/1 33/2 36/1

Galium triflorum 20/1 50/2 -- 8/3

Osmorhiza chilensis 40/1 56/1 86/3 60/1

Fragaria virginiana 40/1 28/2 33/1 60/3 30/1 61/4 100/5 86/9 50/10

Fragaria vesca 40/1 83/2 83/2 40/1 70/4 92/5 100/7 100/12 50/2

Miteila stauropetala 40/1 61/3 -- -- 80/7 15/5 50/1 33/10

Hieracium albiflorum 40/1 33/2 71/2 80/2 50/1 --

Viola sp. 80/1 67/7 50/2 20/13 38/2 50/1 100/1

Arenaria macrophylla 20/10 29/1 36/3 89/18 69/6 100/13 33/11

Adenocaulon bicolor 17/3

Arctostaphylos uva-ursi 80/4

Lupinus sp. 31/7 50/1 50/1 75/4

Achillea millefolium 77/5 100/2 50/4 100/6
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TABLE 27 . Forest Productivity Summary - Billy Meadows Study Unit

Site Index
(Base 100)

Habitat Type PIEN ABLA2 ABGR LAOC PSME PICO PIPO

ABLA2/LIB02 94±13 78±13 --- 108 87

ABGR2/LIB02 84± 9 84±11 108±13 90±11 85±15

ABGR/VAME p.c.t. 87±43 89±10 80±82 71± 6

PICO/VAME p.c.t. 83 75± 8

PSME/CARU 57 81± 8 79

PSME/PHMA 86 85 79

PSME/SYAL 75 76

PIPO/SYAL 91

PIPO/FEID 68
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ABIES LASIOCARPA/LINNAEA BOREALIS (ABLA2/LIB02) HABITAT TYPE

Subalpine Fir/Twinflower Habitat Type (Plate 17)

The Daubenmires (1968c) did not recognize this association, but des-

cribed an Abies lasiocarpa/Pachistima myrsinites habitat type. They

found high percentages of Vaccinium membranaceum (19%) but poor rep-

resentation by Linnaea borealis.

Hall (1973) described an ABLA2/VAME plant community type in the

Blue Mountains. It also was on generally steep, predominantly northern

slopes at 4500-6500 ft (1372-1982 m), but Hall also found poor repre-

sentation of Linnaea (see Table 28).

In central Idaho, Steele (1975) found an appreciable amount of

Linnaea associated with Picea and Abies lasiocarpa stands. Instead

of Vaccinium membranaceum he listed closely-allied

V. globulare. In the Nez Perce National Forest, Steele (1976) en-

countered ABLA2/LIB02 as only an incidental type occurring east and

south of that Forest beyond the geographical limits of Clintonia uni-

flora. ABLA2/CLUN habitat type on the Nez Perce is a similar Abies

lasiocarpa habitat type to ABLA2/LIB02 of Billy Meadows. It also

corresponds to Pfister's (1973) ABLA2/CLUN habitat type described for

the Boise and Payette National Forests. Pfister mentioned in his

ABLA2/VAGL habitat type that Linnaea formed extensive ground cover in

some areas, but since it was generally sparse or absent, he could not

classify it beyond phase level.

In the Montana Rockies Pfister (1977) recognized the ABLA2/LIB02

habitat type on north facing slopes and benches from 5000-7000 ft

(1525-2135 m) elevation. The associated Vaccinium was V. globulare.
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All investigators (Table 28) of similar vegetation found high

constancies for Picea, Abies and Pinus contorta. Vaccinium membrana-

ceum appeared more allied with the Blue Mountains than the Central

Idaho Rockies where Steele and Pfister encountered V. globulare in

70% of the stands. Linnaea, Pyrola secunda, and Arnica cordifolia

all appeared to be commonly associated in this type.

Since the Billy Meadows Study Unit was located below the Abies

lasiocarpa Zone, the occurrence of the ABLA2/LIB02 habitat type on the

area was attributed to cold air drainage along canyon bottoms and

cold air ponding in high elevation basins normally too severe for the

zonal climax species (e.g., Abies grandis). All of the samples in-

cluded in this study were from cold air drainage locations.

The extent of this habitat type was restricted to lower slopes

and adjacent to riparian ecosystems. Areally the association was

restricted into a narrow band between the dominant climax communities

on the slopes above (usually Abies grandis/Linnaea borealis) and the

riparian vegetation below. As a result, the association was encroached

upon by more mesic members from below (e.g., Acer glabrum) and more

shade tolerant members from above (e.g., Linnaea).



Environmental Factors

200

Elevations were generally lower for ABLA2/LIB02 stands than the

Abies grandis stands because of their location in drainage bottoms.

All sampled stands were in the northern aspect quadrant since the

association occured topographically as a climax in a lower zone where

temperatures and droughtiness were greater. Slopes averaged 38% ex-

clusive of the one sample on a broad basin bottom. Total soil depths

were equivalent to those found in Abies grandis/Vaccineum membranaceum

communities, but effective rooting depths surpassed all other forested

habitat types with the exception of Pseudotsuga/Symphoricarpos. Root-

ing depths were estimated to be deeper than any other habitat type.

All samples occured on talus. (

Arboreal Coverage

Table 29)

Tree overstory coverage averaged almost 60%. Picea engelmanii

dominated over Abies lasiocarpa in stands sampled. Early survival

of Abies and dominance over Picea was enhanced by deep shading. How-

ever, as the stand developed, the longer-lived Picea gained a competi-

tive advantage. The open-growing spruce stands permitted high light

intensity which was to the detriment of Abies (Fowells, 1965). Abies

still occurred in the sampled communities indicating youthful age

from a successional standpoint. This was also apparent by the associ-

ation of Larix, Pseudotsuga, and Pinus contorta as pioneering species.

Ground Coverage

Cryptogam levels were higher than. any other habitat type.



201

Vegetative Composition

Abies lasiocarpa seedlings were double the Picea engelmanii seed-

lings on the sampled stands. Picea dominated in the upper size cate-

gories reflecting the lower longevity of the Abies on these sites.

Pioneering seral species (Larix and Pinus contorta) were both being

eliminated from the stands as shown by low occurrence and lack of

seedlings. Pseudotsuga and Abies grandis both exhibited high levels

of seedlings in the sampled stands.

Vaccinium membranaceum, which requires open growing stands, was

the most common shrub. As the overstory closed, Vaccinium coverage

decreased. Lonicera utahensis and Ribes lacustre both occurred fre-

quently.

Linnaea borealis and Pyrola secunda occurred in all stands. Py-

rola was commonly found in Abies lasiocarpa. or Picea engelmanii com-

munities (Hall, 1973; Pfister, 1977; Steele, 1975). As crown canopies

closed and Vaccinium was reduced, Linnaea assumed dominance of the

habitat type. Anemone piperi, Bromus vulgaris, Clintonia uniflora,

Disporum, Goodyera, Viola, Galium, Linnaea and Smilacina stellata

occurred beneath, the shrubs. These species were identified by Dauben-

mire (1968) as members of his Pachistima union. Pachistima myrsinites

occurred only near springs in the Abies grandis Zone of the Billy Meadows

Study Unit in a very depauperate state. It often was associated with

Taxus brevifolia.

Browsing of the Vaccinium resulted in weakened individuals with

stands of lower stature. Vaccinium was generally heavily used by game
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species in the summer months in eastern Oregon. In August, cattle

usually started to browse the species and increased their usage until

removed from the summer range. Vaccinium therefore received exception-

ally high usage based on increasing elk numbers and very limited browse

species available. As elk increased during the 1930s, the height of

Vaccinium was reduced 12-16 in (30-40 cm) and production greatly cur-

tailed in one area on the Whitman National Forest (Mitchell, 1951).

Today, Vaccinium stands across the Billy Meadows Study Unit demonstrate

the heavy usage applied by cattle, deer, and elk. The only vigorous

plants of good stature occur beneath downed logs where grazing is

lessened and moisture retained by the shade from the logs.

Soil Analysis

02 0-5 cm thick (max = 10 cm); 10 YR 2/2; many, very fine roots;

boundary - abrupt.

Al 5-28 cm thick (max = 47 cm); 10 YR 3/2 (7.5 YR 4/4); silt loam to

silt; weak, very fine to medium, subangular blocky; no stones;

roots - many very fine to medium; pores - many, very fine, tubu-

lar; no mottles; consistency - soft, friable, non-sticky; boundary -

broken.

A2 28-65 cm thick (max = 93 cm); 10 YR 4/4; silt loam to silt; weak,

very fine, subangular.blocky; stone - none to common gravels to

boulders; roots - many, fine to medium; pores - many, fine, tubu-

lar, no mottles; consistency - soft, friable, non-sticky; boundary -

broken (irregular, wavy).
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B2 64-96 cm thick (max - 106 cm); 10 YR 4/3; silt loam (silty clay

loam); weak to moderate, medium, subangular blocky; stone - few

to many, very fine; roots - few to common, fine; pores - many,

fine, tubular; no mottles; consistency - soft, friable, non-sticky

to slightly sticky; boundary - general to abrupt.

Boundary irregularities were common in the soils described above

and have been attributed to windthrow of trees over time. Bedrock

was generally not reached in sampling these deep soils. Maximum

depths were estimated or were reached with an auger. Therefore, bed-

rock fracturing is assumed. Charcoal was found in several profiles

indicating past fire occurrence.
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TABLE 28. Comparison of Similar Vegetation of the Abies lasiocarpa/

Linnaea borealis h.t. in the Pacific Northwest (Con/Cov). _

Hall
(1973)

Steele
(1975)

This Study
(1981)

Pfister
(1977)

7 stands 3 stands 5 stands 20 stands

Picea engelmannii 86/11 100/38 100/25 80/21

Abies lasiocarpa 100/53 100/30 100/16 100/20

Pinus contorta 57/8 70/4 60/10 80/27

Larix occidentalis 43/10 80/10 20/33

Vaccinium membranaceum 100/24 100/15

Vaccinium scoparium 43/12 70/2 50/2

Vaccinium globulare 70/20 70/6

Arnica cordifolia 86/9 100/6 60/2 60/6

Mitella stauropetala 43/2 40/1

Viola sp. 57/4 70/1 80/1 70/2

Pyrola secunda 43/2 100/1 100/4 100/2

Linnaea borealis 100/70 100/17 100/21
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TABLE 29. Abies lasiocarpa/Linnaea borealis Habitat Type Data Summary

Elevation - Range 1293-1574 m mean = 1432 m
4241-5163 ft = 4697 ft

Aspect - 3 plots in northeast quadrant
2 plots in northwest quadrant

Slope - Range 2-45% mean = 31%
1 plot < 10% slope

Macrorelief - 1 plot steep, dissected; 2 plots steep, smooth;
1 plot undulating; 1 plot flat, smooth

Microrelief - 1 plot flat; 4 plots complex

Position - 1 bottom; 4 lower third slope

Total Soil Depth - 88-106 cm mean = 95.4 cm
35- 42 in = 37.6 in

Effective Soil Depth - 37- 67 cm mean = 50.8 cm
20- 30 in = 20 in

Rooting Depth - 175-200 cm
69- 79 in

Lithic Relationship - Talus

mean = 195 cm
= 77 in

Bedrock Fracturing - Moderately cracked

*pH - (5.7-6.7) mean = 6.3

Canopy Coverage - 59% (50-76)

*Overstory Averages - ABLA2 = 26%; PIEN = 41%; LAOC = 13%
PSME = 10%; PICO = 10%

Ground Coverage

(%) (Range)

Lichen - 4 ( 3-6 )

Moss - 29 (13-52)

Pavement - 0 0

Rock - 1 ( 0-1 )

Bare Ground - 3 ( 0-5 )

Litter - 65 (44-80)

= Data from Reconnaissance Survey



TABLE 29 (Continued). Vegetative Composition

Trees (No. Per Hectare)
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Seedlings Saplings Poles (11-15") (15-20") (20"+)

Subalpine
fir (ABLA2) 15800 450 180 40 0 0

Engelmann
spruce (PIEN) 7250 450 270 40 20 20

Western
larch (LAOC) 0 0 10 0 10 0

Lodgepole
pine (PICO) 0 10 20 0 0 0

Douglas-fir (PSME) 1150 50 0 0 10 0

White fir (ABGR) 8050 130 10 0 0 0

Shrubs (%)
Cover-
age Range

Con-
stancy

Vaccinium
membrana- (VAME)

ceum
Rosa

gymnocarpa (ROCY)
Lonicera

utahensis (LOUT2)

Acer
glabrum (ACGL)

*Ribes
lacustre (RILA)

Forbs (%)

big huckleberry

baldhip rose

Utah honeysuckle

Rocky Mountain maple

prickly currant

Linnaea
borealis (LIB02) twinflower

Pyrola secunda (PYSE) sidebells pyrola

Pyrola
asarifolia (PYAS)

Chimaphila
umbellata (CHUM) prince's pine

liver-leaf wintergreen

* = Data from Reconnaissance Survey

(continued on next page)

14.6 1-26 100

2.0 0- 2 40

1.3 0- 2 80

1.0 0- 1 20

1.0 1- 1 100

16.6 7-27 100

4.4 2- 7 100

3.5 0- 6 40

2.7 0- 4 60



TABLE 29 (Continued). Vegetative Composition (continued)

Forbs (%) (continued)

Anemone
piperi

Trifolium
longipes

Viola
orbiculata

Arnica
cordifolia

Goodyera,

oblongi-
folia

Clintonia
uniflora

Thalictrum
occiden-

tale
Smilacina

stellata
Disporum

trachy-
carpum

Galium _

triflorum (GATR)

Osmorhiza
chilensis (OSCH)

Fragaria
virginiana (FRVI)

Fragaria vesca (FRVE)
Mitella stauro-

petala (MIST2)

Hieracium
albiflorum (HIAL)

Viola sp. (VIOLA)

*Arenaria
macrophylla (ARMA3)

(ANPI)

(TRLO)

(VIOR2)

(ARCO)

(GOOB)

(CLUN)

(THOC)

(SMST)

(DITR)

Piper's anemone

long-stalked clover

round-leaved violet

heart-leafed arnica

rattlesnake-plantain

beadlily

meadowrue
starry false Solomon's

seal

wartberry fairy-bell

fragrant bedstraw

moutain sweet-cicely

broadpetal strawberry
woods strawberry

sideflowered mitrewart

white-flowered hawkweed
violet

bigleaf sandwart

* = Data from Reconnaissance Survey

(continued on next page)
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Cover-
age Range

Con-
stancy

2.7 0- 3 60

2.5 0- 6 80

2.0 0- 4 80

2.0 0- 3 60

1.5 0- 2 40

1.5 0- 2 40

1.3 0- 2 80

1.0 0- 1 20

1.0 0- 1 20

1.0 0- 1 20

1.0 0- 1 40

1.0 0- 1 40

1.0 0- 1 40

1.0 0- 1 40

1.0 0- 1 40

1.0 0- 1 80

10.0 0-10 20



TABLE 29 (Continued). Vegetative Composition (continued)

Sedges and Grasses (%)

Carex con-
cinnoides (CACO)

Carex rossii (CARO)

Carex geyeri (CAGE)

Calamagrostis
rubescens (CARU)

Bromus
vulgaris (BRVU)

northwestern sedge
Ross' sedge
elk sedge

pinegrass

Columbia brome

ABLA2/LIB02 Habitat Type Productivity Summary

ABLA2 PIEN LAOC
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Cover- Con -

age Range stancy

4.0 0- 4 20

3.7 0- 6 60

3.5 0- 6 40

3.0 0- 3 20

1.3 0- 2 60

PICO

Age 112 141 94 102

Height(ft)80.5 (24.5 n) 99.9 (30.45 m) 90.3 (27.5 m) 95 (29 m)

Site
Index 78±17 94±13 108 87

DBH (in) 12.0 (30.4 cm) 16.6 (42.2 cm) 18.6 (47.2 cm) 12.4 (31.4 cm)

Pacific Northwest Productivities

ABLA2 S.I. PIEN S.I. PSME S.I. PICO S.I. LAOC S.I.

Hall (1973)* [28±9] [38±6]

Steele (1975)* [56] [54±11]

This Study (1981) 78±17 94±13 87 108

[*] = Site Index Base 50
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Plate 17. Abies lasiocarpa/Linnaea borealis Habitat Type (Stand 199)

Plate 18. Abies grandis/Linnaea borealis Habitat Type (Stand 227)
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ABIES GRANDIS/LINNAEA BOREALIS (ABGR/LIB02) HABITAT TYPE

Grand Fir/Twinflower Habitat Type (Plate 18)

The Abies grandis/Pachistina myrsinites habitat type of the Dauben-

mires(1968c)is similar to this habitat type. The forb-rich union is

significant in that no one species had a high coverage value though

constancy ratings were often well over 50%. More Vaccinium occurred

in the Billy Meadows habitat type due probably to inclusion of seral

stands. They found higher-percentages of Symphoricarpos, Aden-

ocaulon, Clintonia, Galium, and Viola orbiculata (Table .50). Their

union consisted of very high constancies of Bromus vulgaris and Smila-

cina stellata. The Smilacina in their study (94% constancy) is in vivid

contrast to occurrence in the habitat type of this study (28%). Con-

stancy and coverage was greater for Linnaea at Billy Meadows than in

northern Idaho.

Hall (1973) characterized a "white fir-twinflower-forb" plant

community type in the Blue Mountains by dominance to Linnaea at lower,

southerly sites and by Bromus vulgaris at higher, northerly sites

(Table 23). He found less Galium, Osmorhiza, and Viola. Anemone

and Thalictrum were not found in his plots. His plant community type

is synonymous with this habitat type.

In central Idaho, Steele (1975) described an ABGR/LIB02 habitat

type that was mainly restricted to the Seven Devils section of his

study. It tended to merge with the more mesic ABGR/CLUN habitat

type except when it extended beyond the range of Clintonia where it

would represent the most mesic upland site. Vaccinium membranaceum

was replaced by V. globulare. Steele found no Anemone, Clintonia,
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Smilacina, or Mitella in his union, but his stands contained signifi-

cant levels of Chimaphila, Viola orbiculata, and Thalictrum. On the

Nez Perce National Forest, Steele's (1976) similar habitat type was

found between 3400-5500 ft (1037-1677 m) on gentle slopes where enough

protection was afforded from wind and solar radiation.

In Montana, Pfister (1977) described an ABGR/LIB02 habitat type

between 3700-4600 ft (1128-1402 m) on northerly to southeasterly as-

pects. Most of his stands were seral with overstory domination by

Pseudotsuga, Larix and Pinus ponderosa. Significant absences from

his types were. Lonicera rosa, Bromus vulgaris, Mitella, Chimaphila,

Fragaria, and Goodyera. Pachistima, which was not found in Billy

Meadows Linnaea unions, was found at high coverage percentages in

Pfister's stands. Most investigators found it 20-30% of the time.

Calamagrostis occurred in high percentages in all plots. This probably

reflects the continental influence in the Montana habitat type.

Ganskopp (1979) identified the ABGR /PAMY habitat type incorporat-

ing the Abies grandis/Linnaea, Pseudotsuga/Linnaea and the Psudotsuga/

Symphoricarpos/Carex geyeri communities.
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Environmental Factors

The ABGR/LIB02 habitat type was the highest elevation climax

association on the Billy Meadows Study Area although the Pinus

contorta/Vaccinium membranaceum community type occurred at a higher

mean elevation due to the occurrence of gentle topography on Summit

Ridge where elevations are near 5000 ft (1524 m). ABGR/LIB02 is

the climatic climax for the majority of the forested area on the

study unit. This was demonstrated by the majority of the samples

occurring on undulating or flat macrotopography and microtopography.

Most of the sampled stands occurred on lower, north slopes or canyon

bottoms with the significant number on ridgetop plateaus or upper

third of slopes. The majority of the samples (79%) occurred on the

northerly aspects. With the exception of the Pseudotsuga/Symphori-

carpos habitat type, soil depths averaged deepest of all forested

habitat types. Most samples were over moderately cracked bedrock or

soils were so deep it was impossible to determine the nature of the

bedrock.

Arboreal Coverage

Tree overstory canopy coverage averaged 63%, which compared nearly

equivalent to the ABLA2/LIB02 habitat type. Canopy closures on both of

these habitat types probably would be much greater if stands close to

climak could be found to characterize the respective types. Fire and

logging have left the stands of Billy Meadows Study Unit too seral for

typic characterization of climax vegetation. This is shown by the
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occurrence of fire species (25%) and pioneering xeric tree species

(23%) characterizing the Abies grandis communities which contain only

40% Abies overstory (Table 31 ).

Ground Coverage

Lichens and mosses provided high coverages (15%), but not nearly

as great as the more mesic ABLA2/LIB02 habitat type stands (33%).

Vegetative Composition

Abies grandis dominated all size classes of th:e sampled stands.

Pseudotsuga and Pinus contorta were highly represented in the seedling

and sapling classes showing the seral nature of the early climax

stands studied. Upper diameter classes had significant dominance by

Pinus contorta, Pseudotsuga and Larix following Abies grandis. Picea

engelmanii and Abies lasiocarpa occurred on the more mesic stands of

the type and Taxus brevifolia was often present especially around

seepages and springs. Since game animals would congregate to these

spots, browsing damage was prevalent in the stands where Vaccinium

rarely exceeded 40 cm (16 in) in height from the hedging by game.

On the most mesic ABGR/LIB02 sites, Clintonia, Adenocaulon,

Tiarella, Pyrola asarifolia, and Rubus parviflorus occurred, whereas

these species were often absent or in low abundance on the less mesic

modal sites of the type. Clintonia never dominated to the extent that

a type could be delineated as was the case in adjacent Idaho and Montana.

Acer glabrum occurred with Amelanchier, Ribes, Sambucus, and Physocarpos

on rocky talus in Stand 263. This was a topoedaphic climax for ABGR/LIB02
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in a cold air drainage. Stand 305 was another exceptional community

since it occurred on a steep 90% north slope where the understory

Abies grandis species were so dense that all shrubs and herbaceous

species provided only 5% or less of the coverage. Stand 263 was the

only other steep slope ABGR/LIB02 stand sampled (70%). It contained

a high shrub component and 27% Linnaea. Usually these steep north-

facing slopes were dominated by the more xeric Pseudotsuga/Physocarpus

habitat type.

Calamagrostis occurred as the dominant graminoid in open portions

of the stands sampled. Following dominant Linnaea in the herbaceous

category were Viola orbiculata, Chimaphila umbellata, Arnica cordifolia,

and Thalictrum occidentale. Species of high constancy were Linnaea,

Viola, Thalictrum, Mitella, Anemone, and Fragaria vesca.

Disturbance was indicated in this habitat type by increasing

Trifolium longipes and Thalictrum occidentale. Arenaria macrophylla

was a key increasing species on Abies grandis sites where big game

and domestic livestock congregated.

Although considered climatic climax in this study and by other inves-

tigators, ABGR/LIB02 may be a zootic climax. On the Walla Walla Ranger

District of the Umatilla National Forest, an exclosure was constructed

in 1966 on an ABGR/LIB02 stand which was clearcut in 1964 (Edgerton, 1972).

This game-proof exclosure was set up to study plant succession and

collect animal use data as reflected by changes between logged-unlogged

and grazed-ungrazed areas. A third parameter was introduced when the

exclosure was constructed over part of the logged area that had been

broadcast burned following the logging. The 20 ac (8 ha) Mottet ex-



closure contained flourishing stands of Sambucus, Salix, Pachistima,

and other shrubs which were absent in the adjacent old growth stand.

These species were being browsed heavily by elk and deer outside the

exclosures in the clearcut. A question is raised: if deer and elk,

coupled with livestock, were reduced or removed from the ABGR/LIB02

communities in eastern Oregon, would Pachistima myrsinites, Taxus
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brevifolia, and perhaps other Pachistima union members respond and

provide another dominant layer which would then be classified to an ABGR/

PAMY habitat type? This question is not presently resolved.

Soil Analysis

01 04 cm thick (max - 6 cm); boundary - abrupt.

02 0-5 cm thick (max - 7 cm); 10 YR 2/2 (7.5 YR 3/2); roots - many,

very fine; boundary - abrupt.

Al 5-47 cm thick (max - 65 cm); 10 YR 3/2 (7.5 YR 3/2); silt loam;

weak, fine, granular; stone - many cobbles; roots - many, medium;

pores - common, fine, tubular; no mottles; consistency - soft when

dry, friable and non-sticky when moist; boundary - general.

A2 5-48 cm thick (max - 92 cm); 10 YR 4/4 (7.5 YR 4/4); silt; weak,

very fine, granular (subangular blocky); stone - none (few gravels);

roots - common (many), medium (fine); pores - many, very fine (fine);

interstitial (tubular); no mottles; loose to soft when dry, loose

to friable and non-sticky when moist; boundary - variable.

B2 48-113 cm thick (max - 200 cm); 10 YR 4/4 (5 YR 4/4) (7.5 YR 3/4);

silt loam (loam); moderate (weak), medium, subangular blocky; few to

common gravels or cobbles; roots - few,medium;--pores -many (common),
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fine tubular; some mottles; consistency - soft when dry, friable

and non-sticky when moist; boundary - abrupt (general).

B2T 48-144 cm thick (max - 200 cm); 10 YR 3/3 (7.5 YR 3/4); silty clay

loam (clay); moderate, medium, angular blocky; common gravels;

roots - few, fine; pores - common, fine, tubular; mottles; consis-

tency - hard when dry, hard and sticky when moist; boundary -

general.

These soils were derived from volcanic ash. Often irregular bands

or distinct layers of almost pure ash were encountered. The A2

horizons were very consistent across all sampled stands as to color

(10 YR 4/4), and texture (silts). The A2 boundary with the B horizons

was very variable possibly indicating historic tree throw. Charcoal was

usually found in the soils indicating evidence of past fires.

Two stands sampled had very unusual soil characteristics. Plot

263 had an 0 horizon that was 38 cm deep and quite highly developed.

The site was a talus community with roots extending through a sorted

rock surface into gravels of the lower horizons. Plot 305 contained

an Al horizon only 50 cm thick with no further soil depth beyond that.

This was on a 90% slope of moderate stability.

Soil pH averaged 6.2 Daubenmire found soil pH for the ABGR/PAMY

habitat type to average 6.1 while Pfister recorded an average of 5.6

for his ABGR/LIB02 habitat type.



TABLE 30. Comparison of Similar Vegetation (Constancy/Coverage)- Abies grandis/Linnaea borealis Habitat Type

Daubenmires (68)

'ABGR/PAMY
h.t.

(16 stands)

Hall (73)
ABGR-LIB02

forb
(24 stands)

Steele (75)
ABER/LIB02

h.t.

(3 stands)

Steele (76)
ABER/LIB02

h.t.

(4 stands)

Pfister (77)
ABGR/LIB02

h.t.
(5 stands)

This Study

ABGR/LIB02
h.t.

(18 stands)

Lonicera utahensis 38/1 100/3 100/5 72/1

Vaccinium membranaceum 50/18 71/7 83/11

V. globulare -- -- 100/1 80/5 80/2 --

Spi.raea betulifolia 63/2 17/6 100/1 100/2 100/2 50/2

Rosa gymnocarpa 75/4 58/4 100/2 100/5 -- 67/1

Symphoricarpos albus 69/5 33/3 70/1 80/1 60/2 22/2

Linnaea borealis 75/16 79/21 100/18 100/29 100/30 94/24

Bromus vulgaris 88/3 67/2 100/1 80/1 -- 67/3

Adenocaulon bicolor 81/4 33/3 70/2 50/2 20/1 17/3

Anemone piperi 75/3 -- -- 83/3

Clintonia uniflora 81/4 33/3 20/tr 44/3

Galium triflorum 88/1 29/1 30/1 30/1 40/1 50/2

Osmorhiza chilensis 56/3 29/2 100/tr 80/tr 40/1 56/1

Smilacina stellata 94/9 33/6 -- 30/1 80/1 28/1

Thalictrum occidentale 88/3 -- 100/10 80/10 60/1 78/5

Viola orbiculata 69/2 17/2 100/7 80/7 40/3 28/6

Mitella stauropetala 56/tr 75/3 -- -- 61/3

Chimaphila umbellata 44/1 63/4 100/14 100/11 56/5

Pyrola secunda 50/1 58/2 100/1 80/1 80/1 72/3

Arnica cordifolia 63/5 63/5 100/1 80/1 40/2 39/5

Fragaria vesca 63/1 46/2 100/6 80/6 83/2

Goodyera oblongifolia 63/tr -- 100/5 80/5 44/2

Pachistima myrsinites 19/5 42/2 30/3 30/3 20/15 --

Calamagrostis rubsecens 13/4 17/3 30/15 30/15 100/14 28/9
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TABLE 31. Abies grandis/Linnaea borealis (ABGR/LIB02) Habitat Type

Data Summary

Elevation - Range = 1168-1635 m mean = 1447.9 m 95% C.I. = ±61.1

3831-5363 ft mean = 4749 ft

Aspect - Based on 14 plots > 10% slope

57% - NE quadrant; 22% - NW quadrant; 7% - SE quadrant;
7% - SW quadrant

Slope - Range 2-90% mean = 21.9% 95% C.I. = ±11.4

4 of 18 plots < 10% slope

Macrorelief - 2 plots steep, irregular; 1 plot steep, smooth;
11 plots undulating; 4 plots flat, smooth

Microrelief - 2 plots convex; 3 plots concave; 1 plot flat;
12 plots complex

Position - 2 plots ridgetop; 5 plots upper third; 7 plots lower third;
1 plot midslope; 3 plots bottom

Total Soil Depth - 50-200 cm mean = 120.7 cm 95% C.I. = ±21.1

20-79 in = 48.0 in

Effective Soil Depth - 10-70 cm mean = 46.7 cm 95% C.U. = ±6.7

4-28 in = 18.6 in

Rooting Depth - 100-200 cm mean = 185.8 cm
40-79 in = 73.9 in

Lithic Relationship - bedrock - 8; nonlithic - 6; talus - 3

Bedrock Fracturing - moderately cracked or not applicable

*pH - 6.2 (4.7-6.9)

Canopy Coverage - 62.5% 95% C.I. = ±7.0

*Overstory Averages - ABGR = 40; LAOC = 12; PSME = 20;

PIEN = 12; PICO = 13; PIPO = 3

* = Data taken from Reconnaissance Survey

(continued on next page)



TABLE 31 (Continued)

Ground Coverage (%)

Lichen - 2.3

Moss - 13.3

Pavement - 0

Rock - 5.3

Bare Ground - 1.9

Litter - 82.3

Vegetative Composition

219

Trees (No. Per Hectare)

Seed- Sap-

Species Code lings lings Poles (11-15") (15-20") (20"+)

Abies grandis (ABGR) 9792 1042 225 33 19 22

Pseudotsuga
menziesii (PSME) 2708 444 22 14 11 14

Pinus
ponderosa (PIPO) 56 3 0 0 0 3

Picea engel-
mannii (PIEN) 1167 178 61 225 3 6

Pinus
contorta (PICO) 500 439 72 28 0 0

Larix occi-
dentalis (LAOC) 69 33 6 8 6 14

Abies
lasiocarpa (ABLA2) 514 3 0 0 0 0

Taxus brevi-
folia (TABR) 69 3 0 0 0 0

Shrubs (%) Cover- Con -

age Range stancy 95% C.I.

Vaccinium
membranaceum (VANE) big huckleberry

Lonicera
utahensis (LOUT2) Utah honeysuckle

Acer glabrum (ACGL) Rocky Mountain maple

Rosa gymnocarpa (ROGY) baldhip rose

10.5 0-48 83 ± 6.26

1.0 0- 1 72

5.0 0- 5 6

1.3 0- 4 67 ± 0.44

(continued on next page)



TABLE 31 (Continued).

Vegetative Composition (continued)

Shrubs (%) (continued)

Spiraea
betulifolia

Amelanchier.
alnifolia

Taxus
brevifolia

*Ribes lacustre
*fterberis repens

Symphoricarpos
albus

Forbs (%)

Linnaea
borealis

Viola sp.
Viola

orbiculata
Chimaphila

umbellata
Arnica

cordifolia
Thalictrum

occidentale
Mitella

stauropetala
Anemone piperi
Clintonia

uniflora
Pyrola secunda
Fragaria vesca
Fragaria

virginiana
Trifolium

longipes
Disporum

trachycarpum
Pyrola

asarifolia

(SPBE) shiny-leaf spiraea

(AMAL) serviceberry

(TABR) Pacific yew
(RILA) prickly currant
(BERE) low Oregon-grape

(SYAL) snowberry

(LIB02) twin-flower
(VIOLA) violet

(VIOR2) round-leaved violet

(CHUM) prince's pine

(ARCO) heart leafed arnica

(THOC) meadowrue
side-flowered

(MIST2) mitrewort
(ANPI) Piper's anemone

(CLUN) beadlily
(PYSE) sidebells pyrola
(FRVE) woods strawberry

broadpetal
(FRVI) strawberry

(TRLO) long-stalked clover

(DITR) wartberry fairybell
liver-leaf

(PYAS) wintergreen

* = Data from Reconnaissance Survey
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Cover- Con-

age Range stancy 95% C.I.

