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Extensive morphological and growth habit variations have been

reported for bitterbrush (Parhia tridentata), a widespread western

shrub frequently used in range revegetation projects. Hybridization

of this species occurs with cliffrose (Cowania stansburiana) at the

point of their pverlapping range in Utah and is believed to be

responsible for expression of certainbitterbrush attributes.

The objectives of this study were to investigate specific morpho-

logical and physiological characteristics of bitterbrush over a portion

of its geographical range and to determine which, if any, of the varia-

tions could be attributed to selective forces of particular habitats.

Twenty-nine populations of bitterbrush in eastern Oregon and

three populations in northern California were selected for study to

account for maximum variation in associated veget3tion, environ-

mental parameters, and morphological expression. Field studies



were conducted to examine taxonomic and growth habit characteristics

of each population and for use in population comparisons.

Seed germination studies indicated that the slight variations in

population response to nine time treatments in a 3% thiourea solutLon

essentially disappeared with a 15-20 minute treatment. Longer

treatments resulted in deformed radicles which failed to elongate.

Size and shape of leaves and growth form responses from seed-

lings grown in the greenhouse compared favorably to the parent popu-

lations. Pubsecence and glandulation also appeared to be primarily

genetically induced and were expressed early in seedling growth0

Cluster analysis indicated that many populations studied tended

to build up integrated morphological patterns or seed, leaf, color,

growth form, and habit attributes, However, the nearly continuous

gene-flow in this out-breeding shrub resulted in extensive overlapping

morphology between populations which is in accordance with the nature

of clinal variations.

Trends for gene flows were followed in northeastern Oregon and

along the eastern front of the Cascades with ecotypes forming where

environmental conditions created unique habitats. Under lodge pole

pine (Pinus contorta) on pumice soils, a low, layering ecotype was

identified which retained small, glabrous leaves, heavy glandulation,

and a low growth habit under common greenhouse conditions. An

ecotype similar in habit but varying in leaf shape, seed size, and bark



color was found on harsh sites at the Hart Mountain Antelope Refuge.

Tall, massive plants growing on deep soils in northern California near

Janesville and in northeastern Oregon near Durkee represented two

additional ecotypes which showed differentiation in seed and leaf

characteristics for their respective populations.

Paper chromatography for flavonoid compounds gave complex

spot patterns which indicated possible addition of cliffrose genes in

certain populations. Although morphological characteristics asso-

ciated with specific patterns were not found on an individual plant

basis, two major patterns of similarity between certain populations

were noted.

Seventeen populations were selected for chromosome studies and

represented a full range of morphological and environmental para-

meters. A diploid number of 2nl8 was found for all populations.

For managers contemplating a bitterbrush seeding project,

choice of seed source should be carefully considered. A relationship

was observed between taller plants and frost-free growing season.

Seed from these plants may produce seedings unable to survive where

frosts occur frequently. Since seed for re-establishment is generally

collected from these taller, high seed-producing plants, past seeding

failures may be related to selection of non-frost tolerant ecotypes.

If local seed cannot be obtained, it was suggested that associated

vegetation, soil type, and frost-free growing season of the seed



source be matched as nearly as possible to the site selected for

seeding.

Data from this study indicated that a 15-20 minute thiourea

treatment yielded a higher germination response than the five minute

treatment generally suggested in the liter4tt.lre.
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A TAXONOMIC STUDY OF BITTERBRUSH (PURSHJA
TRIDENTATA (PURSH) DC.) IN OREGON

INTRODUCTION

Bitterbrush (Pu.rshja tridentata (Pursh) DC.) is a palatable and

nutritious shrub component of many western rangelands. Because of

its depletion over much of its range, considerable emphasis has been

placed on the restoration of bitterbrush during the past two decades.

Many of the restoration attempts have met with either limited success

of total failure. Although a number of factors have been proposed and

explored to explain these failures, the possibility of genetic variation

of the shrub with adaptatiotis for specific sites due to forces of natural

selection has been l3rgely overlooked. Species such as bitterb rush

which occupy broad environmental ranges have had ample opportunity

for the development of such adaptive variations. Recognition of geno-

types, their site requirements and other autecologica& parameters,

presents an additional tool for managers in their endeavors to rehabili-

tate depleted rangelands with bitterbrush, As increasing emphasis is

placed on the use of shrubs for soil stabilization on road cuts and

mining sites, as well as for browse production, knowledge of genetic

variations within bitterbrush will further increase the potential for

developing superior strains of this shrub for specific purposes.
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A member of the family Rosaceae, bitterbrush is described by

Hitchcock and Cronquist (1973) as a freely branching shrub 1-2(4) m

in height. On the older branches are spur growths with a cluster of

leaves a their apex. New growth occurs as either an elongation of

leaders from these spurs or from the terminal spur on each branch.

Leaves are deeply three-toothed at the tip, 5-20(25) mm in length,

and may be greenish or grayish above and grayish- tomentose below.,

Flowers are complete, periginous, soU.tary and terminal with five

petals and a five-lobed calyx. Stamens are around 25 in number,

inserted at the top of the hypanhium. Usually only one pistil is

present which is simple. The hypanthium, 5-8 mm in length, may be

covered with stalked glands. FruLt is an achene, one-seeded, with

the seed black and 6-8 nim in length. The achene is cartilaginous,

puberulent, and approximately 15 mm in length with a persistent,

thick style.

From the standard description thus presented, wide diversity of

characteristics may be found within most of the basic patterns.

Height ranges from a low, prostrate, layering form 0.25-02 m tall

to large, upright shrubs over 4 m in height. Leaf size and shape show

marked variations from different locations on the plant and from

individual to Lndividual. Variations in color and pubescence of the

leaves are pronounced frorri plant to plant. Leader growth may occur

as a solitary terminal extension or may occur with numerous lateral
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leaders, giving the plant a somewhat "lacy, U delicate appearance.

Spurs may arise from previous spurs and become long and compacted

on a single branch with a resulting fingered appearance to the shrub.

Glandulation frequently occurs not only on the hypanthia but on stems

of new leaders and on leaves as well. Seed size and weight varies

considerably as does hypanthium, style remnant, and achene length.

Seed markings, shape and color extend in their variation far beyond

the range of round and black.

In addition, the timing of such physiological functions as flower-

ing, seed set, and seed shatter vary extensively over the shrub's

geographical range. Seed dormancy likewise appears to be affected

by geographica' location of specj.fic populations.

Bitterbrush has been shown to hybridize with cliffrose (Cowania

stansburina) at the point of their overlapping range in Utah (Stutz and

Thomas 1964). Both shrubs posess the basic chromosome number of

n=9 and have been classified in the Rose family based on their achene

type of fruits. The diversity in characters among both different

populations and different individuals of bitterbrush has in part been

explained by the phenomenon o introgression whereby a gene flow

from cliffrose extends into populations of bitterbrush far beyond their

contact zone, Essentially no effort has been made prior to this study,

however, to identify the morphological variations indicative of eco-

types within bitterbrush,
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The present study was an attempt to determine specific

morphological and physiological characteristics of bitterbrush that

may retain a degree of constancy in populations occupying similar

habitats. These characters would lherefore be indicative of the

establishment of ecotypes adapted to the peculiarities of their

particular environment. Cytological and phytochemical studies have

been employed to investigate specific alterations of the genome.

Seed dormancy has been studied using germination trials in the

laboratory and greenhouse. Morphological characters have been

measured and compared both from plants located in the field and

from seedlings grown under uniform conditions. Finally, descriptions

of the habitat for 30 populations of bitterbrush throughout Oregon and

northern California have been made and compared in the exploration

of genetic variations found in bitterbrush and their relation to geo-

graphical range and site requirements.



LITERATURE REVIEW

Ecological, Morphological and
Physiological Diversi,ty

Ecological Variations

Bitterbrush ranges over much of temperate western A.merica,

occupying 340, 000, 000 acres in the 11 western range states and

southern British Columbia. (Hormay 1943). In Oregon, the shrub's

growth is restricted to areas east of the Cascades in annual precipita-

tion zones of 10-25 inches. Within this range, vigorous stands of

bitterbrush may be found from an elevation of300 feet in the Columbia

River Basin to 7, 100 feet at the summit of Hart Mountain in south

central Oregon. Where environmental features are suitable, bitter-

brush occupies a variety of sites within this elevational range through-

out most parts of central and eastern Oregon.

Bitterbrush grows in association with a variety of vegetation

types. Franklin and Dyrness (1973) recorded 18 recognized habitat

types in Oregon of which bitterbrush was a major component. Tree

overstories representing 12 of the associations included lodgepole

pine (Pinus contorta), ponderosa pine (Pinus ponderosa), and western

juniper (Juniperus Qccidentalis). Five of the associations included

bitterbrush and grass species," and one association was recorded with

bitterbrush and big sagebrush (Artemisia tridentata),

5
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As may be anticipated, soil characteristics supporting bitter-

brush vary widely. Parent material may be basaltic, rhyolitic, or

pumiceous, as well as sedimentary sandstone or shale rock (Nord

1965). Generally, soils are coarse textured, deep to very deep, and

well drained. However, bitterbrush may be found on clay soils in the

Hart Mountain and Mt. Hood areas, and Dris coil (1964) reported

bitterbrush in central Oregon growing on deep to shallow fine textured

soils with relatively high stone content and loose or fractured material.

Both acidic and basic soils support bitterbrush (Picmmer etal, 1968)

although Nord (1959) suggested that a slightly acid reaction to a depth

of five feet is preferable.

Because of such wide ecological extremes, the probability of

genetic variations in bitterbrush cannot be ignored Billings (1970)

asserted that it is now believed that many widely distributed species

of plants are made up of ecological races. Davis and Heywood (1963)

explain this phenomenon in that gene combinations most attuned to

local peculiarities of environment have higher probabilities of

survival. Thus, species with greater genetic potential may occupy a

wide range of habitats; it is the environment then that molds these

characters into permanent features of local populations which are

adapted to a particular habitat. Winward (1970) recorded specific

examples of species displaying such phenological and morphological

variations on particular habitat types. When these ecotypes have been
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stabilized and show repeatability on similar environments over a wide

geographic range, a subspecies may be delineated (Davis and Heywood

1963). Heywood (1967) emphasized, however, that variations may be

effectively continuous, rendering taxonomic classification difficult at

best. The range of the species on all its habitat types must be

studied, and those morphological characteristics which are consistent,

are easily recognized, and have a narrow range of expression must

be determined (Davis and Heywood 1963).

Morphological Variati,ons

Of the characteristics indicating variability of genetic make-up

in bitterbrush, one of the most conspicuous is its growth form.

Hormay's (1943) original study of the shrub stated that bitterbrush is

usually two to six feet tall but in some places attains a height of 16

feet. Upright, medium upright, and layering ecotypes have been

observed by Stanton (1959), Nord (1965), Plammer etal, (1968) and

Plammer (1972). All of these authors have reproduced expression of

each growth form under common field conditions Plammer (1972)

working in Utah established a common garden with shrubs assembled

from wide geographic ranges for the study of growth and reproductive

characteristics. Striking differences were reported among the eco-

types for both factors. Nord (1965) also chose seeds of tall, inter-

mediate, and semi-' prostrate habit which retained their relative
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growth rates and forms under uniform conditions at two separate

locations in California. No attempt by any author has been made to

assign specific habitat conditions to these expressions of variable

growth form, nor has any study attempted to evaluate morphological

features associated with each growth form.

Another physical difference receiving comment is color varia-

tion in the shrub, with colors ranging from light gray to dark green.

This expression is largely a function of pubescence with the lighter

leaves densely tomentose and the darker one glabrous. Both Hormay

(1943) and Stanton (1959) found shrubs displaying a full range of gray

to green colors growing in close proximity to each other on the same

site. Stanton also found wide variations in color and size of seed

from ten different geographical soiirces.

Physiological Variations

Along with the morphological observations of growth form,

physiological variations within biterbrtash have received the remaining

bulk of attention, Driscoll (1963) suggested that specific shrubs have

the genetic potential of producing high volume of seeds. This con-

tention has been supported by- Plummer's (1972) observations in Utah.

Thiourea treatments are the preferred means of breaking

dormancy in bitterbrash seed, and Nord (1965) mentioned that geo-

graphic variation in degree of dormancy may exist, thus influencing
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effectiveness and length of thiou.rea treatments. He further stated,

however, that this has not been adequately determined with experi-

mentation. Stanton (1959) found differences between central Oregon

and northern California strains in germination and cold resistance on

untreated seeds overwintered outdoors. Hubbard (1964), in his

practical guide to reseeding, noted that seeds from certain sources

may need longer soaking in a thiourea solutton than is usually

recommended. The desirability of using seed from local sources in

revegetation projects has been mentioned by several authors (Plummer

etal. 1957, Stanton 1959, Plummeretal. 1968).

In two separate but related studied, Klemmedson and Ferguson

(1969) and Wagle and Vlamis (1961) speculated that ecotypic differ

ences may account for differences in growth 'esponse to nutrient

levels in various soils, Wagle (1958) also reported genetic differences

in early growth potential which were sensitive to various nutrient

levels. One of the most specific observations on reaction to soils was

Plummer etal. 's (1968) not.tion that seed from sources growing on

granitic and basaltic soils having an acid reaction have not grown well

in Utah when planted on basic, sedimentary soils.

The ability of particular local populations of bitterbrush to

resprou.t following fires has been observed in California, Idaho,

Oregon aid Utah While bitterbrush was generally destroyed by fire in

California (Nord 1959), abundant resprouting regularly occurred in
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eastern Idaho (Blaisdell and Mueggler 1956). Blaisdell and Mueggler

postulated that sprouting was related to inherent qualities of particular

plants and further suggested that naturalselection .n previously

burned areas may result in a local population of potential sprouters.

Dris coIl (1963) found differences in percentage of plants sprouting

following a burn on two adjacent but different habitat types in central

Oregon. He stated that there appeared to be little relationship between

intensity of burn and degree of sprouting. laisdell and Mueggler,

however, suggested that both genetic and environmental factors are

influential in the sprouting of bitterbrush following fires.

Another physiological, variant which shows some geographical

specificity is the ability of bitterbrash to produce stem layering.

While layering occurs on some upright plants, the characteristic is

most common in the semi-prostrate forms (Nord 1965). Nord further

stated that layering is most pronounced at higher elevations and on

certain burned- over areas.

Hybridization of Bitterbrush

A final confounding factor involving the process of species

introgression deals with the largely speculative and observational

reports on genetic variability within bitterbrush. Plants were found

in northern Utah as early as 1948 which were not typical of either

bitterbrush or cliffrose, but resembled both (Smith 1964). A cursory
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investigation nd explanation of this phenomenon was made by Stebbins

(1959) in an address on the role of hybridization in evolution. Both

bitterbrush and cliffrose are well-recognized genera of the Rose

family and occupy an overlapping range in Utah and parts of Nevada.

Vegetative characteristics of bitterbrush seedlings grown from seeds

collected in Utah were consistently more variable than those from

areas to the north and west. The increased variability consisted

entirely of the addition of characteristics found in cliffrose. Stebbins

(1959) assigned the term "introgression to this genetic expression

and, in accordance with Anderson's (1949) scheme, defined it as "tIe

process by which F1 hybrids backcross to one or the other of parental

species, followed by natural selection favoring certain recombinant

types, and resulting in established populations which contain a ew

genes from one species within the gene pool of another, According

to Stebbins, these gene types will migrate far beyond the areas in

which they originated.

It remained to Stutz and Thomas (1963) to thoroughly explore the

nature of bitterbrush- cliffrose hybriaization. Population samples of

both cliffrose and bitterbrush having low intraplant and intraspecies

variations were given numerical grades which were used in construct-

ing scatter diagrams and hybrid indices. Seventeen morphological.

characteristics were used in the study. A total of 14 populations of

either cliffrose, bitterbrash, or mixed composition from Utah,
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California, Idaho, and Montana were selected, Except for one popula-

tion in California, all bitterbrash populations showed marked charac-

teristics that the authors identified as those of cliffrose. They stated

that some of the characters have become stabilized in both Idaho and

Montana and that certain cliffrose characters, particularly that of

glandulation, are present in nearly every plant of many bitterbrush

populations. In a subsequent article, Stutz (1974) hypothesized that

cliffrose genes impart lowered palatability. As bitterbrush plants

possessing cliffrose genes are then exposed to intense grazing

pressure, the less palatable shrubs tend to spread the cliffrose genes.

An additional study by Sanderson (1969) continued the investiga-

tion of hybridization between bitterbrush and cliffrose using cytological

and biochemical techniques as well as constructing additional hybrid

indices. Chromosomal similarity between the two species was noted,

and chromatography of phenolic compounds showed what appeared to be

hybrid recombinations of the parental spots Neither physiological

changes within bitterbrush due to cliffrose influence nor stabilized

population patterns indicating establishment of ecotypes have been

investigated.