2.0 0- 5 50 ± 0.66

2.5 0- 5 22 ± 0.95

20.5 0-38 11 ±12.32

1.5 0- 5 47

2.5 0-20 65

1.8 0- 3 22 ± 0.48

23.5 0-58 94 ± 7.69

6.7 0-17 67 ± 2.74

6.0 0-12 28 ± 2.02

5.3 0-22 56 ± 3.09

5.0 0-14 39 ± 2.30

4.8 0-23 78 ± 2.77

3.1 0-14 61 ± 1.91

3.0 0- 6 83 ± 0.99

3.0 0- 7 44 ± 1.27

2.8 0- 7 72 ± 0.89

2.1 0- 7 83 ± 0.89

2.0 0- 5 28 ± 0.86

2.7 0- 9 39 ± 1.57

1.8 0-4 33 ± 0.58

1.8 0- 3 28 ± 0.55

(continued on next page)



TABLE 31 (Continued).

Vegetative Composition (continued)

Forbs (%) (continued)

Hieracium
albiflorum (HIAL)

Goodyera
oblongifolia (GOOB)

Osmorhiza
chilensis

Smilacina
stellata

Galium
triflorum

*Arenaria
macrophylla (ARMA3)

Adenocaulon
bicolor

Calamagrostis
rubescens

Carex
concinnoides (CAC)

Carex rossii (CARO)

Bromus vulgaris (BRVU)
Carex geyeri (CAGE)
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Cover Con

age Range stancy 95% C.I.

white-flowered
hawkweed 1.8 0- 4 33 ± 0.66

rattlesnake-
plantain 1.6 0- 5 44 ± 0.70

mountain
(OSCH) sweet-cicely 1.4 0- 2 56 ± 0.26

starry false
(SMST) Solomon's seal 1.0 0- 1 28

(GATR) fragrant bedstraw 2.0 0- 6 50

bigleaf sandwort 1.0 0-10 29

(ADBI) trail-plant 3.3 0- 5 17

(CARD) pinegrass 9.4 0-15 28 ± 3.10

northwestern sedge
Ross' sedge
Columbia brome
elk sedge

ABGR/LIB02 Habitat Type Productivity Summary

ABGR PIEN PSME

3.0 0- 7

3.0 0-14

3.0 0-14
2.0 0- 3

LAOC

44 ± 1.06
39 ± 2.42
67 ± 1.87
28 ± 0.49

PICO

Age 132.6 127.8 170.9 194.6 99.1

Height (ft) 95.8 141.3 105.7 141.6 77.9

(29.2 m) (43.1 m) 32.2 m) 43.2 im) (23.7 m)

Site Index 84±11 84±9 90 ±11 108±13 85±15

DBH (in) 18.5 21.2 18.5 26.4 11.4
(47.0 cm) (53.7 cm) (47.1 cm) (67 cm) (28.9 cm)

* = Data from Reconnaissance Survey

(continued on next page)
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TABLE 31. (Continued).

Pacific Northwest Productivities

ABGR PSME LAOC PIEN PICO

S.I. S.I. S.I. S.I. S.I.

Hall (1973) [55±4] 80±10 [51±6] [53±12]

Steele (1975)

Pfister (1977) [54]

This Study -(1981) 84±11 90±11 108±13 84±9 85±15

[] = Site Index Base 50
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ABIES GRANDIS/VACCINIUM MEMBRANACEUM (ABGR/VAME) PLANT COMMUNITY TYPE

Grand Fir/Big huckleberry Plant Community Type (Plate 19)

W.V. Johnson (1959) described this plant community in the southern

Wallowa Mountains on steep northerly slopes. Sorbus, Thalictrum occi-

dentale, and Pyrola secunda had high fidelity.

Hall (1973) also described this community on northerly slopes in

the Blue Mountains. He stated that density and composition of ground

vegetation was dependent on tree cover.

Steele (1975, 1976) and Pfister (1973) identified the Abies grandis/

Vaccinium globulare habitat type in central Idaho, the Nez Perce National

Forest and in the Boise and Payette National Forests, respectively.

Paired plots were established in the Poison Creek drainage of Billy

Meadows Study Unit in 1979 to compare an ABGR/VAME community with an

ABGR/LIB02 community. Elevation (1452 m) (4762 ft), aspect (NE),

slope (30%), and slope position were equal between the two samples.

The ABGR/VAME community was on a convexity, whereas the ABGR/LIB02

community was on a complex surface of convexities and concavities.

Canopy coverage differed on the two stands (ABGR/LIB02 = 61%; ABGR/

VANE - 53%). With increasing crown closure the amount of Vaccinium

membranaceum diminished from 27% as found in the ABGR/VAME stand to less

than 10% (13% occurred in the ABGR/LIB02 stand).

The ABGR /VANE plant community type was considered a seral stage

leading to an ABGR/LIB02 climax association on the Billy Meadows Study

Unit. Maintenance of the Vaccinium stands required periodic burning to

maintain crown opening at 30% or greater. Without periodic burning it

appeared Vaccinium would be replaced by the Linnaea union.
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Environmental Factors

ABGR/VANE communities occurred on favorable micro-sites within the

ABGR habitat type. Aspects were generally northerly, but the type also

occurred in coves and on benches where moisture is retained longer in

the Pseudotsuga Zone. Slopes generally were moderate to steep. General-

ly the community was found at the mid-slope position. Soil depths often

were less than adjacent ABGR/LIB02 stands owing to the propensity of

the Vaccinium to occur on convexities where fractured bedrock gives it

competitive advantage and where tree crown closure is likely to be

less than on swale or cove microtopography. Effective soil depths were

likewise less in the ABGR /VANE type. Soil pH averaged slightly more

basic than the ABLA2/LIB02 habitat type. (Table 32)

Arboreal Coverage

Tree overstory canopy coverage averaged 66%. Abies grandis domi-

nated in the overstory sampled stands. The presence of Pseudotsuga,

Larix, and Pinus contorta to significant levels (e.g., Larix practi-

cally equals Abies grandis) attests to the seral nature of these

communities. Larix and Pinus contorta are well know to increase follow-

ing fire and to diminish in abundance by climax.

Ground Coverage

Cryptogams were slightly less prevalent in the ABGR /VAME community

than in the ABGR/LIB02 association and occurred much less than in the

ABLA2/LIB02 habitat type.
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Vegetative Composition

Abies grandis seedlings were 60% more abundant than Pseudotsuga

seedlings. No seedlings were found for Larix and Pinus contorta. The

stand structure for all sampled stands indicated a trend toward domi-

nance by Abies grandis,based on younger size classes. The past domi-

ance by Pinus contorta and Larix was demonstrated by dominance of those

species in the upper size classes.

Vaccinium membranaceum dominated the shrub layer in 83% of the

sampled stands. Rosa gymnocarpa, Lonicera utahensis, Spiraea betuli-

folia, and Berberis repens were other commonly occurring shrubs.

Linnaea borealis was believed to be the future climax dominant

and occurred just 50% of the time. Other members of the Linnaea union

present were Viola orbiculata, Chimaphila umbellata, Pyrola secunda,

Anemone piperi, Osmorhiza chilensis, and Goodyera oblongifolia. Good-

yera was especially notable occurring in all sampled stands.

Carex concinnoides appeared to be disturbance oriented in north-

eastern Oregon. The occurrence and abundance of this species increased

as soil disturbance increased across the Abies grandis communities. It

was apparently a component of stable conditions in Pseudotsuga/Calama-

grostis communities, however.

Stands demonstrating abuse by grazing or browsing animals contained

Trifolium longipes, Carex concinnoides, and Thalictrum occidentale in

greater abundance. Also Vaccinium had similar physiognomy to that des-

cribed for ABLA2/VAME throughout most of the stands visited as a result

of the high game population.
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Successional nature of this community type was demonstrated by the

absence of mesic ABGR/LIB02 species (e.g., Clintonia, Pyrola asarifolia,

Smilacina stellata, Galium, Adenocaulon). High constancy of Calamagros-

tis and Carex concinnoides also illustrated the more open, seral nature

of these stands.

Soil Analysis

01 3 cm thick (max - 6 cm); boundary - abrupt.

02 3-6 cm thick (max - 12 cm); 10 YR 2/2; roots - many, very fine;

boundary - abrupt.

A2 5-46 cm thick (max - 78 cm); 10 YR 4/4 (7.5 YR 4/4); silt; weak,

very fine, granular (subangular blocky); stone - none (few to com-

mon gravels); roots - common to many, medium; pores - many, very

fine, interstitial (vesicular); no mottles; consistency - soft

(loose) when dry friable (loose) and non-sticky when moist; bound-

ary - variable.

B2 43-93 cm thick (max - 137 cm); 7.5 YR 3/4 (10 YR 4/4); loam and

silt loam; moderate, medium, subangular blocky; stone - none to

many, cobbles (gravels); roots - few to common, fine (medium);

pores - many, fine, tubular; no mottles; consistency - soft when

dry, friable and non-sticky when moist; boundary - variable.

None of the sampled soils contained an Al horizon. These were de-

rived from volcanic ash soils. Ash and charcoal were found in layers from

past fires on the sites. Boundaries between horizons varied markedly

from plot to plot and may be related to tree-throw.
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TABLE 32. Abies grandis/Vaccinium membranaceum (ABGR/VAME) Plant Community

Type Data Summary

Elevation - Range 1488-1641 m mean = 1548 m
4881-5382 ft = 5077 ft

*Aspect - Based on 10 reconnaissance plots, 10% slope or greater

4 plots in NW quadrant; 3 plots in NNE section;
2 plots in SW quadrant; 1 plot in SE quadrant

Slope - Range 6-52% mean = 23.5%
2 of 6 plots < 10% slope

Macrorelief - 2 plots steep; 2 plots undulating; 2 plots flat

Microrelief - 2 plots convex; 1 plot flat; 3 plots complex

Position - 1 plot ridgetop; 1 plot upper thirdslope; 3 plots midslope;
1 plot lower thirdslope

Total Soil Depth

Effective Soil Depth

Rooting Depth

- 49-137 cm
19- 54 in

mean = 90.5 cm

= 35.6 in

- 57- 81 cm mean = 41.3 cm
22- 32 in = 16.2 in

- 100-200 cm mean = 166.7 cm
39- 78 in = 65.6 in

Lithic Relationship - talus - 2; bedrock - 4

Bedrock Fracturing - Moderately to well cracked

*pH

Canopy Coverage

*Overstory Averages

= 6.5 (5.8-7.3)

- 66%

- ABGR = 33%;
LAOC = 28%;

* = Data from Reconnaissance Survey

PSME = 15%;
PICO = 24%

(continued on next page)



TABLE 32 (Continued).

Ground Coverage (%)

Lichen - 1.0

Moss - 10.2
Pavement - 0

Rock - 1.0

Bare
ground - 1.8

Litter - 88.2

Vegetative Composition

Range

( 1-1 )

( 1-20)
0

( 0-1 )

( 0-2 )

(78-95)
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Trees (No. Per Hectare)
Seed- Sap-

Species Code lings lings Poles (11-15") (15-20") (20"+)

Abies grandis (ABGR) 5500 1408 200 25 25 0

Pseudotsuga
menziesii (PSME) 2208 8 0

Pinus contorta (PICO) 0 8 0

Larix occi-
dentalis (LAOC) 0 17 17

Shrubs (%)

950 83 17

58 183 17

50 100 17

Cover- Con-

age Range stancy

Vaccinium membranaceum (VANE) big huckleberry 17.8 0-25 83

Rosa gymnocarpa (ROGY) balkhip rose 4.5 0- 7 33

Spiraea betulifolia (SPBE) shiny-leaf spiraea 2.3 0- 3 50

Lonicera utahensis (LOUT2) Utah honeysuckle 1.8 0- 2 67

Symphoricarpos albus (SYAL) snowberry 1.0 0- 1 17

Amelanchier alnifolia (AMAL) serviceberry 1.0 0- 1 17

*Berberis repens (BERE) low Oregon-grape 4.0 0-10 50

* = Data from Reconnaissance Survey

(continued on next page)



TABLE 32 (Continued)

Vegetative Composition (continued)

Forbs (%)

Linnaea borealis (LIB02)

Viola orbiculata (VIOR2)

Trifolium longipes (TRLO)

Thalictrum occidentale (THOC)
Chimaphila umbellata (CHUM)

Pyrola secunda (PYSE)

Anemone piperi (ANPI)

Arnica cordifolia (ARCO)

Viola sp. (VIOLA)

Fragaria vesca (FRVE)

Fragaria virginiana (FRVI)

Goodyera oblongifolia (GOOB)

*Hieracium albiflorum (HIAL)

*Osmorhiza chilensis

*Arenaria macrocarpa
*Aster sp.
*Disporum trachy-

calum

twin-flower
round-leaved violet
long-stalked clover
meadowrue
prince's pine
sidebells pyrola
Piper's anemone
heart leafed arnica
violet
woods strawberry
broadpetal

strawberry
rattlesnake-plantain
white-flowered

hawkweed
(OSCH) mountain sweet-

cicely
(ARMA3) bigleaf sandwort
(ASTER) aster

(DITR) wartberry fairy-
bell

Sedges and Grasses (%)

Carex concinnoides (CACO)

Calamggrostis rubescens (CARU)
Carex rossii (CARO)

Carex geyeri (CAGE)

Bromus vulgaris (BRVU)

northwestern sedge
pinegrass
Ross' sedge
elk sedge
Columbia brome

* = Data from Reconnaissance Suryey
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Cover- Con-

age Range stancy

5.0
4.8

0- 8

0-10
50
67

4.0 0- 4 17

3.8 0- 7 67

2.2 0- 6 83

2.0 0- 4 50

2.0 0- 3 50

2.0 0- 2 17

1.7 0- 3 50

1.6 0- 4 83

1.0 0- 1 33

1.0 1- 1 100

1.8 0- 5 71

3.4 0-15 86

2.6 0- 5 36

1.8 0- 5 36

1.0 0- 1 36

8.7 0-23 50

3.3 0- 5 50

1.5 0- 2 33

1.0 0- 1 17

1.0 0- 1 33
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TABLE 32 (Continued)

ABGR /VANE Plant Community Type Productivity Summary

ABGR PSME LAOC PICO

Age 99 127 120 113

Height (ft) 84.1 (25.6 m) 83.7 (25.5 cm) 95.3 (29.0 cm) 73.2 (22.3 cm)

Site Index 87 ± 43 89 ± 24 89 ± 10 71 ± 6

DBH (in) 13.5 (34.4 cm) 16.0 (40.7 cm) 16.4 (41.7 cm) 9.4 (23.8 cm)

Pacific Northwest Productivities

ABGR PSME PIPO LAOC PIEN ABLA2 PIMO PICO

S.I. S.I. S.I. S.I. S.I. S.I. S.I. S.I.

Hall (1973) [54 ± 4] 71 ± 7 73±5 [50 ± 4] [58 ± 8] [32±7] [46±6]

Steele (1975) [55±10] [66] j [77] -- [54]

This Study
(1981) 87±43 80±24 89±10 71±6

[] = Site Index Base 50



Plate 19. Abies grandis/Vaccinium membranaceum p.c.t. (Stand 327)
(Old growth Pseudotsuga being replaced by Abies)

Plate 20. Pinus contorta/Vaccinium membranaceum p.c.t. (Stand 229)
(Pseudotsuga and Abies saplings replacing decadent Pinus)
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PINUS CONTORTA/VACCINIUM MEMBRANACEUM (PICO/VAME) PLANT COMMUNITY TYPE

Lodgepole Pine/Big Huckleberry Plant Community Type (Plate 20)

Pinus contorta/Vaccinium membranaceum is considered seral to

ABGR/LIB02 habitat type on the Billy Meadows Study Unit. Some investi-

gators have encountered climax Pinus contorta (Steele, 1973; Pfister,

1977) in areas outside the Pacific Northwest. The majority of the

investigators in the Pacific Northwest, including Steele and Pfister,

give Pinus contorta seral status. Hall (1973) identified three

Pinus contorta community types in the Blue Mountains. One of these

was "lodgepole pine/big huckleberry." Volland (1976) identified 21

Pinus contorta plant community types in central Oregon. Hopkins (1979a,b)

classified five Pinus contorta plant community types on the Fremont

National Forest and three on the Winema National Forest. (Table 33)

The elevational.range for Hall's lodgepole pine/big huckleberry

community type was greater than that of this study. He.concluded that

the high occurrence of Vaccinium scoparium indicated higher elevations or

cold air drainage situations. His stands were seral as indicated by the

Abies grandis componentzdn the overstory. Old growth Pinus contorta with

Abies grandis overstory was placed in ABGR/VAME or ABGR/LIB02 groupings

in the Billy Meadows study. Larix and Pinus contorta coverages were

remarkably close between these types. Hall's stands demonstrated a

37% higher cover in Vaccinium membranaceum, which may indicate less

pressure from browsing big game species. The Pinus contorta stands

at Billy Meadows contained significantly higher amounts of Linnaea and

Pyrola. Hall noted that slopes ranged from 2-20% and aspect was northerly.
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Elevations averaged highest for these communities based on the

ridgetop orientation or location near ridgetops along Summit Ridge where

lightning fires have had a high frequency of occurrence. Most stands

had a north aspect on slopes generally less than 15%. Relief was gener-

ally undulating or flat. Soils were deep, overlying a moderately frac-

tured bedrock. Soil pH (6.0) was more acidic than the ABGR /LIBO2

habitat type or the other Vaccinium dominated communities of Billy

Meadows. (Table 34)

Arboreal Coverage

Tree overstory canopy coverage averaged 52% with the majority

consisting of Pinus contorta (88%). Only pioneering tree species made

up the remainder of the overstory.

Ground Coverage

Cryptogams averaged 11% which was lowest of the Abies grandis domil,--

nated or seral Abies grandis communities.

Vegetative Composition

Pinus contorta dominated the understory tree species. A typical

successional profile emerged with Pseudotsuga next in abundance through

the pole stage and with the climax species, Abies grandis, just emerging

on the stand with no occurrence beyond the sapling stage. Larix

showed no increase in the communities with occurrences in the sapling,
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pole, and small overstory size categories, but absent from the seedling

group.

Vaccinium membranaceum dominated the shrub layer with Spiraea and

Rosa highly constant allies. The coverage of Vaccinium and Spiraea

was highest in this type illustrating the open nature of the crown

coverage. Calamagrostis was always present with a very recognizable

sedge component consisting primarily of Carex rossii, Carex geyeri,

and Carex concinnoides.

A linear relationship was found for coverage of Vaccinium membrana-

ceum, Calamagrostis, and Linnaea. Across the five stands sampled, their

coverages decreased uniformly from high to low which may indicate a

relationship between them as site conditions change. Linnaea and Pyrola

were always present with Viola orbiculata, Chimaphila, Thalictrum,

Hieracium, and Arctostaphylos present 80% of the time. Arctostaphylos

was notably high in constancy.

Use by game was significant on these stands. Vaccinium was usually

hedged to 20 or 30 cm. It often was nearly eliminated from the stands

in areas of high game usage with occurrence restricted to protected areas

beneath downed logs where browsing was difficult. In these areas, Tri-

folium longipes would increase and fill the niche created by the loss

of Vaccinium.

Soil Analysis

01 0-3 cm thick (max - 4 cm); roots - common to many, fine to medium;

boundary - clear or abrupt.

02 0-4 cm thick (max - 4 cm); roots - many, fine; boundary - abrupt.
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A2 4-34 cm thick (max - 51 cm); 7 YR 4/4; silt; weak, very fine, granu-

lar or subangular blocky; no stones or few gravels; roots, common,

fine; pores - many, fine, interstitial or tubular; no mottles;

consistency - loose when dry, loose or friable and non-sticky

when moist.

B2 34-102 cm thick (max - 149 cm); 10 YR 4/4 (7.5 YR 3/4); silt loam;

weak to moderate, medium, subangular blocky; few gravels; roots - com-

mon, fine; pores - common (many), fine, tubular; no mottles; consis-

tency - soft when dry, friable and non-sticky when moist; boundary -

general to abrupt.

These stands were located in soils derived from volcanic ash.

Charcoal and wood,ash were generally found in the duff and soil horizons

indicating past occurrence of fire. The soils of PICO/VAPIE sites were

very comparable to ABGR /VAME community type soils.
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TABLE 33. Comparison of Similar Vegetation (Constancy/Coverage)

Hall (1973)
PICO/VAME c.t.

(9 stands)

This Study
PICO/VAME c.t.

(5 stands)

Pinus contorta 100/51 100/53

Abies grandis 78/7

Larix occidentalis 78/3 25/3

Vaccinium membranaceum 100/41 100/26

V. scoparium 67/25

Calamagrostis rubescens 67/16 100/13

Chimaphilla umbellata 56/11 80/6

Carex concinnoides 56/2 40/6

Hieracium albiflorym 56/2 80/2

Arnica cordifolia 44/7 20/1

Linnaea borealis 11/7 100/18

Pyrola secunda 11/1 100/2



237

TABLE 34. Pinus contorta/Vaccinium membranaceum Plant Community

Type Data Summary

Elevation - Range 1525-1613 m mean = 1565.2 m
5002-5291 ft = 5134 ft

Aspect - 2 plots in NW quadrant; 2 plots in NE quadrant;

1 plot in SE quadrant

Slope - Range 2-43% mean = 15.8%
3 of 5 plots 10% or less

Macrorelief - 3 plots flat, smooth; 1 plot undulating;
1 plot steep, smooth

Microrelief - 3 plots convex; 3 plots flat; 1 plot convex

Position - 3 plots lower third slope; 2 plots ridgetop

Total Soil Depth - 60 -200 cm mean = 121.4 cm
23.6- 78.7 in = 47.8 in

Effective Soil Depth - 27 - 60 cm mean = 47.6 cm

10.6- 24 in = 18.7 in

Rooting Depth - 130 -200 cm mean = 176.0 cm

51 - 78.7 in 69.3 in

Lithic Relationship - bedrock

Bedrock Fracturing - moderately cracked

*pH - 6.0 (5.7-6.6)

Canopy Coverage - 51.8%

*Overstory Averages

Ground Coverage

- PICO -88%; LAOC - 4%; PSME - 2%; PIPO - 6%

(%) Range

Lichen - 1.3 ( 0-2 )

Moss - 10.0 ( 3-15)

Pavement - 0 0

Rock - 0 0

Bare Ground - 3.0 ( 0-5 )

Litter - 87.2 (80-94)

* = Data from Reconnaissance Survey



TABLE 34 (Continued)

Vegetative Composition

Trees (No. Per Hectare)

CodeSpecies

Pinus contorta (PICO)

Pseudotsuga menziesii (PSME)
Abies grandis (ABGR)

Larix occidentalis (LAOC)

Shrubs (%)

Vaccinium membranaceum
Spiraea betulifolia
Amelanchier alnifolia
Rosa gymnocarpa
Lonicera utahensis
Berberis repens

Forbs (%)

Trifolium longipes
Linnaea borealis
Viola sp.
Viola orbiculata
Chimaphilla umbellata
Anemone piperi
Thalictrum occidentale
Fragaria virginiana
Fragaria vesca
Lupine sp.
Pyrola secunda
Hieracium albiflorum

Arctostaphylos uva-
ursi

Arnica cordifolia
Osmorhiza chilensis
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Seed- Sap-

lings lings Poles (11-15") (15-20") (20"+)

3850 2560 670 90 0 0

3300 570 50 0 0 0

950 170 0 0 0 0

0 50 100 10 0 0

(VAME) big huckleberry
(APBE) shiny-leaf spiraea
(AMAL) serviceberry
(ROGY) baldhip rose

(LOUT2) Utah honeysuckle
(BERE) low Oregon-grape

(TRLO) long-stalked clover

(LIB02) twin-flower
(VIOLA) violet

(VIOR2) round-leaved violet
(CHUM) prince's pine

(ANPI) Piper's anemone
(THOC) meadowrue
(FRVI) broadpetal strawberry
(FRVE) woods strawberry

(LUPIN) lupine
(PYSE) sidebells pyrola
(HIAL) white-flowered hawk-

weed

(ARUV) kinnickinnick
(ARCO) heart leafed arnica
(OSCH) mountain sweet-cicely

(continued on next page)

Cover-
age Range

Con-
stancy

26.4 9- 42 100

3.8 0- 7 80

3.0 0- 3 20

2.7 0- 5 60

1.0 0- 1 20

1.0 0- 1 20

35.0 0-35 20

18.2 3-40 100

13.0 0-13 20

12.5 0-24 80

6.3 0-10 80

4.7 0-11 60

4.0 0-12 80

2.7 0- 6 60

1.0 0- 1 40

2.7 0- 5 60

2.2 1- 7 100

2.0 0-4 80

4.0 0- 7 80

1.0 0- 1 20

1.0 0- 1 60



TABLE 34 (Continued)

Vegetative Composition (continued)

Sedges and Grasses (%)
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Cover- Con-

age Range stancy

Calamagrostis rubescens (CARU) pinegrass 13.4 3-34 100

Carex rossii (CARO) Ross' sedge 12.0 0-27 60

Carex concinnoides (CACO) northwestern sedge 5.5 0- 6 40

Carex geyeri (CAGE) elk sedge 4.7 0-11 60

Bromus vulgaris (BRVU) Columbia brome 1.0 0- 1 20

PICO/VAME Plant Community Productivity Summary

Age
Height (ft)
Site Index
DBH (in)

PICO

84

63.6 (19.4 m)

75±8
8.6 (22 cm)

LAOC

76

68.6 (20.9 _m)
83

12.2 (31 cm)
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PSEUDOTSUGA MENZIESII/CALAMAGROSTIS RUBESCENS (PSME/CARU) HABITAT TYPE

Douglas Fir/Pinegrass Habitat Type (Plate 21)

The Pseudotsuga/Calamagrostis habitat type was first identified by

Daubenmire (1952) in northern Idaho. His associations were essentially

shrub-free and dominated by Pseudotsuga (Table 35). Carex concinnoides,

Carex geyeri, and Arnica cordifolia were characteristic herbaceous associ-

ates. He found it to be the highest elevation association of the Pseudo-

tsuga series (ranging from 1,163-1,875 m or 3,815-6,150 ft). His stands

showed a significant drop in soil pH from the PSME/PHMA to the PSME/CARU

of 6.25 to 5.90, respectively. The pH found in this study for the two

habitat types was 6.5 for both.

Tisdale and McLean (1957) and McLean .(1970) described a similar habi-

tat type for British Columbia. McLean found a higher abundance of Arcto-

staphylos, Spiraea, Calamagrostis, and Carex concinnoides in these stands.

Steele (1975) found Pinus contorta to be the most common seral coni-

fer on the PSME/CARU habitat types of central Idaho. A notable difference

was the relatively high coverage and almost constant occurrence of Sympho-

ricarpos oreophilus; a species totally absent at Billy Meadows. He found

no Festuca occidentalis or Trifolium in his plots. On the Nez Perce Na-

tional Forest, Steele (1976) did not find Symphoricarpos oreophilus, Carex

concinnoides, Festuca occidentalis, or Antennaria racemosa.

Pfister (1977) considered the PSME/CARU habitat type to be the most

ubiquitous habitat type of the Pseudotsuga series in Montana. He found

Arnica to be the most common forb, as did all the above-named investiga-

tors. At Billy Meadows, Arnica was surprisingly low in abundance, with

Fragaria the most commonly associated forb.
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Environmental Factors

Concurring with findings by Daubenmire and Pfister, the PSME/CARU

habitat type was the highest elevation member of the Pseudotsuga series

in Billy Meadows Study Unit. Seventy percent of the stands were in the

western aspect hemisphere with primary orientation to the south. Slopes

were less steep than PSME/PHMA habitat type and steeper than PSME/SYAL

habitat type. Most stands were on 10% or greater slopes. Macro-

reliefs were steep with plots located predominantly on convexities.

No one slope position dominated. Soil depths were shallowest of the

Pseudotsuga habitat types. Samples were located over well cracked

to moderately cracked bedrock or on talus (Table 36).

Arboreal Coverage

Canopy coverage by overstory trees was lowest of the Pseudotsuga

habitat types. Old growth Pinus ponderosa was generally dominant or

co-dominant with Pseudotsuga as the stands succeed towards climax from

fire protection. The only other notable tree associate in the stands

was Pinus contorta which was seral as a result of past fire activity.

Ground Cover

Surface rock was highest of the Pseudotsuga habitat types

based on relatively shallow soils and a high percentage of rocky out-

crops. Crytogam levels were lowest of the Pseudotsuga series due to

the open nature of the overstory, the competitive stoloniferous Calama.

grostis, and the impact of the litter buildup.
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Litter has been studied by Moir (1965, 1966) and McConnell (1971)

in old growth Pinus ponderosa communities. The litter accumulation

with accompanying absence of fire was detrimental to tree seed germina-

tion, annuals, mosses, and lichens. Soils became more acidic and may

have prohibited tree germination as litter accumulation and ground

vegetation decreased. Pine needles, and presumably fir needles, affect-

ed nitrification since they decomposed slowly because of high resins,

lignins and other organic compounds that were generally resistant to

chemical breakdown. Tree roots quickly drained the short nitrate sup-

ply leaving ground vegetation with less and less as litter increased.

Vegetative Composition

Pinus ponderosa dominated the upper diameter classes. Due to the

protection afforded these communities, Pseudotsuga was beginning to

assume total dominance of the previously open-growing PIPO/CARU communi-

ties. Larix and Pinus contorta occurred as relicts from past fire seres.

Seedlings of Abies grandis and Picea engelmannii resulted from a

more mesic microenvironment permitting their survival and by an oppor-

tunistic colonization during favorable years.

PSME/CARU communities were often adjacent to PSME/PHMA stands.

The Physocarpus union occurred in swales or on rocky outcroppings where

the opportunistic Physocarpus plants could tap ready moisture easier than

gramineous plants. The PSME/CARU habitat type occurred on convexities

or talus slopes adjacent to the Physocarpus. Berberis repens was found

under intense shading on the litter layer where no other plant competition

existed.
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Forbs did not occur to any large extent in the PSME/CARU habitat

type. Antennaria racemosa occurred only in the Calamagrostis and Physo-

carpus unions in the Pseudotsuga series. Daubenmires (1968c), Steele

(1975), and Pfister (1977) all found Arnica cordifolia in abundance on

their stands. It was very minor in the Billy Meadows stands.

Festuca occidentalis, Carex concinnoides, and Carex geyeri all

comprised a significant part of the Calamagrostis sward. Carex geyeri

appeared to increase with tree overstory disturbance. As disturbance

continued, Fragaria, Thalictrum, Arenaria, and Trifolium all tended to

increase in these communities. ,Trifolium was present in over half the

stands with 10% coverage. No other Pacific Northwest investigator

documented Trifolium in their plots. It was probably increasing in this

area from heavy uilization by elk and livestock. Stipaoccidentalis var.

minor was invading on the poorer condition sites.

In late August, when the bunchgrasses had dessicated, a noticeable

use of Calamagrostis occurred by all classes of ungulates. Prior to

this time, the species was substantially avoided.

Soil Analysis

Al 0-45 cm thick (max - 125 cm); 5 YR 3/2 (10 YR 2/2); silt loam,

weak (moderate), medium (fine), granular (subangular blocky);

common, gravels (cobbles); roots - few to common, fine to medium;

pores - many (common), fine, interstitial (tubular); some mottles;

consistency - soft when dry, friable and non-sticky when moist;

boundary - general.

A2 0-47 cm thick (max - 50 cm); 7.5 YR 3/4 (10 YR 3/3); silt, weak,

very fine; granular; few to common, gravels; roots - common, fine

to medium; pores - many, very fine, interstitial; no mottles;
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consistency - loose when dry, loose and non-sticky when moist;

boundary - general or abrupt.

B2 45-84 cm thick (max - 100 cm); 5 YR 3/3; silt loam (loam) (silty

clay loam); moderate, medium, subangular block; few (many), gravels

or cobbles; roots - few or common, medium; pores - common, fine,

tubular; mottled; consistency - soft when dry, friable and non-

sticky (sticky) when moist; boundary - general or abrupt.

B2t 45-55 cm thick (max - 55 cm); 2.5 YR 3/5; silty clay loam or

clay loam; moderate to stony, medium to coarse, subangular blocky;

many, cobbles or stones; roots - few, fine or coarse; pores - few,

fine to medium, tubular; mottles; consistency - hard when dry,

firm and sticky when moist; boundary - abrupt or general.

None of the PSME/CARU soils contained an "0" horizon. Most of the

soils were ashy or of homogenized ash. Coarse gravels and cobbles

were scattered throughout the solum. Roots always penetrated the rock

easily. Charcoal was found scattered throughout the surficial horizons.

Gopher activity was evident in the soils of poorer condition stands.
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TABLE 35 . Comparison of Similar Vegetation (Constancy/Coverage)

Daubenmires
(1968)

PSME/CARU
h.t.

(13 stands)

Steele
(1975)

PSME/CARU
h.t.

(44 stands)

Steele
(1976)

PSME/CARU
h.t.

(13 stands)

Pfister
(1977)

PSME/CARU
h.t.

(62 stands)

This Study
PSME/CARU

h.t.

(13 stands)

Spiraea
betulifolia 38/3 20/1 40/1 80/4 61/5

Symphoricarpos
albus 31/1 10/2 20/3 40/1 69/5

S. oreophilus 80/8

Arctostaphylos
uva-ursi 31/13 20/8 30/11 8/2

Berberis repens 31/1 50/4 50/1 70/2 46/2

Calamagrostis
rubescens 100/76 100/56 100/48 100/45 100/34

Carex
concinnoides 77/3 3/tr 61/6

Carex geyeri 46/17 80/18 90/13 60/13 85/12

Festuca
occidentalis 31/2 61/4

Achillea
millefolium 69/1 40/3 77/5

Antennaria
racemosa 31/6 20/3 15/18

Arnica cordifolia 54/16 70/17 60/8 90/16 8/1

Fragaria vesca 20/1 20/2 92/5

F. virginiana 61/3 10/7 20/13 61/4

Trifolium longipes 54/10
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TABLE 36 . Pseudotsuga menziesii/Calamagrostis rubescens Habitat Type

Data Summary

Elevation - Range 1208-1610 m mean _= 1461.8 m 95% C.U. = ±72.6

3962-5281 ft = 4795 ft

Aspect - 5 plots SW quadrant; 3 plots NW quadrant; 1 plot NE quadrant;

2 plots SE quadrant
70% of samples in western hemisphere (between 225-315°)

Slope - Range 2-61% mean = 33.3% 95% C.I. = ±10.9

11 of 13 plots < 10% slope

Macrorelief 3 plots steep, irregular; 6 plots steep, smooth;
2 plots undulating; 2 plots flat, smooth

Microrelief - 8 plots convex; 3 plots complex; 2 plots flat

Position - 4 plots ridgetop; 3 plots upper third; 4 plots lower third;

2 plots midslope

Total Soil Depth

Effective Soil Depth

Rooting Depth

Lithic Relationship

Bedrock Fracturing

*pH

Canopy Coverage

*Overstory Averages

- 45 -125 cm mean = 66.4 cm 95% C.I. = ±16.3

17.7-49.2 in = 26.1 in

- 18 - 56 cm mean = 33.8 cm 95% C.U. = ± 6.8

7.1- 22.0 in = 13.3 in

- 75 -200 cm mean = 131.5 cm
29.5- 78.7 in 51.8 in

- talus - 4; bedrock - 9

- moderately cracked - 3; well cracked - 5;

rotten - 1; not applicable - 4

- average 6.5 (6.1-7.3)

- 53.8% 95% = 3.9

- PSME - 46.1%; PIPO - 44.6%; PICO - 9.3%

* = Data from Reconnaissance Survey

(continued on next page)



TABLE 36 (Continued).

Ground Coverage (%) Range

Lichen - 2.4 ( 0-6 )

Moss - 4.8 ( 0-14)

Pavement - 1.0 ( 0-1 )

Rock - 4.3 ( 0-14)

Bare Ground - 10.6 ( 1-20)

Litter - 79.8 (49-97)

Vegetative Composition
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Trees (No. Per Hectare)
Seed-

Code lings
Sap-
lings Poles (11-15") (15-20") (20"+)Species

Pseudotsuga
menziesii (PSME) 3173 308 96 27 27 38

Pinus
ponderosa (PIPO) 346 31 11 15 35 65

Abies
grandis (ABGR) 385 0 0 0 0 0

Picea engel-
mannii (PIEN) 19 0 0 0 0 0

Larix occi-
dentalis (LAOC) 0 0 4 0 0 0

Shrubs (%)

Cover- Con-

age Range stancy 95% C.I.

Physocarpus
malvaceus

Vaccinium mem-
branaceum

Symphoricarpos
albus

Spiraea betuli-
folia

Berberis repens
Rosa gymnocarpa
Rosa spp.6

(PHMA) ninebark

(VANE) big huckleberry

(SYAL) snowberry
shiny-leaf

(SPBE) spiraea

(BERE) low Oregon-grape
(ROGY) haldhip rose
(ROSA) rose

5.5 0-10 15 ±3.8

5.3 0- 7 31 ±0.9

5.1 0-10 69 ±1.9

4.8 0- 9 61 ±1.7

2.3 0- 6 46 ±1.2

1.8 0- 3 31 ±0.6
1.3 0- 2 23 ±0.3

6Rosa woodsii and Rosa nutkana hybridize freely in this area. They

were combined as Rosa spp. (ROSA) in this study.

(continued on next page)



TABLE 36 (Continued).

Forbs (%)

Trifolium
longipes

Thalictrum
occidentale

Lupinus sp.
Fragaria vesca
Fragaria

virginiana
Achillea

millefolium
Mitella

stauropetala
Galium

triflorum
Viola sp.
Goodyera oblong-

ifolia
*Arenaria macro-

phylla
Antennaria

racemosa
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Cover- Con-

age Range stancy 95% C.I.

long-stalked
(TRLO) clover 10.3 0-24 54 ±5.7

(THOC) meadowrue 8.0 0-35 46 ±8.1

(LUPIN) lupine 7.3 0-19 31 ±4.9

(FRVE) woods strawberry 5.4 0-18 92 ±3.4

(FRVI) broadpetal strawberry 4.0 0-13 61 ±2.4

(ACMIL) yarrow 4.6 0-12 77 ±2.5

side-flowered
(MIST2) mitrewort 4.5 0- 5 15 ±0.4

(GATR) fragrand bedstraw
(VIOLA) violet

rattlesnake-
(GOOB) plantain

(ARMA3) bigleaf sandwort

(ANRA) raceme pussytoes

Sedges and Grasses (%)

Calamagrostis
rubescens

Carex geyeri
Carex con-

cinnoides
*Stipa occident-

alis minor
Carex rossii
*Festuca occi-

dentalis
Festuca

idahoensis
Agropyron

spicatum
Koeleria

cristata (KOCR) prairie junegrass
Bromus carinatus (BRCA) mountain brome

Poa pratensis (POPR) Kentucky bluegrass

3.0 0- 3 8

2.0 0- 6 38 ±1.4

1.5 0- 2 15 ±0.4

5.7 0-10 69

18.0 0.:31 15

(CARU) pinegrass 34.3 14-55 100 ±8.7

(CAGE) elk sedge 11.5 0-29 85 ±4.9

(CACO) northwestern sedge 6.3 0-12 61 ±2.7

(STOCM) small needlegrass 5.0

(CARO) Ross' sedge 4.0

(FEOC) western fescue 4.3

(FEID) Idaho fescue 8.5

(AGSP) bluebunch wheatgrass 6.5

* = Data from Reconnaissance Survey

(continued on next page)

3.5

2.0
2.0

0- 5 23

0- 6 23 ±1.2

0-15 61

0-13 15

0- 8 15

0- 5 15

0- 2 15

0- 2 8

±3.8

±1.3

±1.3



TABLE 36 (Continued)

PSME /CARD Habitat Type Productivity Summary

PSME PIPO LAOC

Age 140 215 97

Height (ft) 84 (25.6 m) 110 (33.5 .m) 56 (17 m)

Site Index 81±8 79 57

DBH (in) 18.7 (47.5 cm) 25.3 (64.3 cm) 9.8 (24.9 cm)

Pacific Northwest Productivities

PIPO PSME ABGR LAOC PICO

S.I. S.I. S.I. S.I. S.I.

Hall (1973) 75± 4 76± 3 [56± 3] [54± 8]

Steele (1975) [60±10] [53±16]

Pfister (1977) [50± 8] [47± 6]

This Study (1981) 79 81± 8 57

[ ] = Site Index Base 50

[44]

[48]
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Plate 21. Pseudotsuga menziesii/Calamagrostis canadensis Habitat
Type (Stand 282)

Plate 22. Pseudotsuga menziesii/Physocarpus malvaceus Habitat Type
(Stand 328)
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PSEUDOTSUGA MENZIESII/PHYSOCARPUS MALVACEUS (PSME/PHMA) HABITAT TYPE

Douglas-Fir/Mallow Ninebark Habitat Type (Plate 22)

This association was first described by Daubenmire (1952) in

northern Idaho as a topographic climax. He found it zonally above

Pinus/Physocarpus and beneath Abies/Pachistima. Pseudotsuga/Physocarp-

us was found on all exposures but with northerly limitation at lower

elevations. His stands were notably more mesic (as demonstrated by

higher coverage of Smilacina racemosa, Arnica cordifolia, and Bromus

vulgaris) and less disturbed (as demonstrated by absence of Trifolium

longipes, Mitella, and Fragaria (Table 37). His shrub coverage of

Holodiscus, Rosa, Spiraea, and Symphoricarpos was significantly greater

which may reflect the relatively stable nature of his stands compared

to those at Billy Meadows.

Steele (1975) found the association occupying northerly aspects at

moderate elevations in the Idaho batholith, Seven Devils, and Salmon

River uplands. He also found higher percentages of Rosa, Spiraea,

and Symphoricarpos, but does not record any Holodiscus (Table 37).

Trifolium and Mitella stauropetala were absent on his sites and Arenaria

was sharply reduced from that found at Billy Meadows. On the Nez Perce,

Steele (1976) located PSME/PHMA stands between 3150 and 5860 ft (960-

1787 m) on steep north slopes. Mitella stauropetala and Trifolium were

absent, but there was a greater similarity to Billy Meadows as shown by

his stand data. Amelanchier, Rosa, Smilacina racemosa and Arnica were

at higher levels than at Billy Meadows, but his stands contained less

Calamagrostis and Arenaria.
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In northern Idaho Cholwea (1977) studied stands of this association

in climax and of varying kinds and degrees of disturbance. In climax,

her stands were similar to the Billy Meadow stands. Her Physocarpus cov-

er (68%) was higher than in this study (37%) but all other shrub cover-

ages were equivalent (Table 37). She found no Bromus vulgaris, Fragaria,

and Mitella in cliMax stands. Calamagrostis and Arenaria were lower in

cover. Her findings on disturbed sites were as follows:

Logging - Holodiscus and Rosa favored

Burning - Ceanothus sanguineus and Spiraea favored

Logging & - Rubus parviflora,Symphoricarpos, and Ceanothus

Burning increased

Grazing - Symphoricarpos and Spiraea reduced

- Physocarpus and Holodiscus unchanged

(Sites ungrazed, - Spiraea, Symphoricarpos and Holodiscus double

then logged coverage

(Sites logged, - Amelanchier and Prunus virginiana increase

then grazed)

Pfister (1977) found PSME/PHMA stands in Montana from 2,000-6,700 ft

(610-2,043 m) predominantly on moist north or east-facing slopes. On warm

exposures in west-central Montana, he identified a Calamagrostis phase rep-

resenting a transition from PSME/PHMA to PSME/CARU or PSME/AGSP habitat

types. Arenaria, Fragaria, Rosa, Bromus, and Trifolium were missing in

his stands (Table 37). Disporum, Osmorhiza, and Xerophyllum were present

in the Montana stands, but absent from Billy Meadows PSME/PHMA stands.

In the Blue Mountains at Starkey, Ganskopp (1979) encountered PSME/

PHMA associations favoring north slopes, but not restricted to them.
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With the exception of the PIPO/SYAL habitat type, this type occurred

at the lowest average elevations on the study unit. Eighty percent of

the stands occurred on the northern aspects on steep slopes ranging

from 20-84%. No plots occurred on flat ground. Ninety percent occurred

on steep slopes that were predominantly at the upper third of the slope.

Soil depths were intermediate over talus or moderately cracked bedrock.

Soil pH averaged 6.5 which was high in comparison to Daubenmire (6.2)

and Pfister (5.8 - 6.2)

Aboreal Coverage

(Table 38)

Overstory canopy coverage averaged 58% which was near the high

level of closures in forested stands sampled on the study unit. Pseudo-

tsuga comprised 51% of the overstories sampled with pioneering species

making up the balance (Pinus ponderosa - 27%; Larix - 22%).

Ground Coverage

The relatively xeric nature of the communities was shown by the

coverage of rock and erosion pavement on the slopes. Bare ground was

lowest for the Pseudotsuga habitat types, but higher than all other habi-

tat types exclusive of Pseudotsuga. The concentration of game and

livestock in the shady stringers adjacent to steppe rangeland may

have influenced the bare soil percentage.

Vegetative Composition

Pseudotsuga dominated all size classes except for the largest where

old growth Pinus ponderosa dominated as a seral relict. Barrett (1962)
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found Pinus ponderosa achieved its best volume growth on Pseudotsuga

sites. Larix occurred occasionally at Billy Meadows as a relict with

a few Abies grandis saplings present from opportunistic establishment

via adjacent Abies stands.

Physocarpus totally dominated the understory helping to exclude

tree regeneration and reduce lower size classes from the populations.

Spiraea and Symphoricarpos were other very commonly occurring shrubs.

Amelanchier, Acer, and Holodiscus occurred more occasionally in these

stands. Other researchers found Rubus parviflora as a significant

component (e.g., Steele on the Nez Perce - 50/5; Cholewa - 75/4), but

it was nearly absent from the Billy Meadows Study Unit.

Calamagrostis rubescens formed a very prevalent stand with Carex

geyeri beneath the Physocarpus. Where this gramineous layer was lack-

ing, Mitella, Arenaria, Thalictrum, frasaria, and Trifolium often

occurred. These tended to increase with disturbance.

Generally, PSME/PHMA stands did not populate the undulating or

flat ground above the dissected slopes on the plateau or ridgetop. In

the few cases where it did, the stands were disturbed from logging the

old growth pine component and had been severely overgrazed to a Poa

pratensis disclimax.

Fire had been a common ecological force in the canyon. The steep,

north slopes carried fire readily with ground fires and ground-crown

fires common over time. Many of the Pseudotsuga stands were even-aged

as a result (e.g., - Plots 176 and 254). Others with more periodic

ground fire history contained old growth Pinus ponderosa and Larix with

uneven-age structure for the Pseudotsuga. Fire scars were aged on one
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plot using cat faces of old growth Pinus ponderosa. The fire was dated

at 135 years ago. Pseudotsuga on the site averaged 127 years old.

Under higher moisture levels in these stands, Acer, Amelanchier,

and Sorbus frequently occurred with Rubus parviflora and Goodyera occupy-

ing seepages. These plants also showed affinities to arboreal canopy

differences. Under heavy tree overstories litter with mosses and lichens

tended to dominate and only Arenaria and Mitella were abundant. Where

tree canopies opened, Physocarpus grew more rank. Under the Physocarpus

in openings, mosses and lichens occurred with greater dominance by

Spiraea,Calamagrostis, and Syntheris. Mitella appeared throughout

both areas with equal abundance. Physocarpus grew higher in stature

(6-10 ft or 2-3 m) in openings and around scattered old growth Pinus

and Larix. The understory generally formed a mosaic created by clumpi-

ness of Physocarpus with Calamagrostis and Carex geyeri beneath, and

open swards of Calamagrostis and Carex geyeri between these Physocarpus

islands. Peltigera apthosa and Peltigera canina commonly occurred

with mosses beneath dense overstory canopies.

Since these communities form a vertical band of cover and shade

from canyon bottom to canyon top, wildlife and domestic stock utilize

PSME/PHMA stands to a great extent. The communities are generally laced

with trails. Signs of disturbance included browsed Physocarpus and

Holodiscus plants and the presence of patches of Trifolium longipes

on recently churned soil.

It is worthy of note that the Pinus ponderosa/Physocarpus malvaceus

habitat type (Daubenmire, 1952) was absent from Billy Meadows Study

Unit but did occur at lower elevations adjacent to the area.
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Soil Analysis

01 0-5 cm thick (max - 6 cm); boundary - abrupt

02 5-7 cm thick (max - 9 cm); roots - many, very fine; boundary -

abrupt.

Al 5-26 cm thick (max - 40 cm); 10 YR 2/2 (7.5 YR 3/2); silt loam,

moderate, medium, granular; common gravels; roots - many, fine;

pores - many, fine, interstitial (tubular); no mottles; consistency -

soft when dry, friable and non-sticky when moist; boundary - general.

B2 26-89 cm thick (max - 150 cm); 7.5 YR 3/2 (10 YR 3/2); loam or

silt loam; moderate, medium, subangular blocky; many (common),

gravels (cobbles); roots - common (few), fine; pores - many, fine,

tubular; no mottles; consistency - soft when dry, friable and

non-sticky or slightly sticky when moist; boundary - variable.

B2t 26-93 cm thick (max - 100 cm); 10 YR 3/3 (10 YR 4/6); silty clay

loam; moderate, medium, subangular blocky; common to many cobbles;

roots - few, fine to medium; pores - common, fine, tubular; no

mottles; consistency - soft when dry, soft or hard and slightly

sticky to sticky when moist; boundary - general.

The soils showed signs of creep on these steep slopes. Charcoal

was found in most soils of the stands indicating the past role of fire.

Two of the ten soils contained B2t horizons and only one stand contained

a soil with an A2 horizon.



TABLE 37. Comparison of Similar Vegetation in the Literature

Daubenmires
(1968)

PSME/PHMA
h.t.

(13 stands)

Steele
(1975)

PSME/PHMA
h.t.

(32 stands)

Steele
(1976)

PSME/PHMA
h.t.

(15 stands)

Cholewa
(1977)

PSME/PHMA
h.t.

(4 stands)

Pfister
(1977)

PSME/PHMA
h.t.

(45 stands)

This Study

PSME/PHMA
h.t.

(10 stands)

Physocarpus malvaceus 100/13 100/59 100/36 100/68 90/51 90/37

Amelanchier alnifolia 77/3 100/4 100/5 50/tr 70/5 40/3

Holodiscus discolor 54/9 50/12 50/8 20/18 10/5

Rosa gymnocarpa 38/12 20/10 70/5 50/2 30/3

Spiraea betulifolia 92/4 80/18 90/7 75/4 80/5 60/7

Symphoricarpos albus 92/18 40/13 90/13 100/8 0/15 80/6

Bromus vulgaris 54/6 10/1 50/5 20/1

Calamagrostis rubescens 62/7 50/12 50/8 100/1 80/20 90/14

Carex geyeri 46/32 70/16 50/29 75/6 50/8 80/9

Trifolium longipes 50/4

Arnica cordifolia 77/15 90/9 80/11 100/6 80/8 10/19

Thalictrum occidentale 62/4 30/7 70/4 100/7 60/2 60/6

Smilacina stellata 15/5 10/2 30/1 50/11 20/1 10/2

Fragaria spp. 62/2 40/4 40/1 80/4

Mitella stauropetala 38/3 80/7

Arenaria macrophylla 69/10 60/4 70/7 100/5 89/18

Smilacina racemosa 54/2 80/2 90/4 100/3 60/1 20/1



TABLE 38. Pseudotsuga menziesii/Physocarpus malvaceus Habitat Type

Data Summary

Elevation - Range 1000-1602 m
3280-5255 ft = 4398 ft
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mean = 1341 m 95% C.I. = ±114.9

Aspect - 4 plots - NW quadrant; 4 plots - NE quadrant;
1 plot - SE quadrant; 1 plot - SW quadrant
80% of samples in northern hemisphere

Slope - Range 20-84% mean = 56.1% 95% C.I. = ± 13.1

All plots < 10%

Macrorelief - 4 plots steep, irregular; 2 plots steep, dissected;
3 plots steep, smoot; 1 plot undulating

Microrelief - 2 plots convex; 2 plots concave; 1 plot flat; 5 plots complex

Position - 6 plots upper third; 2 plots midslope; 2 plots lower third;

all plots on slopes

Total Soil Depth

Effective Soil Depth

Rooting Depth

28-150 cm
(11- 59 in)

mean = 81.2 cm
= 32 in

95% C.I. = ± 25.8

- 16- 50 cm mean = 34.3 cm 95% C.I. = ± 8.2

( 6- 20 in) = 13.5 in

- 40-200 cm
(16- 79 in)

mean =152.0 cm
= 60.0 in

Lithic Relationship - talus - 6; bedrock - 4

Bedrock Fracturing - 5 plots moderately cracked; 4 plots not applicable;
1 plot few cracks

*pH

Canopy Coverage

*Overstory Averages

- average - 6.5 (6.1-7.1)

- 58.3%

- PSME = 51%

* = Data from Reconnaissance Survey

95% C.I. = ±8.2

PIPO = 27% LAOC = 22%

(continued on next page)



TABLE 38 (Continued)

Ground Coverage (%)

Lichen
Moss
Pavement
Rock
Bare Ground
Litter

- 4.0
- 12.7

- 1.0
- 2.2
- 7.7

- 74.3

Range

0-11
1-46

0- 1
0- 3
1-18

40-96
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Vegetative Composition

Trees (No. Per Hectare)
Seed- Sap-

Species Code lings lings Poles (11-15") (15-20") (20"+)

Pseudotsuga menziesii (PSME) 825 368

Pinus ponderosa (PIPO) 150 5

Larix occidentalis (LAOC) 0 9

Abies grandis (ABGR) 0 5

Shrubs (%)

Physocarpus
malvaceus

Berberis repens
Acer glabrum
Spiraea betuli-

folia
Symphoricarpos

albus
Rosa gymnocarpa
Amelanchier

alnifolia

290
0

20
0

45

5

0

0

15 5

5 50

0 0

0 0

Cover- Con-

age Range stancy 95% C.I.

(PHMA) ninebark 36.6

(BERE) low Oregon-grape 28.0

(ACGL) Rocky Mountain maple 8.0

(SPBE) shiny-leaf spiraea 7.2

(SYAL) snowberry
(ROGY) baldhip rose

(AMAL) serviceberry

0-61 90

0-55 20

0-10 20

t 9.7
±27.3
t 2.0

0-24 60 t 6.3

5.8 0-13 80 t 2.8

3.3 0- 6 30 1.8

2.8 0- 6 40 t 1.6

(continued on next page)



TABLE 38 (Continued).

Vegetative Composition (continued)

Forbs (%)

Arnica cordi-
folia

Mitella
stauropetala

Thalictrum
occidentale

Fragaria vesca
Fragaria

virginiana
Trifolium

longipes
Achillea

millefolium
Smilacina

stellata
Trifolium sp.
Woodsia oregana
*Arenaria macro -

phylia

heart leafed
(ARCO) arnica

side-flowered
(MIST2) mitrewort

(THOC) meadowrue
(FRVE) woods strawberry

broadpetal
(FRVI) strawberry

(TRLO) long-stalked clover

(ACMIL) yarrow
starry false

(SMST) Solomon's seal
(TRIFO) clover
(WOOR) woodsia

(ARMA3) bigleaf sandwort

Sedges and Grasses (%)

Calamagrostis
rubescens

Carex geyeri
Carex rossii
Poa pratensis
Carex con-

cinnoides

(CARU) pinegrass
(CAGE) elk sedge
(CARO) Ross' sedge
(POPR) Kentucky bluegrass

(CACO) northwestern sedge

PSME/PHMA Habitat Type Productivity Summary

Age
Height (ft)
Site Index
DBH (in)

PSME PIPO

(stand 260)

260

Cover- Con

age Range stancy 95% C.I.

19.0

6.6

6.2
4.4

4.3

4.0

0-19

0-19

0-17
0-13

0- 9

0-14

10

80

60
70

30

50

± 4.9

± 5.5
± 3.1

± 3.0

± 4.0

2.0 0- 2 10

2.0 0- 2 10

13.0 0-13 10

19.0 0-19 10

17.8 0-40 89

14.4 0-45 90 ±11.3
9.1 0-17 80 ± 3.8

6.0 0- 6 10 --

4.0 0- 5 20 ± 1.0

3.5 0- 6 20 ± 2.5

LAOC

100.1 264.5 (Avg = 450 yr) 180

81.8 (24.9 _m) 107.2 (32.7 ,m) 107.7 ( 32.8 m)

85 79 86

15.3 (38.8 cm) 28.4 (72.1 cm) 77.7 (197.4 cm)

* = Data from Reconnaissance Survey

(continued on next page)
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TABLE 38 (Continued).

Pacific Northwest Productivities

Hall (1973)

PIPO PSME PICO
S.I. S.I. S.I.

LAOC
S.I.

72± 4 69±13 [48± 6]

Steele (1975) [67±10] [62± 8]

Pfister (1977) [59±14] [58± 6] [48] [57]

This Study (1981) 79 85 86

[ ] = Site Index Base 50



PSEUDOTSUGA MENZIESII/SYMPHORICARPOS ALBUS (PSME/SYAL) HABITAT TYPE

Douglas Fir/Common Snowberry Habitat Type (Plate 23)
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The Daubenmires (1968c) provided the first habitat type description of

this association. They considered Symphoricarpos, Spiraea, Rosa woodsii

and Rosa nutkana as primary members of the Symphoricarpos union. Cala-

magrostis, if present, was poorly represented. The Billy Meadows stands

were very similar to those they studied. Arenaria was more prevalent

in stands of this study with less Carex geyeri and an absence of Arnica

(Table 39 ).

W.V. Johnson (1959) described a PSME/SYAL community consisting of

Pseudotsuga, Pinus ponderosa, Symphoricarpos, Spiraea, Calamagrostis,

Carex geyeri, Amelanchier, and Prunus in the southern Wallowa Mountains

from 3000-4000 ft (915-1220 m). He found it on slopes of 15-20% with

northerly aspects at lower elevations and southerly aspects at the

higher ranges.

In central Idaho, Steele (1975) found the PSME/SYAL habitat type

on warm dry slopes and benches at low to mid elevations of the forested

zone. Unlike the depauperate understory of low species diversity found

by Daubenmire and at Billy Meadows, Steele's stands were rich with

high coverages of Calamagrostis, Spiraea, Prunus, Smilacena racemosa,

and Thalictrum (Table 39). His stands for the Nez Perce (1976) equated

to those used for the central Idaho study.

Pfister (1977) identified PSME/SYAL as one of the more common habi-

tat types in Montana. Pinus ponderosa frequently dominated seral stands

at lower elevations with Pseudotsuga occupying all stages of succession

at higher elevations. His type differed in the occurrences of higher
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statured shrubs (Amelanchier, Prunus) and lower shrubs (Berberis,

Spiraea) as well as Juniperus communis (which was not found by other

investigators for this habitat type).

In the Blue Mountains, Ganskopp (1979) grouped PSME/SYAL and PIPO/

SYAL communities into a PSME/SYAL habitat type.

Environmental Factors

Elevations were among the lowest of the habitat types in Billy

Meadows Study Unit. The habitat type occurred predominantly on westerly

aspects at upper or lower slope levels. The relief was either undulat-

ing or steep and smooth with location of the shrubby union on convexities.

PSME/SYAL was found on the deepest soils of the Pseudotsuga habitat

types. Most of the stands were on talus slopes. Soil pH averaged

6.5 (the same as for PSME/PHMA and PSME/CARU) which was less acidic

than reactions found by Pfister (5.6 - 5.7) and Daubenmire (5.9).

Arboreal Coverage

The stands sampled were seral as shown by the high composition of

old growth Pinus ponderosa in the overstory and low coverage by Pseudo-

tsuga. The combined overstory canopy cover of 82% reflected the dense

canopy which provided shading and provided mainten-

ance of moisture levels to sustain the Symphoricarpos. Steele (1975)

found 85% and 86%, respectively, combined coverage of Pseudotsuga and

Pinus ponderosa in his stands.
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Ground Coverage

Cryptogamcoveragewas highest in PSME/SYAL of the three Pseudo-

tsuga habitat types. Bare ground was highest also which was due to

browsing impact by livestock and big game since these communities were

adjacent to grasslands.

Vegetative Composition

The sampled stands were seral with relict Pinus ponderosa dominat-

ing the overstory. Pseudotsuga dominated the sapling and pole classes.

On Plot No. 212, a Pinus ponderosa fire scar was aged at 55-60 years.

The Symphoricarpos union was dominated by Symphoricarpos with Rosa

nutkana and/or Rosa woodsii associated. Spiraea and Amelanchier were

found on reconnaissance stands assigned to this habitat type.

The PSME/CARU habitat type was rich in gramineous species while

in the PSME/SYAL habitat type, the occurrence of grasses and sedges was

much reduced. Calamagrostis was constantly present, but at only 1%

coverage. Carex geyeri was the most prolific sedge and Stipa occidentalis

minor the most common grass species. No Carex concinnoides occurred

in this habitat type.
(Table 40)

Fragaria vesca and Fragaria virginiana were the most common associ-

ated forbs. Trifolium and Arenaria also were associated and showed

increase with disturbance in these communities.

Soil Analysis

The two soil profiles analyzed are provided Since they differ.
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Plot No. 212

02 7 cm thick

Al 7-82 cm thick; 5 YR 3/2; silt loam; weak, medium, subangular

blocky; few gravels; roots - common, medium; pores - common, fine

tubular; no mottles; consistency - soft when dry, friable and non-

sticky when moist; boundary - abrupt.

B2 82-200 cm thick; 7.5 YR 3/4; silty clay loam; moderate, medium,

subangular blocky; few gravels; roots - few, medium; common, fine;

tubular; mottled; consistency - soft when dry, friable and sticky

when moist; boundary - general. (talus residual soil)

Plot No. 285

All 0-21 cm thick; 5 YR 3/3; silt loam; weak, fine, granular; common

cobbles; roots - many, fine; pores - many, fine, interstitial;

no mottles; consistency - soft when dry, friable and non-sticky when

moist; boundary - general.

Al2 21-75 cm thick; 5 YR 3/3; silt loam; weak, fine, subangular

block; many cobbles; roots - common, fine; pores - common, medium,

tubular; no mottles; consistency - soft when dry, friable and non-

sticky when moist; boundary - general. (ash loessal soil)
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TABLE 39. Comparison of Similar Vegetation in the Literature

(Constancy/Coverage)

Rosa spp.

Daubenmires
(1968)

PSME/SYAL
h.t.

(8 stands)

Steele
(1975, 1976)
PSME/SYAL

h.t.
(21 stands)

Pfister
(1977)

PSME/SYAL
h.t.

(18 stands)

This Study
PSME/SYAL

h.t.

(2 stands)

63/3 50/1

Symphoricarpos albus 88/16 100/39 100/20 100/15

Amelanchier
alnifolia 50/1 80/6 40/3

Calamagrostis
rubescens 50/3 80/28 70/2 100/1

Carex geyeri 25/35 80/21 60/1 100/4

Arnica cordifolia 50/12 70/12 40/3

Fragaria spp. 63/1 60/4 100/7

Arenaria macrophylla 13/6 60/1 100/13

Spiraea betulifolia 88/11 80/30 70/18

Prunus virginiana 13/tr 50/4 60/3

Berberis repens 13/5 60/4 90/3

Smilacina racemosa 38/tr 70/3 40/4

Thalictrum occi-
dentale 50/11 60/1

Juniperus communis 60/6
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TABLE 40. Pseudotsuga menziesii/Symphoricarpos albus Habitat Type

Data Summary

Elevation - Range 1220-1379 m mean = 1299.5 m
4002-4523 ft = 4264 ft

*Aspect - 2 plots in NW quadrant; 1 plot in SE quadrant;

1 plot in SW quadrant
75% of plots located in west aspect hemisphere

Slope - Range 22-39% mean = 30.5%

Macrorelief - undulating or steep, smooth

Microrelief - convex or complex

Position - upper or lower third of slopes

Total Soil Depth - 75 -200 cm mean = 137.5 cm
29.5- 79 in = 54 in

Effective Soil Depth - 21 - 82 cm mean = 51.5 cm
8 - 32 in = 20 in

Rooting Depth - 150 -200 cm mean = 175.0 cm
59 - 79 in = 69 in

Lithic Relationship - talus or not measurable

Bedrock Fracturing - not applicable

*pH - 6.5 (6.1-6.7)

Canopy Coverage - 82% (Pole stand)

*Overstory Averages - PSME = 45%; PIPO = 55%

Ground Coverage Range

Lichen - 2.0 0-2

Moss - 14.0 0-14

Pavement - 0 0

Rock - 0 0

Bare Ground - 12.0 2-22

Litter - 79.5 78-81

* = Data from Reconnaissance Survey

(continued on next page)



TABLE 40 (Continued),

Vegetative Composition

Trees (No. Per Hectare)

CodeSpecies

Pseudotsuga menziesii (PSME)

Pinus ponderosa (PIPO)

Shrubs (%)

Symphoricarpos albus
Rosa spp.