Desert bitterbrush (Purshia glandulosa), a commonly occurring

shrub in the desert areas of central and southern California and

Nevada, is bel,ived to be a stabilized hybrid between antelope bitter-

brush and cliffrose (Nord 1965). The theory has been advanced that
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antelope bitterbrush Mborrowedu from cliffrose a greater tolerance

for heat, aridity, and soil salinity, At the same time, distinctive

morphological features were incorporated into desert bitterbrush,

resulting in plants showing intergradation of characters from both

parental types. Although small, seeds of desert bitterbrush tend to

retain the characteristics of antelope bitterbrush, Leaves show

variation toward cliffrose with multiple lobes, light pubescence, and

numerous depressed glands chara.cteriztng the generally bright green

vegetative structixres of desert bitterbrush.

Morphological Characters and Numerical Taxonomy

Davis and Heywood (1963) presented a thorough and excellent

discussion regarding the choice of characters to be evaluated and

measured when attempts to refine the taxonomic classification of a

species are initiated, htGoodu characters are those that "(1) are not

subject to wide variation within the sample being considered; (2) do

not have a high intrinsic genetic variability; (3) are not easily

susceptible to environmental modification; (4) show consistency

Among the specific characters discussed by the authors, bark

attributes, habit, branching, leaf size and shape, pubescence, and

seed characters are among those which may provi4e useful informa-

tion for subsequent groupings. Additionally, Haskell (1961) described
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an evaluation of seedling morphology which may uncover characters

of taxonomic value and which showed potential for use in this study.

After the characters have been thoughtfully chosen and carefully

measured, a method of constructing the taxonomic groups is needed.

For this, Sneath and Sokal (1962) employ numerical taxonomy,

essentially a procedure for character correlation and discrimination.

After coding the characters for each organism, similarity or dis-

similarity matrices, referred to as clusters or phenetic groups, are

constructed. The clusters can then be arranged in a hierarchic

taxonomic dendrogram which summarizes the main features of the

cluster analysis. Such a procedure permits practical handling by a

computer of a large number of variables. Useful discussions of

various classification strategies are given by Clifford and Stephenson

(1975) and Anderberg (1973). Although the value of numerical taxonomy

is evident, certain limitations and difficulties to the approach are

presented by Davis and Heywood (1963).

Common Garden Studies

Greenhouse, growth chamber, or common garden studies have

been a favorite and acceptable research tool in numerous investiga

tions of genetic variability. Theoretically, a constant environment

provides the ideal opportunity for expression of inherent differences

between ecotypes which potentially may be masked under the



confounding factors of field conditions. Turesson (1922) pioneered

work on genetic variations within a single species occupying a wide

range of habitats and grown in uniform conditions. This was followed

by a battery of complex experiments by Clausenetal. (1940) which has

become one of the classic justifications for the usefulness of uniform

environmental conditions to neutralize varying environmental effects

on phenotypic expressions. Not only are genetic differences empha-

sized in common conditions, but many features of differing morphology

used for taxonomic divisions may dissolve into tuiiformity in like

conditions. Daubenmire (1959) raised a rather emphatic warning flag,

however, regarding interpretation of results from controlled experi-

mentation. Nevertheless, while results may not necessarily be

extrapolated to observations in the field, expressions of genetic

variability may provide useful clues to phenotypic expressions and

genotypic adaptations.

Research in forestry genetics is replete with investigations

using common gardens and growth chambers for determination of

genetic variations within economically important tree species.

Rehfeldt (1974) found significant difference in heights of 24 populations

of Douglasfir (Pseudotsuga menziesii) grown at a nursery in Idaho,

Bey (1973), in a provenance test of black walnut trees from eight

midwestern states, likewise recorded significant genetic variation

expressed under a common garden situation. In a study of phenology of

15



bud burst in Douglas-fir, Campbell and Sugano (1975) indicated that

testing in growth chambers gave rise to an evaluation of differing

responses among plants cQllected fron various provenances.

Flavorioid Chemistry and Chemotaxonomy

Numerous chromatographic studies attest to the usefulnes$ of

considering taxonomic relationships in view of the chemistry of plant

constituents. Of the naturally occurring phenolic compounds, flavo-

noid compounds have received considerable attention due to the exten-

sive number of such compounds which occur in vascular plants, their

chemical stability, and the ease and rapidity with which they can be

identified.

The fundamental flavonoid skeleton is a C15 compound composed

of two phenolic nuclei connected by a three-carbon unit (Geissman and

Grout 1969). Alterations which give rise to the various kinds of

flavonoid compounds appear to be directed by genetically controlled

enzymatic processes. In that their formation appears to be irre-

versible beyond a certain point, Bate-Smith (1962) attached certain

evolutionary importance to their occurrence.

A comprehensive discussion on the general use of chemical

techniques in investigations of phylogenetic relationships may be found

in Aiston and Turner (1963). The specific use of flavonoid compounds

was reviewed by Harborne etal. (1975).
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Cytological Studies

Cytological techniques have been used with considerable success

in the exploration of phylogenetic relationships of many species and

hybrids,, Where variation in the number of chromosomes withLn a

species occurs accompanying morphological changes generally may

be adequately delineated from what previously appeared to be a mix-

ture of many features. Of the many examples which may be cited,

classification of the big sagebrush complex provides ample evidence

of the value of cytological studies. Discovery of polyploidy within the

complex supplied a point at which discontinuities of morphology could

be investigated and gave indication of the evolutionary history of the

complex (Winward 1970).
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DESCRIPTION OF STUDY AREA

Location

Eighteen areas in eastern Oregon and two areas in northern

California were selected for field studies of specific bitterbrush popu-

lations (Figure 1). Reconnaissance during the summer of 1974 ndi-

cated that bitterbrush grew in a wide range of elevations and habitats.

Populations selected for intensive study were chosen to represent

major differences in growth form and morphology of bitterbrush

plants, elevation and geographical range, dominant associated

species, and physical environment. At each area one or two study

sites were specifically selected for homogeneity of both physical

factors and major associated vegetation (Table 1). At no time did

any one site exceed approximately one hectare in size. Every effort

was made to select sites which presented reasonably undisturbed con-

ditions and a minimum of utilization on bitterbrush plants, objectives

not easily achieved given the high palatability of the shrub and the

extent of grazing on the western ranges.

The general location and elevation of areas and sites are listed

in Table 2, For more detailed information on site locations, see

Appendix I. In subsequent references study locations will be identified

by area number followed by site number, e.g. Area 12 Site 1 or

A-l2 S-1, and/or by locality.
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Figure 1. Locations of study areas in Oregon



Table L Choice of study sites based on associated vegetation and
growth form of bitterbrush.

a, bSites which fit two categories.
arbuscula

20

Western juniper Me diu, m
13 1 1a12
20 1 2 1

c 3 1
Low sagebrush

1

11
1&Z

17 1b 6
12

1

1&2
Big sagebrush, high density 13 1

5 1 14 1

10 1&2 16 1&2
12 1&2 17 1&2
14 2 20

Tall

1

2
1 2

Big sagebrush, low density 2 2

4 2 4 2

6 1 8 1

7 1&2 15 1

8

13

Bitterbrush
1 l&2
2 1

4 1&2

Major associated tree
and shrub species

Growth form

Area Site(s Area Site s

Lodgepole pine Low
18 1&2 9

19 l&2 11 :i

Ponderosa pine Medium low
5 2 10 l&Z
3 1 18 1&t2

16 1&2 19 1&2



Table 2,, General location and elevation of areas and sites.

Area and site Elevation
ft

Area and site

Area 15 -
Site 1

Area 16 -
Site 1
Site 2

Area 17 -
$ite 1
Site 2

Area 18 -
Site 1
Site 2

Area 19
Site 1
Site 2

Area 20
Site 1

Bend

Sisters

Silver Lake

Chemult

LaPine

Pr inev ill e

Elevation
(ft)

21

Area 1 Boardman Area 11 - Hart Mt.
Site 1 325 Antelope Refuge
Site 2 460 Site 1 7025

Area 2 John Day Area 12 - Burns
Site 1 3150 Site 1 4250
Site 2 3390 Site 2 4440

Area 5 Baker
Site 1 3580
Site 2 4090

Area 6 - Frenchglen
Site 1 4580

Area 7 - Janesville,
California

Site 1 4310
Site 2 4230

Area 8 Lakeview
Site 1 5015

Area 9 - Hart Mt
Antelope Refuge

Site 1 6080

Area 10 - Hart Mt.
Antelope Refuge

Site 1 5890
Site 2 6100

Area 3 UmatUla Area 13 Mitchell
National Forest Site 1 2890

Site 1 2980 Area 14 - Crooked
Area 4 - Durkee River National

Site 1 2700 Grass lands
Site 2 2750 Site 1 3600

3800

3420
3380

4800
4680

4610
4640

4200
4300

4310



Climate

The climate of all areas studied is characterized by warm

summers with usually cool nights. Precipitation usually occurs during

the winter months in the form of snow, although a significant amount

of rainfall may occur during the spring months. Mean annual

temperature, precipitation and frost-free periods in days are listed in

Table 3 for weather stations maintained by the United States Depart'-

ment of Commerce nearest each study area. Appendices II and Ill

indicate averages and extremes respectively of ten-perature and pre-

cipitation for the two years preceding field studies.

Vegetation

Following Franklin and Dyrness (1973) the study areas, exclud-

ing Area 7 in California, represent five provinces in eastern Oregon

(Table 4). Vegetation included in these provinces ranges from the

lodgepole pine, ponderosa pine, and western juniper zones in the

Blue Mountains, High Lava Plains, Basin and Range, and High

Cascades Provinces to predominantly steppe and shrub-steppe

associations consisting of big sagebrush communities with an under-

story of bunchgrasses in all but the High Cascades and major portions

of the High Lava Plains Provinces. Bitterbrush associations occur
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Table 3. Temperature, precipitation, and frost-free period for study areas.

Includes averages for 4-9 years. All other averages are for a 10-year period.

23

Study area Weather station
Elevation of

weather temperature
station (ft)

Average

(°F)

Average
precipitation

(inches)

Frost-free period
(days)

Mean Range

1 Boardmana 300 53.5 7.76 169 148-179

2 John Day 3063 48.6 12.88 115 90.132

3 Monumentll 1995 50.5 12.61 116 90-129

4 Durkee 2780 48.0 12.00 114 71-143

5 MasonDama 3900 42.7 17.50 53 6-91

6 P-Ranch Refuge 4295 47.8 11.34 84 13117

7 Susanyille 4150 48.8 14.49 120 82-156

8 Lakeview 4774 46,2 16.01 115 47-140

9,10,11 Hart Mt. Refuge 5616 47.9 11.08 27 4-65

12 Burns 4140 46.0 11.83 115 100-135

13 Mitchella 2744 49.1 11.38 118 90-132

14 Grizzly 3639 45.3 13.73 43 8-107

15 Bend 3599 4&3 12.14 39 1-91

16 Sisters 3180 45.5 13.52 32 1-94

17 Silver Lakea 4382 45,8 8.41 51 4-94

18 Chemult 4760 41.8 25.64 11 1-25

19 Wicklup Dam 4358 43.3 20.49 55 1289

20 Ochoco Ranger
Station 3975 42.5 18.84 16 2-30



Table 4. Study areas by provinces and drainage basins.

Columbia Basin Province
Area 1

Blue Mountain Province
Western Section

Areas 2, 3, 12, 13, 20

Blue Mountains Province-
Eastern Section

Areas 4, 5

Basin and Range Province
Areas 6, 8, 9, 10, 11, 17

High Lava Plains Province
Areas 14, 15, 16

High Cascades and High
Lava Plains

Areas 18, 19

Umatilla Drainage Basin
Area 1

John Day Drainage Basin
Areas 2, 3, 13

Powder Drainage Basin
Areas 4, 5

Malheur Lake Drainage Basin
Areas 6, 9, 10, 11, 12

Goose and Summer Lakes
Drainage Basin

Areas 8, 17

Deschutes Drainage Basin
Areas 14, 15, 16, 20

Klamath Drainage Basin
Areas 18, 19

24

Provinces Drainage basins



extensively in the lodgepole pine and ponderosa pine zones and with

varying frequency in scattered populations throughout the remaining

provinces.

Geology and Soils

Based on major drainage basins, Oregon's Long-Range Require-

ments for Water (Dyksterhuis etal, 1969) presented thorough descrip-

tions of geology and soils for the seven basins which encompass all

study areas except Area 7 (Table 4) In the Umatilla Drainage Basin,

glacial outwash, Pleislocene lake deposits and Pliocene conglomerates

cover the nearly level Miocene basalt flows. The loose, light colored,

coarse textured and excessive]y drained soils have been formed from

sand and gravel with wind playing a major role in soil formation.

Within the John Day Drainage Basin, unconsolidated sediments of

the Clarno formation. of the Eocene and of the John Day formation of

the Oligocene are important with a wide range of rocks from sand-

stone, sUtstone, shale, and limestone occurring wtdely. Columbia

River basalt (Miocene), volcanic tuffs (Miocene and Pliocene), and

wind-laid materials are likewise important in this area. Soils are

frequently deep, fine textured, and well drained, having been derived

from ancient lake-deposited sediments. Clay subsoils are common.

The Powder Drainage Basin may be divided into the grassland

uplands and forested uplands. In the former, basalt, andesite, tuff,
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shale, diorite, limestone and stratified, unconsolidated sediments

predominate. Triassic sedimentary formations and alluvial deposits

of sand and gravel from the Pliocene and Pleistocene give way to the

deep canyons cut by the Snake River and its tributaries Under the

shrub-grassland vegetation in these areas, silt loam soils with clay

loam subsoils have developed in the old stratified sediments. These

soils are shallow to fairly deep and well drained. Volcanic ash and

bess mantled considerable portions of the forested uplands during the

middle and late Pleistocene. Major rocks are basalt, andesite,

quartz diorite, and argillite. At the forest-grassland trarsition zone

well drained silt barns predominate with sub soils of silty clay loam

to clay (Franklin and Dyrness 1973).

The Maiheur Lake Drainage Basin covers a. vast extent of south-

eastern Oregon from the southern portion of the Blue Mountains to the

Hart Mountain escarpment and east to theAlvord Desert. In the

basins and valleylands piuvial lakes occupied the area during the

Pleistocene Epoch, and the basin floors are underlain by lacustrine

sediments. Soils on the nearly level Lake terraces are silty and well

drained with some formation of sand dunes. The fault block area of

Hart Mountain is capped with basalt of the Miocene with basalt,

ryolite and welded tuff predominating Soils are well drained and

shallow to moderately deep. Thej.r dark, loamy textures reflect

formation under the shrub-grassland and higher effective moisture0
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In the northern portion, Miocene to recent age lava flows and inter-

bedded tuffaceous sediments predominate. On fans and co]luvial

footslopes soils are generally stony and well drained barns.

Some of the oldest as well as youngest bedrock in Oregon occurs

in the Des chutes Drainage Basin. Basaltic lavs and tuffs underlie

much of the basin with mid-Tertiary Columbia River Basalt in the

lower basin and recent flows i the Cascades and near Bend. Sedi-

mentary bedrock from the John Day and Clarno formations underlie

much of the uplands east of Prineville and Madras. Near Madras

volcanic-derived sediments and mixed volcanic materials from the

Dalles formation support moderately deep, well drained barns. Near

Bend and Sisters, Eolian deposits of pumice from the eruption of

Mt. Mazama mantle the lava plains and buttes. Soils are moderately

deep, well drained, sandy boams. The Kiamath Drainage Basin is a

continuation of the pumice-mantled lava plains and buttes with soils

deep, coarse, gravelly, and excessively drained. An unusual soil

type occurs on the nearly level lava plateau between the north end

of Klamath Marsh and the town of Chemult, This region has been

covered by pumice flow materials from Mt. Mazama rather than by

the typical air-borne pumice. A gravelly, fine, sandy loam overlies

very gravelly and cobbly, loamy sand subsoil.

In the Report and General Soi Map of Las Sen County, California

(1967), the geology of the Jane sville area has been described as that of
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large valleys which are remnants of ancient lakes. On the nearly

level to moderately sloping alluvial fans, very deep and somewhat

excessively to poorly drained soils have developed in sandy, granitic

alluvium with modifications by wind.

Soils of the great groups, named by the National Cooperative

Soil Survey Classification of 1967, which support bitterbrush popula-

tions, appear to fall into three classes. The majority occur within the

Mollisols which are soils with dark, friable, organic-rich surface

horizons high in bases. Bitterbrush populations may also be found on

Aridisols, soils with pedogenic horizons low in organic matter and

never moist for longer than three consecutive months, and on Entisols,

young soils with no pedogenic horizons.



METHODS OF STUDY

Field Studies

Seed Collection and Plant Measurements

At each site measurements were made and characteristics

studied for 20 vigorous, mature, seed-bearing individuals of the local

bitterbrush population. Where ripe, seeds with their accompanying

hypanthia were collected from each of the 20 plants. At sites where

seeds had not fully developed, plants were tagged and collection of

seeds made at a later date. A vegetative sample from each plant was

placed in a paper bag and air-dried for later chromatographic stiidies.

A voucher specimen was likewise pressed for the ten even-numbered

plants from each site.