Forbs (%)

Fragaria vesca
Achillea millefolium
Viola sp.
Hieracium albiflorum

Trifolium longipes
Mitella stauropetala

Lupinus sp.
*Arenaria macrophylla
Fragaria virginiana

268

Seed- Sap-

lings lings Poles (11-15") (15-20") (20"+)

625 475 425 0 0 0

1250 250 50 25 0 0

(SYAL) snowberry
(ROSA) rose

(FRVE) woods strawberry
(ACMIL) yarrow
(VIOLA) violet
(HIAL) white-flowered

hawkweed
(TRLO) long-stalked clover
(MIST2) side-flowered

mitrewort
(LUPIN) lupine
(ARMA3) bigleaf sandwort
(FRVI)

Sedges and Grasses (%)

Calamagrostis
rubescens

Carex geyeri
Carex concinnoides
*Stipa occidentalis

minor

(CARU)

(CAGE)

(CACO)

(STOCM)

Cover- Con-

age Range stancy

15.0 4-26
1.0 0- 1

6.5 5- 8
1.5 1- 2

1.0 0- 1

1.0 0- 1

1.0 0- 1

1.0 0- 1

1.0 0- 1

13.0 10-15

broadpetal strawberry 5.0 5- 5

pinegrass 1.0 1- 1

elk sedge 3.5 3- 4

northwestern sedge 4.0 0- 4

small needlegrass 3.0 1- 5

* = Data from Reconnaissance Survey

(continued on next page)
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50

100
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TABLE 40 (Continued).

PSME/SYAL Habitat Type Productivity Summary

Age

PIPO PSME

241 49

Height 113 (34 m) 51 (15.7 m)

Site Index 76 75

DBH 23.1 (58.6 cm) 9.5 (24.0 cm)

Pacific Northwest Productivities

PIPO PSME

S.I. S.I.

Hall (1973) 72± 9 70±12

Steele (1975) [66± 8] [61±10]

Pfister (1977) [54± 5] [52± 4]

This Study (1981) 76 75

[ ] = Site Index Base 50



Plate 23. Pseudotsuga menziesii/Symphoricarpos albus Habitat Type
(Stand 212)

Plate 24. Pinus ponderosa/Symphoricarpos albus Habitat Type (Stand 236)
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PINUS PONDEROSA/SYMPHORICARPOS ALBUS (PIPO/SYAL) HABITAT TYPE

Ponderosa Pine/Snowberry Habitat Type (Plate 24)

Daubenmire (1952, 1968c)found the PIPO/SYAL association abutting

the Festuca/Symphoricarpos habitat type in northern Idaho and eastern

Washington. He found Spiraea and Rosa in association with the Symphori-

carpos. With grazing, a zootic climax consisting of Poa pratensis re-

placed the Symphoricarpos union. Three of Daubenmire's stands contained

relic Crataegus douglasii. Fifty percent of the Billy Meadows stands

contained Crataegus. He also found Elymus glaucus in almost 90% of

his stands (Table 41). This species may have been eliminated by compe-

tition at Billy Meadows as half of those stands contained almost 60%

Poa pratensis.

In the Blue Mountains, Hall (1973) grouped Pinus ponderosa,

Pseudotsuga, Symphoricarpos and Holodiscus into one plant community type.

Most of Steele's (1975, 1976) central Idaho sites for PIPO/SYAL

habitat type were below 5,000 ft (1524 m). He did not find high cover-

ages of Calamagrostis beneath Pinus ponderosa in central Idaho except

on four plots with basaltic parent material. All of the stands on the

Billy Meadows Study Unit were over basalts. Perhaps this explains the

high coverage (12%) and 100% constancy for Calamagrostis on stands at

Billy Meadows (Table 41) -

Pfister's (1977) PIPO/SYAL habitat type was notably more xeric

with significant inclusion by Festuca idahoensis (60/18) and Balsa-

morhiza sagittata (80/8). Absent from his stands were Fragaria,

Arenaria, Achillea, and Poa pratensis. These species tended to increase

with disturbance and may reflect the good condition of his samples.

Some of his stands were even-aged with a closed canopy reflecting
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crown fire history while others contained several age classes reflecting

ground fire influence.

On south slopes or north aspects having shallower soils, Ganskopp

(1979) found PIPO/SYAL habitat type at the Starkey Experimental Forest

in the Blue Mountains.

Environmental Factors

The PIPO/SYAL habitat type was one of the lowest occurring habitat

types on the Billy Meadows Study Unit. Relief was highly variable with

orientation on steep slopes (up to 50%) to slopes of oAly 6%. As-

pects were equally variable. The majority of the stands were on norther-

ly aspects. Stands were located on convexities as well as concavities

and complex ground as well. These communities were at the lower third

of a slope except where on undulating or flat macrorelief. Soil depths

were shallow with effective soil depths the least of any forested

habitat type sampled. Stands were uniformly over a well cracked to

rotten bedrock. Soil pH averaged 6.4 which compared favorably with

Pfister (6.3) though more basic than Daubenmire's findings (5.9).

Arboreal Coverage

Fifty-one percent of the overstory was covered by tree canopies.

Pinus ponderosa was the only tree species in the overstory.

Ground Coverage

Cryptogams occurred at 11%, bare ground was only 4%, and no ex-

posed rock was found in the stands sampled.
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Vegetative Composition

Only Pinus ponderosa occurred in the sampled stands. These were

mostly pole-sized stands or a mixture of age classes from pole to mature.

Symphoricarpos dominated the low or intermediate shrub layers along with

Spiraea. Amelanchier alnifolia was especially prominent as a tall shrub

on steep, north-facing slopes. On gentle slopes Crataegus and Rosa

woodsii comprised part of the shrub community. (Table 42)

Fragaria vesca, Achillea, Lithospermum, Trifolium, and Arenaria

all occurred too frequently for good condition. The dominance by Poa

pratensis in the herbaceous vegetation could be added to the forb

indicators of site degradation attributable to overgrazing by ungulates.

Calamagrostis was always present in significant amounts. Lupinus caudatus

was found increasing in one stand from probable ungulate pressure. In

one logged stand which had been heavily overgrazed, Ribes cognatum was

very prolific (75% cover). The denseness of the stand of Ribes probably

resulted from very harsh site disturbance.

Soil Analysis (Plot 233) - gentle, northeast aspect

Al 0-31 cm thick; 10 YR 2/1; silt loam; moderate, fine to coarse,

granular (subangular blocky); few gravels; roots - many, fine to

medium; pores common to many, fine interstitial or tubular;

somce mottles; consistency - loose to soft when dry, loose and

non-sticky when moist; boundary - general or abrupt.

A3 31-59 cm thick; 10 YR 3/2; silt loam; weak, medium, subangular

blocky; few gravels; roots - few, medium; pores- common, fine,
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tubular; mottles; consistency - soft when dry, friable and non-

sticky when moist; boundary - abrupt.

(Plot 325) - steep north aspect

Al 0-28 cm thick; 10 YR 2/1; silt loam; weak, medium, granular; few

gravels; roots - many, fine; pores - many, fine, interstitial;

no mottles; consistency - loose when dry, loose and non-sticky

when moist; boundary - general

B2 28-75 cm thick; 5 YR 3/3 (7.5 YR 3/2); loam or silt loam; weak to

moderate, medium, subangular blocky; common to many cobbles; roots -

common, fine; pores - many, fine, tubular; no mottles; consistency -

loose to soft when dry, loose to friable and non-sticky to slightly

sticky when moist; boundary - general.
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TABLE 41. Comparison of Similar Vegetation in the Literature

(Constancy/Coverage)

Amelanchier alnifolia
Crataegus dougiasii
Symphoricarpos albus
Rosa spp.

Daubenmires
(1968)

PIPO/SYAL
h.t.

(8 stands)

Steele
(1975,1976)
PIPO/SYAL

h.t.
(11 stands)

Pfister
(1977)

PIPO/SYAL
h.t.

(8 stands)

This Study

PIPO/SYAL
h.t.

(2 stands)

88/2
43/1
100/46
100/6

80/6

100/43

60/4

100/47

50/35

60/4
100/48
15/17

Spiraea betulifolia 62/9 30/26 10/3 50/57

Agropyron spicatum 75/5 50/3 80/12 43/25

Festuca idahoensis 10/1 60/18 43/5

Calamagrostis rubescens 62/10 40/50 100/12

Carex geyeri 25/20 50/12 10/15 17/5

Elymus glaucus 88/5

Poa pratensis (compressa) 50/6 50/58

Achillea millefolium 88/tr 90/1 50/4

Lithospermum ruderale 62/tr 50/1

Fragaria spp. 38/tr 30/2. 100/12

Arenaria macrophylla 30/1 33/11

Osmorhiza chilensis 13/tr 40/5 10/1

Thalictrum occidentale 30/6

Balsamorhiza sagittata 25/6 40/7 80/8 14/30
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TABLE 42. Pinus ponderosa/Symphoricarpos albus Habitat Type Data

Summary

Elevation - Range 1132-1379 m mean = 1255.5 m
3713-4523 ft = 4118 ft

*Aspect - 4 plots - NW quadrant; 1 plot - NE quadrant;
1 plot - SE quadrant; 1 plot - SW quadrant
5 of 7 plots in northern aspect hemisphere

*Slope - Range 6-55% mean = 31%

*33% plots < 10%

Macrorelief - 1 plot flat, smooth; 1 plot steep, smooth

Microrelief - 1 plot convex; 1 plot complex

Position - lower third of slope

Total Soil Depth - 59- 75 cm mean = 67.0 cm

23- 29 in = 26 in

Effective Soil Depth - 7- 18 cm mean = 12.5 cm

3- 7 in = 5 in

Rooting Depth - 90-150 cm mean = 120.0 cm
35- 59 in 47.0 in

Lithic Relationship - bedrock

Bedrock Fracturing - well cracked to rotten

*pH - 6.4 (6.1-6.6)

Canopy Coverage - 51% (51-51)

*Overstory Averages - PIPO - 100%

Ground Coverage ( %) Range

Lichen - 1.0 0-1

Moss - 10.0 1-19

Pavement 0 0

Rock 0 0

Bare Ground - 4.0 2-6

Litter - 86.0 80-92

* = Data from Reconnaissance Survey

(continued on next page)
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TABLE 42 (Continued).

Vegetative Composition

Trees (No. Per Hectare)
Seed- Sap-

Species Code lings dings Poles (11-15") (15 -20 ") (20"+)

Pinus ponderosa (PIPO) 250 25 200 50 0 50

Shrubs (%)

Spiraea betulifolia (SPBE)

Symphoricarpos albus (SYAL)

Amelanchier alnifolia (MAL)
Rosa gymnocarpa (ROGY)

*Crataegus douglasii (CRDO)

*Rosa woodsii (FOWO)

Sedges and Grasses (%)

Poa pratensis (POPR)

Calamagrostis rubescens (CARU)
Bromus carinatus (BRCA)

*Carex geyeri (CAGE)

*Festuca idahoensis (FEID)

*Agropyron spicatum (AGSP)

*Koeleria cristata (KOCR)

Forbs (%)

Fragaria vesca (FRVE)

Achillea millefolium (ACMIL)

Viola sp. (VIOLA)

Lupinus sp. (LUPIN)

Aster sp. (ASTER)

Lithospermum ruderale (LIRU)

Geum triflorum (GETR)

*Trifolium sp. (TRIFO)

*Arenaria macrophylla (ARMA3)

*Mitella stauropetala (MIST2)

*Fragaria virginiana (FRVI)

*Balsamorhiza sagittata (BASA)

Cover- Con-

age Range stancy

shiny-leaf spiraea 57.0

snowberry 48.0
serviceberry 35.0

baldhip rose 4.0

Douglas' hawthorne 4.0

Woods' rose 15.0

Kentucky bluegrass 58.0

pinegrass 12.0
mountain brome 3.0

elk sedge 5.0

Idaho fescue 5.0

bluebunch wheatgrass 25.0
prairie junegrass 2.0

woods strawberry 12.0
yarrow 4.0

violet 1.0

lupine 1.0

aster 1.0
western gromwell 1.0

old man's whiskers 3.0

clover 13.0

bigleaf sandwort 11.0
Side-flowered

mitrewort 10.0

broadpetal strawberry 9.0
balsamroot 30.0

* = Data from Reconnaissance Survey

(continued on next page)

0-57 50

36-60 100
0-35 50

4- 4 100
0-10 60

0-15 17

0-58 50

11-13 100
1- 5 100

0- 5 17

0-10 43

0-40 43

0- 3 29

2-22 100
0- 4 50

1- 1 100
0- 1 50

0- 1 50

0- 1 50

1- 5 100

0-30 43

0-20 33

0-15 33

0-30 86

0-30 14
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TABLE 42 (Continued).

PIPO/SYAL Habitat Type Productivity Summary

PIPO

Age 120

Height 91 (28 m)

Site Index 91

DBH 90

Pacific Northwest Productivities

PIPO
S.I.

Steele (1975) [59±7]

Pfister (1977) [44]

This Study (1981) 91

[ ] = Site Index Data Base 50
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Plate 25. Pinus ponderosa/Festuca idahoensis Habitat Type (Stand 103)
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PINUS PONDEROSA/FESTUCA IDAHOENSIS (PIPO/FEID) HABITAT TYPE

Ponderosa Pine/Idaho Fescue Habitat Type (Plate 25)

The Daubenmires (1968c) described the PIPO/FEID habitat type as a sin-

le tree species, Pinus ponderosa, with a lone conspicuous herbaceous associ-

ate, Festuca idahoensis. He had earlier grouped PIPO/FEID under the

PIPO/AGSP association (1952). Their stands were obviously in better

condition based on greater coverage of Festuca and lack of Poa praten-

sis (Table 43 . The Billy Meadows stands in comparison contained weedy

increasers (Poa pratensis, Achillea, Trifolium, and Fragaria). The

difference between fescue-dominated steppe and pine-dominated bunch-

grass communities was found to be the persistence of growth water in the

pine-dominated community below the 30 cm (12 in) 16Tel-until .about mid-August

(Daubenmire, 19681)) The ecotone was that place beyond which tree

seedlings could not descend their taproots rapidly enough to keep ahead

of the summer drought advancing from the surface downward.

McLean (1970) found the PIPO/FEID association as a topoedaphic

climax in the PSME/FEID Zone in British Columbia. Eriogonum heracleoides

was the only notable shrub he encountered (Table 43). He noted the

decrease of Lupinus sericeus and Erigeron pumilus, and Potentilla gra-

cilis with heavy grazing. Eriogonum became more conspicuous and increased

in size, but did not increase in numbers as a result of overgrazing.

Gophers often became a serious problem in this habitat type in British

Columbia. His type contained more Agropyron than Festuca and had too

many xeric members for similarity to the Billy Meadows habitat type.

In the Blue Mountains, Hall (1973) identified a PIPO/FEID plant
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community type which was similar, but included Cascadian rain shadow

species (e.g., Cercocarpus, Purshia, Sitanion), and occurred on ash and

serpentine soils. Unlike McLean's classification, Hall placed only those

communities with Festuca dominance over Agropyron into this type. He

found this type on all aspects from 2500-5500 ft (762-1677 m) on 2-30%

slopes.

Steele (1975, 1976) found Balsamorhiza to be the dominant forb

on this habitat type in Idaho. No Balsamorhiza was found in the Billy

Meadows stands and Trifolium replaced it as the dominant increaser.

A notable addition to his habitat type is Artemisia tridentata ssp.

vaseyana f. spiciformis. One of his stands resembled Hall's type in

that it contained Cercocarpus, but it was not found elsewhere in enough

abundance to recognize it as a phase or habitat type.

In Montana, Pfister (1977) identified the PIPO/FEID habitat type

on south and west-facing slopes or on sites less droughty than the PIPO/

AGSP habitat type at elevations less than 5000 ft (1524 m). His stands

contained more Balsamorhiza than those of any other investigator.

At Starkey, the PIPO/FEID habitat type was restricted to ridge-

tops with shallow soils or to forested terrains on south slopes accord-

ing to Ganskopp (1979). He found Poa sandbergii commonly associated.

It is interesting to note that the investigators found 100% con-

stancy for Achillea except for Daubenmire (89%) and Pfister (none).

Environmental Factors

The PIPO/FEID habitat type was found at one of the lowest mean

elevations on Billy Meadows Study Unit. It was generally found in
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the southwestern aspect quadrant on moderately steep slopes near the

ridgetop. It could persist at the lower limits of tree growth on con-

vexities where soil moisture lingered. The total soil depth was

shallowest of all forested habitat types. Stands were on soils over

well-fractured bedrock or on deep talus slopes. Based on one sample

only the pH (6.6) was much more basic than the reactions found by

Pfister (6.0) and Daubenmire (6.1) (Table 44)

Arboreal Coverage

The PIPO/FEID habitat type had the most open canopy coverage

(36%) of any forested type on the study unit. The habitat type consisted

of only Pinus ponderosa in the overstory.

Ground Coverage

Cryptogam levels were lowest on this habitat type owing to the

open, park-like nature of the stands and the heavy duff layer of pine

needles. Bare ground was highest by more than 50% over the next most

open habitat type (PSME/SYAL). This could be attributed to the xeric

nature of the steppe grassland, trampling damage to interstitial cryp-

togams and plants, and to gopher activity creating bare soil mounds.

Litter levels were among the lowest of the forested types at 71%.

Vegetative Composition

The clumpiness of Pinus ponderosa forests was demonstrated by the

episodic nature of the class structure. The forests were characterized

by pole-sized even-aged thickets and scattered, open overstory of
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old growth relics. Rosa woodsii and Symphoricarpos were the only

shrubs represented in the dominant grassland understory. Festuca

idahoensis usually dominated with Agropyron spicatum associated.

Calamagrostis and Carex geyeri along with Symphoricarpos occurred on

the more moist microsites.

Achillea was found in every sample stand and tended to increase

along with Trifolium as a result of grazing use. Other disturbance

species were Stellaria, Bromus mollis, Bromus tectorum, and Lupinus.

Ungulates appeared to prefer Agropyron spicatum over Festuca idahoensis

in the Pinus ponderosa - bunchgrass habitat types at Billy Meadows.

In comparing the PIPO/SYAL habitat type with the PIPO/FEID habitat

type on the study unit, the following observations were made:

1. Symphoricarpos albus occurred in both, but Festuca idahoensis

clearly dominated in PIPO/FEID habitat type.

2. Poa pratensis had greatest affinity to the more mesic PIPO/

SYAL habitat type.

3. PIPO/FEID habitat type contained no Arenaria, Mitella, Rosa

gymnocarpa, nor Spiraea betulifolia as did PIPO/SYAL habitat

type.

Many steppe-forest mosaics existed in the Billy Meadows Study

Unit with this habitat type occurring in a high percentage of them.

However, since these mosaics provided hiding cover and shade for ungu-

lates adjacent to primary rangeland, the ecologic condition was such that

it was practically impossible to locate good stands for sampling. This

resulted in the paucity of sampled plots available to this study.
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Soil Analysis

Al 0-29 cm thick (max. - 30 cm); 7.5 YR 3/2 (10 YR 2/2); silt loam;

moderate, medium, granular; common gravels; roots - few to many,

very fine (medium); pores - common, fine, interstitial; no mottles;

consistency - soft when dry, friable and non-sticky when moist;

boundary - general.

B2 29-53 cm thick (max - 63 cm); 5 YR 3/2 (7.5 YR 3/2); loam and silt

loam; moderate, medium, subangular blocky; common cobbles; roots -

few to common, fine to coarse; pores - common, fine, tubular;

mottles; consistency - soft when dry, friable and non-sticky to

slightly sticky when moist; boundary - abrupt to general.



TABLE 43. Comparison of Similar Vegetation in the Literature (Constancy/Coverage)

Amelanchier alnifolia
Symphoricarpos albus
Artemisia tridentata vaseyana
Rosa woodsii
Purshia tridentata
Agropyron spicatum
Festuca idahoensis

Daubenmires
(1968)

PIPO/FEID
h.t.

(9 stands)

McLean
(1970)

PIPO/FEID
h.t.

(13 stands)

Hall
(1973)

PIPO/FEID
h.t.

(19 stands)

Steele
(1976,1978)
PIPO/FEID

h.t.

(8 stands)

Pfister
(1977)

PIPO/FEID
h.t.

(14 stands)

This Study

PIPO/FEID
h.t.

(2 stands)

11/tr
11/tr

56/10
100/76

100/73
77/67

11/3
32/2

68/3
68/7

100/33

60/2
20/1
60/14

20/2
90/17

100/31

70/1

40/1

10/1

70/8
100/21

50/1

75/2

100/4
50/31

Koeleria cristata 78/4 100/10 53/2 30/1 50/2

Poa pratensis 50/8

Bromus carinatus 50/6

Carex geyeri 53/6 20/2 20/1 100/3

Carex rossii 22/tr 47/11 40/2

Sitanian hystrix 79/3

Achillea millefolium 89/tr 100/9 100/3 100/1 100/6

Balsamorhiza sagittata 89/4 21/1 60/12 80/19

Apocynum androsaemifolium 11/7

Sedum stenopetalum 11/tr 11/2 50/4

Trifolium spp. 50/19

Fragaria vesca 50/2

Fragaria virginiana 21/1 10/3 50/10

Fragaria sp. 22/tr
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TABLE 44. Pinus ponderosa/Festuca idahoensis Habitat Type

Data Summary

Elevation - Range 1366-1376 m mean
4480-4513 ft

Aspect - 3 plots - SW quadrant; 1 plot -

Slope - 29.5% (12-47%)

*Macrorelief - steep, smooth to flat, smooth

Microfelief - convexities

Position - ridgetop (upper third slope)

Total Soil Depth - 42 - 63 cm mean = 52.5 cm

= 1371.0 m
= 4497 ft

NW quadrant

16.5- 24.8 in = 20.6 in

Effective Soil Depth - 10 - 28 cm mean = 19.0 cm
4 -1120 in = 7.5 in

Rooting Depth - 125 - 170 cm mean = 147.5 cm
49 - 67 in = 58 in

Lithic Relationship - bedrock, talus

Bedrock Fracturing - well cracked, not applicable

*pH

Canopy Coverage

*Overstory Averages

- average - 6.6 (1 sample only)

- 36%

- 100% PIPO

Ground Coverage (%) Range

Lichen - 1.0 ( 1-1 )

Moss - 1.0 ( 1-1 )

Pavement - 0 0

Rock - 2.0 ( 0-2 )

Bare Ground - 26.0 (12-40)

Litter - 71.0 (56-86)

* = Data from Reconnaissance Survey

(continued on next page)



TABLE 44 (Continued).

Vegetative Composition

Trees (No. Per Hectare)
Seed- Sap-

Code lings lings Poles (11-15") (15-20") (20"+)Species

287

Pinus ponderosa (PIPO) SO 25 200 50

Shrubs (%)

0 75

Cover- Con-

age Range stancy

Symphoricarpos albus (SYAL) snowberry 1.0 0- 1 50

*Rosa woodsii (ROWO) Wood's rose 2.3 0- 5 75

Sedges and Grasses (%)

Festuca idahoensis (FEID) Idaho fescue 31.0 0-31 50

Poa pratensis (POPR) Kentucky bluegrass 8.0 0- 8 50

Bromus carinatus (BRCA) mountain brome 6.0 0- 6 SO

Agropyron spicatum (AGSP) bluebunch wheatgrass 4.0 2- 6 100

Carex geyeri (CAGE) elk sedge 2.5 1- 4 100

Calamagrostis rubescens (CARU) pinegrass 2.0 1- 3 100

Koeleria cristata (KOCR) prairie junegrass 2.0 0- 2 50

Forbs (%)

Achillea millefolium (ACMIL) yarrow 5.5 2- 9 100

Sedum stenopetalum (SEST) wormleaf stonecrop 4.0 0- 4 50

Fragaria vesca (FRVE) woods strawberry 2.0 0- 2 50

Trifolium sp. (TRIFO) clover 19.0 0-19 50

*Arnica cordifolia (ARCO) heart-leafed arnica 5.3 0-10 75

*Lupinus sp.
*Fragaria virginiana

(LUPIN)
(FRVI)

lupine
broadpetal straw-

3.6 0- 5 75

berry 10.0 0-15 50

PIPO/FEID Habitat Type Productivity Summary

Age
Height (ft)

Site Index
DBH (in)

PIPO

242
92 (28 m)
68
25.4 (64 cm)

* = Data from Reconnaissance Survey

(continued on next page)
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TABLE 44 (Continued).

Pacific Northwest Productivities

PIPO
S.I.

Hall (1973) 61± 4

Steele (1975) [46±13]

Pfister (1977) [46± 5]

This Study (1981) 68

[ ] = Site Index Base 50
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FRAGMENTAL COMMUNITIES

Four plant communities identified in the reconnaissance survey

that were not found commonly enough to intensively sample are included

as fragmental communities.

Pinus ponderosa/Agropyron spicatum (PIPO/AGSP) Plant Community Type

Literature Review

All of the main ecological investigators in the Pacific Northwest

have identified a type consisting of these two dominants. The Daubenmires

split their PIPO/AGSP association (1952) into PIPO/AGSP and PIPO/FEID

habitat types (1968c). Their PIPO/AGSP habitat type was more xeric and

contained no Festuca while Agropyron dominated all stands. There was

less Koeleria and Balsamorhiza yet more Poa sandbergii in the PIPO/AGSP

habitat type at Billy Meadows than in Daubenmire's type.

McLean (1970) included Sporobolus, Stipa commata (50% coverage),

and Bromus tectorum (67% coverage) in his PIPO/AGSP habitat type in

British Columbia. It contained significantly less forbs than his PIPO/

FEID habitat type. Especially absent was Eriogonum heracleoides, a

species the Daubenmires included in their PIPO/AGSP habitat type.

Hall (1973) allowed Festuca to be present to nearly co-dominant

in his PIPO/AGSP plant community type in the Blue Mountains. He found

the type on southerly aspects at all slope percentages between 2500-

5000 ft (762-1524 m) elevation. Reflecting the xeric nature of his

stands were components of Artemisia tridentata,Purshia tridentata, and

Cercocarpus.
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Steele (1975) also included Purshia, Cercocarpus, and Artemisia

tridentata - - spiciformis in the PIPO/AGSP habitat type of central

Idaho. Agropyron dominated with minor amounts of Festuca permitted

in his type break. Balsamorhiza sagittata was the only forb of conse-

quence (70/13). He found it on steep slopes with southerly aspects

at elevations usually below 5,100 ft (1,555 m). He found Lomatium

dissectum var. multifidum co-dominant with Agropyron on basaltic soils

in the Seven Devils Mountains.

Pfister's (1977) PIPO/AGSP habitat type contained some shrubs

(Symphoricarpos, Prunus, and Amelanchier) and Balsamorhiza sagittata

(70/7). It was widespread in Montana below 4,800 ft (1,463 m) on

south-facing slopes. He postulated a phase splitting of the habitat

type based on composition differences between stands on both sides

of the Continental Divide. He considered his habitat type more variable

than the PIPO/AGSP habitat type of other investigators based on the

maritime-continental climatic differences influencing the plant composi-

tion.

Ganskopp (1979) also identified the PIPO/AGSP habitat type at

Starkey in the Blue Mountains. It was very similar to the PIPO/AGSP

community type at Billy Meadows.

Moir (1966) recognized the Pinus ponderosa/Agropyron spicatum associ-

ation as a fire climax. He based this on clustered patterns of pine

populations. The clusters were developed by intense shading with high

litter production and nitrogen uptake by the trees at the expense of

herbaceous species. If fire were allowed to periodically consume the

duff layer, trees would be thinned and herbaceous species increased with
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newly created openings. The carbon/nitrogen ratio would then be reduced

by the consumption of the litter, nutrient release, and rejuvenated

microbial activity.

Occurrence of PIPO/AGSP Stands at Billy Meadows

Several stands of the PIPO/AGSP habitat type probably could have

been isolated on the study unit, but the poor condition of these stands

made them difficult to classify. Often they were too narrow, represent-

ing only a margin between scablands and forests dominated by Pseudotsuga

or Abies species. When areal extension was available, the use of this

forest edge community by livestock and wildlife had so deteriorated the

vegetation that quality sampling was not afforded. Only one stand was

sampled (Plot No. 318) in 1979 after fruitless searching in 1978. It

occurred on a ridgetop convexity at 1,478 m (4,848 ft) with a nearly

level slope. Total soil depth was measured at only 29 cm (11 in).

The silt loam soil was 10 YR 3/3 dry (10 YR 2/2 moist). The stand was

located between vegetation of the PSME/SYAL habitat type and AGSP/FEID

habitat type. Pinus ponderosa was the only arboreal species present.

Overstory coverage was 20% with the only understory representation in

the seedling category. Agropyron spicatum dominated (25%) with Festuca

idahoensis (15%) and Koeleria (5%) associated. Bromus mollis patches

occurred on disturbed sites.

Pseudotsuga menziesii/Elymus glaucus (PSME/ELGL) Plant Community Type

Literature Review

Elymus glaucus associations were found on grassy balds in the Oregon

Coast Range by Aldrich (Franklin and Dyrness, 1973). The Daubenmires (1968c)
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found the species in their PIPO/SYAL and PIPO/PHMA habitat types. The

species has been found by Franklin (1972) under Quercus garryana stands

in the Mill Creek Research National Area in Wasco County, Oregon.

Hall (1973) identified the only type containing Elymus glaucus as

a dominant of the subordinate union. His "ponderosa pine - blue wildrye

plant community type" was generally restricted to lower or toe slope

situations. Apparently Elymus glaucus utilized salt accumulation that

created a saline-alkali soil (pH 7.0-9.5) (Daubenmire, 1970). Hall's

type permitted Pseudotsuga climax on north slopes with Pinus ponderosa

climax on southerly slopes. Symphoricarpos and Poa pratensis were found.

as increasers with this plant community type in his study.

Occurrence of PSME/ELGL Stands at Billy Meadows

The Elymus glaucus stands occurred at toe slopes or on bottoms in

the Pseudotsuga forests of Billy Meadows Study Unit. Since the study

unit did not extend low in elevation, there is a possibility that it

could be found in PIPO/PHMA habitat types. It was not seen occurring

as a topographic or edaphic climax in the PIPO/SYAL habitat types, how-

ever. It was found surrounded by PSME/CARU and PSME/PHMA stands in

several drainage bottoms just below the 4,000 ft (1,200 m) level in

Joseph Creek Canyon. Slopes were generally steep with stands of Elymus

occurring on concavities near the riparian bottoms. Soil depth on

Plot No. 321 was measured at 79 cm (31 in). Unfortunately, no soil

analysis was made to compare pH and colors with other investigators'

findings.

The stand was characterized by an overstory consisting of only

old growth Pinus ponderosa with an understory of only Pseudotsuga
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poles and saplings. Elymus dominated (30%) with Calamagrostis (10%) and

Phleum pratense (5%) associated. These bottoms were usually adjacent

to bunchgrass rangelands and received a high level of impact from live-

stock and elk. Accordingly, a significant percentage of the forb under-

story was comprised of increasing species (e.g., Fragaria vesca, 30%;

Trifolium longipes, 15%; and Taraxacum officinale, 5%).

Acer glabrum/Viola sp. Plant Community Type

Literature Review

Steele (1975) identified three habitat types containing Acer glabrum

as the dominant of the subordinate unions. These three types were dominated

by Pseudotsuga, Abies grandis, and Abies lasiocarpa_in the climax overstory.

In the Pseudotsuga/Acer association, Clematis columbiana was often present.

He felt the sites would support an Abies grandis climax if that species

had a broader distribution in that area. The ABGR/ACGL habitat type

occurred mainly in the Seven Devils Mountains and Payette River drainages.

It was found on mid to lower slopes with north or eastern aspects.

Acer dominated old growth stands, but was mixed with Physocarpus at

warmer extremes. The presence of Adenocaulon and Disporum helped indi-

cate the type. The Abies lasiocarpa/Acer glabrum habitat type contained

Thalictrum, Penstemon wilcoxii, and Clematis columbiana. In seral condi-

tions, Sorbus, Salix, Prunus, and Amelanchier were common components.

Occurrence of ACGL/VIOLA Stands at Billy Meadows

This community occupied talus at lower slope positions in the

Pseudotsuga/Physocarpus zone. Its ability to exist at these lower eleva-

tions (1,190 m or 3,900 ft) was due to cold air drainage along stream
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bottoms. The ponding levels of the cold air could be determined by

the sharp ecotone between Abies-Picea communities bordering the stream

and the PSME/PHMA stands above. This was probably the most mesic

terrestrial community in the forested stands of the study unit. Shrubs

dominated the community (e.g., Acer, 75%; Ribes lacustre, 25%; Physo-

carpus,15%; Symphoricarpos, 10%; Spiraea, 10%; Rosa gymnocarpa, 5%;

and Amelanchier, 5%). Corpus stolonifera (15%), Rubus parviflora,

Rubus idaeus peramoenus, and Lonicera utahensis completed the very

mesic shrub community. Herbaceous species were dominated by a very

rank heart-shaped leaved Viola (40%). Since it had long since flowered,

it was impossible to positively identify it. It was probably Viola

glabella or Viola canadensis. Athyrium filix-femina, Galium triflorum,

Urtica dioica, Disporum trachycarpum, Streptopus amplexifolius chalaza-

tus, Thalictrum and Osmorhiza chilensis completed this very Cascadian-

like understory.

Sorbus scopulina Snowbank Communities

Cornices of snow lingered late into the summer season beneath the

east and north-facing ridgetops. As these cornices melted, moisture was

provided in relative abundance permitting lush vegetation to colonize

an otherwise xeric macro-environment. Sorbus scopulina communities

often occurred between the rim of the ridge and Pseudotsuga or Abies

grandis dominated communities. No investigator in the Pacific North-

west had classified these communities. The singular plot described

here was insufficient to adequately portray the variability of these

communities.
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The sampled stand was on a steep northeast-facing slope beneath

the dissected plateau-top of Bear Flat. Soil depth was 29 cm. Shrub-

land pertaining to Physocarpus/Symphoricarpos habitat type occurred

directly above the stand with Abies grandis dominated forest located

below. Sorbus dominated the stand (75%) with Ribes lacustre beneath

their protective canopies. Alnus sinuata, Lonicera utahensis and

Rubus parviflora also occurred in the community. Commonly occurring

beneath the shade of Sorbus bushes were Actaea rubra, Bromus vulgaris,

Cinna latifolia, Osmorhiza occidentalis, Viola sp. and Agastache urtici-

folia. Plants in the more xeric openings between the Sorbus micro-

environmental patches were Collomia linearis, Woodsia oregana, Montia

perfoliata, Thalictrum occidentale, and Achillea.
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THE INFLUENCE OF SOIL DEPTH AND ASPECT ON VEGETATION OF

PATTERNED GROUND (MOUNDS) IN NORTHERN WALLOWA COUNTY, OREGON

INTRODUCTION

Patterned ground in the form of biscuit-scabland or mounded

topography occurs in many areas of the Pacific Northwest. Typically,

ovate mounds of deeper soil rise above a shallow soil plain. Vegeta-

tion growing on these two mediums is extremely different. On the

shallow soils deeply rooted xeric shrubs penetrate cracks in the under-

lying basalt while shallow-rooted bunchgrasses and annual plants com-

prise the physiognomy of the site. The mound tops are populated with

mesic meadow forbs and deeply-rooted bunchgrass vegetation in good con-

dition.

An interesting banded pattern has been observed on the transition

between the shallow-soil communities of the scabland and the deep-

soil communities of the mound crest. This "apron" of the mound in-

creases in soil depth from scabland to the crests permitting a variety

of depths for plant species to colonize. The pattern is then modified

by aspect changes created by the domed formation situated above the

basal plain surface.

The study of the mounded vegetation on the Billy Meadows Study Unit

was developed to determine the habitat types on disturbed patterned

ground and to identify seral stages of retrogression. The apparent banded

pattern of the mounded aprons was studied to demonstrate affinities by

plants to soil depth and aspect.
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STUDY AREA

Patterned ground used in the investigation was located approximately

50 mi (80 km) NNE of Enterprise, Oregon in the Wallowa-Whitman National

Forest of Wallowa County. The location of the sampled mounds within

the study area is shown in Figure 14.

The study area was characterized by intermingled forest and steppe

rising from an intermontane basin to an anticlinal ridge dividing the

Wallowa, Grand-Ronde, Imnaha and Snake River systems. These four

drainages separate the study area from the Wallowa Mountains to the

south, Blue Mountains to the west, and the Rocky Mountains on the east.

Average elevations range from approximately 4000 ft (1220 m) on

the south to 5400 ft (1646 m) along the axis of the ridge. Macrore-

lief of the study area is a gradually-ascending, south-facing slope

divided by drainages trending southward into Chesnimnus Creek. Long,

deeply dissected ridges and canyons trend northerly from the divide

to the Grande Ronde canyon.

The entire study area is covered by Columbia River basalts dating

from mid- to upper-Miocene (25 million years ago) (Baldwin, 1964). Re-

sidual soils were derived from the weathering of the basalts (Anatone

series). Glacier Peak and Mount Mazama eruptions deposited volcanic

ash over the study area to provide loessal deposits on leeward slopes

(Tolo, Klicker, Zumwalt complex). The Wallowa soils series consists

of biscuit or mounded topography derived from the ash or loessal depo-

sition.

The climate is classified as temperate continental with a cool

summer phase (Trewartha, 1968). Mean summer temperatures are less
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than 72° F (22° C). Most of the precipitation falls in the winter

months in the form of snow. A summer drought period coupled with

freezing temperatures every month of the year limits plant growth

potential. Mean annual temperature was 44.1° F (6.7° C) and mean

annual precipitation was 17.5 in (44.5 cm).

Grazing and fire have created the greatest impact to the vegeta-

tion of mounded topography. Wildfire and Indian-caused burns have

been a reoccurring factor on the grasslands of the study area. This

impact has been lessened in the past 75 years by Forest Service fire

.prevention and control. The primary disturbance to climax grasslands

has been by domestic animal and wildlife grazing. Prior to formation

of the Wallowa National Forest overgrazing by domestic cattle and

sheep severely depleted and degraded the range lands. Since the 1930s

elk have been increasing in numbers to further impact a range that is

still in recovery stages based on trend studies by the Forest Service.

METHODS

The habitat type classification of mounded vegetation was part of

a larger study of this area. A reconnaissance survey provided data

for the various plant communities populating mounds. Certain mounds

were then selected within each habitat type for intensive study. The

intensive study included ocular estimation of crown coverage by species

using 1/10 m
2
quadrants located along transects. The transects were

generally 10 m long. Two transects were oriented at right angles to

one another across the center of a mound. Another mound with similar

vegetation often provided a replicate so that 40 microplots could be
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sampled over 40 m of line. In addition to ecological data, environ-

mental measurements were taken (e.g., elevation, aspect, slope, topography)

and a soil profile analysis made at each sample plot. Data from the

extensive and intensive analyses were arranged in an association table

using presence, reformatting and order programs on the Data 100 Univac

computer at Fort Collins, Colorado (Volland and Connelly, 1978). In-

tensive data were further analyzed by a discriminant analysis program

at Fort Collins.

The effect of soil depth and aspect on the location of species of

the mound aprons was studied by placing transect segments of variable length

in the cardinal directions on the slopes of the mounds. Care was taken

to initiate the transects in the lithosolic community adjacent to the

mounded structure and to terminate the transect above the apron in the

mesic steppe vegetation of the crest. A belt transect was employed

along the transect line by placing the quadrat length-wise end-to-end

in conterminous fashion. Each 1/10 m
2
quadrant was sectioned into

quarters in order that 0.025 sq. m subplots were created.

Each of these subplots then was used to record species presence

or absence along the belt transect. At each placement of the quadrat:

(every fourth subplot), a soil depth estimate was taken with the soil

penetrometer. Unusually shallow readings were retaken to avoid false

depth created by stones in the soil. Data were collected in this manner

from base to crest and on each cardinal direction for the sampled

mounds. Occasionally a transect was not sampled because topographically

a sequence of apron vegetation was either absent or poorly developed

on a particular mound. Data from the sampling were then grouped by
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dividing the soil depths into three categories (low = 0-20 cm deep;

middle = 21-40 cm deep; and upper = 41 cm or greater in depth). A

percentage of occurrence was therefore obtained according to depth

categories. These values were then ordered into an association table

by plot number, soil depth category and aspect for comparative analyses.

THEORIES OF FORMATION

The first published account of patterned ground in the Pacific

Northwest was by George Gibbs travelling through Washington Territory

in 1853 and 1954 (Malde, 1964). He noted "below the DesChutes (sic)

the hills are freckled over with mounds, not only on the summits, but

the sides, also."

Another early investigator of the mounds was LeConte (1874) on an

early expedition from California to study the structure and age of the

Cascade Mountains. He visited the "mound-prairies" of southern Puget

Sound with Thomas Condon and determined that surface erosion under

"peculiar conditions" had created these features. He and Condon ob-

served the mounds of the Deschutes-Umatilla plateau and determined that

the genesis of these were by surface erosion, based on hillside elonga-

tion of the mounds and stone nets into stripes. It was LeConte's belief

that as climates changed from the mesic post-tertiary times to drier

conditions a "departing vegetation" held the soil of the mounds as

erosion stripped the drainages of fine material.

Freeman (1926), examining only mounds of the Cheney Channelled

Scabland Tract, reported that mounds universally occurred over depressions
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in the underlying basalt. He attributedthis to collection by soil

in pitted areas after the cessation of the Spokane Flood which permitted

vegetation to initiate and in time collect soil from winds crossing the

barren plain. Other investigators failed to find pitting beneath the

mounds and rejected this formation theory.

The first investigator to postulate a periglacial formation theory

was Bryan (1928). A definition was introduced for the term periglacial

by Lozinski in 1909 as (1) an area adjacent to the border of Pleisto-

cene ice sheets; (2) the climate characteristic of this area; and (3)'

by extension, the phenomena induced by this climate even if located

outside the main periglacial zone (Fosberg, 1965). Bryan felt the

glacial ice of the Cascades coupled with the influence of the continental

ice cap to the north would be sufficient to create a periglacial climate

over the Columbia Plateau.

Waters and Flagler (1929) listed 13 hypothetical formation theories

created by scientists for mounds in the United States. Glacial action,

wind action, pluvial erosion, following submergence and subaerial water

erosion were the primary hypotheses used to explain the northwestern

mounds. Waters and Flagler agreed with LeConte's genetic theory of

surface erosion based on mound absence at the crest of a ridge (without

slope), anastomosing pattern of erosion channels (stone nets) about

mounds on slopes less than 10, and well-defined erosion furrows at right

angles to the slopes when slopes were greater than 2%. The shapes of

the mounds changing to more ovoid from circular with increasing slope

was evidence to them that surface erosion was playing a significant

role. Of 130 mounds measured by them only two were truly circular.
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Most mounds were elongated in the direction of the slope with the more

elongate mounds always occurring on the steeper slopes. They concluded

that mounds of the Columbia River Plateau were erosional remnants of

a once continuous layer of volcanic ash created by surface erosion.

In 1942 Dalquest and Scheffer provided another theory for the

mima mounds of southwest Washington which was championed by Larrison

(1942) for the Columbia River Plateau mounded topography. They felt

mounds were created by the pocket gopher (Thomomys talpoides) based on

the amount of gopher activity present in the mounded topography of the

region. Over time vegetation would build up from the continual excava-

tion of soil and tend to enhance the collection of alluvial soil further

increasing the stature of the mound. Other proponents of pocket gopher

formation for mima mounds, hogwallows and patterned ground were Arkley

and Brown (1954) in California, Scheffer (1958) on the Olympic Peninsula

in Washington, Hansen (1962) in Colorado and Ross et al. (1968) in

Minnesota.

Refuting the gopher theory of formation , Newcomb (1952) wrote

a strong rebuttal to the findings of Dalquest and Scheffer for the

mima mounds of Southwest Washington and Larrison's conclusions for the

mounds of the Columbia Plateau. His paper probably created the aware-

ness among scientists in the Northwest that the mounded topography should

be examined in terms of polygenetic formation. Washburn (1956) helped

clarify the entire subject field regarding patterned ground by publishing

an exhaustive review of hypothetical origins for different kinds of

patterned ground with definitions for each type of formation. His

definition for patterned ground, as used herein, is "a group term for
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the more or less symmetrical forms that are characteristic of, but

not necessarily confined to, mantle subject to intensive frost action."

Mounds or biscuits are defined as "sorted circles with mesh dominantly

circular with a sorted appearance due to a border of stones surround-

ing fine material." In 1973 Washburn provided four premises dealing

with the genesis of patterned ground (Nelson, 1977) as follows:

1. Patterned ground is polygenetic;

2. Similar forms may result from different processes;

3. The same process may produce different forms;

4. There are more processes than are currently recognized.

Kaatz (1959) provided some of the first scientific measurements

of patterned ground in the Columbia Plateau. He noticed a steeper

north slope than south slope on mounded topography, tabular rock stand-

ing on end and rock decreasing in size to pebble size in the stone nets

and polygons. These phenomena were not created by water erosion alone

in his estimation. He postulated that under a periglacial climate soli-

fluction, aided by snow melt and precipitation, sculpted the loessal

mantle into the mounds and trenches which were then acted upon by fre-

quent freezing and thawing to sort the channels free of surface fines.

The first account of debris islands in the Pacific Northwest was

by Malde (1964) in southern Idaho. These were smaller circular areas

of 3-10 ft across in the pavement that represented more recent sorting.

These were only a few inches deep, level on the top and at the same basic

level as the adjacent stone net pavement. He also determined that the

slope percentage determined the orientation of the mounds and nets.

Up to 2% of the mounds and nets were unpatterned; from 2-5% of the
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drainage patterns became noticeable between rows of mounds; and as

the gradient reached 10% striped patterns dominated with stripes

remaining visible to 50%. He firmly supported a genesis induced by

periglacial climate.

Fosberg (1965) supported the periglacial theory for patterned

ground in southern Idaho. He interpreted the surface horizon of the

mounds to be a "soliflucted, ungraded blanket." The stone pavement

was clearly formed from severe frost heaving as evidenced by the ori-

entation of tabular stones, sorting of the cobbles and gravels and

the broken condition of tabular stones. He estimated the main period

of periglacial climate to have occurred about 10,000-11,000 years

ago.

Nelson (1977) studied the patterned ground of the Deschutes-Uma-

tilla Plateau and agreed with the periglacial formation theory. The

primary trigger was periglacial but also during that time he noted

the pluvial lake development in the Great Basin as indication of a

previously moister environment. He developed a specific formative

theory for the stone rings and mounds as follows: (1) stones were

sorted and ejected from within the soil mass as a result of frost action

through numerous intensive freeze-thaw cycles; (2) a subsurface drainage

network was developed relative to the patterns produced by stone con-

centration in the soil mass; (3) the soil surface was lowered through

piping and erosion in areas where subsurface drainage was encouraged

by stone concentration; and (4) the low rate of erosion in the mounded

areas from which stones were heaved caused the high centered mounds with

a surrounding extensive drainage network.
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CHARACTERISTICS OF MOUNDED TOPOGRAPHY IN THE ZUMWALT PRAIRIE AREA

The primary study area for patterned ground vegetation was conducted

in the southeastern portion of the Billy Meadows Study Unit (known as

Zumwalt Prairie). The general portrayal of the mounded topography was

similar to that presented by other northwestern investi-

gators (e.g., Waters and Flagler, Kaatz, Malde and Nelson). The

mounds were located where a gentle slope existed (generally less than

10%) and became more elongated as the slope steepened. The ridge crest

often contained a continuous mantle to the same depth as the mounded

structures. Stone nets, polygons and stripes existed with large tab-

ular rocks (cryptogam-covered) overtopping smaller cobbles (Plate 13).

At the lesser slope exposures mounds were closer together with swales

between them rather than stone nets. This reflected a lesser degree

of fluvial erosion.

Two notable features existed in the patterned ground of this area

besides the mounds and stone nets or swales.

1. Debris islands occurred as low profile circles located be-

tween the mounds on the stone nets. These debris islands

were populated by Poa sandbergii and Danthonia unispicata

with a heavy cover of mosses and lichens which indicated

lack of current frost heaving. Some rock fragments of

gravel size occurred in the debris islands (Plate 26 ).

2. A systematic orientation of deep, straight cracks parallel

to the axis of the ridge occurred on the gentle terrain of

this area. Structural geology maps were consulted but were
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Plate 26. Debris Islands Dominated by Poa/Danthonia Communities
Surrounded by a Stone Net. Meter Stick is in a Frost Boil.
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too general to identify the geomorphic origins of the land-

forms. The probable cause of these cracks was from folding

of the basalt. As the exterior flow was subjected to the

stress of inner compression, tension cracks undoubtedly

were created by the expansion of the exterior flows on the

convex outer surface as indicated in Figure 15 (Billings,

1954). These tension cracks were plainly visible on ridges

dominated by the POSA3/DAUN h.t. Here a homogeneous sward

of Danthonia unispicata grew taller and with greater density

than on the unfractured basalt in the adjacent stand domina-

ted by Poa sandbergii. The fissure collected and retained

moisture flowing off the ridge perpendicular to the tension

crack. On deeper soils within the tension cracks Agropyron

spicatum and Koeleria cristata were found defining the frac-

ture with POSA3/DAUN scabland adjacent to them (Plates 13,

27, and 28).

An excavation was made of a debris island, stone net and tension

crack. This resulted in the following findings:

1. Debris Island: Soil depth was 15 cm above bedrock with the

upper 3 cm containing a fine mat of roots and moss. The

upper 3 cm of soil contained approximately 40% fine to medium

angular gravel and 10% cobbles. The soil from 3-15 cm in

depth was a silt loam containing 30% gravel. At the bedrock

contact small to medium-sized angular cobbles constituted

60% of the area. Bedrock surface was comprised of extremely

angular cobble-sized fragments.
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Figure 15.

Deformation by Rupture and Crumpling from Flexure Folding (Modified

from Structural Geology by Billings, 1954, p. 89, Fig. 76)



Plate 27. Tension Cracks Defined in Scabland Dominated by Danthonia
unispicata and Poa sandbergii

Plate 28. Tension Cracks Defined by Agropyron spicatum on Poa/Danthonia
Scabland
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2. Stone Net: This vertically sorted feature was comprised of

approximately 95% small to medium sized angular cobbles

and large to medium sized gravels. The large tabular stones

occurred on the surface with smaller cobbles and gravels

sorted at depth. In the lower 5 cm above bedrock, silt

loam was mixed in the rock. Bulbs of Allium spp. and

Camasia quamash were found concentrated in this zone.

3. Tension Crack: The excavation was to 40 cm but grass roots

and soil continued between the rocks to greater depths.

0-3 cm - A dense mat of roots, mosses, soil and cobbles.

The cobbles constituted 30% of the mass.

3-20 cm- A silt loam soil containing approximately 50%

small, angular cobbles and large gravels.

20-40 cm- A silty clay loam with clay skins on fine to

medium angular blocky peds. Red mottles indi-

cated perched water during part of the year.

Rock was fractured into fine, very angular

gravels where the crack was approximately

15 cm wide (at the deepest excavation).

RESULTS

Classification of Mounded Vegetation

Mounded topography was populated by vegetation capable of occurring

on gentle topography with deep or moderately deep soils adjacent to

forested communities supporting the Pseudotsuga/SymRhoricarpos habitat
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type. The mounds were often covered with vigorous stands of Symphori-

carpos albus. On Cold Spring Ridge where a stand of subalpine sage-

brush occurred the mounds contained vigorous growing shrubs of Artemi-

sia tridentata vaseyana forma speciformis while shallower intermound

areas supported lower growing Artemisia rigida. The greatest per-

centage of mounded topography in the study area contained steppe vege-

tation assigned to the Festuca idahoensis/Agropyron spicatum and

Agropyron spicatum/Festuca idahoensis habitat types. Many of the

mounds showed a high degree of disturbance attributable to intensive

grazing by domestic livestock and big game animals with concurrent

and subsequent degradation created by pocket gophers. These mounds

generally had a high coverage of Poa pratensis replacing the climax

dominant bunchgrasses. Some disturbed, relatively xeric mounds were

found to be populated by Eriogonum heracleoides mats or annual Bromus

spp. (Bromus tectorum, Bromus brizaeformis, and Bromus mollis). These

were placed into a probable Agropyron-Poa habitat type.

Seventeen mounds from the habitat type classification study on

Billy Meadows Study Unit were selected for intensive study. Three

habitat types and twe plant community types were represented as follows

(see Table 45):

1. Symphoricarpos albus/Poa pratensis plant community type

Mounds were characteristically populated by large (1.5-5 ft)

(0.5-1.5 m) snowberry plants with Eriogonum heracleoides, Poa pratensis,

Agastache urticifolia and Fragaria virginiana replacing the climax vegeta-

tion. Poa pratensis was always present and contained the highest

graminoid coverage. The loss of climax grasses was attributed to historic
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TABLE 45. Comparative Vegetation and Environmental Characteristics of

Mounds on the Billy Meadows Study Area (Constancy/Coverage)

Shrub

SYAL/
POPR

FE ID/

AGSP
AGSP/
FEID

AGSP/
POSA3 POPR

Symphoricarpos albus 100/21

Perennial Forbs
Eriogonum heracleoides 100/13 66/4 50/3 86/11

Agastache urticifolia 100/8

Fragaria virginiana 100/5

Achillea millefolium 100/4 100/9 100/11 33/27 100/13

Geum triflorum 100/1 33/14 50/8 43/2

Potentilla glandulosa 100/3 50/2 29/4

Paeonia brownii 100/2 --

Potentilla gracilis 50/1 33/4 50/6 43/13

Grasses
Poa pratensis 100/14 100/2 50/8 33/1 100/45

Bromus carinatus 100/9 -- --

Bromus brizaeformis 66/1 100/3 33/1 54/2

Bromus mollis 66/10 100/17 -- 91/8

Bromus tectorum 50/5 27/15

Agropyron spicatum 100/18 100/23 66/9 43/3

Festuca idahoensis 100/34 100/11 -- 43/1

Poa sandbergii 66/4 100/7 100/14 71/3

Koeleria cristata 100/5 100/6 33/4 100/3

Annual Forbs
Madia glomerata 100/9 66/13 50/1 33/1 86/17

Polygonum douglasii 100/4 50/1 66/2

Sanguisorba occidentalis 100/2 --

Clarkia pulchella 66/2 100/6 50/1 91/11

Stellaria nitens 33/30

Collinsia parviflora 66/8

Microsteris gracilis 66/4

Veronica peregrina 66/1 50/3 100/7 45/1

Collomia linearis 66/1 50/1 66/2 82/2

Epilobium paniculatum 50/1 100/1

Blepharipappus scaber 66/1

Environmental Qualities

Total soil depth (cm) 87.5 77.3 75.0 41.7 78.6

Effective depth (cm) 10.0 31.0 25.0 32.9

Elevation (m) 1503 1401 1297 1265 1376

Herbaceous Productivity 2673 1836 1277 993 1424

(kg/ha)
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overuse by domestic sheep, livestock and elk. Indian ponies may also

have contributed to the degradation of these communities. Bromus cari-

natus was restricted to the SYAL/POPR community on mounds in the

study area. Soil depths were greater than for any other mounded com-

munity type. The very shallow effective soil depths were attributed

to the paucity of vegetation occurring between the shrubs in the inter-

spacial area. The SYAL/POPR mounds were the highest elevationally and

herbaceous production was greatest for vegetation on this habitat type.

2. Festuca idahoensis/Agropyron spicatum habitat type

Festuca idahoensis had the greatest coverage in this type

than on any other mounded habitat type. Agropyron spicatum was highly

associated with Achillea and Eriogonum heracleoides. Madia glomerata

reached its greatest occurrenCe-ondisturbed mounds of this habitat type.

Clarkia pulchella was especially showy on these mounds (Plate 13). The

FEID/AGSP mounds were next in elevation, total soil depth and herbaceous

productivity after the mesic SYAL/POPR type. Effective rooting

depth was greatest of any of the mounded vegetation sampled.

3. Agropyron spicatum/Festuca idahoensis habitat type

Agropyron dominated this mounded habitat type with Festuca,

Koeleria and Poa sandbergii about equally represented. The annual bromes

attained their greatest prominence in this habitat type with disturbance.

Total herbaceous production, total soil depth and elevation were each

less than the slightly more mesic FEID/AGSP habitat type on mounded

topography.

4. Agropyron spicatum/Poa sandbergii habitat type.

This habitat type on mounded topography was characterized

by the least Agropyron spicatum coverage of the four habitat types;
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the highest coverage of Poa sandbergii; and a paucity of annual Bromus

spp. and Poa pratensis occurrence. Achillea was found to increase on

these more xeric mounds. Veronica peregrina and Epilobium paniculatum

were especially prominent annuals on the sampled mounds. Blephari-

pappus scaber had a high fidelity for the AGSP/POSA3 habitat type on

mounded topography. Elevation, soil depths, effective soil depths and

herbaceous productivity averaged lowest for this most xeric of the

mounded habitat types.

5. Eriogonum heracleoides/Poa pratensis plant community type

Many mounds were encountered with little vestige of climax

vegetation remaining. A group of seven mounds dominated by Poa praten-

sis, Achillea millefolium, and Eriogonum heracleoides were isolated

into a group called ERHE/POPR mounds. They could be assigned to either

the FEID/AGSP or the AGSP/FEID habitat types based on elevation, soil

depth, productivity and location near mounds containing remnant climax

vegetation of those habitat types. The occurrence of weedy vegetation

was especially diagnostic. Poa pratensis clearly dominated with annual

Bromus spp. (especially Bromus mollis) occurring in patches. Achillea

and Eriogonum were the most frequent perennial forbs present. Madia

glomerata reached its highest occurrence and amounts in these degenerated

deep-soil mounds. Clarkia pulchella provided a showy aspect in mid sum-

mer with which a visual classification of degree of disturbance could

be established.

Seral Stages of Mounded Topography

The mounds demonstrated a sensitivity to micro-aspect and soil

depth. As severity of disturbance increased there were noticeable stages
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or seres that could be detected. Generally on bunchgrass-dominated

mounds the northerly hemisphere tended to have higher residual stands

or remnants of Festuca idahoensis in association with some Agropyron

spicatum. Agropyron was generally found as a fringe on highly disturbed

mounds in the southern hemisphere between the highly disturbed mound

center (or apex) and the apron (or slope) of the mound (Plate 14).

The Festuca stand generally was replaced by increasing patches of Geum

triflorum while Agropyron stands showed a temporary increase in amounts

of Koeleria before annual Bromus spp. aggressively took over the mound.

Mound centers were always in a state of change from climax conditions.

The ungulates undoubtedly concentrated their use of mounded.vegetation

in the more lush vegetation of the mound top or center. Likewise, the

pocket gopher chose these centers for their greatest activity. Accord-

ingly, the greatest weediness of the mound was the "bullseye" center

or apex of the mound where steppe forbs first increased (e.g., Geum,

Potentilla, Geranium, Paeonia) before the more aggressive Poa pratensis

or Eriogonum heracleoides formed large continuous expanses across the

mound tops (Plate 29). The only other plant to increase with disturb-

ance and complete the near total take-over of the site was Madia glomerata.

This extremely aggressive composite exudes an allelopathic inhibitory

exudate which poisons the soil to other plant competitors (Carnahan &

Hull, 1961), ultimately allowing Madia to completely dominate the deeper

soil of the mound (Plate 30 ). This disclimax is nearly impossible to

reverse, both biologically and economically (Hull, 1968, 1971; Carnahan

& Hull, 1962; Klomp & Hull, 1968; Stevenson, 1950).
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Plate 29. Mound Dominated by Eriogonum heracleoides Mat from
Heavy Disturbance

Plate 30. Mound Dominated by Madia glomerata from Heavy Degradation
of the Native Plant Community



A sequential retrogressive succession can be shown by the

following hypothetical diagram:

Climax

FEID/AGSP---o forbs Poa pratensis

Eriogonum heracleoides

AGSP/FEID---op Koeleria-----4. Annual Bromus spp.
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Madia glomerata

Eriogonum heracleoides

,AGSP/POSA3-ip.Achillea----PPMadia glomerata

Effect of Soil Depth on Species Orientation

The slopes or aprons of the mounds are very unstable. Frost heaving

of the silty clay loams in the late winter and early spring inhibits

the colonization of perennial platts and promotes the annual forbs which

dominate this portion of the mounded structure. Deep-soil members

tend to populate the upper slopes of the apron while encroachment by

scabland or thin-soil plant members usually occurs on the toe slope.

A banded pattern was found when frequency data were compared between low

(0-20 cm); middle (21-40 cm); and upper (41+ cm) soil depths along

transects on the aprons. The analysis included data from mounds sup-

porting three principal plant community types.

1. Symphoricarpos albus/Poa pratensis mounds (see Table 46)

Symphoricarpos was always found in the upper band where soil

depths were greatest. Poa pratensis was never found in the lower

band and occurred primarily in the upper band as an associate with Symphori-
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TABLE 46. Symphoricarpos albus/Poa pratensis Mounds Summary

(Constancy/Frequency)

Shrub
Symphoricarpos albus

Slope Direction

Slope
Position

N E S W L M H

(SYAL) 17/33 0/0 17/13 20/19 0 0 43

Perennial Grasses
Poa pratensis (POPR) 33/38 17/25 17/33 40/22 0 25 57

Poa sandbergii (POSA3) 67/42 67/57 67/37 80/45 100 63 43

Bromus carinatus (BRCA) 50/26 100/55 33/11 80/18 50 50 100

Annual Grasses
Bromus mollis (BRMO) 67/40 17/100 50/60 60/84 38 38 71

Bromus brizaeformis
(BRBR) 0 0 33/11 0 0 13 14

Bromus tectorum (BRTE) 0 33/10 50/61 33/11 38 38 14

Perennial Forbs
Achillea millefolium

(ACMIL) 33/42 50/72 33/29 60/23 50 25 57

Antennaria luzuloides
(ANLU) 83/30 33/67 33/23 100/40 75 63 43

Eriogonum heracleoides
(ERHE) 50/39 67/58 67/42 33/44 38 38 100

Allium fibrillum (ALFI) 17/8 17/8 33/25 33/17 75 0 0

Perideridia gairdneri
(PEGA2) 33/21 33/8 33/21 17/6 38 13 43

Lomatium ambiguum (LOAM) 33/37 50/44 83/19 33/18 50 50 57

Annual Forbs
Madia glomerata (MAGL) 100/78 100/86 100/63 100/44 100 100 100

Stellaria nitens (STNI) 67/44 83/57 33/42 33/20 25 63 86

Sanguisorba occidentalis
(SAOC) 100/48 33/32 67/15 60/38 63 50 86

Microsteris gracilis
(MIGR) 83/23 50/17 100/37 80/25 75 75 86

Draba verna (DRVE2) 50/25 33/32 50/13 17/33 50 38 25

Linanthus harknessii
(LIHA) 50/21 67/41 17/8 0 50 25 25

Agoseris heterophylla
(AGHE) 33/32 17/13 0 20/6 0 38 14

Clarkia pulchella (CLPU) 50/58 83/34 83/34 80/13 50 88 86

Navarettia intertexta
propinqua (NAINP) 67/20 17/81 33/46 33/29 88 13 14

(continued on next page)
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TABLE 46. Symphoricarpos albus/Poa pratensis Mounds Summary

(Constancy/Frequency)

Annual Forbs, Continued
Polygonum douglasii

(Continued)

Slope Direction

Slope

Position

(PODO) 100/49 100/57 100/74 100/50 100 100 100

Polygonum polygaloides
(POPO) 17/42 17/63 50/50 33/38 75 13 0

Orthocarpus sp. (ORTHO) 17/8 17/8 17/13 33/16 25 13 29

-Collomia linearis
(COLI2) 17/6 50/34 33/15 33/20 25 38 43

Collinsia parviflora
(COPA) 17/6 17/50 0 17/13 0 0 43
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carpos. Poa sandbergii was found as an increaser and was always

present in the lower band with only minor occurrence in the upper

band. Bromus carinatus was highly associated with Symphoricarpos and

always occurred in the upper band_

The annual bromes tended to respond to soil depths and moisture

differences. Bromus mollis and Bromus brizaeformis occurred more

commonly in the upper band while Bromus tectorum was more restricted

to the lower and middle bands.