Characteristics measured on individual plants were selected to

account for major distinguishing features of each population and which

contained potential for use in evaluating ecotypic variations Height,

crown cover, circumference at root crown, and length of 15 leaders

from the preceding year's growth were measured for each plant.

Where permissioi was obtained from the land owner, five plants at

each site were cut down and growth rings counted to establish age.

Color of leaves was determined using Munsell Color Charts for Plant

Tissue (1968). As based on visual inspection, stalked glands present
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on leaves, leaders, and hypanthia were scored as heavy, moderate,

light, or none. Dorsal leaf pubescence was scored as dense,

moderate, or light as determined by presence or absence of prominent

trichomes. Bark color on branches older than approximately four

years received a classification of silver, pearl, or white.

In an effort to evaluate growth form, characteristics to be

studied were chosen based on their effect in modifying the general

appearance of the individual plant. Leader growth was recorded as

strongly upright or multi-directional. Number of stalks growing from

the major trunk was recorded. Recumbent branches and all branches

exhibiting layering were counted. Each plant was also determined to

have dense or open branching, and the plantts production of spurs was

recorded as dense, moderate, or sparse.

Evidence of insect or rodent depredation was recorded, and the

extent of browsing was evaluated as heavy, moderate, light or none

as determined by both the overall appearance of the plant and the

number of leaders from any previous year which showed signs of

hedging.

At the Bend area (Area 15) no specific location was selected for

Site 2. Instead, large, heavily spurred plants fouiid growing near

water were sampled. In this instance, appearance of the plants

rather than homogeneity of site became the criterion for selection of



individuals for study. No description of a stu,dy site for this group

is therefore available.

Vegetation Anjysis

Due to time limitations, only a minimal attempt was made to

quantify vegetation at each site. The communities were sampled by a

system of abundance ratings for determining relative importance of

various species within each vegetation layer. The rating consisted of

five levels for the four vegetation layers: trees, shrubs, grasses,

and forbs. Following Tansley and Chipp (19Z6)nd with minor

modifications, the levels were as follows:

5. Very abundant - species dominant in its own vegetation
layer.

4. Abundant - species codominant with at least one other
species in its own vegetation layer or dominant but
somewhat sparse.

3 Frequent common, can stand in one spot and observe
species in all directions.

2. Occasional - must walk around to observe species, not
readily noticeable,

1, Rare - must hunt through vegetation to find species.

Because of the broad geographical range encompassing the study areas,

many genera were recognized for which an individu1 species name

could not be readily attached, In these instances only the genus name

was recorded.

31



The general vegetation zone was noted as were any major dis-

turbance factors. Disturbance factors were evaluated based on

observation of cow chips and game pellets and through conversations

with local managers and land owners.

Bitterbrush Reproduction

Evaluation of b itte rbrush re production, including visual

determination of age classes based on rodent caches, seedlings,

young and mature individuals, and decadent plants, was recorded. A

modified frequency rating was used for assessment of the age classes

at each site. The levels were as follows:

0. None - no plants in this age class were present.

Few - scattered plants in this age class could be found.

Frequent - many plants in this age class occurred.

Abundant numerous plants in this age class were present.

Physical Characteristics

At each site, relief of the area was surveyed Slope and aspect

of the site under study was determined by visual evaluation.

Soil of the surface layer was evaluated for texture, color, and

stoniness. Surface layer pH was taken using a test kit for a range

of 5.0-9.2.
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Viability and Germination Studies

Tetrazolium Tests

Fifty seeds randomly selected from a composite of all seeds

collected at each location were soaked 5-6 hours in distilled water.

The apex of each seed was cut, and the seeds immersed in tetrazolium

for eight hours. Seeds were longitudinally bisected and evaluated for

viability. The procedure followed that of the Seed Laboratory of

Oregon State University. Viable seeds shqwed a distinct pink color to

the cotyledons, indicating active respiration. White cotyledons or

soft, mushy cotyledons were recorded as non-viable. The procedure

was repeated for 50 seeds from each of the sites used for germina-

tion studies and which had been visually evaluated as viable This

check was made to confirm viability and to account for possible inter-

pretive variations in the subsequent germination trials.

Petri Dish Germination Trials

Four hundred and fifty well-filled, plump, non-spotted seeds

from each of Z3 populations were selected for the study of population

variability in response to thiourea treatment. Seeds were divided into

ten lots of 45 seeds each. Each lot was soaked in a 3% thiourea solu-

tion for varying time intervals with one lot retained as a control.

Pre-trials indicated that the times giving full range of variability were
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soaks of 4, 5, 6, 8, 10, 15, 20, 30 and 60 minutes. For populations

yielding less than 450 viable-appearing seeds, time intervals ised

were chosen to give maximum variation for the seeds available. Four

sites were tested at each trial period, and fresh thiourea solution was

prepared prior to each trial.

After treatment with thiourea, seeds were air-dried 12-20

hours, and three lots of 15 seeds each were placed on blotter paper

moistened with distilled water in glass petri dishes. Distilled water

was added as necessary to prevent drying. All equipment was auto-

claved prior to use to retard fungal growth. Room temperatures of

64-82°F were maintained throughout the trials.

Seeds with a radicle reaching 0.5 cm in length were recorded

as germinated. In addition, radicles reaching 1.5 cm in length were

recorded following the third day after initiating each trial and daily

thereafter. Each trial was conducted for a total of ten days. Virtually

no germination occurred after the eighth or ninth day.

Greenhouse Germination Trials

Four hundred and fifty well-filled, plump, non-spotted seeds

from each of 17 populations were selected for comparison between

thiourea response in petri dishes and in the soil, Pre-trials indicated

that 15 - 20 minute soaks in a 3% thiourea solution gave maximum

germination in the greenhouse. Where seed production from a
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specific population was insufficient to provide the required number of

seeds, seeds were soaked in time intervals less than 60 minutes.

Where the full complement of seeds was present, nine lots of 45

seeds each were soaked in a 3% thiourea solution for 4, 5, 6, 8, 10,

15, 20, 30, and 60 minutes respectively, and one lot was retained as

a controL

Prior to planting, 100 8-inch x 8-inch fiber pots were sterilized

and filled with a potting mixture composed of one-quarter saic1, one-

quarter rich loam obtained from the Willamette Valley, and half sandy

loam obtained from a foothill big sagebrush (Artemisia tridentata ssp.

vaseyana f. xericensis') site near Silver Lake, Oregon. The eastern

Oregon soil was collected near a site supporting bitterbrush and was

believed to contain the actinomycete associated with bitterbrush

(Krebill and Muir 1974). The first attempts at growing bitterbrush in

the greenhouse totally failed due to both pre-emergence and post-

emergence damping-off caused by the fungus Pithium as identified by

Bernard Moore, plant disease specialist at Oregon State University.

Because no fungicide could be recommended which did not contain the

potential of affecting germination and emergence (James Young 1976,

personal communication), the soil mixture was steam-sterilized prior

to a second planting.

'This taxon of big sagebrush was encountered by Winward (1970). He
refers to it as "form xericensis" although it is not an officially
recognized taxon at the present time.



The surface of each pot was marked in five sections and all

sections consecutively numbered. Lots of 45 seeds were divided into

groups of 15 seeds each and randomly assigned, using a random

numbers table, to sections of the pots. Seeds were laid on the surface

of the potting mixture which had been thoroughly soaked with water

prior to planting. They were then covered with a 1,5-cm layer of

moist sand. Pots were lightly misted twice daily for a four-week

period to keep seeds moist without leaching thiourea from the seed

coat. All pots were maintained in a research greenhouse at Oregon

State University, Corva.11is, Oregon, on a single greenhouse bench.

Sylvania F4OGRO (Gro Lux) lights were placed 15 inches above the

pots and provided 1, 200 foot candles of light. Daylength was set for

16 hours. Lighting was automatically controlled using fluorescent

light banks on tandem timers. Temperatures were maintained at

75°F for the 16 hours of light and 65°F during darkness.

Number of seedlings emerged was recorded weekly for four

weeks until germination was considered essentially complete.

Morphological Studies

Seed Measurements

Prior to germination studies, fruits collected from 20 indivi-

duals in each of 32 populations were examined. All achene,
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hypanthium, and seed characters showing variation from population to

population were studied to highlight similarities and define differences.

Based on the formula n = t2 S2 /( i.)2 to determine sample

size, 15 hyparithia per plant were measured for length. All achenes

from an individual plant were then placed on a paper and mixed

thoroughly. Successive separations using the edge of a ruler reduced

the number for intensive study to approximately 50 randomly chosen

achenes. Twenty-five corrplete achenes with styles intact were

selected for study of pubsecence at the base of the style. Pericarps

of the achene were evaluated as smooth (no ribbing), slightly ribbed,

or indented. Length of style was measured for 15 achenes, and ten

achenes were measured to determine length-width ratios,

All seeds were then returned to the total lot and remixed.

Separation using the edge of a ruler through the midst of the group

gave 50 randomly chosen seeds for viability studies. Another 50 were

likewise selected and the achene removed. The first 25 undamaged,

filled seeds to be shelled were set aside for further study. Record

was kept of the number of shriveled, black, insect-eaten, or other-

wise deformed seeds from the group of 50. Damage classes were

assigned on the basis of slight (1-5 damaged seeds), moderate (6-10),

heavy (11-20), and severe (20+). Where damaged seeds exceeded 25,

additional seeds were shelled to complete the set of Z5 These seeds

were then weighed. Color of the portion of the seed which generally
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occurred as a band around the center was interpreted using Munsell

Color Charts for Plant Tissues (1968). Mottling, speckles, and capping

were also recorded. Many bitterbrush seeds presented a slight

knobbed rise at the apex of the seed. This was observed and

recorded for either presence, slight rounding, or absence.

Finally, seed yield was assessed on a plant basis as either poor,

fair, good or excellent based on general numbers in the collection

bag. Yield of seeds at each site was assessed by assigning numbers

1 through 4 to these categories. An average of the 20 plants per site

was evaluated. Where numerical values fell on a point of division, a

dual category was given, i.e. a value of 2.5 received an assessment

of fair-good.

Leaf Measurements

Leaf characteristics were studied using pressed mounts for the

even-numbered plants from each site, Six specific leaf shapes

appeared with varying frequency from plant to plant, and their

presence or absence was recorded for each plant. In some plants the

center lobe of the three-parted leaf was conspicuously exerted for

nearly every leaf on the individual plant. This characteristic was

noted and recorded. Measurements of the two absolute longest leaves

and the two longest spur leaves on the sample were likewise made.

Sharply pointed tips on each side lobe of the leaves from an individual
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plant often appeared. At times this characteristic was totally absent

and all three lobes were distinctly rounded. A slight point also

occurred on the leaves of some plants. This "pointed" characteristic

was therefore recorded as present, slight, or absent.

Measurements of Greenhouse Plants

The fifth week after planting, height to the cotyledons of all

emerged seedlings was measured. Two measurements were made to

the height of the growing point, once at seven weeks after planting and

again at ten weeks. An infestation of spider mites, creating a yellowed,

sickly appearance to some plants, was observed the seventh week and

appeared to be localized to only a few pots. Plants presenting such an

appearance were not measured.

At the final measurement perLod, seven characteristics showing

marked variation among the seedlings were recorded. Leaves were

evaluated as heavily, moderately orLightly pubsecent based on the

presence or absence of a dense mat of tomentous hairs on the dorsal

leaf surface. Glandulation, distinguished by stalked red glands at the

shoot tip area and extending down the central stem, received a

classification of heavy, moderate or light. The few plants presenting

no glands were included with the group recorded as light. On all

plants the initial secondary leaves tended to have straight edges with

subsequent leaves either developing into a belIed leaf or retaining the
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straight- edged characteristic. Leaf shape was therefore determined

as belied or straight-edged on the fifth through ninth secondary leaves

following the cotyledons. The same five leaves observed for shape

were also measured to obtain length-width ratios as well as absolute

leaf length. Many of the seedlings were developing secondary

branches at the time of observation. These branches were counted and

recorded for each plant. Additionally, both secondary branches and

terminal shoots of certain plants displayed a recumbent habit which

was observed and recorded. A final characteristic indicative of

certain plants was a tendency of the central stalk of the seedling to

assume a contorted, twisted pattern in its upward growth. Because

this characteristic showed variation from extreme contortion to only

a slight irregularity, plants were assigned to one of three categories

strong contortion, some contortion, and straight-stalked.

Paper Chromatography

Using vegetative material collected in the field in the summer

of 1975, flavonoids and fiavonoid glycosides, as well as other phenolic

compounds, were extracted for use in paper chromatography. Leaves

and stems of 20 plants at each study site were placed in paper bags

and air-dried. Care was taken to eliminate all floral or seed material

and diseased or insect-infested tissue. The ten even-numbered plants

from 15 sites, representing 15 areas, were ultimately chosen for study.
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In the laboratory one gram of leaves and some stem fragments

were crushed by hand and covered with petrol ether for 12 hours.

The ether extract containing fats, chiorophylls and other lipophilic

coloring material was discarded. The plant fragments were then

treated with enough reagent grade methanol to cover the tissue. After

24 hours, the methanol extract was filtered through a Whatmn GF-A

glass filter disc using a BUchner funnel and dried using a stream of

warm air.

This extract was redissolved in 1-2 ml of methanol. The

resulting greenish liquid was spotted on Whatman 3 mm chromato-

graphic paper (46 x 57 cm sheets). Extracts were spotted in the lower

right-hand corner of the paper until the spot was 3 cm in diameter.

One application of the extract gave intense purple fluorescence in

longwave ultraviolet light, Spots were dried using a hand-held hair

dryer.

Using des cending chromatography, chromatograms were

developed initially using te rtiary-butanol: glacial acetic acid: distilled

water (3:1:1 v/v/v), which will subsequently be referred to as TBA.

After 20-24 hours these were aid-dried, turned 90°, and developed in

distilled water:glacial acetic acid (85:15 v/v), which will subsequently

be referred to as HOAc, for 4-5 hours. Procedure for paper

chromatography of flavonoids was that described by Mabry etal.

(1970) with modifications by Crawford (1973).



Flavonoid spots appearing on the chromatograms were viewed

under longwave UV light with and without treatment with ammonia

fumes. All spots were circled and R1 values calculated for each spot.

Two chromatog rams from each extract were run to verify the result-

ing spot patterns.

Cytological Studies

Seventeen sites, representing each growth form and general

geographical location, were selected for chromosomal study. Chromo-

somes were examined using root tips from seeds in the petri, dish

germination trials. Growth of the radici.es was allowed to proceed

until they measured greater than 1.5 cm. Germinated seeds with

satisfactory radicles were transported to the Herbarium at Oregon

State University where Dr. Kenton Chambers pretreated the roots

with 0.002 M 8-hydroxy quinoline for four hours at 41°F. After pre-

treatment, roots were fixed in acetic acid-ethanol (1:3, v /v)

fixative and stored in 70% ethanol.

Root tips were stained in alcohol carmine. Staining was con-

tinued for 2-3 days. After staining, sections of the root tips were

squashed in 45% acetic acid. Slides were made permanent using one

drop of Hoyer's medium. Procedure followed was that of Snow (1963).

Meitotic preparations were studied with a Zeiss phase-contrast

micros cope.
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Statistical Analysis

Five statistical methods were used in interpretation of results.

These methods included analysis of variance (completely random

design), comparison of means using Least Significant Difference

(LSD), simple linear regression, simple linear correlation, and cluster

analysis.

Analysis of variance and comparison of means were used to

evaluate petri dish germLnation response and greenhouse emergence

for treatment and site differences. Simple linear regression was

used to determine the relationship between height of plants and eleva-

tion and frost-free growing season, with the latter two used as

independent variables. Simple linear correlations were used to show

relationships among selected morphological characteristics.

Cluster analysis was employed to define potential plant group-

ings. Programs used for this analysis were developed by Michael

Richardson and Cleo Adams using the CDC Cyber.73 Computer at

Oregon State University. A major classification goal of Dr.

Richardson's study was pattern recognition (Richardson 1976), and

programs for the benthic study appeared appropriate for this taxonomic

problem.

Computer limitations dictated size of the programs so that 20

sites, 10 plants per site, were clustered at one time. Twenty plant
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attributes were selected, 15 of which were standard taxonomic

characters, e. g. seed weight, and five of which were indications of

plant habit, e.g. layering. All programs were run six times, three

times using 20 characteristics and three times using the 15 standard

taxonomic characteristics. Thirty sites in total were used; the first

two analyses were performed on sites representing all areas studied

with the exception of Area 20 (Prineville); the second two analyses

were performed on areas in northeast and central Oregon, including

the two areas in northern California; -and the third two analyses were

performed on areas along the eastern front of the Cascades and all

sites in south-central Oregon and northern California.

After ordering the original data into a plant- characteristLc

matrix, transformation of the data using log(n+1) was performed to

decrease sensitivity of subsequent programs to occasional outstanding

values and to insure normal distribution, Data were sta:ndardized

after transformation so that rare characteristics or frequent charac-

teristics would not become the basis for groupings.