Perennials encroaching from the scabland were Antennaria luzu-

loides and Allium fibrillum. Allium was never found in deeper soil

above the lower zone while Antennaria was more ubiquitous, occurring

in all three bands , though to a lesser degree in the higher bands.

Eriogonum heracleoides was always present in the upper band and became

much less frequent farther down the slope of the apron. Some species

were common at all levels of the mound slope. These were Achillea,

Perideridia gardneri and Lomatium ambiguum.

Annual forbs comprised the most common plants on the aprons with

14 species analyzed for this type. Some were non-specific to soil

depth (e.g., Madia glomerata and Polygonum douglasii) and were always

found in all three bands. Collinsia parviflora only occurred in the

upper band as an associate with the mound top vegetation. Other species

occurring primarily in the uppermost bands were Stellaria nitens,

Clarkia pulchella and Collomia linearis. Draba verna, Linanthus hark-

nessii, Navarretia intertexta propinqua and Polygonum polygaloides- were

all oriented in the lower bands. Navarretia and Polygonum polygaloides

were usually encountered in vernal pool situations at the base of the
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mound (Plate 12). Species occurring on the aprons but with no clear

band affinities were Madia, Polygonum douglasii, Sanguisorba occident-

alis, Microsteris gracilis and Orthocarpus. Agoseris heterophylla

was never found in the lowest band and appeared to be centered on the

apron in the middle band.

Species occurring on the Symphoricarpos/Poa mound aprons that

were absent on the Festuca/Agropyron and Agropyron/Poa mound aprons

were: Symphoricarpos albus, Bromus carinatus, Perideridia gairdneri,

Lomatium ambiguum, Clarkia pulchella, Sanguisorba occidentalis, Ortho-

carpus sp., Collomia linearis and Collinsia parviflora. Clarkia pul-

chella was very common on Festuca/Agropyron mound crests (Plate 13)

but was not found on the more xeric slopes of these mounds. Apparently

it required more mesic slopes that the Symphoricarpos/Poa mounds

provided. Allium fibrillum was discounted from this list since it

may have withered and been invisible from other lower bands on mound

aprons because of later seasonal sampling or more droughty mounds of

the less mesic Festuca/Agropyron and Agropyron/Poa types.

2. Festuca idahoensis/Agropyron spicatum mounds (see Table 47).

No shrubs occurred on these mounds. Perennial grasses show-

ing greatest occurrence in the upper band were Poa pratensis and

Festuca idahoensis. Poa sandbergii was always present in the lower and

middle bands and highly present in the uppermost band (77%). Poa sand-

bergii did not occur beyond the lowermost band all of the time in the

more mesic Symphoricarpos mounds. Danthonia unispicata was an invader

from adjacent Poa/Danthonia scablands. Perennial grasses showing a

fidelity to the middle band were Koeleria and Agropyron. These species
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TABLE 47. Festuca idahoensis/Agropyron spicatum Mounds Summary

(Constancy/Frequency)

Perennial Grasses
Poa sandbergii (POSA3)
Poa pratensis (POPR)
Koeleria cristata (KOCR)
Festuca idahoensis (FEID)
Agropyron spicatum (AGSP)

Slope Direction

Slope

Position

94/54
24/55
71/23
35/47
18/53

85/70
10/70
40/38
40/21
25/50

100/78
14/54
48/21
14/29
19/29

95/63
10/50
35/19
30/38
40/62

100
0

24

14

17

100
7

66

34

34

77

45

55

45

25

Danthonia unispicata
(DAUN) 18/26 10/8 6/13 10/13 17 7 5

Annual Grasses
Bromus mollis (BRMO) 47/59 45/40 33/53 60/49 38 55 45

Bromus brizaeformis
(BRBR) 14/17 15/13 0 0 0 10 5

Perennial Forbs
Achillea millefolium

(ACMIL) 100/46 90/47 71/37 70/41 79 90 75

Antennaria luzuloides
(kNLU) 65/23 45/22 48/43 40/29 59 55 25

Eriogonum heracleoides
(ERNE) 18/39 25/43 24/36 15/66 10 24 30

Sedum stenopetalum (SEST) 41/14 20/16 29/6 10/8 34 7 10

Microsteris nutans (MINU) 6/8 15/13 14/31 10/14 3 17 15

Tragopogon dubius (TRDU) 6/17 20/10 24/10 5/8 3 24 14

Potentilla gracilis
(POGR) 6/6 20/17 0 0 0 10 10

Annual Forbs
Madia glomerata (MAGL) 65/47 85/56 86/56 35/70 55 72 80

Epilobium paniculatum
(EPPA) 53/23 50/22 67/28 40/29 48 62 45

Veronica peregrina (VEPE) 47/48 50/30 33/38 35/45 28 59 35

Draba verna (DRVE2) 17/12 0 0 10/32 10 7 0

Blepharipappus scaber
(BLSC) 12/13 10/26 29/35 40/15 17 31 20

Microsteris sp. (MICR04) 12/46 0 10/15 10/15 10 10 0

Navarettia intertexta
propinqua (NAINP) 29/19 25/13 14/42 10/34 31 21 0

Polygonum douglasii
(PODO) 71/48 70/52 86/41 60/40 93 79 30

Polygonum polygaloides
(POPO) 17/62 5/75 24/33 5/25 21 3 10

Microsteris gracilis
(MIGR) 0 15/18 14/14 10/13 0 17 15

Linanthus harknessii
(LIHA) 6/25 30/24 5/25 5/6 14 17 0
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tended to increase with overgrazing of the Festuca/Agropyron crest

and therefore were more common at the extremities of the mound top

where Festuca had been reduced.

Annual grasses were dominated by Bromus mollis and Bromus brizae-

formis. Bromus tectorum did not occur on these mounds. The lower band

was too xeric for Bromus brizaeformis as it did not occur as frequently

as did Bromus mollis, which frequented all bands. Both bromes occurred

most frequently in the middle band.

Perennial forbs were more numerous in this mound type than in the

other two studied. Antennaria luzuloides and Sedum stenopetalum en-

croached from the adjacent scablands and were most frequently encountered

in the lower bands. Eriogonum heracleoides and Potentilla gracilis

showed an affinity to the deeper soil zones as encroaching species from

the crests of these mounds. Microsterisnutans and Tragopogon dubius

occurred in all bands but tended to be less frequent in the lowermost

band. Achillea was ubiquitous but with greatest occurrence in the

middle band.

Annual forbs dominated the aprons, of the Festuca/Agropyron mounds.

Madia was less common than in the more mesic Symphoricarpos mounds with

a definite affinity to deeper soil as found on the Festuca-dominated

mounds. Microsteris gracilis was the only other species to occur in

the upper bands more commonly than in the shallower soils. Draba verna,

Microsteris sp., Linanthus harknessii and Navarretia intertexta propin-

qua were all restricted to the shallow soil as found on the Symphoricarpos

mounds. Polygonum polygaloides and Polygonum douglasii were generally

more common in the lower bands. Polygonum douglasii was present 100% of
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the time in all bands of the Symphoricarpos mounds but approached 100%

only in the lowermost band of these more xeric mounds. Epilobium pani-

culatum, Blepharipappus scaber and Veronica peregrina occurred in all

bands with the greatest occurrence in the middle band.

Species occurring on these mounds that were absent from the other

two mound types were: Festuca idahoensis, Agropyron spicatum and Dan

thonia unispicata of the perennial grasses. Festuca had been replaced

on Symphoricarpos mounds by Poa pratensis. The aprons of Agropyron/Poa

mounds were too severe for Agropyron to populate and were severely

overgrazed. Danthonia tended not to be an adjacent scabland member

when the other mound types occurred.

Four perennial forbs were found only on aprons of this type: Poten-

tilla gracilis, Tragopogon dubius, Microseris nutans and Sedum stenopeta-

lum. Potentilla and Tragopogon were both members of the SYAL/POA

community on mound crests. These species were not found on the

aprons of those mounds, however, Sedum was an invader from the adjacent

scabland community.

Microsteris sp. was the only annual specific to Festuca/Agropyron

mounds. Epilobium, Veronica and Blepharipappus were not found in the

more mesic Symphoricarpos mounds but did occur in the more xeric

Agropyron/Poa mounds.

3. Agropyron spicatum/Poa sandbergii mounds (see Table 48).

Only Poa sandbergii and Koeleria cristata populated these aprons.

Poa was always found in the two lowermost zones and was very common

in the deepest soil zone. Koeleria was most frequent in the uppermost

band and was less common than on the Festuca/Agropyron mounds.
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TABLE 48, Agropyron spicatum/Poa sandbergii Mounds Summary

(Constancy/Frequency)

Perennial Grasses

Slope Direction
Slope

Position

Poa sandbergii (POSA3) 80/48 100/79 100/49 100/59 100 100 67

Koeleria cristata (KOCR) 60/19 25/5 0 0 13 25 33

Annual Grasses
Bromus mollis (BRMO) 80/39 25/25 60/20 60/29 38 75 67

Bromus tectorum (BRTE) 80/54 75/37 80/56 100/27 63 100 100

Bromus brizaeformis
(BRBR) 0 50/17 20/6 20/13 25 25 0

Perennial Forbs
Achillea millefolium

(ACMIL) 60/76 50/24 40/50 20/6 38 50 33

Antennaria luzuloides
(AILO) 60/15 50/34 20/5 40/6 38 50 33

Annual Forbs
Agoseris heterophylla

(AGHE) 40/44 25/25 20/15 20/13 13 38 33

Madia glomerata (MAGL) 20/10 25/10 0 0 0 25 0

Epilobium paniculatum
(EPPA) 40/41 75/38 60/39 80/47 50 88 33

Veronica peregrina
(VEPE) 80/48 50/26 60/47 80/27 63 88 33

Stellaria nitens (STNI) 20/5 25/5 40/18 20/6 13 38 33

Microsteris gracilis
(MIGR) 20/6 50/7 20/25 0 38 13 0

Draba verna (DRVE2) 20/38 75/12 40/34 40/13 50 50 0

Blepharipappus scaber
(BLSC) 60/35 100/25 80/25 100/36 76 100 67

Polygonum douglasii
(PODO) 80/69 100/85 100/59 100/65 100 100 67
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Bromus tectorum dominated these aprons as opposed to the other

mound types where Bromus mollis was the most common of the annual

bromes. Bromus mollis also occurred here with greatest frequency

in the upper bands. The reverse was true for Bromus brizaeformis,

which seemed to encroach from the scabland adjacent to the mounds with

no occurrence in the deepest soil band.

Only two perennial forbs regularly occurred on these xeric slopes:

Achillea and Antennaria. They both occurred with greatest frequency

in the middle soil depth band.

Madia was less frequent than on any of the mound types sampled.

It was found only in the central depth band of the Agropyron/Poa mounds.

Perhaps the Achillea and Bromus of these highly disturbed mounds were

too competitive for the Madia. In time it would be expected that Madia

should populate the deepest soils of these mounds as mounds pertaining

to this type were found completely dominated by Madia glomerata (Plate 30).

Only Agoseris heterophylla appeared to prefer the deeper soils of the

apron. Microsteris gracilis, Draba verna, and Polygonum douglasii

were more common occupants of the shallower soils of the mound. Poly-

gonum douglasii occurred 100% of the time in all bands of the Symphori-

carpos mounds; yet only approached 100% in the lower and middle bands

of the Agropyron/Poa mounds. Many species showed a preference for the

intermediate band between the deeper-soil crest community and the

shallow-soil scabland community (e.g., Agoseris heterophylla, Madia

glomerata, Epilobium paniculatum, Veronica peregrina, Stellaria nitens,

and Blepharipappus scaber).
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Bromus tectorum,very prevalent in this mound type, was infrequently

found on Symphoricarpos mounds and absent from the Festuca-dominated

mounds. Stellaria nitens and Agoseris heterophylla had a'similar

relationship with the three mound types. There were no species unique

to Agropyron/Poa mounds.

Effect of Aspect on Species Distribution

Although mounds are not steep, tall structures they nevertheless

provide enough elevation above the plain and are significantly sloped

to that plain that microenvironmental effects are transmitted to the

vegetation. An orderly vegetational zonation occurs which is influenced

by aspect. The effect of soil mounds on vegetation has been studied

and described by Rickard (1971, 1973, 1975). The effect of aspect

was determined for the species populating the three mounded types.

1. Symphoricarpos albus/Poa pratensis mounds (see Table 46).

Symphoricarpos was most frequently found on north slopes en-

croaching from the crest. Bromus carinatus, a common associate of

the Symphoricarpos community, was always found on east slopes where

highest occurrence resulted. Poa pratensis and Poa sandbergii demon-

strated ubiquity on all slopes.

As expected, Bromus tectorum was most prolific on south slopes.

Bromus brizaeformis was restricted to south slopes but Bromus mollis

was less confined to a given exposure although southerly and westerly

slopes provided high constancies among mounds sampled.

Among perennial forbs, aspect was not clearly a determinant of

species orientation in this mound type. Lomatium ambiguum occurred
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generally on north and east slopes. This species was very common in

snowbank communities and appeared to be a component of shrubland

steppe on the most mesic and cool exposures. Allium fibrillum was

more common at lower slope levels on south and west exposures.

Madia glomerata was present on all sampled aspects as was Poly-

gonum douglasii. Madia reached its greatest abundance on north and

east slopes while the more drought tolerant Polygonum was most common

on south slopes. Annuals showing a high preference for northerly or

easterly slopes were Madia, Stellaria nitens, Sanguisorba occidentalis,

Linanthus harknessii, Agoseris heterophylla, and Clarkia pulchella.

Those appearing to prefer more xeric, sunny exposures were Microsteris

gracillis, Polygonum douglasii, and Orthocarpus sp. Agoseris, Linanthus

and Collinsia all appeared to be particularly sensitive to southerly

aspects with little to no occurrence on those slopes.

2. Festuca idahoensis/Agropyron spicatum mounds (see Table 47).

Both Festuca and Agropyron occupied north and west exposures

more than south and east exposures. The greater frequency on west slopes

may be due more to mound crest disturbance patterns than to species

colonization preference. Poa pratensis and Koeleria cristata both oc-

cupied northerly and easterly slopes while Poa sandbergii was more

commonly on southerly slopes. Danthonia unispicata occupied shallow

soils of the lower north slopes where it could apparently outcompete

perennials requiring greater soil depth. It also needed more moisture

than its common associate, Poa sandbergii, as was shown by its tendency

to occur on northerly aspects.
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Bromus brizaeformis was absent from south slopes on these mounds

as readily as it was missing from north slopes on the higher elevation,

more mesic Symphoricarpos mounds. Bromus mollis was very ubiquitous

but reached its highest occurrence on north slopes.

Perennial forbs which generally occupied northerly slopes were

Tragopogon dubius, Potentilla gracilis and Sedum stenopetalum. The

Sedum encroached on lower north and east slopes whiere moisture re-

tention was greatest. Microseris nutans and Antennaria luzuloides

preferred southerly aspects. Eriogonum heracleoides and Achillea were

present fairly equally on all aspects at high frequencies. -Potentilla

gracilis was absent from southerly and westerly aspects altogether.

Madia glomerata was equally present on most aspects and at very

high levels. Many of the annuals showed no preference to aspect.

Northerly aspects were preferred by Microsteris sp. but no Microsteris

gracilis (which was not found on north slopes): Both Polygonum doug-

lasii and Polygonum polygaloides were north-slope oriented. Polygonum

polygaloides was a north - aspect member because of its need for higher

moisture which it generally obtained from vernal pools. Epilobium

paniculatum and Navarretia intertexta propinqua all were favored

on southerly exposures.

3. Agropyron spicatum/Poa sandbergii mounds (see Table 48).

Poa sandbergii occurred almost equally on all slopes of this

mound type. Koeleria was restricted to northerly and easterly aspects

with no occurrences on south or west slopes.

Of the annual grasses the only clear pattern was the predominating

occurrence of Bromus mollis on north aspects. On the other hand, Bromus
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equally on all others. Bromus tectorum was ubiquitous.
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None of the perennial forbs appears to dominate a given aspect.

Achillea had a 76% frequency for north slopes but a relatively high

(50%) frequency for south slopes. Northerly slopes tended to be more

populated than southerly slopes by Antennaria.

Again, annuals were not oriented by aspect to the degree that

perennials were. Madia did show a substantial reduction on these more

xeric mounds with a resultant occurrence only on north and east slopes

where moisture was greatest. Agoseris heterophylla continued to show

a preference for northerly slopes. Stellaria occurred on southerly

slopes although it appeared to be favored by north and east slopes

on the Symphoricarpos mounds. Microsteris gracilis continued occupance

of southerly slopes.

Table 49 summarizes the orientation of selected species on mound

aprons by principal mound types.

CONCLUSION

Mounded vegetation was studied in northeastern Oregon along with

a classification of habitat types and to define stages of retrogressive

succession resulting from pyric and zootic influences. Three habitat

types were defined with the following successional sequences associated

with each as disturbance increased.

1. Symphoricarpos albus/Foa pratensis plant community type

Symphoricarpos and Festuca declined with overuse. Forbs

increased (Agastache, Fragaria, Eriogonum) and were replaced

by Poa pratensis.
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TABLE 49. Aspect Summary* of Species Orientation on Mound Aprons

North-East
Perennial
:Grasses Bromus carinatus (SYAL)

Poa pratensis (FEID)
Koeleria cristata (FEID, AGSP)
Danthonia unispicata (FEID)

Annual
Grasses Bromus brizaeformis (FEID)

Bromus mollis (FEID, AGSP)

Perennial
Forbs

Annual
Forbs

Lomatium ambiguum (SYAL)
Tragopogon dubius (FEID)
Sedum stenopetalum (FEID)
Antennaria luzuloides (AGSP)

Madia glomerata (SYAL)
Stellaria nitens (SYAL)

Sanguisorba occidentalis
(SYAL)

Linanthus harknessii (SYAL)
Agoseris heterophylla (SYAL,

AGSP)
Clarkia pulchella (SYAL)
Microsteris ap. (FEID)

Polygonum douglasii (FEID)
Polygonum polygaloides (FEID)
Madia glomerata (AGSP)

South-West

Poa sandbergii (FEID)

Bromus tectorum (SYAL)
Bromus brizaeformis (SYAL)

Allium fibrillum (SYAL)
Microseris nutans (FEID)

Polygonum douglasii (SYAL)
Microsteris gracilis (SYAL,

FEID, AGSP)

Orthocarpus sp. (SYAL)

Epilobium paniculatum (FEID)
Navarretia intertexta (FEID)
Stellaria nitens (AGSP)

*Mound type in parentheses SYAL, FEID, AGSP dominated)
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2. Festuca idahoensis/Agropyron spicatum habitat type

Disturbance increased the coverage of the forbs Geum and

Potentilla while at the height of retrogression, Poa praten-

sis and Eriogonum heracleoides often formed continuous stands.

3. Agropyron spicatum/Festuca idahoensis habitat type

Koeleria cristata increased with disturbance followed by

either mats of Eriogonum heracleoides or annual Bromus

patches with greater abuse. In ultimate retrogression the

mounds were populated by a singular stand of Madia glomerata.

4. Agropyron spicatum/Poa sandbergii habitat type

Achillea millefolium increased on these mounds with heavy

disturbance. As degradation continued, Madia glomerata be-

came the ultimate disclimax on the site.

Mounded topography dominated by Symphoricarpos/Poa, Festuca/

Agropyron and Agropyron/Poa habitat types were studied to find affinities

by plants on the mound aprons to soil depth and aspect differences.

Some plants were restricted to aprons of mounds of a given habitat type.

Others were ubiquitous and occurred across types. Certain plant species

only occurred in the lower apron band or upper apron band as species

invading from the stable mound top or adjacent scabland. Others were

not restricted by either soil depth or aspect differences.

Certain plants were especially aspect sensitive and occurred only

on slopes with favorable environmental attributes (e.g., Bromus mollis

and Koeleria cristata occurred only on north and east exposures of

Festuca/Agropyron mound aprons).
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Annuals made up the majority of mound slope communities. Although

annual vegetation is often considered to be randomly oriented in Pacific

Northwest plant communities a certain pattern of occurrence often was

demonstrated by annual fortis on mounded aprons. For example, Polygonum

polygaloides preferred more mesic vernal ponding areas at the bases of

mounds and occurred only at the base of north and east exposures where

the mound intercepted direct solar radiation in afternoons permitting

greater moisture retention longer in the growing season.
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APPENDIX A. SPECIES PRESENCE BILLY MEADOWS STEPPE COMMUNITIES

NO. OF PLOTS = 192 (RECON.)

SPECIES GROUP C (TREES)

PRES. PLOT NO. BY OCCURRENCE
SPECIES COUNT 1ST 2ND 3RD SPECIES

1 PIPO 5 2 86 108 172 PINUS PONDEROSA
2 POTR 1 0 110 0 0 POPULUS TREMULOIDES

SPECIES GROUP D (SHRUBS AND SUB-SHRUBS)

SPECIES COUNT
PRES. PLOT NO. BY OCCURRENCE

1ST 2ND 3RD SPECIES

1 ARRI 35 18 9 10 12 ARTEMSIA RIGIDA
2 SYAL 28 14 8 11 34 SYMPHORICARPOS ALBUS
3 ROWOU 21 10 42 43 48 ROSA WOODSII
4 AmAL 10 5 94 108 110 AMALANCHIER ALNIFOLIA
5 PHMA 9 4 94 97 118 PHYSOCARPUS MALVACEUS
6 PRVIM 7 3 108 110 115 PRUNUS VIRGINIANA MELANOCARPA
7 CHNA 6 3 19 75 82 CHRYSOTHAMNUS NAUSEOSUS
8 PHLE2 5 2 96 113 115 PHILADELPHUSLEWISII
9 SPBE 4 2 43 100 132 SPIRAEA BETULIPOLIA
10 ARTRV 4 2 7 8 25 ARTEMISIA TRIDENTATA VASEYANA
11 ROGY 5 2 1 86 110 ROSA GYMNOCARPA
12 ACGL 2 1 135 149 0 ACER GLABRUM
13 HODI 3 1 115 133 134 HOLODISCUS DISCOLOR
14 SACE 2 1 113 149 0 SAMBUCUS CERULEA
15 ROSA 3 1 100 136 148 ROSA SPP.
16 RIIN 3 1 96 115 135 RIBES INERME
17 BERE 2 1 38 43 0 BERBER'S REPENS
18 ROM 3 1 8 12 25 ROSA NUTKANA HISPIDA
19 RICEC 1 0 113 0 0 RIBES CEREUM
20 CRDO 1 0 110 0 0 CRATAEGUS DOUGLASII
21 PRVI 1 0 50 0 0 PRUNUS VIRGINIANA

SPECIES GROUP E (FORKS AND GRAMINOIDS)

PRES. PLOT NO. BY OCCURRENCE
SPECIES COUNT x 1ST 2ND 3RD SPECIES

1 POSA3 158 82 1 3 4 POA SANDBERGII
2 ACMIL 153 79 1 2 3 ACHILLEA MILLEFOLIUM
3 AGSP 140 73 1 2 3 AGROPYRON SPICATUM
4 BRBR 107 55 2 3 17 BROMUS BRIZAEFORMIS
5 COLI2 91 47 4 13 18 COLLOMIA LINEARIS
6 TRDU 88 45 2 4 10 TRAGOPOGON DUBIUS
7 FEID 88 45 1 2 3 FESTUCA IDAHOENSIS
8 KOCR 79 41 1 2 4 KOELARIA CRISTATA
9 SEST 76 39 5 7 8 SEDUM STENOPETALUM
10 PODO 76 39 3 5 10 POLYGONUM DOUGLASSII
11 EPPA TO 36 21 23 24 EPILOBIUM PANICULATUM
12 BLSC 65 33 3 13 17 BLEPHARIPAPPUS SCABER
13 ERHE 65 33 1 3 4 ERIOGONUM HERACLEOIDES
14 CLPU 63 32 3 13 20 CLARKIA PULCHELLA
15 LUSES 59 30 1 2 3 LUPINUS SERICEUS
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16 9RMO 56 29 1 7 10 BROMUS MOLLIS
17 BASA 56 29 1 2 3 BALSAMORH/ZA SAGITTATA
18 BRTE 53 27 1 2 3 BROMUS TECTORUM

19 VEPE 51 26 1 13 19 VERONICA PEREGRINA

20 ERCH 47 24 35 37 40 ERIGERON CHRYSOPSIDIS

21 LOAM 45 23 17 18 20 LOMATIUM AMBUGUUM

22 ANLU . 46 23 7 9 10 ANTENNARIA LUZULOIDES

23 DAUN 43 22 5 10 12 DANTHONIA UNISPICATA
24 GRNA 42 21 7 14 17 GRINDELIA NANA

25 LOLE 39 20 5 9 10 LOMATIUM LEPTOCARPUM

26 L00O2 40 20 1 4 5 LOMATIUM CODS

27 MAGL 37 19 11 14 17 MADIA GLOMERATA

28 BAIN 37 19 5 9 10 BALSAMORRIZA INCANA

29 ALAL 37 19 1 2 4 ALYSSUM ALYSSOIDES
30 ARHO 36 18 7 8 10 ARABIS HOLBOELLII

31 POPR 36 18 2 4 6 POA PRATENSIS

32 ALAC 33 17 10 14 15 ALLIUM ACUM/NATUM

33 GETR 31 16 4 6 7 GEUM TRIFLORUM
34 TRMA 30 15 5 9 10 TRIFOLIUM MACROCEPHALUM

35 STNI 28 14 1 7 8 STELLARIA NUTENS
36 PHLI 28 14 1 3 19 PHACELIA LINEARIS

37 ERPU 23 12 6 13 22 ERIGERON PUMILUS
38 ARSO 24 12 1 2 4 ARNICA SORORIA

39 POGR 23 11 1 2 7 POTENTILLA GRACILIS

40 SIAL 20 1 21 50 61 SISYMBRIUM ALTISSIMUM
41 LUPIN 20 1 21 30 59 LUPINUS SPP.
42 SAOC 21 1 11 16 30 SANGUISORBA OCCIDENTALIS

43 HIAL2 21 1 1 2 8 HIERACIUM ALBERT/NUM

44 PESO 19 9 11 14 PERIDERIDIA BOLANDERI

45 LATHY 17 17 20 83 LATHYRUS SPP.

46 PEDE 16 10 17 49 PENSTEMON DEUSTUS

47 PEEL 16 1 5 6 PENSTEMON ELEGANTULUS
48 MINU 16 1 3 6 MICROSERIS NUTANS

49 MICR 17 1 2 4 MICROSTERIS GRACILIS

50 BERU 16 1 2 4 BESSEYA RUBRA

51 LIRU 16 1 2 3 LITHOSPERMUM RUDERALE

52 AGHE 14 55 57 58 AGOSERIS HETEROPHYLLA

53 PHVI3 14 28 29 42 PHLOX VISCIDA
54 LACTU 14 13 40 55 LACTUCA SPP.

55 CAOR3 14 9 10 15 CASTILLEJA ORESBIA

56 GAAP 15 8 11 20 GAL/UM APARINE

57 BRCA 15 7 8 25 BROMUS CARINATUS

58 LASEI 13 121 128 132 LACTUCA SERRIOLA INTEGRATA

59 PEGA2 12 94 118 127 PERIDERIDIA GAIRONERI
60 CAMA 12 70 78 93 CALOCHORTUS MACROCARPUS

61 SCAN 12 39 40 42 SCUTELLARIA ANGUSTIFOLIA

62 ERLA 12 17 18 41 ERIOPHYLLUM LANATUM
63 ORHI 12 7 34 40 ORTHOCARPUS HISPIDUS

64 PHPU 12 3 18 19 PHLOX PULVINATA

65 CIBR 10 78 109 120 CIRCIUM BREVIFOLIUM

66 LODI2 11 60 78 93 LOMATIUM DISSECTUM

67 SIAN2 10 56 60 77 SILENE ANTIRRHINA
68 ASTRA 10 55 112 143 ASTRAGALUS SPP.

69 LOTR 10 38 39 72 LOMATIUM TRITERNATUM

70 S/HYH 10 31 35 54 SITANION HYSTRIX HORDEOIDES

71 ORTE 10 26 30 55 ORTHOCARPUS TENUIFOLIUS

72 HEUN 11 20 108 120 HELIANTHELLA UNIFLORA

73 ALTO 11 5 37 41 ALLL/UM TOLMIEI
74 CRAC 10 3 4 6 CREPIS ACUMINATA

75 BRDO 10 1 2 4 BRODIAEA DOUGLASSII

76 POMA 8 124 125 127 POA MACRANTHA

77 MAGR 8 57 66 96 MADIA GRACILIS

78 ARHIG 8 46 133 157 ARABIS HIRSUTA

79 CAEU2 8 43 44 47 CALOCHORTUS EURYCARPUS

80 ERST2 9 41 75 76 ERIOGONUM STRICTUM
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81 Win: 8 4 16 32 65 NAVARRETIA INTERTEXTA

82 POLL 9 4 11 48 60 POTENTILLA GLANDULOSA

83 PHHE B 4 8 11 108 PHACELIA HETEROPHYLLA

84 CYOF 9 4 4 48 71 CYNOGLOSSUM OFFICINALE

85 GEVI 9 4 2 4 50 GERANIUM VISCOSISSIMUM

86 ZIVEG 9 4 2 3 26 ZIGADENUS VENENOSUS GRAMINEUS

87 ERDI3 8 4 1 15 19 ER/GERON DISPARIPILUS

88 SOME 6 3 143 145 147 SOLIDAGO MISSOURIENSIS

89 AGUR 7 3 133 134 136 AGASTACHE URTICIFOLIA

90 PHLOX 6 3 26 131 169 PHLOX SPP.

91 LOMA 6 3 22 41 47 LOMATIUM MACROCARPUM

92 ANDI 6 3 19 23 . 24 ANTENNARIA DIMORPHA

93 WYAM 6 3 17 18 48 WYETHIA AMPLEXICAULIS

94 ALFI 6 3 8 10 12 ALLIUM FIBRILLUM

95 CAREX 7 3 7 110 157 CAREX SPP.

96 SEIN 6 3 7 15 18 SENECIO INTEGERRIMUm

97 JUNCU 6 3 7 14 14 JUNCUS SPP.

98 DEDE 6 3 7 8 11 DELPHINIUM DEPAUPERATUM

99 FRVI 6 3 4 25 124 FRAGARIA VIRGINIANA

100 TAOF 7 3 2 4 13 TARAXACUM OFFICINALE .

101 COPA 7 3 1 7 8 COLLINSIA PARVIFLORA

102 LIPA 7 3 1 2 4 LITHOPHRAGMA PARVIFLORA

103 CAEL 7 3 1 2 4 CALOCHORTUS ELEGANS

104 ERSP 5 2 94 108 133 ERIGERON SPECIOUSUS

105 CAHI2 4 2 86 88 108 CASTILLEJA HISPIDA

106 LOMAT 5 2 85 120 140 LOMATIUM SPP.

107 HACA 4 2 70 131 154 HAPLOPAPPUS CARTHAMOIDES

108 PHPR 5 2 55 116 157 PHLEUM PRATENSE

109 AMBE2 5 2 55 57 68 AMSINKIA RETRORSA

110 DIAR 4 2 49 55 127 DIANTHUS ARMERIA

111 POAU 4 2 15 23 24 POLYGONUM AUSTINIAE

112 FRVE 5 2 7 11 34 FRAGARIA VESCA
113 ANRO 5 2 6 7 25 ANTENNARIA ROSEA

114 CACI 5 2 6 7 12 CALANDRINA CILIATA

115 PENST 5 2 4 119 158 PENSTEMON SPP.

116 ASSP2 5 2 2 29 72 ASTRAGALUS SPALDINGII

117 LUCA 5 2 1 4 6 LUPINUS CAUDATUS

118 LOTRT 5 2 1 2 3 LOMATIUM TRITERNATUM TRITERNATUM
119 LASE 2 1 319 320 0 LACTUCA SERRIOLA
120 BRJA 2 1 319 320 0 BROMUS JAPONICUS
121 ARENA 2 1 172 173 0 ARENARIA SPP.