The Bray-Curtis dissimilarity coefficient was used for

classification of plant groups. This coefficient, D12, is a measure

of dissimilarity between plants 1 and 2 where n is the total number of

plants represented by each characteristic value, and x1. and X2. are

the values of the jth plant for any pair of variables, so that
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The matrix values resulting from these coefficients were then

clustered using a group-average sorting strategy by which plants were

successively joined in an agglomerative, polythetic, hierarchical

clustering scheme. Individuals were aggregated in groups on the

basis of the smallest mean dissimilarity between individual plants

with respect to all characteristics considered together. The hierarchi-

cal clustering proceeded by considering the smallest mean dis-

similarity values for groups of plants already joined.



RESULTS AND DISCUSSION

Habitat

Associated Vegetation

Due to the general nature of vegetation sampling, brief descrip-

tions only of the major and most definitive vegetation for each of the

four layers at each site are presented be1ow Descriptive adjectives,

e.g. abundant, frequent, generally follow those given in Methods of

Study (p. 31).

Area 1. On the sandy sites at Boardman, no trees and only one

other shrub, gray rabbitbrush (Chrysothamnas nauseosus), were ass o-

ciated with bitterbrush. While dense in neighboring areas, only a few

gray rabbitbrush individuals were present at either site. In the grass

layer, cheatgrass (Bromus tectorum) dominated at both sites with a

slight amount of Sandberg's bluegrass (Poa sandbergii) at Site 1 and

needleandthread grass (Stipa comata) at Site 2, Prickly pear cactus

(Opuntia polyacantha) and evening primrose (Oenothera pallida) were

abundant at both sites, Evidences of disturbance reflected in the shrub

and grass layers were further substantiated by tumble mustard

(Sisymbrium altissimum) and fiddleneck (Amsinckia sp.) which were

occasional at both sites, and Russian thistle (Salsola Icali), rare at

Site 2. Few other forbs were present at either site.

46
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Area 2. Although somewhat different in species composition,

both sites in the John Day area showed signs of understory disturbance

with occasional to frequent plants of gray rabbitbrush and abundant

cheatgrass. Both bitterbrush communities occurred near stands of

western juniper, but one tree only was present at each site.

Green rabbitbrush (Chrysothamnus viscidiflorus) and wax currant

(Ribes cereum) occurred rarely at Site 1. Besides cheatgrass, abun-

dant bluebunch wheatgrass (Agropyron spicatum) formed the major

component of the grass layer at Site 1. Thurber's needlegrass (Stipa

thurberiana) was frequent. Numerous annual forbs in part represented

by filaree (Erodium cicutarium) and pink microsteris (Microsteris

gracilis) predominated in the forb layer, with occasional individuals of

locoweed (Astragalus sp ), linearleaf fleabane (Erigjeron linearLs),

whiteleaf phacelia (Phacelia has tata), and gay pens temon (Penstemon

laetus).

The more moist conditions of Site 2 were reflected by the

appearance of several wild rose bushes (Rosa sp.) and western virgins-

bower (Clematis ljgusticifo].ia) near the toe of the slope under study,

with flytrap dogbane (Apocynum androsaemifolium) and mirkweed

(Asciepias sp.) also occurring on the lower portions of the slope.

Bluebunch wheatgrass was frequent. Cheatgrass dominance was

shared by Japanese brome (Bromus japonicus). Large flowered col-

lomLa (CollomLa grandLflora) and autumn willowweed (Epilobtum
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paniculatum) were abundant in the forb layer with scattered species of

fiddleneck, brodiea (Brodiea sp.), locoweed, and a phacelia (Phacelia

sp. ).

Area 3. This site at the edge of the Umatilla National Forest

near Spray contained frequent ponderosa pine and. occasional western

juniper. Bitterbrush and an occasional snowberry (Symphoricarpos

albus) composed the shrub layer. Although cheatgrass was the pre-

dominant grass species, occasional Idaho fescue (Festuca idahoensis)

and bluebunch wheatgrass appeared. The forb layer displayed a rich

and varied mixture of species characteristic of the more moist con-

ditions of this site. Of at least 20 species in this layer, lupine

(Lupinus sp.), violet (Viola sp.) and flytrap dogbane were abundant.

Also represented occasionally or rarely were hawkweed (Hieracium

sp.), arrowleaf balsamroot (Balsamorhiza sagittata), sticky geranium

(Geranium vis cos s is s imum), Brown's peony (Paeonia brownii), traw-

berry (Fragaria sp.), elkhorns clarkia (Clarkia puichella), and stone-

seed (Lithospermum ruderale),

Area 4. At Site 1 near Durkee bitterbrush, although not in a

dense stand, was virtually the only shrub present. One individual of

mock orange (Philadeiphus lewisii) appeared. The excellent condition

of the community was exemplified by a vigorous stand of bluebunch

wheatgrass, into which cheatgrass made only occasional inroads.

Sandberg's bluegrass and bulbous bluegrass (Poa bulbosa) appeared
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frequently near the bitterbrush plants. Forbs were scarce with only a

tiny annual mustard of the Cructferae family very abundant. At the

time of sampling, a yellow, showy buckwheat (Eriogonum op.) and

brilliant purple and white lupinee added frequent splashes of color to

the hillside. Arrowleaf balsamroot, a phacelia, clarkia, large

flowered collomia, and a fleabane (Erigeron sp. ) made rare appear-

Site 2 occurred near a rocky outcropping which supported three-

tipped sagebrush (Artemisia tripartita). Several plants of that sage-

brush and of basin big sagebrush )Artemisia lridentata ssp, tridentata)

were present in the predominantly bitterbrush stand. Two frequent

grasses were bulbous bluegrass and cheatgrass with rare plants of

bluebunch wheatgraos and Sandberg'o bluegrass also present. Pre-

dominant in the forb layer were the tiny mustard also present at Site 1

and a very abundant biscuitrsot )Lomatium sp.). Wild onion (um

sp. ) and large flowered collomia were abundant. Other forbs included

frequent arrowleaf balsamroot and an occasional phacelia, fteabane,

stoneseed, and longleafed phlox (Pllo tongifolia).

AreaS. Although near western juniper, Site 1 at the Elkhorn

Wildlife Refuge near Saber contained only one individual of that

species. In the shrub layer, mountain big sagebrush (Artemisia tn-

dentata sup. vaseyana) was very abundant with bitterbrush rated

abundant. Frequent plants of squawapple )Peraphyltum ramosissimum)
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were also present. Rare, very young individuals of gray and green

rabbitbrush occurred. Bulbous bluegrass dominated the grass layer

with the appearance of seven additional grasses, including abundant

western needlegrass (Stipa occidentalis), freque-nt bottlebrush squir-

reltail (tanion hystrix), occasional bluebunch wheatgrass and

Kentucky bluegrass (Poa pratensis), nd rare Idaho fescue, Sandberg's

bluegrass and cheatgrass. Wild onion was very abundant in the forb

layer along with large flowered collomia. Other forbs present at this

flat, rocky, dry-a ppear.ng site were Wyeth buckwheat (Eriogonum

heracleoides), Hood's phlox (Phlox hoodii), an aster (Aster sp.),

shaggy fleabane (Erigeron pumilus), scabland fLeabane (Erigeron

bloomeri), low pussytoes (Antennaria dimorpha), and three species of

bis cuit root, including nineleaf lomatium (Lomatium trite rnatum).

Moist conditions predominated under the dominant ponderosa

pine at Site 2. One individual of serviceberry (Amelanchier alnifolia),

occasional wax currant, frequent creeping Oregon grape (Berberis

repens), and snowberry shared the shrub layer with abundant bitter-

brush. In the grass layer, Idaho fescue and bluebunch wheatgrass

were both abundant and shared dominance. Elk sedge (Carex geyeri)

occurred frequently as did Junegrass (Koeleria cristata). Present in

rare amounts at the edge of the site were Sandberg's bluegrass and

smooth brome (Brornus inermis). Twenty-two forbs were present,

none very abundantly. Only tailcup lupine (Lupinus caudataus)
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occurred abundantly. Others present with occasional or rare frequency

included Indian paintbrush (Castillija sp. ),. hawkweeñ, groundsel

(Senecio sp.), two species of arnica (Arnica spp.), rose pussytoes

(Antennaria microphylla), sticky cinqu.efoil (Potentilla glandulosa), a

violet, and arrowleaf balsamroot. For species diversity, excellence

of condition, and sheer beauty, this site had no equal during the

sampling season.

Area 6. Rather unusual conditions prevailed at the Frenchglen

site. Appearing out of the expanse of high desert was a peculiar sand

dune area with the only stand of bitterbrush located on the unimproved

road several miles south of the Roaring Springs Ranch. Except in the

large sand bowls, bitterbrush was abundant throughout this area with

basin big sagebrush occurring rarely on mounds stabilized by bitter-

brush. Occasional plants of green rabbitbrush could also be found.

Abundant western wheatgrass (Agropyron smithii) and frequent Indian

ricegrass (Oryzopsis hymenoides) occupied patches within the dune

area. Two unidentified forbs were frequent,as was Russian thistle

and sand dock (Rumex venosus). The only other forb was an occasional

small flowe red mentzelia (Mentzelia aibicauLis).

Area 7. Extraordinarily dense stands of bitterbrush presented

towering thickets at both sites near Janesville, California. In spite of

extensive reconnaissance in the area, no undisturbed sites could be

located. In the entire stand at Ste 1, only four additional species of
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any kind were found. An occasional basin big sagebrush and a rare

gray rabbitbrush were present. Cheatgrass was the sole representa-

tive of the grass layer, and a rare tumbling mustard was found, In

a nearby, more open locality, several Indian ricegrass and Thurber's

needlegrass plants led one to suspect that these may have formerly

shared occupancy with the bitterb rush, although the size and density of

these shrubs no doubt made the bitterbrush a very effective competitor

for any available space.

At Site 2 both gray rabbitbrush and basin big sagebrush occurred

occasionally and green rabbitbrush rarely. Although cheatgrass again

was the only grass, six annual forbs made an occa.sional. appearance in

the stand. These included two unidentified members of the Chenopodia-

ceae family, a navarretia (Navarretia sp.), a tans ymustard (Descura-

nia sp.) Russian thistle, and auu.mn willowweed. Several prickly

poppies (Argemone platyceras) could likewise be found.

Area 8. One western juniper occurred at the relatively undis-

turbed site south of Lakeview. The shrub layer of predominantly

large, dense bitterbrush was shared by frequent gray horsebrush

(Tetradymia canes cense), occasional gray rabbitbrush, and rare

mountain big sagebrush and green hors ebrush (Tetradymia glabrata).

Although cheatgrass occupied all open areas, bottlebrush squirreltail.

and Thurber's needlegrass were abundant, Occasional individuals of

bluebunch wheatgrass could be found with Junegrass and Sandberg's
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bluegrass occurring rarely. Forbs were few; only arrowleaf balsam-

root and a lupine were occasional. Rarely found were mulesears

wyethia (Wyethia amplexicaulis), stone seed, foothill deathcamas (Ziga-

denus pculatus), mariposa (Calochortus sp.), and a fleabane.

Area 9, This site, in a windy draw at the Hart Mountain Ante-

lope Refuge supported frequent bitterbrush andlow sagebrush (Arte-

mis.a arbuscula). Along the fringes of the site were occasional gray

and green rabbitbrush and wax currant. Sandberg's bluegrass was fre-

quent with occasional cheatgrass. At the base of the draw which

fanned into a lower valley were rare plants of bottlebrush squirreltail

and needleandthread grass, The sparse forbs included an occasional

skeleton plant (Lygodesmia spinosa) and a low buckwheat. Stemless

golden weed (Haplopappus acaulis), false yarrow (Chaenactis douglasii),

and a tansymustard, phlox, and fleabane occurred rarely.

Area 10, Sites 1 and 2 at the Hart Mountain Antelope Refuge were

floristically quite similar. Dominance in the shrub layer was shared

by bitterbrush and mountain big sagebrush at both sites. Site 1 sup-

ported rare low sagebrush, gray rabbitbrush, and occasional green

rabbitbrush and green hors ebrush, The good condition of grasses at

this site was indicated by abundant Thurber's needlegrass and frequent

bluebunch wheatgrass. Sandberg's bluegrass was also abundant, and

cheatgrass occasional to frequent. Occasional bottlebrush squirreltail
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and rare Junegrass and giant wildrye (Elymus cinereus) were also

included in the grass layer0 At least 13 forbs were present in varying

degrees of frequency. Among these were occasional arrowleaf

balsamroot, a lupine, tapertip hawksbeard (Cre2 acuminata), two

species of locoweed, stoneseed, a phlox, and a rayless fleabane. The

only forb occurring frequently was a tall, purple fleabane. Rare

forbs were a mariposa and shaggy fleabane.

Site 2 supported occasional low sagebrush, snowberry, green

horseb rush and green rabbitbrush. Gray rabbitbrush was rare.

Thurber's needlegrass was abundant as was cheatgrass and Sandberg's

bluegrass. Bottlebrush squirreltail occurred frequently, and giant

wildrye and Junegrass were rare. The greatest dLfference between

this site and Site 1 was apparent in the forb layer. At least 17 forbs

appeared, none abundantly. Tapertip hawksbeard and arrowleaf

balsamroot were frequent as was a lupine. Two species of locoweed,

a biscuitroot, a phacelia, and large flowered collomia were occasional.

Rarely a wild onion, skeleton plant, an Indian paintbrush, northern

buckwheat (Eriogonum compositum), and a mariposa could be found.

Area iL At this high elevation site the abundant shrub was the

layering form of low sagebrush, hot springs sagebrush (Artemisia

arbuscula ssp. the rmopola). Bitterbrush occurred frequently. Also in

the shrub layer were occasional green rabbitbrush and rare snowberry,

wax currant, and gray rabbitbrush. Sandberg's bluegrass was
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abundant with a tall rhizomatous bluegrass occurring frequently.

Rare plants of bottlebrush squirreltail and Thurberts needlegrass

could be found. A variety of small forbs dotted the barren areas of

the hummocky topography. In protected areas a rare avens (Geum sp.)

and occasional tape rtip hawksbeard could be found. Other rare forbs

throughout the site included another buckwheat, a small lupine,

locoweed, fleabane, and slender sandwort (Arenaria stricta).

Area 12. One juniper grew at Site 1 north of -Burns. Bitter-

brush and basin big sagebrush shared dominance in the shrub layer

with occasional ind.viduals of gray rabbitbrush and rare green rabbit-

brush and wax currant. Although very abundant cheatgrass indicated

former disturbance, vigorous bluebunch wheatgrass was abundant.

Occasional Sandberg's bluegrass and rare giant wildrye and bottle-

brush squirreltail also occurred. In the forb layer, only arrowleaf

balsamroot was abundant throughout the site. A wild onion and large

flowered collomia were frequent. Occurring occasionally were a

phacelia and a lupine. The remainder of rare forbs included a large

biscuitroot, a locoweed, penstemon, mariposa, yellow salsify

(Tragopogon dubia), and tapertip hawksbearth

Virtually undisturbed conditions prevailed at Site 2, Bitter-

brush was scattered abundantly throughout the site with frequent foot-

hill big sagebrush and gray horsebrush present. Other shrubs

included rare wax currant, gray rabbitbrush, and rose. Bluebunch
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wheatgrass was very abundant with Idaho fescue abundant. Of par-

ticular interest, no cheatgrass was found in the stand. Forbs, while

varied in species, were occasional to rare. Wyeth buckwheat, taper-

tip hawksbeard, gay penstemon, a locoweed, and a fleabane occurred

occasionally. Rarely, an Indian paintbrush, mariposa, lupine, gilia

(Gilia sp.), and silene (Silene sp.) were found.

Area 13. The exposed, south-facing, shaly site at Mitchell

supported a plant community very unlike any others encountered during

the sampling season. Occasional juniper could be found, with bitter-

brush the dominant shrub. Abundant broom snakeweed (Gutierrezia

sarothrae) occurred throughout the site and one individual of basin big

sagebrush was located. Two clumps of prickly pear cactus also were

present In the grass layer, cheatgrass was very abundant with

Sandberg's bluegrass abundant, Thurber's needlegrass was occasional

and bluebunch wheatgrass rare. Forbs were occasLonal to rare,

including rayless fernleaf fleabane (Erige ron compositus), prairie

clover (Petalostemon ornatum), filaree, strict buckwheat (Eriogonum

strictum), foothill deathcamas, yellow sa1ify, a phacelia, and blazing-

star (Mentzelia laevicaulis), the latter occurring at the lower portion

of the slope.

Area 14. Site 1 was in an exclosure at the Crooked River

National Grasslands near Madras. It contained only one western

juniper, although the species was frequent in surrounding areas.
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Bitterb rash and foothill big sagebrush were abundant. Frequent plants

of green rabbjtbrush were found with occasional and rare plants of

gray rabbitbrush and green horseb rush respectively. Cheatgrass was

very abundant, although vigorous bluebanch wheatgrass was the

dominant abundant grass. Sandberg's bluegrass was likewise

abundant, Bottlebrush squirreltail could be found frequently through-

out the exciosure with occasional to rare plants of Idaho fescue,

Thurber's needlegrass, and Junegrass. Besides abundant small

annual forbs, western yarrow (Achillia milefolium) occurred fre-

quently. Occasional forbs were represented by Hood's phlox, a flea-

bane, a biscuitroot, and a locoweed. Rare individuals of salsify, a

buckwheat, foothill deathcamas, filaree, nineleaf lomatium, and large

flowered collomja occurred,

Area 15. Several juniper were scattered throughout Site 1 near

Bend. Bitterbrush was very abundant and dense. Foothill big sage-

brush occurred abundantly. Although the site showed only minimal

disturbance, occasional green rabbitbrush and rare gray rabbitbrash

appeared. The most abundant grass was cheatgrass with needleand-

thread grass and bottlebrush squirreltail. abundant. Occasional blue-

bunch wheatgrass and Thurber's needlegrass appeared along with rare

plants of Idaho fescue, Only seven forbs were present, all rarely.

These included an annual phacelia, a phlox, false yarrow, western

yarrow, salsify, and a fleabane.
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Area l6 Although both sites in this area were near Sisters in

ponderosa pine areas, marked differences were noted in the species

present at each site. At Site 1 near Indian Ford Campground, ponde-

rosa pine was the dominant and only tree species. Bitterbrush was

very abundant with a solitary greenleaf manzanita (Arctostaphylos

patula) present. Abundant Idaho fescue was dominant in its layer with

occasional plants of bottlebrush squirreltail and Ross sedge (Carex

rossii) and rare western needlegrass. A species of clarkia was the

only forb occurring frequently. Scattered occasionally throughout the

site were nineleaf lomatiam and western yarrow. Rare plants of an

Indian paintbrush, low pussytoes, stoneseed, woodland pinedrops

(Pterospora andromedea), a low larkspur (Delphinium sp.), and a

buckwheat were found.

At Site 2 ponderosa pine was still the dominant tree with western

juniper occurring occasionally. Besides the very abundant bitter-

brush, green rabbitbrush made an occasional appearance. The domi-

nant grass was western needlegrass with Idaho fescue abundant.

Bottlebrush squirreltail and Ross sedge could be found occasionally.

Six forbs were present, only hairs tern groundsmoke (Gayophytum

ramosissimum) and an annual monkeyflower (Mimulus sp,) frequently.

Strict buckwheat, western yarrow, a penstemon, and one other

buckwheat occurred rarely.
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Area 17. At the cattle and wildlife exciosure near Silver Lake

several western juniper and ponderosa pine were scattered throughout

the area. In the shrub layer bitterb rush was abundant with frequent

low sagebrush and occasional foothill big sagebrush. Gray rabbitbrush

also was frequent and green rabbitbrush occasional. A rare green

horsebrush also occurred. Sandberg's bluegrass was very abundant.

Thurber's needlegrass and bottlebrush squirreltaLl were abundant in the

grass layer and occasional plants of bluebunch wheatgrass appeared.

Numerous small annual forbs were abundant and very abundant.

Occasional to rare forbs, including mariposa, a rayless fleabane,

penstemon, two species of locoweed, tapertip hawksbeard, a small

buckwheat and pussytoes were present.

Although near the forest edge, Site 2 contained no tree species.

Dominance in the shrub layer was shared by abundant foothill big

sagebrush and bitterb rush. Occasional plants of gray and green rabbit-

brush were present although somewhat localized at a more disturbed

area near the top of the incline. Green horsebrush was rare. Cheat-

grass was very abundant with frequent bluebunch wheatgrass through-

out. Three other grasses represented by occasional bottlebrush

squirreltail and Thurber's needlegrass and rare Junegrass could be

found, A wide variety of forbs was present, most rarely. Besides

several abundant small annuals, only tailcup lupine was frequent.!

Forbs appearing occasionally included large flowered collomia,



60

stoneseed, a locoweed, two buckwheats, and skeleton plant at the

northern boundary0 Among the rare forbs were white flowered

mentzelia, wild flax (Linum perenne), a tansymustard, buckwheat,

penstemon, and phlox0

Area 18. Site 1 south of Chemult in the Lodgepole-Purnice

Region presented the unusual condition of a large, flat pumice flow

area0 Lodgepole pine, while present, was occasional throughout.

Bitterbrush was abundant and rabbitbrush goldenweed (Haplopappus

bloomeri) frequent. The sparse grasses included frequent bottlebrush

squirreltail and occasional western needlegrass. Ross sedge also was

occasional. In the £orb layer sulfur buckwheat (Eriogonum umbellaturn)

and rose pus sytoes were frequent. A. phlox and small blue penstemon

occurred occasionally The remainder of forbs were rare including

an aster, umbellate pussypaws (Spraguea umbellata), and wooly

eriophyllam (Er io phyllum lanat urn).

Abundant lodge pole pine was the only tree species at Site Z. In

the shrub understory, bitterbrush was abundant with rare individuals

of rabbitbrush goldenweed, Bottlebrush squirreltail. occurred fre-

quently as did Ross sedge. Occasional western needlegrass was

present. Only one rare forb, a buckwheat, could be located throughout

the entire site.

Area 19. Under the abundant lodgepole pine at Site 1 near

LaPine bitterbrush was abundant in the shrub layer with several plants
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of wax currant also occurring. The dominant and abundant grass was

western needlegrass with occasional bottlebrush squirreltail and Ross

sedge. In the forb layer only western yarrow and autumn willowweed

were frequent with occasional plants of wooly eriophyllum and a

monkeyflower. Occurring rarely throughout the site were an agoseris

(Agoseris sp.), penstemon, aster, and violet.

Site 2 presented vegetation very similar to Site 1 in aLl layers.

Again lodgepole pine was the sole and dominant tree. Abundant bitter-

brush occurred with wax currant, occasional at this site. Western

needlegrass again was abundant with occasional bottlebrush squirrel-

tail and Ross sedge. Only two plants of Idaho fescue occurred on the

site. Forbs varied slightly from Site 1 in both frequency and com-

position with a penstemon and monkeyflower frequent, as well as

autumn wiilowweed. Western yarrow was occasional, The only rare

forb was woodland pinedrops.

Area 20. Western juniper occurred frequently at this site near

Prineville. In the shrub layer bitterbrush was abundant with rare

plants of wax currant, gray hors ebrush, and green ra.bbitbrush. In

the open areas where frost heaving was evident, very abundant

Sandberg's bluegrass occurred. Under the western juniper Idaho

fescue was frequent to abundant. Scattered throughout the site were

occasional plants of bottlebrush squirreltail and rare bluebunch

wheatgrass and Junegrass. In the forb layer, besides a smattering of



numerous tiny annual forbs, only western yarrow and cushion buck-

wheat (Eriogonum ovalifolium) were frequent. Occasional forbs

included a locoweed, salsify, rock buckwheat (Eriogonum sphaero-

cephalum), low pus sytoes, and a buckwheat, Rare forbs were

represented by a fleabane, penstemon, and tapertip hawksbeard.

Physical Characteristics

In Oregon sedimentary and volcanic materials provide the

principle parent base for bitterbrush communities. Textures indicate

conditions for generaLly good drainage, and pH's show no extremes

toward either acidity or alkalinity. The soil classification at each site

was determined as closely as possible using information from Oregon's

Long-Range Requirements for Water (Dyksterhuis etal. 1969) and

personal field notes on surface texture and pH, stoniness, and color.

Results are presented in Appendix IV. Additional physical charac-

teristics at each site, including slope, aspect, and topography, may

be found in Appendix V.

Bitterbrush Reproduction

Table 5 presents age classes for bitterbrush at all sites.

Appearance of caches and seedlings largely depended on the previous

year's rodent activity and climatic conditions favorable for seed

germination. Relative amount of young plants in a site therefore
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Table 5. Representation of age classes by area and site based on frequency ratings.a

a0 = none; 1 = few; 2 = frequent; 3 = abundant.

Area and site
Caches and/or

seedli s
Young Mature

Decadent and/or
dead

Area and Site
Caches and/or

Young
seedlings

Decadent and/or
Mature

dead

A-i S-i 0 1 3 1 A-li S-i 0 1 3 1

A-i S-2 1 3 3 0 A-12 S-i 2 3 3 2

A-2 S-i 0 2 2 1 A-12 S-2 2 3 3 2

A-2 S-2 0 2 2 i A-13 S-i 2 3 3 2

A-3 S-i 0 3 3 0 A-14 S-i 0 1 3 2

A-4 S-i 1 3 0 A-iS S-i 2 2 3 2

A-4 S-2 3 3 1 A-16 5-1 3 2 3 1

A-S S-i i 3 3 1 A-16 S-2 3 3 2 1

A-S S-2 1 3 3 0 A-i7 S-i 0 0 3 2

A-6 S-i 0 3 3 1 A-17 S-2 0 2 3 1

A-7 S-i 0 1 3 2 A-18 S-i 3 2 2 1

A-7 S-2 0 1 3 1 A-18 S-2 1 2 2 2

A-8 S-i 0 3 3 2 A-19 S-i 3 2 2 1

A-9 S-i 0 2 A-19 S-2 2 2 2 1

A-b S-i 0 i 3 2 A-20 S-i 2 3 3 1

A-b S-2 0 i 3 2
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gives the most accurate representation of site regeneration. Young

plants as recorded were those approximately two to six years old, or

those plants not mature enough to produce seed. Nine sites which

differ markedly in physical setting and which do not appear to be

related to the other sites in any manner showed a paucity of young

plants. A-lU S-i (Hart Mt.) and A-17 S-i (Silver Lake) showed a pre-

ponderance of mature and old plants which is reflected in their age

structure from plants cut down. When A-14 S-i (National Grasslands)

is added to these, three sites very similar in climatic conditions,

soils, and associated vegetation emerge. Low sagebrush is present

either on or near all three sites, frost-free growing season is short,

and none have the protection of a tree canopy. Of further interest,

A-17 S-i (Silver Lake) and A-].4 S-i (National Grasslands) were

located within cattle and wildlife exciosures which had been erected at

least 15 years previous to the year of study, In the absence of dis-

turbance, healthy bunchgrasses may be providing enough competition

to eliminate bitterbrush regeneration. A- iO S- 1 at Hart Mt. is in

relatively good condition, although slight disturbance from both

domestic and wild animals occurs annually. The absence of young

plants may be the result of several years of unfavorable climatic

conditions at this fairly harsh site.



Browsing and Disturbance

A browsing index and the disturbance factors for all sites is

given in Appendix VI. For summary purposes in this section,

browsed plants were scored as follows no browsing 1; light brows-

ing = 2; moderate browsing = 3; and heavy browsing 4. Six sites

sustained moderate to heavy browsing. No sites in these areas could

be found which showed a lesser amount of disturbance, and morpho-

logical characteristics of plants at these sites were considered of

sufficient interest to warrant study in spite of browsing.

Indices for browsing and three plant characteristics (indices for

pubescence, glands on leaves and glands on leaders will be given in the

discussion on morphological variation) on a site basis were used for

statistical analysis. The effects of each characteristic on browsing

were correlated were those which showed varying degrees of animal

selection from plant to plant so that sites sustaining heavy browsing

and those with no browsing were excluded, Results (Table 6) showed

very slight positive non-significant correlation between amount of

pubsecence and browsing and slight negative non-significant correla-

tion between browsing and glands on leaves and leaders.

Before even general interpretations are made from these results,

attention must be given to a rather lengthy list of qualifications. First,

assignment of browsing classes in the field was made without
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Table 6. Correlation coefficients (r) of browsing
as affected by selected variables.

66

quantitative measurements. Secondly, browsing could not be strictly

assigned to either wildlife or domestic animals, with browsing by all

lumped together for final considerations. Thirdly, both kind and

number of associated species, density of bitterbrush, and intensity of

total browsing at each site have not been considered. Fourthly,

analysis was made on a site, rather than a plant, basis with frequent

discrepancies noted from the trend which ultimately emerged.

Stutz (1974) stated that cliffrose characteristics have spread

ulike wildfire through bitterb rush populations due to lowered palata-

bility imparted by cliffrose genes. Higher incidence of glands and

light pubescence are considered evidence of cliffrose introgression

into bitterbrush populations. The results presented here cannot be

used to either support or deny the hypothesis that animals, either

domestic or wild, avoid the allegedly more cliffrose-like plants. It

is likely that, as in many plant species, factors other than genetic

make-up of the plant influence its preference by animals.

Characteristics r

Pubse cence 0.26 ns
Glands on leaves -0.35 ns
Glands on leaders -0.28



Seed Collection

Seed collections were made for numerous sites at the same time

plant measurements were conducted. Collection dates, elevation, and

state of seed ripening for collections made in Oregon are given in

Figure 2. Nord (1965) found that seed ripening dates in California

could be predicted as a linear function of elevation and latitude with a

6-10 day variation before or after the predicted dates. A-7 and A-8 in

northern California neatly fit Nord's prediction chart. However,

ripening dates in Oregon rarely f ever came close to the predicted

dates based on Nord's scheme, even when allowing for the 6-10 day

variation. Within Oregon elevation appears to play a major role in

determining date of seed ripening. No statistical analysis was con-

ducted since a closer record on the development of seed set at each

site would have been necessary to establish the precise perLod of seed

shatter. A study to determine what effect, if any, canopy cover of

tree species may have on seed ripening dates would give additional

information to this interesting and unexpected turn of events. Com-

mon garden studies at several sites over a long-term basis likewise

would further explain the effect of genotype in determining date of

seed ripening and shatter.

Seed production based on the assigned categories of poor, fair,

good, and excellent are presented in Table 7. Yield for both sites at
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Table 7. Seed yield, leader length, and average 1974-75 precipitation and frost-free season by site.

Area and site Seed yield
Leader length 1974-75 Precipitation 1974-75 Frost-free

(cm) (inches) season (days)

A..1 S-i Excellent Unkaown 7.00 174
A-i S-2 Excellent 11.24

A-2 S-i Good 15.87
A-2 S-2 Good 19.56 11.83 105

A-3 S-i Fair 21.04 11.17 118

A-4 S-i Fair 15.11 11.58 109
A-4 S-2 Excellent 11.61

A-5 5.-i Unknown 8.13 17.01 36
A-s S-2 Unknown 15.85

A-6 5-i Good 14.70 11.68 87

A-7 S-i Excellent 20.20 11.58 129
A-7 5-2 Excellent 23.33

A-8 S-i Good 10.51 14.75 133

A-9 S-i Poor 2.98 11.76 24

A-b S-i Fair 5.35
11.76 24

A-b S-2 Good 7.63

A-il S-i Poor-fair 5.50 Unknown Unknown

A-i2 S-i Good 18.70 9 38 123
A-i2 S-2 Fair-good 13.90

A-13 S-i Good 8.07 9.31 117

A-14 S-i Fair 6.87 10.50 30

A-15 S-i Excellent 15.81 12.58 34
A-is S-2 Excellent Unknown

A-i6 S-i Poor 8.23 14.83 18
A-16 S-2 Good 10.99

A-17 S-i Fair 7.65 8.20 51
A-i7 S-2 Fair-good 9.21

A-i8 S-i Poor 5.70 29.86 18
A-i8 S-2 Poor 6.18

A-i9 S-i Poor 10.79 21.22 41
A-19 S-2 Poor 8.97

A-20 S-i Poor 10.12 15.79 18
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A-5 (Baker) was unknown. Mach of the seed at these sites had

shattered by the time sampling was done.

Nord (1965) reported that length of the previous year's leaders

determines to a large extent the yield of seed that maybe expected

from a site. He farther stated that leader length is dependent on the

current year's rainfall, so that good yield of seed is antedated by at

least one year of favorable climatic conditions. Table 7 also sum-

marizes by site previous year's leader lengths and average rainfall

and average frost-free days for the previous year and the year of seed

collection. While length of previous year's leaders appeared to be

somewhat correlated with yield, the frost-free growing season, rather

than rainfall, appeared to exert the greater infltence on growth of

leaders Regression between rainfall and leader length with rainfa.1

as the independent variable gave a non-significant coefficient of

determination (r2) of 0.09. Regression between length of growing

season and leader length gave a highly significant (P > 0.Q1) r2 of

0.41. These data suggested that good seed production is influenced by

total weather conditions during both the year of seed set and the

previous year.

The genetic capacity of plants at specific sites to yield high

numbers of seeds also deserves mention and may confound correlation

of yield with weather factors. Because seed is produced on spur

growth as well as on leaders, those plants presenting multiple spurs
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may be expected to yield a greater number of seeds, all factors

being equal, than plants with sparse spur growth. Also, production

of long leaders may be under genetic, as well as climatic, control.

No attempt was made to evaluate seed production on a weight

basis. Nord (1965) gave the calculations by which crown cover,

height, and seed yield of several individuals per site may be used for

determining total yield for a site0

Viability and Germination Studies

Tetrazolium Tests

Considerable variation exists from site to sjte, with sites pro-

ducing the greatest yields generally showing highest number of viable

seeds (Figure 3). Correlation of percent viable seeds from tetra-

zolium tests with percent undamaged seeds from observation gave a

highly significant (P >0.01) r value of o86. It therefore appears

possible to accurately determine percent viable seeds at a site by

calculating percent undamaged seeds from a random selection of 50

seeds per plant for 20 plants.