122 POPO 2 1 163 190 0 POLYGONUM POLYGALOIDES

123 GIAG 2 1 146 179 0 CILIA AGGREGATA

124 HECY 2 1 118 157 0 HEUCHERA CYLINDRICA

125 CARU 2 1 118 136 0 CALAMAGROSTIS RUBESCENS

126 SST 3 1 110 133 135 SMILACINA STELLATA

127 AGSU 3 1 110 133 135 AGROPYRON SUBSECUNDUM

128 WOOR 2 1 94 118 0 WOODSIA OREGANA

129 DEDA 2 1 80 163 0 DESCHAMPSIA DANTHONIOIDES

130 TRPE2 2 1 78 115 0 TRIODANIS PERFOLIATA
131 ORHE 2 1 76 82 0 ORYZOPSIS HENDERSONI

132 JUTET 2 1 65 73 0 JUNCUS TENUIS

133 MINA 2 1 62 87 0 MIMULUS NANUS

134 PEVE 3 1 61 168 172 PENSTEMON VENUSTUS

135 BASE 3 1 59 60 62 BALSAMORHIZA SERRATA

136 CACH2 2 1 50 60 0 CASTILLEJA CHROMOSA

137 MITE 3 1 48 55 68 MICROSERIS TROXIMOIDES

138 APANP 3 1 42 60 86 APOCYNUM ANDROSAEMIFLORUM PUMILUM

139 ORFA2 3 1 41 75 87 OROBANCHE FASCICULATA

140 AGROP 2 1 34 157 0 AGROPYRON SPP.

141 ANST 2 1 32 49 0 ANTENNARIA STENOPHYLLA

142 AGTR2 2 1 30 57 0 AGROPYRON TRICHOPHORUM

143 CASTI 3 1 20 111 145 CASTILLEJA SPP.

144 HYPE 3 1 13 119 157 HYPERICUM PERFORATUM

145 CICA2 3 1 13 55 61 CIRCIUM CANOVIRENS
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746 nom 3 1 11 157 171 SIDALCEA OREGANA
147 MEBU 3 1 11 36 53 MELICA BULBOSA
148 ARCU 2 1 9 15 0 ARABIS CUSICKII

749 ARCO 3 1 8 97 118 ARNICA CORDIFOLIA

150 PABR 2 1 8 11 0 PAEONIA BROWNII

151 ORUNP 2 1 8 9 0 OROBANCHE UNIFLORA PURPUREA

152 STLE2 2 1 7 32 0 STIPA LEMMONII

153 ORUNM 2 1 7 11 0 OROBANCHE UNIFLORA MINUTA

154 MIDI 3 1 5 39 40 MYOSOTIS DISCOLOR

155 ARCO2 3 1 5 23 24 ARENARIA CONGESTA

156 ANTEN 3 1 5 8 162 ANTENMARIA SPP.

157 PHLO 2 1 4 150 0 PHLOX LONGIFOLIA

158 VETE 2 1 4 108 0 VERBASCUM THAPSUS

159 SEINE 2 1 4 8 0 SENECIO INTEGERRIMUM EXALTATUS

160 PHVI 2 1 4 5 0 PHACELIA VIRGATA

161 UNK5 2 1 3 8 0 UNKNOWN #5

162 FRSP 3 1 2 25 26 PRASEMA SPECIOSA

163 AGGLM 2 1 2 6 0 AGOSERIS GLAUCA

164 CACU 2 1 2 4 0 CAMASSIA CUSICKII

165 CALU3 2 1 1 22 0 CASTILLEJA LUTESCENS
166 ASSP 2 1 1 4 0 ASCLEPIAS SPECIOSA

167 ERIGE 1 0 195 0 0 ERIOGONUM SPP.

168 UNK2 1 0 194 0 0 UNKNOWN 02

169 THOC 1 0 774 0 0 THALICTRUM OCCIDENTALE

170 PEATP 1 0 774 0 0 PENSTEMON ATTENUATUS PSEUDOPROCERUS

171 OSCH 1 0 , 174 0 0 ORMORHIZA CHILENSIS
172 TRIFO 1 0 162 0 0 TRIFOLIUM SPP.

173 AGSC 1 0 157 0 0 AGROPYRON SAXICOLA

174 CRUZ 1 0 152 0 0 CREPIS SPP.

175 SILEN 1 0 143 0 0 SILENE SPP.

176 ASCO 1 0 124 0 0 ASTER CONSPICUUS

177 AGOSE 1 0 121 0 0 AGOSERIS SPP.

178 ERSP3 1 0 111 0 0 ERIOGONUM SPAEROCEPHALUM

179 STOC 1 0 105 0 0 STIPA OCCIDENTALIS

180 ERUES 1 0 102 0 0 ERIOGONUM UMBELLATUM SUBALPINUM

181 PHLI2 1 0 92 0 0 PHLOX LINEARIFOLIA

182 MICRO 1 0 88 0 0 MICROMERIA SPP.

183 ASCA2 1 0 68 0 0 ASTER CAMPESTRIS

184 ARABI 1 0 68 0 0 ARABIS SPP.

185 UNK6 1 0 38 0 0 UNKNOWN #6

186 FEOV 1 0 30 0 0 FESTUCA OVINA

187 AGIN2 1 0 30 0 0 AGROPYRON INERME

188 PEPRP 1 0 27 0 0 PENSTEMON PROCERUS PROCERUS

189 DRABA 1 0 15 0 0 DRABA SPP.

190 CAQU 1 0 74 0 0 CAMASSIA QUAUMASH

791 BRMA 1 0 77 0 0 BROMUS MARGINATUS

192 NEMOP 1 0 7 0 0 NEMOPHILA SPP.

193 DODEC 1 0 7 0 0 DoDECATHEON SPP.

194 HAH2 1 0 4 0 0 HAPLOPAPPUS HALM
195 BROMU 1 0 4 0 0 BROMUS SPP.

196 CAAP2 1 0 3 0 0 CASTILLEJA APPLEGATEI

197 MOPE 1 0 2 0 0 MONTIA PERFOLIATA

198 CENU 1 0 2 0 0 CERASTIUM NUTANS
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APPENDIX B. SPECIES PRESENCE BILLY MEADOWS FORESTED COMMUNITIES

NO. OF PLOTS 2 134 (RECON)

SPECIES GROUP B (TREE OVERSTORY-SAWTIMZER)

SPECIES COUNT
PRES.

S

PLOT NO. BY OCCURRENCE
1ST 2ND 3RD SPECIES

1 PSME 83 61 175 176 178 PSEUDOTSUGA MENZIESII

2 PIPO 58 43 103 180 208 PINUS PONDEROSA

3 LAOC 50 37 175 197 198 LARIX OCCIDENTAL'S

4 PICO 41 30 198 199 200 PINUS CONTORTA

5 ABGR 40 29 175 197 200 ABIES GRANDIS
6 PIEN 20 14 197 199 200 PICEA ENGELMANII

7 ABLA2 5 3 199 206 265 ABIES LASIOCARPA

SPECIES GROUP C (TREE UNDERSTORY-SEEDLINGS,SAPLINGS,POLES)

PRES. PLOT NO. BY OCCURRENCE
SPECIES COUNT S 1ST 2ND 3RD SPECIES

1 PSME 94 70 175 178 180 PSEUDOTSUGA MENZIESII
2 ABGR 67 50 175 197 198 ABIES GRANDIS

3 FIFO 39 43 103 204 211 FINDS PONDEROSA

4 PIEN 24 17 197 199 200 PICEA ENGELMANNII

5 PICO 18 13 198 205 228 PINUS CONTORTA

6 LAOC 11 8 220 225 229 LARIX OCCIDENTALIS

7 ABLA2 9 6 199 206 265 ABIES LASIOCARPA

SPECIES GROUP D (NON-COMMERCIAL TREES,SHRUBS AND SUB-SHRUBS)

PRES. PLOT NO. BY OCCURRENCE
SPECIES COUNT 1ST 2ND 3RD SPECIES

1 BOGY 92 68 175 197 199 ROSA GYMNOCARPA
2 SPBE 75 55 175 176 178 SPIRAEA BETULIFOLIA

3 VAME 72 53 175 197 198 VACCINIUM MMBRANACEUM

4 L/B02 68 50 175 197 199 LINNAEA BOREALIS
5 SYAL 61 45 175 178 180 SYMPHORICARPOS ALBUS

6 HERE 59 44 198 201 203 BERBER'S REPENS

7 CHUM 47 35 175 200 202 CHIMAPHILA UMBELLATA
8 LOUT2 44 32 177 199 207 LONICERA UTAHENSIS

9 PYSE 44 32 175 199 200 PYROLA SECUNDA

10 PHMA 37 27 175 176 178 PHYSOCARPUS MALVACEUS

11 RILA 36 26 175 177 197 RIBES LASCUSTRE

12 ANAL 33 24 176 178 180 AMELANCHIER ALNIFOLIA
13 ARUV 14 10 218 220 225 ARCTOSTAPHYLOS UVA-URSI
14 ROWO 14 10 204 208 210 ROSA WOODSII

15 ACGL 12, 8 178 180 239 ACER GLABRUM
16 BEOC 9 6 265 266 267 BETULA OCCIDENTALIS

17 PYAS 8 5 244 255 265 PYROLA ASARIFOLIA

18 RIBES 7 5 212 225 286 RISES SPP.

19 RUPA 6 14 177 199 224 RUBUS PARVIFLORUS
20 PYROL 5 3 224 279 293 PYROLA SPP.

21 HODI 5 3 178 261 277 HOLODISCUS DISCOLOR

22 SOSC2 6 11 177 230 231 SORBUS SCOPULINA

23 TABR 4 2 255 259 262 TAXUS BREVIFOLIA

24 RICO 3 2 235 248 249 RILES COGNATUM

25 CRDO 4 2 208 233 236 CRATAEGUS DOUGLASSII
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26 RONU 3 2 176 178 180 ROSA NUTKANA

27 SASC 4 2 103 178 302 SALIX SCOULERIANA

28 SARA 3 2 301 307 0 SAMBUCUS RACEMOSA

29 PAM! 2 1 262 299 0 PACHISTIMA MYRSINITES

30 RIM02 2 1 262 266 0 RIBES MOGOLLONICUM
31 RUID 2 1 239 272 0 RUBUS IDAEUS

32 COST 2 1 239 263 0 CORNUS STOLONIFERA

33 RICE 2 1 233 321 0 RIBES CEREUM
34 ALIN 2 1 221 296 0 ALNUS INCANA

35 SALIX 2 1 217 295 0 SALIX SPP.

36 ALSI 2 1 175. 177 0 ALNUS SINUATA

37 ALNUS 1 0 314 0 0 ALNUS SPP.

38 SACE 1 0 178 0 0 SAMBUCUS CERULEA

SPECIES GROUP E (FORKS AND GRAMINOIDS)

SPECIES COUNT

PRES. PLOT NO. BY OCCURRENCE
1ST 2ND 3RD SPECIES

1 FRVE 102 76 175 177 197 FRAGARIA VESCA

2 CARU 87 64 178 180 198 CALAMAGROSTIS RUBESCENS

3 THOC 85 63 175 177 197 THALICTRUM OCCIDENTALE

4 OSCH 82 61 175 197 196 OZMORHIZA CHILENSIS

5 CAGE 75 55 103 176 180 CAREX GEYERI
6 ARMA3 65 48 176 178 180 ARENARIA MACROPHYLLA

7 ARCO 65 48 103 175 178 ARNICA CORDIFOLIA

8 HIAL 63 47 175 197 198 HIERACIUM ALBIFLORUM

9 TRIFO 62 46 175 176 178 TRIFOLIUM SPP.

10 VIOR2 60 44 175 197 199 VIOLA ORBICULATA

11 GOOB 60 44 175 178 197 GOODYERA OBLONGIFOLIA
12 BRVU 60 44 175 177 197 BROMUS VULGARIS

13 FEOC 52 38 175 197 198 FESTUCA OCCIDENTAL'S

14 MIST2 48 35 176 180 205 MITELLA STAUEOPETALA

15 DITR 45 33 177 178 180 DISPORUM TRACHYCARPUM

16 ACMIL 45 35 103 177 204 ACHILLEA MILLEFOLIUM

17 CACO 43 32 201 202 203 CAREX CONCINNOIDES
18 FRVI 40 29 208 210 212 FRAGARIA VIRCINIANA
19 GATE 36 26 175 180 214 GALIUM TR/FLORUM
20 LUPIN 31 23 103 180 208 LUPINUS SPP.

21 SMST 27 20 175 199 214 SMILACINA STELLATA

22 CARO 26 18 220 221 224 CAREX ROSSII

23 ASTER 23 17 178 204 212 ASTER SPP.

24 PEGA2 23 17 176 198 208 PERIDERIDIA GAIRONERI

25 VIOLA 21 15 177 199 209 VIOLA SPP.

26 BRCA 19 14 208 219 223 BROMUS CARINATUS

27 SEST 20 14 204 210 223 SEDUM STENOPETALUM

28 GETR 20 14 204 210 212 GEUM TRIFLORUM

29 LATHY 20 14 175 211 212 LATHYRUS SPP.

30 LIRU 18 13 103 208 219 LITHOSPERMUM RUDERALE

31 AD3I 16 11 221 224 255 ADENOCAULON BICOLOR

32 CLUN 15 11 197 200 224 CLINTONIA UNIFLORA
33 FEID 15 11 103 180 211 FESTUCA IDAHOENSIS

34 AGSP 13 9 103 211 223 AGROPYRON SPICATUM

35 ANRA 11 8 218 225 238 ANTENNARIA RACEMOSA

36 ATFI 11 8 213 234 237 ATHYRIUM FILIS-FEMINA

37 STOCM 11 8 212 233 236 STIPA OCCIDENTAL'S MINOR

38 POPE 10 7 208 213 233 POA PRATENSIS

39 POOL 10 7 208 212 213 POTENTILLA GLANDULOSA

40 TAOF 10 7 175 212 213 TARAXACUM OFFICINALE

41 COPA 9 6 223 235 240 COLL/NSIA PARVIFLORA

42 KOCR 9 6 103 211 228 KOELARIA CRISTATA

43 TRLO 8 5 310 313 314 TRIFOLIUM LONGIPES
44 CYOF 7 5 213 221 248 CYNOGLOSSUM OFFICINALE
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45 POOR 8 5 208 211 233 POTENTILLA GRACILIS

46 PRIM 8 5 180 235 240 PHACELIA HETEROPHYLLA
47 PHPR 8 5 177 219 223 PHLEUM PRATENSE

48 PERA 8 5 175 203 224 PEDICULAR/SRACEMOSA

49 BRIE 8 5 103 223 236 BROMUS TECTORUM

50 PERID 6 4 289 291 292 PERIDERIDIA SPP.

51 FRSP 6 4 228. 233 245 FRASERA SPECIOSA

52 RUAC 6 4 213 221 235 RUMEX ACETOSELLA

53 PEGA 5 3 316 318 321 PENSTEMON GAIRDNERI

54 SHIBA 5 3 235 310 311 SMILACINA RACEMOSA

55 CIRSI 5 3 234 248 258 CIRSIUM SPP.

56 RAUN2 5 3 234 241 283 RANUNCULUS UNCINATUS

57 BEER 5 3 211 236 240 BROMUS BRIZAEFORMIS

58 GAAP 5 3 177 199 203 GALIUM APARINE

59 EPPA 5 3 103 211 219 EPILOBIUM PANICULATUM

60 LUCA 3 2 312 317 318 LUPINUS CAUDATUS

61 ANPI 4 2 312 313 311; ANEMONE PIPER!

62 ANNE2 3 2 241 257 271 ANTENNARIA NEGLECTA

63 RASA 3 2 223 240 243 BALSAMORH/ZA SAGITTATA

64 SIENA 4 2 217 218 225 HIERACIUM SPP.

65 CIVU 4 2 213 236 241 CIRCIUM VULGARE

66 BRMO 4 2 211 236 316 BROMUS HOLLIS

67 TRSP 4 2 211 213 219 TRISETUM SPICATUM

68 GEVI 3 2 208 233 246 GERANIUM VISCOSISSIMUM

69 TRDU ii 2 198 243 318 TRAGOP000N DUBIUS

70 PENST 3 2 178 307 322 PENSTEMON SPP.

71 KOOK 3 2 177 305 326 WOODSIA OREGANA

72 COLI2 3 2 177 204 240 COLLOMIA LINEAR'S

73 CAREX 4 2 177 197 259 CAREX SPP

74 POA 4 2 176 235 240 POA SPP.

75 MESU 4 2 175 199 221 MELICA SUBULATA

76 ELGL 2 1 321 326 0 ELMS GLAUCUS
77 ANLU 2 1 318 322 0 ANTENNARIA LUZULO/DES

78 GYDR 2 1 310 311 0 GYMNOCARP/UM DRYOPTERIS

79 FRASE 2 1 289 292 0 FRASERA SP?.

80 PRVU 2 1 269 311 0 PRUNELLA VULGARIS

81 SAAR4 2 1 251 252 0 -SAXIFRAGA ARCUTA

82 EPILO 2 1 246 290 0 EPILOBIUM SPP.

83 ANNA 2 1 246 257 0 ANAPHALIS MARGARITACEA

84 SPRO 2 1 242 249 0 SPIRANTHES ROMANZOFFIANA

85 ERNE 2 1 240 316 0 ERIOGONUM HERACLEOIDES

86 ERIGE 2 1 240 249 0 ERIGERON SPP.

87 SIAM 2 1 239 262 0 STREPTDPUS AMPLEXIFOLIUS

88 LUSES 2 1 236 240 0 LUPINUS SERICEUS

89 URDI 2 1 234 239 0 URTICA DIOICA

90 SIOR 2 1 233 318 0 SIDALCEA OREGANA

91 LULE 2 1 233 246 0 LUPINUS LEUCOPHYLLUS

92 GEAF 2 1 233 246 0 GENTIANA AFFINIS

93 ASCA2 2 1 233 240 0 ASTER CAMPESTRIS

94 COOC2 2 1 224 311 0 COPTIS OCCIDENTAL'S

95 AROC 2 1 224 306 0 ASTER OCCIDENTAL'S

96 CIAL 2 1 221 263 0 CIRCAEA ALPINA

97 AGCA 2 1 219 250 0 AGROPYRON CANINUM

98 ANTEN 2 1 217 264 0 ANTENNARIA SPP.

99 CAST! 2 1 217 218 0 CASTILLEJA SPP.

100 ERSP 2 1 212 236 0 ERIGERON SPECIOSUS

101 PEATP 2 1 212 228 0 PENSTEMON ATTENUATUS PSEUDOPROCERUS

102 DIAR 2 1 211 236 0 DIANTHUS ARMERIA

103 CLPU 2 1 180 309 0 CLARKIA PULCHILLA

104 ACRU 2 1 177 310 0 ACTAEA RUBRA

105 OSOC 2 1 177 284 0 OSMORHIZA OCCIDENTAL'

106 MOPE 2 1 177 178 0 MONTIA PERFOLIATA

107 STNI 2 1 103 316 0 STELLARIA NITENS

108 MIGR 1 0 324 0 0 MICROSERIS GRACILIS

109 JUNCU 1 0 318 0 0 JUNCUS SPP.
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110 DAUN 1 0 318 0 0 DANTHONIA UNISPICATA

111 EPAN 1 0 314 0 0 EPILOBIUM ANGUSTIFOLIUM

112 ASCA7 1 0 314 0 o ASTRAGALUS CANADENSIS

113 TIUN 1 0 311 0 0 TIARELLA UNIFOLIATA

114 PODO 1 0 309 0 0 POLYGONUM DOUGLASII

115 ANST 1 0 309 0 0 ANTENNARIA STENOPHILLA

116 UNK8 1 0 309 0 o UNKNOWN #8

117 HECY 1 0 307 0 0 HEUCHERA CYLINDRICA
118 TITR 1 0 303 0 0 TIARELLA TRIFOLIATA

119 AGROP 1 0 294 0 0 AGROPYRON SPP.

120 PEAT 1 0 292 0 0 PENSTEMON ATTENUATUS

121 VIAD 1 0 284 0 o VIOLA ADUNCA

122 LYAN 1 0 265 0 0 LYCOPODIUM ANNOTINUM

123 CLCO 1 0 263 0 0 CLEMATIS COLUMB/ANA
124 SYM 1 0 263 0 o SYNTHERIS MISSURICA

125 HEGR 1 0 261 0 0 HEUCHERA GROSSULARIFOLIA

126 PHLOX 1 0 253 0 0 PHLOX SPP.

127 PEPRB 1 0 246 0 0 PENSTEMON PROCERUS BRACHYANTHUS

128 ALAL 1 0 243 0 0 ALYSSUM ALYSSOIDES

129 soma 1 0 240 0 0 SOLIDAGO MISSOURIENSIS
130 STIPA 1 0 238 0 0 STIPA SPP.

131 LASEI 1 0 235 0 0 LACTUCA SERRIOLA INTEGRATA

132 ASFO 1 0 233 0 o ASTER FOLIACEUS

133 ARHI 1 0 233 0 o ARABIS HIRSUTA

134 UNK3 1 0 224 0 o UNKNOWN #3

135 TRISE 1 0 223 0 0 TRISETUM SPP.
136 HABEN 1 0 217 0 0 HABENARIA SPP.

137 VIOL 1 0 215 0 0 VIOLA GLABELLA

138 VETH 1 0 213 0 0 VERBASCUM THAPSUS

139 RANUN 1 0 213 0 o RANUNCULUS SPP.

140 AGROS 1 0 213 0 0 AGROSTIS SPP.

141 SISC 1 0 211 0 0 SILENE SCOULERI
142 POGR4 1 0 2.11 0 0 POA GRACILLIMA

143 HIAL2 1 0 211 0 0 HIERACIUM ALBERTINUM

144 DAGL 1 0 211 0 0 DACTYLIS GLOMERATA

145 ACCO 1 0 199 0 0 ACONITUM COLUMBIANUM

146 COCA 1 0 178 0 0 CORNUS CANADENSIS

147 CILA2 1 0 177 0 0 CINNA LATIFOLIA
148 AGUE 1 0 177 0 0 AGASTACHE URTIC/FOLIA
149 GRNA 1 0 103 0 0 GRINDELIA NANA
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APPENDIX C. DIFFERENTIATED ASSOCIATION TABLE OF BILLY
MEADOWS STEPPE COMMUNITIES (INTENSIVE PLOTS)

PLOT.- 131

TYPE -

158

POSA3-DAUN

187 190 56

1 COMP 3009 3012 3012 3012 3008

2 TWNSP 3.3 3.3 3.6 3.6 3.4

3 RANGE 47.1 47.4 47.4 47.3 46.3
4 ELEV 1342 1448 1385 1385 1208

5 ASPECT 36 320 44 272 235

6 SLOPE 6 5 5 3 5

7 MACRL 5 5 5 6 6

8 MICRL 3 2 1 2 2

9 POSIT 1 1 1 1 1

10 EFDPTH 3 8 10 8

11 FORAGE 272 249 390 575 238

12 WATERRERRE
13 BDFRAC
14 RTDPTH
15 TODPTH

4

25
15

2

20
8

2
25
10

2
25
15

2
50

20

16 SYAL
17 ARRI
18 ROWOU
19 SPBE
20 PHMA

21 POSA3 17 15 13 12 1

22 AGSP
23 FEID
24 KOCR
25 POPR
26 BRCA
27 BRMO
28 BRTE
29 BRBR

30 LUSES
31 BASA
32 ERHE 1

33 GETR
34 ACHIL 1

35 POOR
36 FRVI
37 FRVE
38 POOL

39 MAGL
40 L00O2 1

41 BAIN
42 LOLE 4 4 1 4

43 TRMA 1

44 SEST 5 4 5 8

45 ANLU 10

46 ERDO
47 ERST2
48 ERCH 2 1 1

49 DAUN 1 3 4 1
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AFPINZIX L. PARTILL 6.180CIAT3011 TOLL OF 21113 MAIM 371772
012111112111=5(111116123TEPL025.2011317424)

=IF- 131 Ise Tr 190 56

TIPT 1111143-0400

C ep 3009 3012 3012 3012 30"
210812 3.9 3.3 3.6 3.6 3,4

3 MOS 47.1 47.4 47.4 47.3 46.9
4 SLIT 1942 1448 1385 1385 1206
5 MUT 36 320 44 272 235

6 RAFE 6 5 5 3 5

7 11201 5 5 5 6 6

a 22021 3 2 1 2 2
9 FOSIT 1 1 1 1 1

10 crirm 3 8 10
11 20M02 272 249 390 375 238
12 114222 22211
1320220 4 2 2 2 2

14 MORI 25 20 25 25 50
15 =FTC 15 6 10 15 20

16-11.476

176/7120 15 8 10 12 8

16 A1C04. 5134 1133 5132 1132 1132
19 617120 20 20 20 20 20

20 AMID 271 211 321 321 221

21 AMON 22 32 32 22 31

22 AIR= 12 22 22 22 12

23 £19012 312 212 122 222 222
24 mon 0 0 0 0 0

25 MOIST 111 121 224 221 111

26 marn A A 0 C

2741172
at Alum
26 411712
30 411376
97 A11370
32 A11200
33 411208
34 A11207

35 417012
36 Amen

37 112Ti
3$ 6120.01

39 4112T21
40 612217
41 412310
42 A121100

43 4121.09
44 41210T
45 4720116
46 4121181

47 1111101
40 21001
49 272217
50 813210
51 5151118

5281110X
53 211.012
54 811010

55 21CIST
56 61287

57 11271108

58 82001
59 122127
60 8231119

61 225202
62 222001
63 822080
64 3214117
65 220127
66 8211151

15 20
7132 5132

10 10

333 233

33 34
23 12

232 232
122 0

332 222
A A

67 12121
$0 CZ=
65 srma
70 127372
71 11212781

72 527100
73 8239,09

711 armor
75 82202:
16 1121001

PLOW- 131 156 187 190 56
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APPENDIX F. SPECIES LIST WITH CODES FOR BILLY MEADOWS STUDY
UNIT FORESTED AND NON-FORESTED STANDS

COMMERCIAL TREES

SPECIES CODE

ABIES GRANDIS ABGR

ABIES LASIOCARPA ABLA2
LARIX OCCIDENTALIS LAOC
PICEA ENGELMANNII PIEN
PILAUS CONTORTA PICO
PINUS PONDEROSA PIPO
POPULUS TREMULOIDES POTR
PSEUDOTSUGA MENZIESII PSME

NON-COMMERCIAL TREES,SHRUBS,AND SUB-SHRUBS

SPECIES CODE

ACER GLABRUM ACGL

ALNUS INCANA ALIN

ALNUS SINUATA ALSI
ALNUS SPP. ALNUS
AMELANCHIER ALNIFOLIA AMAL
ARCTOSTAPHYLOS UVAURSI ARUV
ARTEMISIA RIGIDA ARRI

ARTEMISIA TRIDENTATA VASEYANA ARTRV
BERBERIS REPENS HERE
BETULA OCCIDENTALIS BEOC

CHIMAPHILA UMBELLATA CHUM
CHRYSOTHAMNUS NAUSEOSUS CHNA
CORNUS CANADENSIS COCA

CORNUS STOLONIFERA COST
CRATAEGUS DOUGLASII CRDO
HOLODISCUS DISCOLOR HODI
LINNAEA BOREALIS LIB02
LONICERA UTAHENSIS LOUT2
PACHISTIMA MYRSINITES PAMY
PHILADELPHUS LEWISII PHLE2
PHYSOCARPUS MALVACEUS PHMA
PRUNUS VIRGINIANA PRVI

PRUNUS VIRGINIANA MELANOCARPA PRVIM

PYROLA ASARIFOLIA PTAS

PYROLA SECUNDA PYSE
PYROLA SPP. PYROL
RIBES CEREUM RICE
RIBES COGNATUM RICO
RIBES INERME RIIN

RIBES LASCUSTRE RILA
RIBES MOGOLLONICUM RIMO2
RIBES SPP. RISES

ROSA GYMNOCARPA BOGY
ROSA NUTKANA RONU

ROSA NUTKANA HISPIDA RONUH

ROSA SPP. ROSA
ROSA WOODSII ROWO

ROSA WOODSII ULTRAMONTANA ROWOU
RUBUS IDAEUS RUID
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RUBUS PARVIFLORUS RUPA
SALIX SCOULERIANA SASC
SALIX SPP. SALIX
SAMBUCUS CERULEA SACE
SAMBUCUS RACEMOSA SARA
SORBUS SCOPULINA SOSC2
SORBUS SPP. SORBU
SPIRAEA BETULIFOLIA SPBE
SYMYBORICARPOS ALBUS SYAL
TAXUS BREVIFOLIA TAU
VACCINIUM MEMBRANACEUM VAME

GRAMINOIDS

SPECIES CODE

AGROPYRON CAN/NUM AGCA
AGROPYRON INERME AG/N2
AGROPYRON SAXICOLA AGSC
AGROPYRON SPICATUM AGSP
AGROPYRON SPP. AGROP
AGROPYRON SUBSECUNDUM AGSU
AGROPYRON TRICHOPHORUM AGTR2
AGROSTIS INTERRUPTA AGIN3
AGROSTIS SPP. AGROS
BROMUS BRIZAEFORMIS BRBR
BROMUS CARINATUS BRCA
BROMUS JAPONICUS BRJA
BROMUS MARGINATUS BRMA
BROMUS HOLLIS BRMO
BROMUS SPP. BROMU
BROMUS TECTORUM BRIE
BROMUS VULGARIS BRVU
CALAMAGROSTIS RUBESCENS CARU
CAREX CONCINNOIDES CACO
CAREX GEYERI CAGE
CAREX OREGONENSIS CAOR
CAREX ROSSII CARO
CAREX SPP. CAREX
CINNA LATIFOLIA CILA2
DACTYLIS GLOMERATA DAGL
DANTHONIA UNISPICATA DAUN
DESCHAMPSIA DANTHONIOIDES DEDA
ELYMUS GLAUCUS ELGL
FESTUCA IDAHOENSIS FEID
FESTUCA OCCIDENTALIS FEOC
FESTUCA OVINA FEOV
JUNCUS SPP. JUNCU
JUNCUS TENUIS JUTET
KOELARIA CRISTATA KOCR
MELICA BULBOSA MEBU
MELICA SUBULATA MESU
ORYZOPSIS HENDERSONI ORBE
PHLEUM PRATENSE PHPR
PHLEUM SPP. PHLEU
POA GRACILLIMA POGO
POA MACRANTHA POMA
POA PRATENSIS POPE
POA PRATENSIS POPR
POA SANDBERGII POSA3
POA SPY. POA
STIPA LEMMONII STLE2
STIPA OCCIDENTALIS STOC



364

STIPA OCCIDENTALIS MINOR
STIPA SPP.