Visual determination of viable seeds may be achieved with a

relatively high degree of accuracy (Table 8). One might expect sites

with fewest damaged seeds to show greatest percent viability in this

kind of test due to decreased chance of error in selection of good seeds.
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Table 8. Percent viability of representative seeds used in germina-
tion trials and preevaluated visually followed by tetrazolium
tests.

Area and site Viability Area and site Viability
(%)

A-i S-i 100 A-lU S-Z 96

A-7 S-i 100 A-13 S-i 96

A-16 S-2 100 A-i5 5-1 96

A-Z 5-2 98 A-4 S-2 94

A-7 5-1 98 A-8 S-i 94

A-12 S-i 98 A-iO S-i 94

A-i4 S-i 98 A-12 S-2 94

A- 15 S-i 98 A-4 S-i _a

A-17 S-2 98 A-16 S-i

A-i S-2 96 A-i7 S-i
A-.2 S-i 96 A-i8 S-2

A-6 S-i 96
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If Table 8 is compared with Figure 3, however, accuracy of visual

selection is not influenced by either percent viable seeds or percent

undamaged seeds. Poor seeds are easy to spot and remove. No

adjustments were therefore made in calculating the results of germina-

tion trials

Petri Dish Germination Trials

The bulk of petri dish germination occurred within the first two

or three days for all treatments. In spite of the autoclave treatment,

fungal growth generally appeared in varying amounts within four to five

days. However, it did not appear to retard germination within the

total time period of ten days.

Percent germinated seeds achieving 0.5 cm radicles are

presented in Table 9 by site and time soaked in a 3% thiourea solution.

Three sites representing a wide geographical range (A.-l5 S-i (Bend),

A-6 S-i (Frenchglen), and A-7 S-i (Janesvilie) ) were statistically

analyzed using analysis of variance (completely random design).

Seeds soaked in thiourea 10 or more minutes gave optimum germina-

tion as evaluated by 0.5 cm radicle (Figure 4). For A-7 S-i

(Janesville) significantly greater germination resulted with a 15 min-

ute or more soak treatment.

In addition, all sites were compared for significant differences

across each time treatment (Figure 5). Considerable site variation



Table 9. Percent seeds achieving 0.5 cmradicle as influenced by
differing times in thiourea.

75

Seed source
Time minutes

4 5 6 8 10 15 20 30 60

A-i S-i 0 11 16 20 49 76 87 98 98 100

A-i S-2 0 9 ii 33 53 64 100 96 98 100

A-2 S-i 0 - 38 56 69 93 98 100 96

A-2 S-2 2 2 ii 18 33 78 91 91 87 93

A-4 5-1 0 - 13 31 33 78 91 93 100 98

A-4 S-2 0 - 22 33 47 87 98 98 98 98

A-5 S-i 0 13 29 84

A-6 S-i 0 22 49 53 71 82 98 100 100 100

A-7 s-i o 20 27 47 71 87 98 98 98 100

A-7 S-2 0 20 38 60 80 96 100 98 98 100

A-8 S-i 0 18 62 64 84 100 96

A-b S-i 0 - 16 31 38 69 93 96 100 98

A-b S-2 2 1& 24 40 42 78 91 100 98 100

A-i2 S-i 0 - 22 78 91 91 96 98
A- 12 S-2 0 42 - 38 49 82 93 96

A-i3 S-i 0 - 67 - 78 96 93 96 91 96

A-i4 S-i 0 13 ii 31 71 67 93 87 93 100

A-iS S-i 0 13 20 58 73 87 93 100 98 100

A-i5 S-.2 0 13 9 18 67 71 96 100 100 96

A-16 S-i 0 - 11 - 64 87 89 96
A-i6 S-2 0 - 27 47 47 84 98 98 98

A-i7 S-2 0 - 18 64 73 82 82

A--18 S-2 0 2 64 80 89



P e r centT0
(mm.

4

5

6

8

10

15

20
30
60

0

4

5

6

8

10

15

20
30
60

0

20 40 60 80 100

20 40 60 80

76

e
e
e

100

Area 7 Site 1

c

d
e

e

e

e

e

e

Figure 4. Percent seeds germinated to a radicle length of 0.5 cm for
three representative areas across tentime treatments jn
thiourea. Treatments followed by the same letter are not
significantly different at the 1% level using LSD.

a Area 15 Site 1ab
b

c
Jcd

de

a
Area 6 Site 1b

Ic

cd
de

0

4

5

6

8

10
15

20
30

60

0 20 40 60 80 100



b cb cb b th th b S S
100 ccccdcdcd d

Figure 5. Pei dieS repcm of efioC Co thcc miocuor So ShSmrco ecpoerred us percoof of eudiofos
rouchiog 0.5 cm. SiSce foUocced by She euco SrOOce ocr ccc rigofliceudy differero if Ihe
lfdlerriosiogLSie.

77



Pe
rc

en
t

I-
00

0
0

o
o

0

C
O

O C
)

C
D

C
D

C
D

C
D H
,

C
D H
,

C
D H
,

C
D H
,

H
,

H
,

0 C
)

C
)

C
) a C
) 0.
.

0.
.

00
3 0

00
3

A
2 

S2
A

4 
Si

A
10

 S
i

A
l2

 S
2

M
O

 S
2

A
4 

S2
A

l6
 S

2

A
l S

i

A
l S

2

A
2 

Si

A
8 

Si

00

A
16

 S
i

A
17

 S
2

A
lS

 S
2

A
15

 S
2

A
6 

Si
A

7 
Si

A
14

 S
i

A
15

 S
i

A
13

 S
i

A
l2

 S
i

A
7 

S2

A
5S

lI
A

16
S1

A
l2

S2

A
1S

2
A

85
i

A
14

 S
i

A
lO

 S
i

A
2 

Si

A
15

 S
2

A
17

 S
2

A
iS

l

A
4 

51

A
2 

S2

A
lO

 S
2

A
18

 S
2

A
6 

Si

A
7 

Si
A

16
 S

i
A

15
 S

i

A
l2

S1

A
7 

52

A
13

 S
i

A
17

S2

C
),

A
l2

S2

A
16

S2

A
R

S1
A

SS
1

A
lS

i

A
16

 5
1

A
18

 S
2

A
l2

5i
A

2 
S2

A
4 

Si
A

1O
S2

A
2 

S2

A
14

S1
A

l3
Sl

A
1O

S1
A

i5
Sl

A
iS

S2

M
 5

1
A

7 
Si

A
l S

2
A

7S
2

I-
. 0 0

00 0

Pe
rc

en
t

a' 0
I

1'
., 0

00 0

Pe
rc

en
t

9
0.



C
a

co
0

0
0 0 0

0
O

00
0

o
o

0

C
- a-a- a- C
- a- a- a- a- a- a-

A
17

 S
2

00
0

0
0

0

A
2S

2

A
13

S1

A
14

S1

A
8 

Si
A

l2
 S

2

A
lS

 S
i

A
lO

 S
2

A
l S

i
A

l S
2

A
7 

Si
A

7 
S2

A
4 

S2
A

16
 S

2

A
i2

 S
i

A
lS

 S
2

A
6 

Si
A

4 
Si

A
lO

 S
i

A
2 

Sl

A
2S

2

A
I3

S1
A

15
S2

A
2S

1

A
4 

Si
A

4 
S2

A
lO

 S
i

A
16

 S
i

A
lS

 S
i

A
lO

 S
2

A
6S

1
A

lS
i

A
l S

2

A
7 

Si
A

14
 S

i
A

7S
2

A
i4

Si

A
2S

2

A
l2

 S
2

A
4 

Si

A
l S

2
A

lO
 S

i
A

13
 S

i
A

l2
 S

i
A

i6
51

A
7S

1
A

7S
2

A
16

S2
A

2S
2

A
l S

i
A

4S
2

A
lS

 S
i

A
15

S2
A

1O
S2

A
6 

Si
A

85
1

Pe
rc

en
t

Pe
rc

en
t

Pe
rc

en
t

C
- a-



80

existed at the lower time intervals rhis site effect essentially

disappeared by the 20 minute soak treatment in thiourea, Two sites,

A-i S-2 (John Day) and A-i? S-2 (Silver Lake), performed poorly

throughout the entire trial, Sites from Areas 6 (Frenchglen) and 7

(Jane sville) generally performed consistently well throagout the

period Otherwise, order within each time treatment showed no con-

sistent site patterns or distinct groupings giving either superior or

inferior performance

Table 10 shows percent seeds reaching a i.5 cm radicle length

for each site and each time soak in thiourea0 Statistical analysis of

the three representative sites showed a distinct trend with the

greatest percent of radicles reaching a longer length over the 8-

20 minute treatments (Figure 6) Considerable variation within

treatments resulted in identical significance levels for 5-60 minute

treatments for A-6 S-i (Frenchglen)0

Many seeds which germinated in the 30-60 minute soak treat-

ments were observed to have club-shaped, deformed radici.es. These

would grow to a 05 or 1,0 cm length followed by cessation of growth.

According to Nord (1965), the exact physiological effect of thiocLrea

is unknown, It is the seed coat, however, which is responsible for

causing dormancy in bitterbrush, and Nord suggested that a saponin

in the seed coat causes inhibition, of germination0 There appears to

be an optimum time, between 8 and 20-30 minutes, during which



Table 100 Percent seeds achieving 15 cm radicle as influenced by
differing times in thiourea.

-4
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Seed source
Time minutes

0 4 5 6 8 10 15 20 30 60

A-i S-i 0 9 16 16 36 67 64 49 36 18

A-i S-2 0 9 9 29 49 49 64 44 49 2

A-2S-i 0 - 3i - 44 44 49 49 27 7

A-2 S-2 0 2 9 16 27 47 27 18 7 2

A-4 S-i 0 13 29 20 38 62 47 29 2

A-4 S-2 0 20 27 Si 67 51 33 38 7

A-5 S-i 0 13 24 69

A-6 5-1 2 16 47 51 64 73 78 71 58 44

A-7 S-i 0 18 24 47 64 67 73 60 69 33

A-7 S-2 0 16 38 60 78 89 93 96 73 31

A-8 5-1 0 9 47 53 56 69 47

A-b S-i 0 16 11 36 56 51 47 38 ii
A-lU S-2 0 ii 16 22 24 53 40 47 49 16

A-12 S-i 0 - 13 - 56 49 44 58 22

A-iZ S-2 - - 33 33 38 38 64 51

A-13 S-i 0 - 44 42 44 38 36 20 9

A-14 S-i 0 7 13 20 56 47 58 27 22 7

A-15 S-i 0 13 16 33 47 58 62 40 18 2

A-iS S-2 0 9 7 ii 51 49 47 27 31 7

A-i6 S-i 0 - 7 58 73 78 84 -
A-i6 S-2 0 - 24 37 56 64 64 64 11

A-17 S-2 0 - 16 - 58 69 71 62

A-18 S-2 0 2 49 58 64
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thiourea counteracts the effect of the inhibitory substance within the

seed coat without causing damage to the developing radicle. Figure 7

illustrates the difference between a healthy, elongating radicle and

one which is stunted.

A comprehensive image of the interaction among time in

thiourea and the two radicle lengths is given in Figure 8. While

germination continues to be extremely high at the longer time soaks

in thiourea as evaluated by an 0.5 cm radicle, considerable drop in

percent seeds reaching 1.5 cm radicles is observed. In two recent

studies, soak treatments for 20 minutes (Everett and Meeuwig 1975)

and 30 minutes (Evans and Young 1976, unpublished manuscript)

were used as the standard thiourea treatment. The management

implication suggested by these studies and the results presented here

is that the 5 minute soak treatment currently in practice for field

plantiigs is insufficient and that at least a 15 or 20 minute treatment

may be recommended.

Although not tested for statistical significance, there appears to

be a slight trend whereby certain sites may be able to more success-

fully withstand longer times in thiourea. These results suggest

initiation of an interesting additional study to determine whether thick-

ness of seed coat or amount of saponin in the seed coat affects radicle

development at longer time intervals in thiourea solution.



Figure 7. Comparison of healthy, elongated radicle
(below) to club-shaped, deformed radicle
(above)
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Greenhouse Germination Trials

Table 11 presents percent emergence of seedlings in the green-

house for each site and each time soak in thiourea, Four representa-

tive sites (A-i S-2 (Boardman), A-7 S-2 (Janesvi1Lle), A-6 S-i

(Frenchglen), and A-iS S-2 (Bend) ) were statistically analyzed for

significant differences for 10-60 minute treatments (Figure 9 )

From these results it appears that optimum emergence occurs when

seeds are soaked 60 minutes in a 3% thjourea solution It is believed,

however, that due to an unidentified experimental error, this conclu-

sion cannot be accepted. Pretrials using seeds from A-7 (JanesviUe),

during which damping-off was not a problem, indicated that optimum

emergence occurred for the 10-20 minute soaks in thiourea, which

would correspond favorably to the results shown in petri dishes for

optimum growth of healthy radicles, Possible explanations for the

erratic results noted in these greenhouse trials may be that 1) the

necessity of sterilizing the potting medium effectively altered the

environment for germination and emergence, 2) a timing error in

soaking the seeds was inadvertently made, 3) the thiourea solution

used for soaking was inferior, although a follow-up test using the

same solution for an additional test for petri di,sh germination gave

identical results to other petri dish trials, and 4) seeds had lost a

degree of viability over the eight month storage from time of coLLec-

tion to greenhouse trials

8 6.
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Table 1 1 Percent emergence for seeds treated at varying time inter-
vals in thiourea and planted in the greenhouse.

a- = seeds not available for testing

Seed source
Time minutes

6 8 10 15 20 30 60

A-i S-i 0 0 0 0 0 0 7 9 47 51

A-1 S-2 0 0 0 0 2 0 ii 27 27 78

A-2 S-a 0 0 0 0 0 0 11 33 49 47

A-6 s-i o 0 0 2 0 2 2 38 44 87

A-7S-1 0 0 0 2 2 0 ii 4 20 64

A-7 S-2 0 2 0 0 7 7 9 18 44 87

A-lU S-2 0 0 0 0 0 0 4 7 20 47

A-i4 S-i 0 2 0 0 0 0 9 16 27 53

A-i5S-1 0 0 2 2 2 0 4 0 20 36

A-iS S-2 0 0 0 0 2 2 0 2 16 60

A-3 S-i 0
a

0 2 0 0 4 ii 9 24

A-4 S-2 0 - 0 0 7 7 9 22 33 69

A-16S-2 0 - 0 - 0 0 2 4 13 51

A-13 Si 0 0 - 2 4 16 13 42 56

A-S S-i 0 - 4 0 0 2 4 56 -

A-i7S-2 0 0 - 0 2 7 7 - -

A-i8 S-2 0 - 0 - 0 2 4 16 * -
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Figure 9. Percent emergence of seedlings in the greenhouse for four
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significantly different at the 1% level using LSD.
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Althou.gh the experiment in total does not appear to be valid,

seeds from all sites were treated identically and variation in response

from site to site may be observed. Figure 10 presents a. comparison

of all, sites for the three time periods in thiourea which showed the

greatest emergence response. A.s in the petri. dish trials, Areas 6

(Frenchglen) and 7 (Jane sville) showed a trend, although not signifi-

cant, toward superior response. A-3 (Umatilla NationaL Forest)

showed consistently poor results with a simil,ar trend noted for A-15

(Bend). A very slight trend, particularly apparent for the 60 minute

treatment, may be noted in that sites producing larger seeds showed

greatest emergence success (seed size will be discussed in a later

section on plant measurements).

Field Measurements

Heights

Average height in meters of 20 plants at each site and the range

of heights is illustrated in Figure 11, Three sites reflected the

influence of intense grazing: A-4 S-i (Durkee), A-17 S-2 (Silver

Lake), and A-5 S-i (Baker). The effect of grazing on only the lower

portions of plants at A-17 S-2 was bel,ieved to have enhanced plant

height since the upper crown portion was out of reach of the grazing

animal. The low stature of plants at A-4 S-i and A-5 S- 1 may be the

resu],t of heavy grazing on the entire shrub crown, although the
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Figure 10. Percent emergence by site in the greenhouse across three time treatments in thiourea.
Sites followed by the same letter are not significantly different at the 1% level using LSD.
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genetic potential of A-5 S-i to produce very tall plants is doubtful.

Few definitive points allow separation of distinctive height classes,

although the two sites with lowest heights show little overlap into the

medium low classes, and all four sites from the lodge pole areas

(A-18 and 19) are quite consistent. The majority of all sites included

plants of 1-2 meters. The range in shrub heights within a site was

low for mature plants.

Two factors which affect height of a plant are its genetic

potential and site parameters) including edaphic and climatic factors.

Relation of elevation to climatic factors is well known, and regression

analysis of height with elevation, using elevation as the independent

variable, gave a highly significant (P >0.01) correlation coefficient

(r) of -0.52 (coefficient of determination (r2) 0.27) One may there-

fore expect plants at higher elevations often to be shorter plants. For

purposes of analysis, sites over an unusually high water table (A-7

(Janesville) and A-15 (Bend) ) and those three sites whose height was

affected by grazing were excluded. Period of frost-free days was also

correlated with height, using number of frost-free days as the

independent variable. A highly significant (P >0.01) correlation

coefficient (r) of 0.63 (coefficient of determination (r2) = 0.40) was

obtained, again with the six sites excluded from analysis (Figure 12).

An implication here for those involved in bitterbru.sh reseeding

projects may be that, where forces of natural selection have given
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survival advantage to plants capable of growing where frost occurs

frequently, individuals without such. an advantage may not survive.

Because these least hardy plants are generally the largest plants and

yield abundant seed, they are used most extensiveLy as seed sources.

Survival of seedlings therefore may be low if seeds from such plants

are sowed in areas of short frost-free periods.

Edaphic factors also appeared to influence plant height. Plants

growing near low sagebrush, which thrives where shallow soils

occur, were frequently short, while areas of deep, sandy barns

generally supported the largest plants. However, deep, sandy

textured pumice soils gave rise to distinctively low growing plants.

It is likely that the short growing season is a stronger influencing

factor at these pamiceous sites.

Leader Lengths

Averages by site of leader lengths developed the year preceding

field measurements have been given in Table 7 (p. 69). As may be

expected, plants producing long leaders were often the tallest plants.

Correlation between height and leader length gave a highly significant

(P >0.01) correlation coefficient (r) of 0,54 when all sites were

analyzed, and 0.53 when plants near a high water table or plants

heavily grazed were excluded.



Age Structure

The ages and stem diameters of five plants at 20 sites gave a

general indication of the age structure for each site which was useful

for site-to-site comparisons. Table 12 lists the oldest of the five

plants with its diameter, the youngest plant with its diameter, and the

highest and lowest diameters from the 20 plants at each site.

McConnell and Smith (1963) cautioned that edaphic factors and browsing

can give considerable intra-site variation but that maximum stem

diameter at root crown may provide a useful index to bitterbrush age.

With the limited number of samples, no attempt has been made to

establish a regression equation at each site, although a reasonably

consistent pattern among all sites was noted whereby successively

larger stem diameter measurements for the five plants cut down

showed correspondingly older plants. McConnell and Smith (1963)

noted that the variance in bitterbrush age increases with increasing

stem diameter. In making interpretations of the results presented

here, it is therefore advisable to realize that more accuracy may

exist in comparing the diameter of the youngest plant and the lowest

diameter at the site than in comparing the diameter of the oldest plant

and the highest diameter at the site.

Major conclusions that may be drawn from these findings are

that the largest plants (when different sites are compared) are not

95
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Table 12. Ages and stem diameters at root crown for oldest and youngest plants evaluated for age at
22 sites with the highest and lowest stem diameter recorded at each site.

Area and site
Oldest plant (yr) and

corresponding diameter (mm)
Youngest plant (yr) and

corresponding diameter (mm)
Diameter (mm)
high low

A-2 S-2 29 28.3 18 15.6 30.9 6.7

A3 S_i 29 19.9 21 14.3 29.4 8.6

A-4 S_i 30 14.3 20 fl.2 18.2 9.9

A-5 S_i 31 - 12.7 23 9.6 15.3 7.3
A.-5 S-2 27 9.5 15 5.4 12.4 5.4

A-7 s_I 37 - 24.2 28 20.3 28.0 14.3

A-7 S-2 49 29.6 30 - 22.3 283 20.3

A-8 s-i 89 - 20.1 26 1.5 23.3 9.2

A-9 S-i 45 8.8 10 3.8 9.2 3.2

A-la S-i 73 9.9 53 8.9 9.9 6.1

A-li S-i 48 6.4 36 4.5 6.4 1.9

Al2 S-2 43+ 17.8 26 13.4 17.8 11.5

A-i3 S-i 48 - 14.0 24 - 10.5 16.2 9.9

A-is S-i 30+ 14.7 23 10.5 14.7 7.3

A-i6 S-i 40 9.6 20 6.4 9.6 4.5
A-16 S-2 26 8.6 15 6.7 12.4 5.4

A-17 S_i 73 16.6 48 10.2 16.6 7.3
A-i7 S-2 54 11.8 27 7.6 12.1 7.6

A-i8 S-2 35 7.3 18 4.6 8.3 3.5

A-19 S-i 23 - 7.0 12 3.8 8.0 2.6
A-19 S-2 30 - 7.3 14 - 2.9 8.9 2.9

A-20 S-i 37 10.5 23 8.3 14.3 8.0
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necessarily the oldest and that the age structure for most bitterbrush

communities in Oregon conforms with Nord's (1959) report of 3Z-44

years as the average age for most stands. The two lodgepole areas

(A-18 and 19) indicate a somewhat younger pattern. A-17 S-i (Silver

Lake) and A-b S-i (Hart Mountain) show an older age structure.

Bitterbrush communities at A-7 (Janesville), A-15 (Bend), and A-2

S-Z (John Day) were believed to occur over high water tables. The

large growth rings, with correspondingly large diameters at root

crowns, appeared to support this contention, and although large plants

occurred on these sites, they were not particularly old plants.

Growth Form and Habit Characteristics

Table 13 presents te number of plants at each site with number

of stalks from the base and number of recumbent branches, both

grouped in multiples of two. When index numbers were assigned

categories for both classes, 1-4 and 1-5 respectively, and linear

correlation calculated, a highly significant (P >0.01) correlation

coefficient (r) of 0.59 was obtained. A trend may be noted, there-

fore, whereby plants with multiple stalks may be expected to have

more recumbent branches. The factors which influence whether a

plant produces a single stalk or multiple stems when young are not

clear. Certain sites otherwise quite similar in other plant charac-

ters, e.g. A-i (Boardman) and A-19 (LaPine), showed considerable



Table 13. Number of plants at each site with number of stalks from base of plant and number of
recumbent branches.
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Area and site
Stalks from base Recumbent branches

1-2 3-4 5-6 7+ 0-1 2-3 4-5 6-7 8+

A-i S-i 14 5 1 15 5

A-i S-2 6 10 4 5 6 8

A-2 S-i 3 2 9 6 3 15 2

A-2 S-2 4 7 6 3 10 8 2

A-3 S-i 6 12 2 19 1

A-4 S_i 2 ii 5 2 4 6 10

A-4 S-2 7 7 6 2 14 1 2 1

A5 S..i 8 8 4 4 14 1

A-S S-2 2 6 7 5 16 3 1

A-6 S-i 1 3 9 7 1 4 11 4

A-7 S-i 8 10 2 17 3

A-7 S-2 6 10 2 2 18 2

A-8 S_i 5 7 5 3 9 9 1 i

A9 S-i 6 ii 2 1 2 1 4 6

A-b S-i ii 8 1 20
A-iO S-2 12 5 3 19

A-il S-i 9 8 3 9 ii

A-i2 S-i 7 6 5 2 8 1 2 5 4
A-12 S-2 7 ii 2 13 4 2 1

A-13 S-i 6 ii 3 3 1 5 ii

A-i4 S-i 2 11 5 2 iS 3 2

A-is S-i 5 13 2 20

A-16 S-i 13 5 2 19 1

A-i6 S-2 4 ii 5 iO 5 3 2

A-17 5-1 2 10 8 iS 5

A-i7 S-2 3 12 4 1 18 2

A18 s-i 6 14 4 b6

A-i8 S-2 1 5 10 4 4 13 3

A-i9 S_i 4 8 8 1 5 7 4 3

A-i9 S-2 1 10 7 2 7 10 3

A-20 S-i 6 12 2 18 2
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variation in this characteristic. Other similar sites, e.g. A-7

(Janesville) and A-lU (Hart Mountain), showed a degree of consistency

for the character.

Some degree of layering (Table 14) was present at nearly two-r

thirds of the sites studied. When index numbers were assigned for

layering, and linear correlation calculated between layering and the

index for recumbent branches, a highly significant (P >0.01) correla-

tion coefficient (r) of 0.88 was obtained. The potential for bitterbrush

to layer appears to be universal if branches touch the ground. Blow-

ing sands at Site 2 near Boardman (A-l) and the dune area near

Frenchglen (A-6) covered recumbent branches which then layered.

Plants at S-i near Boardman, although in a nearly identical physical

setting, produced few recumbent branches and hence no layering.

Harsh, windy conditions at A-9 and A-li at Hart Mountain resulted in

low plants with many similar morphological characteristics, and plants

at both areas frequently layered. Two sites from the lodgepole

region (A'-18 S-i and A-19 S-i) also were low plants exhibiting

frequent layering. The factors at A-13 near Mitchell which promoted

multiple stalks and recumbent branches with frequent layering are

not clear. These plants were fairly tall, very dense, and many

looked like over-sized versions of the lodgepole ecotype. There

appeared to be a genetic factor responsible for multiple stems from



Table 14. Number of plants showing extensive, moderate, little, and no layering at each site.
Extensive Moderate Little None Extensive Moderate Little NoneArea and site a' a (12)a Area and site

(3-4) (1-2)A-i s-i 20 A-li S-i 20A-i S-2 1 6 13

A-12 S-i 2 18A-2 S-i 1 19 A-12 S-2 20A-2 S-2 20
A-13 S-I 8 1 5 6A-3 S-i 20
A-14 S-i 1 19A-4 S-i 4 i6

A-4 S-2 7 13 A-15 S-i 20

A-5 S_i 5 15 A-16 S-i 1 19A-5 S-2 20 A-16 5-2 3 17

A-6 S-i 6 3 3 8 A-17 S-i 1 19
A-i7 5-2 1 19A-7 S-i 20

A-7 S-2 20 A-18 5-1 6 3 8 3
A-18 S-a 1 3 16A-8 S-i 5 15

A-i9 5-1 3 1 6 10A-9 S-i 1 13 6 A-19 S-2 4 16

A-b 5-1 20 A-Z0 S-i
A-b 5-2 1 19

aNamber of branches exhibiting rooting.

20
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the base although only general trends for this characteristic and sub-

sequent layering were observed.

Moryhological Variations

Color, Pubsecence, and Glandulation

For ease in presentation of results, pubescence, color and

glandulation classes were assigned index numbers which were

averaged over aU 20 plants for each site. For pubescence, glabrous

plants received a rating of 1; moderate pubescence, 2; dense

pubescence, 3. All colors were Hue 7.5 GY in. Munsell Color Charts

for Plant Tissue (1968). Chroma generally determined whether the

plant received a classifiçation of gray, gray-green, or green with

Values 7-3, Chroma 2 considered gray; Values 7-4, Chrorna 4 con-

sLdered gray-green; and Values 6-4, Chroma 6 and 8 considered

green. Results have been presented with green = 1, gray-green = 2,

and gray = 3. For presentation of glandulati.on, scoring was as

follows: none 1, light = 2, moderate = 3, and heavy = 4. Table 15

gives index scores for these three characteristics on a site basis.

Linear correlation between the most logically associated charac-

teristics reveale4 highly significant (P >0.01) correlation coefficients

(r) on a site basis (Table 16).
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Table 15. Index scores for pubescence, color, and glands on leaves,
leaders and hypanthia as an average of 20 plants at each site0

Area and site Pubescence
(1-3)

Color
(1-3)

Leaves
(1-4)

Leaders
(1-4)

Hypanthia
(1-4)

A-i S-i 2.45 2.45 2.45 3.00 3.20
A-i S-2 2.35 2.10 1.85 2.95 3.10

A-2 S-i 1.50 1.95 2.10 2.70 2.70
A-2 S-2 1.85 1.75 1.15 1.85 2.75

A-3 S-i 2.15 2.20 1.20 1.60 3.10

A-4 S-i 2.30 2.00 2.25 2.85 2.75
A-4 S-2 1.80 1.90 1.10 1,25 3.30

A-S S-i 2.10 1.80 1.10 1.65 2.10
A-S S-2 1.65 1.55 3.60 3.65 3.05

A-6 S-i 2.00 1.45 2.20 3.25 3.70

A-7 S-i 2.65 1.95 1.00 1.00 1.10
A-7 S-2 2.35 1.70 i.iS 1.05 1.05

A-8 S-i 2.70 2.60 1.20 1.55 2.85

A-9 S-i 1.95 i,6o 2.95 3.05 3.89

A-jO S-i 2.iO 1.90 1.55 1,95 3.25
A-b S-2 1.80 1.50 3.50 3.35 3.65

A-U Si 1.25 1.50 Z65 2.50 3.85

A-i2 s-i 1.55 1.10 3.00 2.90 3.80
A-i2 S- 2 1.80 1.60 2.35 2.85 3.75

A-i3 S-i 1.85 i.85 2,20 2.70 3,50

A-i4 S-i 2.45 2.60 1.60 2.25 3.05

A-iS s-i 2.80 2.70 1.25 1.80 3.00
A-i5 5-2 2.60 2.15 1.30 1.70 3.10

A-i6 S-i 2.10 1.65 1.35 1.80 2.85
A-i6 S-2 2.20 2.15 1.55 1.0 3.10

A-i7 S-i 2.20 1.65 2.60 2.50 3.65
A-i7 S-2 2.05 1.85 2.05 2.iO 3.30

A-18 S-i 1.15 1,05 3,70 3.85 3.73
A-18 S-2 1.40 1.10 3.55 2.90 3.65

A-i9 S-i 1.15 1.iO 3.75 3.65 3.80
A-19 S-2 1.35 1.10 3.40 2.80 3.00

A-20 S-i 2.05 2.00 1.60 2.00 2.70



Table 16. Correlation coefficients of selected charac-
teristics on a site basis.

**

Characteristics correlated r

Color and pubescence
Glands on leaves and on leaders
Glands on leaders and on hypanthia
Color and glands on leaders
Pubescence and glands on leaders
Pubescence and glands on hypanthia

Significant at the 0.01 probability level.

Correlations such as these on a site basis may lead to a certain

amount of misiuterpretation. Individual plants within many sites dis-

played a remarkable range in combinations of various characterisfics

not reflected in the correlations. For example, pubescence on

certain plants formed over a bright green leaf surface which merely

changed the color value rather than the chroma. Likewise, very

pubescent plants at some sites were highly glandular with the reverse

also occurring whereby a g]abrous plant showed no glandulation.

Trends may be ol1.owec, however, whereby plants with green

leaves generally showed less pubescence, and plants with pubescent

leaves were not highly glandular. Of particular interest was the

rather low correlation coefficient between glands on leaders and

hypanthia. Several populations in particular were responsible for a

correlation lower than may have been expected. Highly g'andular

hypanthia at A-Z S-2 (John Day), A-3 S-i (Umatilla National Forest),

0.83**
0. 89**
0. 66**

-0. 50**
-0. 61**
-0. 50**
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A-4 S-2 (Durkee), A-lU S-i (Hart Mountain), A-15 S-i and 2 (Bend),

and A-16 S-i and 2 (Sisters) occurred on plants not otherwise glandu-

lar. Certain individuals at each of these populations showed no g]ands

on leaves or leaders, but hypanthia were covered with the stalked

glands. Further discussion on the discrepancies of glandulation

among and within sites will be continued in discussion of greenhouse

results.

Color of bark for ten pla.nts at each site is presented in Table 17,

Pressed mounts of branches for the even-numbered plants were used

to support field records for this characteristic. Stems of plants with

white bark presented a stark, clear appearance with flakes of the

white bark easily detached. This characteristic was particularly

distinctive at all three areas at Hart Moantan (Areas 9-li).

other areas this character presented somewhat of a continuum into a

pearl bark which often showed one side to be partly white with a

reddish, slightly irrides cent cast to the remainder of the branch.

Silver bark was dull and somewhat chalky, usually with small, black

flecks. Although very old branches on all plants showed silver those

plants with distinctively white or pearl bark retained the charac-

teristic on branches evera1 years old, i. e white or pearl bark was

not confined to juvenile branches. The silver bark on plants growing

under ponderosa pine and lodgepole pine in Areas 16, 18, and 19 was

more of a shiny gray colgr rather than the lighter, chalky silver.



105

Table 17. Number of plants at each site with white pearl, or silver
bark (ten plants per site).

Area and site WhLte Pearl Silver Area and site White Pearl Silver

A-i S-i 10 A-il S-i 10
A-i S-2 10

A-i2 S-i 4 6

A-2 s-i 1 9 A-i2 S-2 2 2 6

A-Z 5-2 i 9
A-13 s-i 4 3 3

A-3 S-i 10
A-14 S-i 6 3 1

A-4 S-i 3 7

A-4 S-Z 4 6 A-iS S-i 2 8

A-i5 S-2 1 4 5

A-5 S-i 3 7

A-5 S-2 1 9 A-i6 S-i 10

A-6 S-i iO
A-i6 S-2 10

A-17 S-i 1 8 1

A-7 S-i 10 A-17 S-2 1 8 1

A-7 S-2 iO
A-18 S-i 10

A8 S-i 8 2 A-18 S-2 10

A-9 S-i 10 A-i9 S-i 10

A-i9 S- 10
A-iD S-I 10
A-b S-2 iO A-20 S-i 4 6



What part environment plays in determining expression of this

characteristic needs future investigation.