STOCM
STIPA

FORKS

SPECIES CODE

ACHILLEAKELLEFOLIUM ACMIL

ACONITUM COLUMBIANUM ACCO

ACTAEA RUBRA ACRU

ADENOCAULON BICOLOR ADBI

AGASTACHE URTICIFOLIA AGUR
AGOSERIS GRAND/FLORA AGGR

AGOSERIS GLAUCA AGGLM

AGOSERIS HETEROPHYLLA ACHE
AGOSERIS SPP. AGOSE

ALLIUM ACUMINATUM ALAC

ALLIUM FIBRILLUM ALFI

ALLLIUM TOLMIEI ALTO

ALYSSUM ALYSSOIDES ALAL

AMSINKIA RETRORSA AMRE2
ANAPHALIS MARGARITACEA ANMA

ANEMONE OREGANA ANOR

ANEMONE PIPERI ANPI

ANTENNARIA DIMORPHA ANDI

ANTENNARIA LUZULOIDES ANLU

ANTENNARIA NEGLECTA ANNE2

ANTENNARIA RACEMOSA ANRA
ANTENNARIA ROSEA ANRO

ANTENNARIA SPP. ANTEN
ANTENNARIA STENOPHYLLA ANST

APOCYNUM ANDROSAEMIFLORUM PUMILUM APANP

ARABIS CUSICKII ARCU

ARABIS HIRSUTA ARHI

ARABIS HIRSUTA ARHIG

ARABIS HOLBOELLII ARHO
ARABIS SPY. ARABI

ARENARIA CONGESTA ARCO2

ARENARIA MACROPHYLLA ARMA3

ARENARIA SPP. ARENA
ARNICA CORD/FOLIA ARCO

ARNICA SORORIA ARSO
ASCLEPIAS SPECIOSA ASSP
ASTER CAMPESTRIS ASCA2
ASTER CANESCENS ASCA
ASTER COMPICUUS ASCO

ASTER FOLIACEUS ASFO

ASTER OCCIDENTALIS AROC

ASTER SPP. ASTER

ASTRAGALUS CANADENSIS ASCA7

ASTRAGALUS REVENTUS SHELDONII ASRES
ASTRAGALUS SPALDING= ASSP2

ASTRAGALUS SPP. ASTRA

ATHYRIUMFIL/S-FEMINA ATFI

BALSAMORHIZA INCANA BA/N

BALSAMORHIZA SAGITTATA BASA

BALSAMORHIZA SERRATA BASE
BESSEYA RUBRA BERU
BLEPHARIPAPPUS SCABER BLSC

BRODIAEA DOUGLASSII BRDO

CALANDRINA CILIATA CACI

CALOCHORTUS ELEGANS CAEL

CALOCHORTUS EURYCARPUS CAEU2
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CALOCHORTUS MACROCARPUS CAMA

CAMASSIA CUSICKII CACU

CAMASSIA QUAUMASH CAQU

CASTILLEJA APPLEGATEI CAAP2

CASTILLEJA CHROMOSA CACH2

CASTILLEJA HISPIDA CAHI2

CASTILLEJA LUTESCENS CALU3

CASTILLEJA ORESBIA CAOR3

CASTILLEJA SPP. CASTS

CERASTIUM NUTANS CENU

CIRCAEA ALP/NA CIAL

CIRCIUM BREV/FOL/UM CIBR

CIRCIUM CANOVIRENS CICA2

CIRCIUM VULGARE CIVU

CIRSIUM SPP. CIRSI

CLARK/A PULCHELLA CLPU

CLEMATIS COLUMBIANA CLCO

CLINTONIA UNIFLORA CLUN

COLLINSIA PARVIFLORA COPA

COLLOMIA LINEARIS COLI2

COPT'S OCCIDENTAL'S COOC2

CORDYLANTHUS CAPITATUS COCA4

CREPIS ACUMINATA CRAC

CREPIS SPP. CREPI

CRUCIFERAE (UNKNOWN GENUS) CRUCI

CYNOGLOSSUM OCCIDENTALE CYOC

CYNOGLOSSUM OFFICINALE CYOF

DELPHINIUM DEPAUPERATUM DEDE

DELPHINIUM SPP. DELPH

DIANTHUS ARMERIA DIAR

DISPORUM TRACHYCARPUM DITR

DODECATHEON SPP. Dora
DRABA SPP. DRABA

EPILOBIUM ANGUSTIFOLIUM SPAN

EPILOB/UM PANICULATUM EPPA

EPILOBIUM SPP. EPILO

ERIGERON CHRYSOPSIDIS ERCH

ERIGERON D/SPARIPILUS ERDI3

ERIGERON PUMILUS ERPU
ERIGERON SPECIOSUS ERSP

ERIGERON SPP. ERIGE

ERIOGONUM DOUGLASSII ERDO

ERIOGONUM HERACLEO/DES ERHE

ERIOGONUM SPAEROCEPHALUM ERSP3

ERIOGONUM STRICTUM ERST2

ERIOGONUM UMBELLATUM ERUM

ERIOGONUM UMBELLATUM SUBALPINUM ERUMS

ERIOPHYLLUM LANATUM ERLA

FRAGARIA VESCA FRVE

FRAGARIA VIRGINIANA FRVI

FRASERA SPECIOSA FRSP

FRASERA SPP. FRASE

GALIUM APARINE GAAP

GALIUM APARINE GAM,

GALIUM TRIFLORUM GATR

GENTIANA AFFINIS GEAF

GERANIUM VISCOSISSIMUM GEVI

GEUM MACROPHYLLUM GEMA

GEUM TRIFLORUM GET?

CILIA AGGREGATA GIAG

GOODTERA OBLONGIFOLIA GOOB

GRINDELIA NANA ORNA

GYMNOCARPIUM DRYOPTERIS GYDR

RABENARIA SPP. HABEN

HAPLOPAPPUS CARTHAMOIDES HACA
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HAPLOPAPPUS HALL= HARI
HELIANTHELLA UNIFLORA HEUN
HEUCHERA CYL/NDRICA HECY

HEUCHERA GROSSULARIFOLIA HEGR
HEUCHERA SPP. HEUCH
HIERACIUM ALBERTINUM HIAL2
HIERACIUM ALBIFLORUM HILL
HIERACIUM SPP. HIERA
HYPERICUM PERFORATUM HYPE
LACTUCA SERRIOLA LASE

LACTUCA SERRIOLA INTEGRATA LASEI
LACTUCA SPP. LACTU
LATHYRUS SPP. LATHY
LITHOPHRAGMA PARVIFLORA LIPA
LITHOSPERMUM RUDERALE LIRU
LOMATIUM AMBUGUUM LOAM
LOMATIUM COUS L00O2
LOMATIUM DISSECTUM LODI2
LOMATIUM LEPTOCARPUM LOLE
LOMATIUM MACROCARPUM LOMA
LOMATIUM SPP. LOMAT
LOMATIUM TRITERNATUM LOTR
LOMATIUM TRITERNATUM TRITERNATUM LOTRT
LUPINUS CAUDATUS LUCA
LUPINUS LEUCOPHYLLUS LULE
LUPINUS SERICEUS LOSES
LUPINUS SPP. LUPIN
LYCOPODIUM ANNOTINUM LYAN
MADIA GLOMERATA MALL
MADIA GRACILIS MAGR
MADIA SPP. MADIA

MICROMERIA SPP. MICRO
MICROSERIS NUTANS MIND
MICROSERIS TROXIMOIDES MYR
MICROSTERIS GRACILIS MICR
MIMULUS MANUS MINA

MITELLA STAUROPETALA MIST2

MONTIA PERFOLIATA MOPE
MYOSOTIS DISCOLOR MYDI

NAVARRETIA INTERTEXTA MAIN

NEMOPHILA SPP. NEMO?
OROBANCHE FASCICULATA ORFA2
OROBANCHE UNIFLORA MINUTA ORUNM
OROBANCHE UNIFLORA PURPUREA ORUNP
ORTHOCARPUS HISPIDUS ORHI

ORTHOCARPUS TENUIFOLIUS ORTE
OSMORHIZA OCCIDENTALIS OSOC
OZMORHIZA CHILENSIS OSCH
PAEONIA BROWNII PABR
PEDICULARIS RACEMOSA PERA
PENSTEMON ATTENUATUS PEAT
PENSTEMON ATTENUATUS PSEUDOPROCERUS PEATP
PENSTEMON DEUSTUS PEDE
PENSTEMON DEUSTUS DEUSTUS PEDED

PENSTEMON ELEGANTULUS PEEL
PENSTEMON GAIRDNERI PEGA
PENSTEMON PROCERUS BRACHYANTHUS PEPRB
PENSTEMON PROCERUS PROCERUS PEPRP
PENSTEMON SPP. PENST
PENSTEMON VENUSTUS PEVE
PERIDERIDIA BOLANDERI PESO
PERIDERIDIA GAIRONERI PEGA2
PERIDERIDIA SPP. PERID
PHACELIA HETEROPHYLLA PHHE
PHACELIA LINEARIS PHLI
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PHACELIA VIRGATA PHVI

PHLOX CAESPITOSA PHCA2

PHLOX LINEAR/FOLIA PHLI2

PHLOX LONGIFOLIA PHLO

PHLOX PULVINATA PHPU

PHLOX SPP. PHLOX

PHLOX VISCIDA PHVI3

POLYGONUM AUSTINIAE POAU

POLYGONUM DOUGLASII PODO

POLYGONUM POLYGALOIDES POPO

POTENTILLA GLANDULOSA POLL

POTENTILLA GRACILIS POGR

POTENTILLA SPP. POTEN

PRUNELLA VULGARIS PRVU

RANUNCULUS SPP. RANUN

RANUNCULUS UNCINATUS RAUN2

RUMEX ACETOSELLA RUAC

SANGUISORBA OCCIDENTALIS SAOC

SAXIFRAGA ARGUTA SAAR4

SAXIFRAGAMERTENSIANA SAME3
SCUTELLARIA ANGUSTIFOLIA SCAN
SEDUM STENOPETALUM SEST

SENECIO INTEGERRIMUM SEIN
SENECIO INTEGERRIMUM EXALTATUS SEINE
SIDALCEA OREGANA SIOR
SILENE ANTIRRHINA SIAN2
SILENE SCOULERI SISC

SILENE SPP. ELLEN
SISYMBRIUM ALTISS1MUM SIAL
SITANION HYSTRIX HORDEOIDES SIMIH

SMILACINA RACEMOSA SMRA

SMILACINA STELLATA SMST
SOLIDAGO MISSOURIENSIS SOMI

SOLIDAGO SPP. SOLID
SP/RANTHES ROMANZOFF/ANA SPRO
STELLARIA NITERS STNI

STREPTOPUS AMPLEXIFOL/US SIAM

SYNTHERIS MISSURICA SIMI

TARAXACUM OFFICINALE TAOF
THALICTRUM OCCIDENTALS THOC

TIARELLA TRIFOLIATA TITR

TIARELLA UNIFOLIATA TIUN

TRAGOPOGON DUBIUS TRDU

TRIFOLIUM LONGIPES TRLO
TRIFOLIUM MACROCEPHALUM TRMA

TRIFOLIUM SPP. TRIFO

TRIODANIS PERFOLIATA TRPE2

TRISETUM SPICATUM TRSP
TRISETUM SPP. TRISE

URTICA DIOICA URDI
VERBASCUM THAPSUS VETH

VERONICA PEREGRINA VEPE
VIOLA ADUNCA VIAD
VIOLA GLABELLA VIOL

VIOLA ORBICULATA VIOR2

VIOLA SPP. VIOLA

WOODSIA OREGANA WOOR

WYETHIA AMPLEXICAULIS WYAM
ZIGADENUS VENENOSUS GRAMINEUS ZIVEG

OTHER CODES

BAREGROUND BRGRD

EROSION PAVEMENT PAVMT
LICHEN SPP. LICHN
LITTER LITT

MOSS SPP. MOSS
ROCK ROCK
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V 116.64527
C 296.90915 411. 70646

~MOLE
FUNCTION
A

Appee414 1. Step 2 - 44 Hots.
4 1.65377 .63355 .04530 Crewe, 24 estlebles.

CON9TA147
-25.54155 -9.74049 -.01917

0110UP

NUMBER OF CAVES CLASSIFIED INTO CROW
A

A 9 I 0
S o 16 2
t 0 0 13

-

STEP MOVER
VARIAYLE ENTERED

VARIABLES INCLUDED AND F TO mamma - DECREES OF FREEDOM 2 96

4 175.1622 9 7.8365

vARIAOLE8 NOT INCLUDED AND P TO ENTER - DEGREES Or FSEEDOM 2 95

I .0000 6 .3775 11 .6137 15 .0000 19 .0720 22 .0000

2 .7200 7 1.9731 12 .9977 16 1.2441 20 0.0221 24 .1.4490

3 4.4305 0 .0000 13 .6197 17 1.0655 21 .9885 05 .0000

5 .9026 to .749 14 .4777 18 4.9402 22 .0000 26 .0000

THE FOLLOWINO VARIAVLES SID NOT PAM TIE TOLERANCE TEST 1 8 15 22 23 25 26

11- STATISTIC
APPROXIMATE F

.00741
42.08090

DECREES OF FREEDON
DEDREE5 OF rneFook

2
4

2 37
72.00

F MATOI - 0020225 OF FREEDOM 2 36

GROUP

CROUP
00.99115

C 186. 13103 38. 10143

VARIABLE

FUNCTION
A A C

4 2.33833 .92413 06549
9 2.00142 .88352 .06197

CONOTANO
-38.07948 -6.00769 -.03007

CROUP

NOME* OF CASES CLASSIFIED INTO MOM -

A

A 9 0 0
0 0 10 0
C 0 0 13

Appendix I. Step 2 40 Plots, 3 Groups, 26 Variables
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VARIARLE9 INCLUDED AND F TO REMOVE - DECREES OF FREEDOM 4 19

1 13.4012 3 10.4043 22 22.11594 29 24.9910

Appendix X. Step 4 - 27 Pieta,

S Creeps, 26 Variables

VAR1A0LE9 NOT INC1U0t0 AND P TO ENTER - IMONFEW UP FREEDOM 4 10

2 .0000 7 7474 11 .3991 19 .1137 Ill .0711 24 .0000

4 .7300 V 10.0203 12 1.2562 16 1.9732 20 .0000 26 .0000

7 .0905 9 .0000 13 2.2229 17 .0605 21 .0000

1.6247 10 1.1660 14 .2097 10 .0000 23 1.0520

THE FOLSOM/MI VARIABLES 010 NOT PASO THE TOLERANCE VEST 2 V ID 20 VI 24 26

U-STATISTIC .00116 DECREES OF FREEDOM 4 4 22
APPROXIMATE F 20.000611 0E00E29 OF FREEDOM 16 90.60

F MATRIX

OROUP

C
O

- DECREER OF FREEDOM 4

*ROW
A

30. 00610
13. 61990 11. 417747
21.119321 30.13710
24 20752 34.74700

26.02217
27.51711 20.110977

FUNCTION
A C

VARIABLE
a .02349 1.70019 1.10/90 .10076 .00770

3 .0245a 0.09460 1.207,0 -.110101 -.2,170

22 -.02720 -.77994 .29192 4.26022 .26410
25 -.91304 1.03374 .73350 22.09049

CIEPSTANT
-.02090 -44.63729 -7.04755 -It 00979 -34.211707

RUMEN OF CARES CLASSIFIED INTO OROUP

OROU
A
O
C
0
a

A

9
o

1
o

0
a
0
0
0

0
0
0
0
o

0

0
0
0
4
0

0
0
0
o
2

STEP NUMBER 9
VARIABLE ENTERED 0

VARIAKE9 INCLUDED AND F TO REMOVE - OtOREE0 OF FREEDOM 4 10

I 17.2462 3 10.7260 0 10.2299 22 47.0771 29 97. 7176

VARIABLES NOT INCLUDED AND P TO ENTER - DECREES OF FREEDOM 4 17

2 .0000 6 1.4723 10 .9041 13 2.6160 16 1.0411 19 .0406 23 .0916

4 1.4244 7 3901 11 .3307 14 .0116 17 .0096 20 .0000 24 .0000

9 .9111 V 0000 12 1.1414 IS .1000 10 .0000 21 .0000 26 .0000
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ormir .011.10,11111101

VARIADLES INCLUOSS AND F TO REMOVE - DBMS= OF MEW 4 15

2 17.2131 7 1.4750 1. 7973 11

0000

15.3434

4 IS

Appslis L. Stop - 13 Fists

S Growls. 27 varlablos

THE POLLON210 VARIAN.= DID NOT PASS TIE TOUCAN= TEST 9 19

I .6000

V-STATISTIC .00036 moos OF FREEDOM 5 22
APPROXIMATE F 13.40460 SCONCES OF FRUMP 32 56.91

F MATRIX SINNIES OF MESON S 15

A
CROW

C 10. 32770 4.43115
O 14. 06130 20. 33776 19. aaroa

---1---1o.-1111 .-14n-2701*-11%-210.-1*-00050

FUNCTION

VARIABLE
1 -.11523 2.63040 1.62400 -.10909 .061,1

6
119300.-----10..93064-

-1.1/$07 6.44073
-1-92770

9.46117
-40564-.7,0114

-27.36499 2.44064
7 .06239 -.03001 -.11445 .01170

12
.20011

4.4.1067
*.1

21.69199
-.

.4.1097911 6.22071
news,

1.72946
22 .00091 -.ram: -Aimplo 6.56435- .11420 _________________
25 31509 ---741113-17.116233-- .3020..___23:.9t3_______

CONSTANT
10171-1112-1411115-.4-119. 2421--M5*. 17011-.04:111600

NUNN, OF CAMS CLASS:PIED INTO 0110,P

GROUT
--A

A V 0 0 0 0

C 0 0 10 0 0
0 0 0 0 0
C -0---0 0- -15----- 2

ST JNOS*
VARIABLE arm= 4

VARIABLES INCLUBCD AND P TO REMOVE WORM OF PREEMOM 4 14

1 11.1004 4 .6173 7 1.3914 12 1.6104
3 1660092 2.4561 11 1.3420 22 00.0914

VARIABLES NOT INCLIAMED AND F TO arm - arsigas OF FREEDOM 4 13

as 15.0009

Appendix L. Step 8 - 13 Plots, 5 Groups, 27 Variables



SUMMAIIV 'MILE

STEP VARIABLE F VALUE TO NUMBER OF U-STATISTIC
NUMBER ENTERED REMOVED ENTER OR REMOVE VARIABLES INCLUDED

:------:::::------

30. 0057 .

a

_Itiiii

2
01234127

3 3 . 0044
4 .0012
s . 0000

la EOM7 7 .0110°63

O

I. 0698
1.4750 a az;

, ::417

119%4

.6173 9
10 10
11 . 96°32°77 II

. 0003

. 0002

Appeadis M. F-Table - IS Plots,
S CCOS, 27 Variables

EIOENVALUESil
51

911212 O. 54857 5 51090) 3. 07734 .00000(111.

- .00000 - .00000

CUMULATIVE PROPORTION OF TOTAL DISPERSION

. 57954 . 76222 . 91479 1. 00000 1. 00000 1. 00000 I. 00000 I. 00000 1. 00000

1. 00000 1. 00000

CANONICAL CORRELATIONS

.97466 . 94619 .92001 86077 .00007 . 00003 . 00009 .00019 .00021
.00021 .00024

COEFFICIENTS FOR CANONICAL VARIABLE -

ORIGINAL
VARIAN-1

e a 3 4 s 6 7 a 9

1 .27699 -. 10521 - .09260 - .22437 - .00319 - .02820 .01739 - .02738 - .06014
3 .91843 - .37638 - .06289 67978 .03386 .04733 .03462 -. 14489 .00973

4 1.37376 -. 34223 - .82300 - 1.68670 - .71232 4.74077 - .56604 .09070 .74328
5 . 13086 .02501 .07009 09275 -. 16027 .02480 - .01356 -. 02659

6 .6033E 2.43056 -. 44074 -3.04142 3.35811 -1.37530 -. 99937 1.14342 4. 33240

7 - .09109 .13112 .10695 .00024 .07694 .00513 .07899 - .03103 .01937
10 - .33317 .02630 .00961 - .21235 .50921 - .06331 - .01903 -.01663 - .04870

11 .13441 -I. 07173 .81040 -I. 19431 . 19114 - 1.60094 .20564 - .63243

10 -1.90914 1.81616 .71330 - .06947 1.04037 .30406 - .10004 .39396 .21912
22 - .63710 - .63272 - .24742 -. 11364 .11002 .00422 .06369 - .01319 .02125
23 -. 42649 I. 10215 -2. 42601 . 18242 . 31536 .04097 -. 11150 -. 50690 -. 14049

GROUP CANONICAL VAITIASIES EVALUATED AT BROM MEANS
1 -I. 64363 I. 00224 2. 04403 _ 99420
2 9. 69696 - 3.50763 - .75504 3.36920 . 00000 . 00000 .00000
3 2.34307 .03603 -1.03521 . 00000 .00000 . 00000

4 -5.14238 - 4.79250 -. 04330 .12333 .00000 .00000 . 00000

5 -2. 13122 4. 44036 - 6.30710 1.12720 .00000 .00000 . 00000

COEFFICIENTS FOR CANONICAL VARIABLE -

ORIGINAL 10 11

Appendix M. F-Table 13 Plots, 5 Groups, 27 Variables



-11. 700

15. 300
14. 000
14. 300
13. SOO
13. 300
12. 000
12. 300
11. 000
11. 300
10. I/00
10.300
9. 000
9. 300
8 SOO
3. 300
7. SOO
7. 300
6. SOO
6. 300
5. SOO
5. 300

. 4. SOO
4. 300
3.000
3. 300
2. SOO
2. 300
1. SOO
1.300

. SOO

. MOO

-1. /00
- 1.700
-2. ROO
-2.700
-3. 300
- 3. 700
-4.300
-4. 700

-5 700 .

700

-8. 200 .
-S. 700 .

-9. 200 .
-9. 700

-10. ROO .

-10. 700
- 11.200
- 11.700 .

-S. 700
-5.700 ..300 6.300 12.300

-2. 700 3. 300 9. 300 15. 300

Appeadia N. Territorial 10p
1S Plots, S Groopa, 27 Variables

-0.700 -2.700
,MA ...OW,

Aka /Pout 3

ARR /AcasP

375

15. 300
14.000
14. 300
13. 800
13. 300
12.000
12. 300
13.500
11. 300
10. WO
10. 300

9. SOO
9. 300
S. Soo
5. 300
7. SOO
7. 300
6.500
6. 300
5.800
5. 300
4.500
4. 300
3.500
3. 300
2. 500
2. 300
1.500
1.300

.

. 300

-1.200
-1. 700
-4. 300
-2. 700
-3. 300
-3. 700
4. 100
-4. 700
-5.200
-5. 700
-6. 200
-6. 700
7. 200
-7. 700
-II. 000
1 700
-9.200
-9. 700

-10. 300
-10. >00

. -11. 500

. -11. 700

9. 700 15. 300

Appendix N. Territorial Map - 13 Plots, 5 Groups, 27 Variables
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-9 700 -2. 700 3. 300 T. 300 15.300
-5. 700 .300 6. 300 12.900 19. 300

IS. 300 IS. 300
17. 900 17. SOD
17. 300 17. 300
16.900

Appoodix O. Territorial Mee
16.900

16.300 16. 300-
6a Plots, 9 Groom 21 Varimatiss15. 900 13.M00

15. 300 15.300
14. 900 14. SOO
14. 300 14. 300
13. SOO 13.900
13. 300 13. 300
12. 900 12. WO
12. 700 -12.300
11. 900 11. 900
11.300 11.300
10.900 10.900
10. 300 10.300
9. 900 1. 900
9. 300 -1.300
9.900
D. 300
7. 900
7.300
6. BOO
6. 300
5. 900
5. 300
4.900. 99 9 9
4. 300
3900. DD. 9
3.1300
r. 900 90 SS
1'.300. 9
1. 900
1.300. 0 0 C C
. 900
. 300 're411)4

-. 700
-1.200 0 I

1. 700 D

- .200. r
- :.700. DE
- 3.200. D EF
-3. 700 D
-4. 200
-4. TOO
- 5. 200
-5. 700
-6.200
-6. 700
-7 200
-7.700
-9.200
-9. 700

-5. 700
-9.700 -Z. 700

PIEN-Afkiequitot

. 300 6. 300 12. 300 19. 300
3.300 1.300 15. 300

9. 030
9. 300
7.900
7. 300
6. SOO
6. 300
5.900
5. 300
4. 900
4. 300
3.900
3. SOO
2.900
2. 300
I. 900
1. 300

. 900

.300

-1. 200
- 1. 700
-2.200
-2.700
- 3. ROO
-3. 700
- 4. 200
-4.700
-5. 200
-5. 700
-6. 200
-6. 700
-7. 200
-7. 700
-S. 200
-S. 700
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19 .50543
10 4.12601
51 -.080/6
52 .02975
53
55 .412186

3161

ST
60 .77191

CO11674117
_45.91309

2011111 OP CRSR3 CLASSIIRD INTO 00007 -
R 8 a

ONOO
6

C

V
6
P
a

STEP ROOM

0
0
0
0

o

0

2
0

AppeedIt P. Step IS - 64 nett.
IS Creeps. 37 VerlsbIes

16
61

VANIAIMES INCLOSPO AND TO MOTS -

3 4.4009
5 2.5617
6 3.6310

7 6.4335
0 3.4563

5.3515

AAAAA OL/IS NOT INCLUDED AND P TO MRS

.6650 10 .1666
7

01:11
of .0,117

12 .5094

MRCSS OF FORFOON 9

15 3.9771 51
19 5.166s 52
20 4.7366 5)

IttoREs OF 0550011

13 .3207 vl

14 4053
16 .4693

18
70

39

25.2895
14.9248
6.7573

9 30

.4070
14247
.216T

SS
ST

'60

22
23
20

15.9977
5.0145
3.4475

.1663

.1361
moo

61

IT
11.

56

2.1606

1.3713
1.3106
.6931

5,
Sf
62

.1742

.6363
1.1261

TN! POLLOVINO VARIAOLRS 050 NOT PASS TN! TOLENANCR TEST 24

V-STATISTIC .00000
MATE 10.13096

NATRII - DRORCES OF ?MOON

OROV
A

0100P
II 1.94501
C 23.91703 10.96601
It 16.3380 3.66351
1 1.14713 5.61141
P 2.76361 2.21160
4 11.111702 5.26,63
II 22.3121, 17.56472
t 22.20203 18.9961,
2 19.66259 13.79653
10

01106166 OF PleD011 16
MINERS OP FRREDON 144

16 39

4.3470
6.17012 0.91871
6.69342 3.80902
12.266,3 6.53374
22.01996 17.55196
22.30353 22.91266
23.94770 19.00977

9 54
324.11

4.17594
746617
8.32057
13.04502
10.19896

247176
14.27119
10.00461
6.77755

19.12538
19.36204
11.45197

24.48522
22.60405 21.93327
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757.546 .000, 24.773 1.000, 826.369 .000,

2 309 478.826 .000. 463.767 .000, 595.447 .000, 453.406 .000, 461.530 .000, 476.277 .000, 868.966 .000,

789.992 .000, 24.773 1.000, 861.316 .000,

GROUP A D E F a

I

J

CASE
1 265 J 500.258 .000, 550.825 .000, 640.553 .000, 622.233 .000, 599.223 .000, 444.169 .000, 759.415 .000,

840.286 .000, 921.088 .000, 43.120 1.000,
2 279 J 444.174 .000, 498.612 .000, 588.227 .000. 569.904 .000, 543.732 .000. 392.594 .000, 723.191 .000,

784.714 .000, 875.129 .000, 40.964 1.000,
272 J 317.706 .000, 361.573 .000, 451.499 .000, 433.182 .000, 415.642 .000, 253.815 .000, 542.500 .000,

656.847 .000, 721.016 .000, 39.896 1.000,
4 206 J 508.546 .000, 558.722 .000, 648.462 .000, 630.142 .000, 607.450 .000, 452.002 .000, 765.700 .000,

848.522 .000, 928.355 .000, 43.174 1.000,
5 199 J 442.621 .000, 491.907 .000, 581.673 .000, 563.353 .000, 541.989 .000, 385.040 .000, 695.211 .000,

782.479 .000, 860.102 .000, 43.186

NUMBER OF CASES CLASSIFIED INTO GROUP -
A B C o il F

1.000,

a n I J

CROUP
A 15 0 0 0 0 0 0 0 0 0 Appendix Q. Classified Table-

8 0 6 0 0 0 0 0 0 0 0
64 Plots, 10 Groups, 37 Variables

C 0 0 11 0 0 0 0 0 0 0

D o 0 0 13 0 0 0 0 0 0

8 0 0 0 0 2 0 0 0 0 0

F 0 0 0 0 0 3 0 0 0 0

0 0 0 0 0 0 0 5 0 0 0

N 0 0 o 0 0 0 0 2 0 0

I 0 0 0 0 0 0 0 0 2 0

J 0 0 0 0 0 0 0 0 0 5

Appendix Q. Classified Table - 64 Plots, 10 Groups, 37 Variables



-23.500 -13.500 -3.500 6.500 16.500

-18.500 -8.500 1.500 11.500 21.500

. .... .... . . .... . + ..
21.500
20.667
19.833
19.000
18.167
17.333
16.500
15.667
11.833
14.000
13.167
12.333
11.500
10.667
9.833
9.000 .
8.167
7.333
6.500
5.6

1.000 .

;.136373

1.500 .

.667
-.167
-1.000 .

-1.833
-2.667

1.530303

-5.167
-6.000

-7.667
-8.500 .
-9.333
-10.167
-11.000
-11.833
-12.667

-131 0-11.53303

- 15.167 .

-16.000
-16.833
-17.667
-18.500
-19.333
-20.167
-21.000 Appendix R.

21.500
20.667
19.831
19.000

Appendix R. Territorial Map - 17.3
18.167

33
64 Plots, 10 Groups, 37 Variables 16.500

15.667
11.833
11.000
13.167
12.333
11.500
10.667
9.833
9.000
8.167
7.333
6.500

Psine emmA 5.667
4.833
1.000
3.167

PfP16/6161,1- C 2.333

SEAM-
1.500
.667

PcmE/CACA. -.167
-1.000
-1.833
-2.667

121Po/WAL -3.500
-11.333
-5.167

AA/ -6.000

LitatiL PI Yo/ fEiD -6.833
-7.667
-8.500

ASV,/ VA 01E. -9.333
-10.167
-11.000
-11.833
-12.667
-13.500
- 11.333
-15.167
-16.000
-16.833
-17.667
-18.500
-19.333
-20.167

Territorial Map - 64 Plots, 10 Groups, 37 Variables -21.000



-11 400
-0. 400

10.600
100

14 600
14 100
13 600
13 100
IP 600
I P 100
11.600 .

t1 100 .

10.600 .

10 100
9 600 .

9 100
O 600 .

O 100 .

7 600 .

7. 100 .

6. 600 .

6. 100 .

9. 600 .

100 .

4 600 .
4. 100
3.600 .
3. 100
2.600 .

P. 100 .

1. 600 .

1. 100
. 600 .

100
- 400

900 .

-1 400 .

-1.900 .
12 400 .

-7 900 .

-3 400 .

-3 900 ..
4 400
-4.900
-5 400

r. 90 .

4 00
600

:1 600

PstetEicAtut.

6 60
9.600

12. 600

Appendix S. Territorial Map -
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15. 600

6 400 .

6 900
7 400
-7 900
0 400 .

-0 900
9
9

400
900 Appendix S. Territorial Map 64 Plots, 5 Groups, 10 Variables

15. 600
15. 100
14. 600
14. 100
13.600
13. 100
12. 600
12.100
11. 600
11. 100
10. 600
10. 100
9. 600
9. 100
B. 600
0. 100
7. 600
7. 100
6. 600
6. 100
5. 600
9.100
4.600
4.100
3.600
3. 100
2 600
2.100
1. 600
1.100
. 600

. 100
-.400
-. 900

-1. 400
-1. 900
-2. 400
-2. 900
-3. 400
-3. 900
-4. 400
-4. 900
-5. 400
-9 900
--6. 400

-6. 900
-7. 400
-7. 900
--11. 400

-0 900
-9. 400
-9. 90

CO
CD



II 4(4) 4 'tttt
-6 400

9.267 .

It 933
11 7:13r1-
It 767

93:1

7 767
1. 933
r. ,.nn

767
.1-33

771499
., 767

4 933
ftft

4 : 67
t 933

:1

P 133

747
*.y:f

*MI
: 41W

I

3. boo 7. 609
1.691 9.601

Apresdia T. Territorial 144,
36 riots. 4 Crimps, 1 Variables

. .

tat/1 vet.

9. MO
I. .

V. WO
. 11. R67

tv:13
6. 600
O .267
7. 933

7. 067
. . 6. 933

6. 600
6. 267
5. 933

. S. 267

. x.939

. 267

. 3. 933
3'600
3.46?
N . 933

Aftlimat. 2.267
1.933sea

. 1. 1767
. 933

.267
-. 067

733
-1 967
I 4.10

-'-I

^ 1110
7:33

-1.067
1 "MO
t

1 (PAW
490

I. 711
111.7

399

S. 07.1

Loam.

490
400 7. 'till 61140

Inn +)p,

-.Y31
-1.067
-1. 400-

. -1.737

. -2.067

. 400

. -R. 733
-3.067
3.400

. -.3. 733

. -4.067

. 733
-5.067
-3.400
--5. 733
-6.067
-2. 400
-6. 733
-7. 067
-7.400
7. 7:r.1

067

0. Lbll 9. 6141
3. Min 7: 600
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