Spurring and Leader Growth

çharacteristics of both spurring and leader growth were diffi-

cult to define and showed such variation within a site that their taxo-

nomic value at this point is negli,gible. Table 18 lists number of

plants with dense, moderate, or sparse spurs, the type of leader

growth observed, and average leader length (1974) for 20 plants at

each site.

Plants with dense spurs presented large, heavy-appeari.ng

ufinge red11 branches on which multipLe spur growth occurred with a

near absence of leader growth on these branches (Figure 13). This

characteristic is particularly evident on tall plants, although some of

the medium to short plants at A-14 (National Grasslands) displayed

the same characteristic. The possibility exists that expression of

dense spurring occurs on plants exposed to strong light and a long

growing season so that spurs are produced to increase photosynthe-

tic area. However, it is not likely that plants either in the Lodgepole

Pine-Pumice Region (A-18 and A-l9) or in most of the ponderosa pine

areas (A-16) along the eastern front of the Cascades possess the

genetic potential to develop the densely spurred branches. Rather

than growing both spurs and leaders, plants in these areas produce

106



Table 18. Number of plants at each site with dense, moderate, or sparse spurs; strongly upright,
multi-directional, or both upright and multi-directi onal leader growth; and average
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leader length (1974) at each site.

Area and site
Spurs Leader growth Leader

length
(cm)Dense Moderate Sparse Upright

Multi-
direrti fuRl

Both

A-i S-i 18 2 20 Unknown
A-i S-2 12 8 20 11.24

A-2 S-i 5 6 9 3 17 15.87
A-2 S-2 12 3 5 17 3 19.56

A-3 s_i 2 16 2 20 21.04

A-4 S-i 2 18 4 5 11 15.11

A-4 S-2 14 6 20 11.14

A5 s_i 8 12 20 843
A-S S-2 6 44 20 15.85

A-6 S-i 6 14 5 7 8 14.70

A-7 S-i 14 6 20 20.20
A7 S-2 15 5 20 23.33

A-8 S-i 14 5 1 6 9 5 10.50

A-9 S-i 20 20 2.98

A-b 5-1 12 8 20 5.35
A-b S-2 19 1 20 7.63

A-li S-i 3 17 20 5.50

A-12 S-i 1 10 9 2 2 16 18.70
A-12 S-2 10 9 1 9 i 10 13.93

A-13 S-i 5 12 3 20 8.12

A-14 S-i 8 11 1 20 6.87

A-is S-i 8 8 4 20 15.81

A-16 S-i 14 6 20 8.?3
A-16 5-2 13 7 12 1 7 10.99

A-17 S-i 11 8 1 3 10 7 7.65
A-17 S-2 8 12 5 4 11 9.21

A-18 S-i 2 18 19 1 5.70
A-18 S-2 1 19 20 6.18

A-19 5-1 2 18 6 14 10,78
A-i9 S-2 1 19 8 12 8.97

A-20 S-i 8 ii 1 4 1 15 10.12



A B

Figure 13. Comparison of dense spur production (A) with sparse spur production (B).
A = A-2 S-Z (John Day); B = A-19 S-i (LaPine).
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multiple leader growth so that spur production is sparse and leaders

are continually produced on leaders during a single growing season.

Such extensive leader prodiction with terminal leaders and their many

lateral extensions results in a distinctive lacy growth form (Figure

13). This characteristic did not appear to be confined to shaded

areas; the open pumice flat south of Chemult (A-19 S-i) supported

bitterbrush plants which were compact, low-growing individuals which

showed extensive leader development and sparse, very widely spaced

spurs. Conversely, plants in A-3 near the Umatilla National Forst

grew in shaded conditions but showed certain individuals with dense

or moderate spur growth.

The direction of leader growth, while easy to evaluate in the

extremes, presented many difficulties when growth was both strongly

upright and multi-directional. This characteristic is probably one of

the most environmentally induced of all those studied with plants at

very favorable sites in terms of deep soil, high moisture, and a long

growing season producing long, strongly upright leaders. A general

trend may be noted whereby sites with longest leaders also had plants

with upright leaders. Also, plants in shaded conditions usually sent

leaders in an upright direction. It is likely, however, that genetic

influences are also involved. Certain sites were noted, Areas 5

(Baker), 9-il (Hart Mountain), 13 (Mitchell), 14 (National Grass-

lands), 18 (Chemult), and 19 (LaPine) in particular, with plants
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whose branches showed marked contortions and skewed leader

development (Figure 14). Such leader development gave virtually a

"drapedT' and dense appearance to the plants. Several plants have

been noted in the Silver Lake region with what is termed "reverse"

leader growth where leaders are actually found growing downward

(Don Leckenby 1975, personal communication). Certain plants south

of John Day on Highway 395 also showed a similar modified growth

pattern with short leaders curved downward. This characteristic

may be the result of a mutant gene which either occurs sporadically

or has, to a certain extent, been modified and shows expression within

localized populations.

Hypanthium and Seed Cha racteris tics

Measurements of tiypanthium length, length of style remnant,

and achene length/width (L/W) ratio wjth their means and ranges are

given for each site in Figures 15, 16, and 17. Although means show

considerable but essentially continuous variation across all sites, the

most striking aspect of these measurements is the amount of overlap

in ranges from site to site. In many instances even sites from the

same area may not yield similar means and ranges. A general

pattern in hypanthium lengths, however, may be observed in that a

major grouping of populations along the eastern front of the Cascades,

including A.- 14 (National Grasslands) and A-20 (Prineville) to northern



A B

Figure 14. Examples of multi-directional leader growth (A) and strongly upright leader growth (B).
A = A-13 S-I (Mitchell); B = A-iS S-i (Bend).
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California and east to the Hart Mountain area, displayed the shortest

mean lengths for hypanthia. Longest hypanthia may be found along

the Snake and Columbia River regions from Durkee to Baker and

Boa rdrnan with the long to intermediate lengths occurring in central

Oregon from John Day to Frenchglen. No such pattern, or indeed

any pattern, is evident for either style remnant length or achene

L/W ratio.

For the qualitative studies of indented, ribbed, or filled achenes

and length of pubsecence on achenes, marked intermingling of classes

within a site again occurred (TabLe 19), although certain sites tended

toward production of a certain type of achene. Figure 18 graphically

illustrates both hypanthia and achene variations. Area 13 at Mitchell

showed the widest range in seed characteristics of all populations

studied. Production of filled seeds, whjch generally had a short

style remnant and a constriction at the apex of the seed where the

style remnant joined the achene proper, was largely confined to

populations along the eastern Cascades and into northern California,

including populations at both Hart Mountain and Frenchglen. This kind

of seed appeared to be loosely associated with production of short

hypanthia, although populations in the lodgepole areas provided an

exception. Strongly indented achenes often occurred with the longer

hypanthia, A-10 S-i (Hart Mountain) being the exception in this case.



Table 19. Number of plants at each site with indented, ribbed, or
filled achenes, and number of plants at each site with short,
moderate, or long pubescence at the base of the style
remnant.

aSeveral plants at these sites did not produce seed.
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Area and site Indented Ribbed Filled Short Moderate LOng
A-i S-i 4 16 7 12 1

A-i S-2 5 15 4 9 7

A-2 S-i 1 19 ii 9

A-2 S-2 6 14 12 7 1

A-3 S-i 16 4 8 10 2

A-4 51a
8 10 1 13 6

A-4 S-Z 7 i3 8 12

A-5 52a
10 4 8 7 2

A-6 S-i 2 2 16 15 5

A-7 S-i 8 12 1 13

A-7 S-2 3 10 7 3 15 2

A-8 S-i 8 i2 13 7

A-9 5_1a
2 16 1 1 17 1

A-b S-i 5 8 7 1 15 4

A-b S-2 1 9 iO 5 13 2

A-il S-i 2 9 9 5 15

A-12 S-i 3 12 5 9 10 1

A-12 S-2 2 13 5 3 17

A-i3 5-1 2 9 9 9 ii
A-i4 S-i i 7 12 2 13 5

A-is S-i 20 5 i3 2

A-iS S-2 3 i7 4 15 1

A-i6 S-i 2 13 5 1 14 5

A-i6 S-2 2 5 13 3 15 2

A-i7 S-i 3 i3 4 12 7 1

A-17 S-2 1 13 6 3 16 1

A-i8 5_ia 13 1 8 5 i
A-i8 S-2 15 5 7 i3

A-i9 S-i 2 i7 1 16 4

A-i9 S_Za 2 16 i i4 5

A-20 S-i 13 13 6

Indentation Pubescence



, ,,p, ,,,,1
4 bö2

¶ TI I t r3

C

F

117

Figure 18. Hypanthia and achene variatwns. 1 seeds; 2 achenes;
3 = hypanthia. A = variation among 12 plants from A-13
S-i; B = long hypanthia from A-4 S-1 and S-2; C TrLode-
rate length hypanthia from A- 10 S- 1; D = hort hypanthia.
from A- 16 S-2; E = indented achenes from A- 1 S- 1 and
S-2; F = ribbed achenes from A-8 S-i; G = filled achenes,
the first four from A- 6 s-i and the last two from A- 15
S-i. The black measuring bar 2 cm. (All parts re
actual size.)
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Seed weight showed a degree of consistency within a given area

with the exception of A-12 (John Day) and A-17 (Silver Lake) (Figure

19). A general pattern may also be noted whereby large plants

produced large seeds, including populations growing over high water

tables; A-15 (Bend) was an exception Figure 20 illustrates the range

in size of seeds including the small, more linear seeds produced by

the populations in the lodgepole areas (A-18 and A-19), the small,

rounded seeds from Bend (A-15), the large seeds from Boardman

(A-i) and Janesville (A-7), and the mixture of sizes and shapes from

a population at Burns (A-1Z).

Color and markings on seeds presented a wide range of variation

between sites and, in certain instances, within sites. The predorrii-

nant seed colors were within Hue 5R of Munsell Color Charts for Plant

Tissue (1968). Values ranged from 7-3 with chroma ranging from

2-8 Seeds colored in Chroma 2 were a soft gray-purple color,

deepening toward a darker gray-purple as value decreased. Chroma

4 gave pinkish-purple seeds and Chromas 6 and 8 gave pinkish-red

seeds. Other hues with a few representative seeds from numerous

sites were bR, 2.5YR, and 5YR. These latter hues tended toward

yellow and rust-colored seeds, which were readily recognized in the

juice stage by their expression of clear, yellowish or light red

exudate as opposed to the bright red and deep red-purple of exidates

from seeds which later became pink and purple. Plants producing
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Figure 20. Variation in seed size. A = A-i S-i; = A-14 S-i;
C = A-].2 S-2; ] = A-i8 5-2; E A-7 S-2. (All seeds
are actual size.)
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yellowish seeds occurred extensively in the Boardman and John Day

areas but were also found at Mitchell, the National Grasslands, and

Silver Lake. Areas at the National Grasslands, Bend, and Sisters

presented predominantly a slate colored seed. Seeds from Mitchell,

Burns, and Durkee showed a tendency toward the red colors. Olher

geographical tendencies toward specific seed colors were not

observed.

Nord (1965) recorded that antelope bitterbrush produces gray or

slate seeds while those of desert bitterbrush are pink to gray. The

three sites mentioned with slate colored seeds were quite similar in

morphological characteristics, with leaf shape, pubescence, and

glandulation tending toward "pure" antelope btterb rush characteris-

tics and may represent populations with Little genetic influence from

desert bitterbrush. However, whether or not pink colored seeds

arise from gene exchange with desert bitterbrush is largely a matter

of speculation and does not appear to be entirely plausible at this

point.

Other seed markings studied were capping, a darkened area at

the apex of the seed; knobbing, a prominent or slight rise at the

seed apex; and occurrence of speckles and mottles, the latter appear-

ing as light colored blotches over the seed with speckles appearing as

small, dark colored spots (Tables 20 and 21). Seeds from populations

of desert bitterbrush sent by Dr. Eamor Nord showed a very slight



(Continued on next page)
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Table 20. Number of plants at each site with seeds showing various
degrees of capping (a darkened area at the apex of the seed)
and of knobbing (a prominent or slight rise at the apex of
the seed)

Area and site Capped Knobbeda

0 Tip 1/4 1/3-1/2 1 2 3

A-i S-i 9 6 5 1 1 i8
A-i S-2 15 5 1 3 16

A-2 S-i 10 3 7 1 3 i6
A-2 S-2 6 6 8 4 6 10

A-3 S-i 6 5 9 4 3 13

A-4 s_ib 5 6 8 5 14

A-4 S-2 2 8 10 5 10 5

A-5 5_2b
3 8 6 1 3 13

A-6 S-i 9 9 2 5 10 5

A.-7 S-i 14 6 10 8 2

A-7 S-Z 1 ii 8 9 8 3

A-8 S-I 4 12 4 9 10 1

A-9 s-i° 13 5 3 10 5

A-b S'-i 1 1 18 2 8 10

A-b S-2 2 18 4 9 7

A-li 51b
5 3 1 3 9 7

A-12 S-i 3 ii 6 7 9 4

A-i2 S-2 5 6 9 9 5 6

A-13 S-i 8 12 9 10 1

A-i4 S-i 4 3 13 7 10 3

A-iS S-b 1 7 12 9 8 3

A-iS S-2 2 8 10 9 9 2



a1 = present; 2 = slight; 3 = absent

blnsufficient seeds for study or other markings made evaluation of
the characteristic impossible.
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Table 20. (Continued)

Area and site Capped Knobbeda

0 Tip 1/4 1/3-1/2 1 2 3

A-16 S-i 4 13 3 6 4 10

A-16 S-2 4 16 7 9 4

A-17 -1 2 16 2 12 5 3

A-17 S-2 18 1 1 9 6 5

A-18 3 5 3 1 9

A-18 S-2 1 19 5 13 2

A-19 51b
1 18 9 10

A-19 5_2b
1 1 15 2 6 5 8

A-20 S-i 1 14 5 10 6 4



(Continaed on next page)
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Table 21. Namber of plants at each site with degrees of speckling on
seeds and with presence or absence of mottling.

Area and site Speckles Mottles
None Light Moderate Heavy Absent Present

A-i S-i3 2 ii 19 i
A-i 52a

4 19 1

A-2 S-i 3 17 3 17

A-Z S-Z 20 i 19

A-3 S-i 1 19 3 i7

A-4 5.1a
19 6 13

A-4 S-Z 20 6 14

A5 52a 2 i3 14 3

A-6 s-i 3 6 ii i8 2

A-7 S-i 1 8 11 18 2

A-? S-2 13 7 20

A-8 S-i 1 5 2 12 17 3

A-9 51a
6 ii 1 16 2

A-b S-i Z 8 10 20
A-lU S-2 1 9 ii 20

A-il ia 1 18 4 15

A-i2 S-i 7 13 14 6

A-iZ S-2 20 i7 3

A-i3 S-i 1 19 8 12

A-14 S-i 5 15 13 7

A-iS S-i 4 16 i6 4

A-i5 S-2 1 19 is 5

A-16 S-i ii 9 6 14

A-i6 S-2 8 12 19 1
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alnsufficient seeds for study or other markings made evaluation of the
characteristic impossible.

Table Zi. (Continued)

Area and Speckles Mottlessite None Light Moderate Heavy Absent Present

A-17 S-i 10 7 3 8 1Z

A-17 S-Z 6 ii 3 6 14

A-18 51a
4 2 5 11 3

A-18 S- 2 4 13 18 2

A-i9 S-i 1 6 12 17 3

A-19 52a
1 14 4 19

A-ZO S-i 4 14 2 8 12
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cap (litipiT) and prominent knobs with no mottles and few speckles.

A question arose regarding the value of knobbing and capping as genetic

markers for populations containing desert bitterbrush genes.

However, the trend which emerged from this confusing array of

seed attributes was that each population tended toward production of a

certain kind of seed unique in its size, color, and marking. For

example, seeds from Janesville (A-7) were large, light pink-gray,

lightly speckled, not mottled, and displayed a slight to prominent

knob. Seeds from Boardman (A 1) also were not mottled and were

large but lacked a knob, varied in color, and freqiently had a striped

effect which obscured speckling and resulted in no capping. Seeds

from the lodgepole areas were small and tapered, rather uniformly

presenting a cap at their apex with a general absence of mottling,

had moderate to heavy speckles, and were light gray-purple in color.

Specific profiles could be written for each population.

Leaf Characteristics

Like seed characteristics, patterns in leaf variation showed

certain tendencies within specific populations but with a remarkable

range of variations present at a particular site. Figure 21 illustrates

the variation in leaf shape and five positions on a plant which produce

certain shapes of leaves. It includes leaves from plants at six sites

which were most representative of the ktnd of leaves encountered in
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A-16

,,,
A-11 1. 4,

A-i 8 'p

A-14 fr fr

Y
Figure 21. Variation in leaf characteristics for six sites, one plant

at each site. Kind of leaf and/or position are as follows:
A = over-wintering; B = outside spur; C = inside spur;
D = first leader; E = second and subsequent leader. The
black measuring bar = 2 cm.
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their respective populations. Table 22 lists the number of plants

from ten observations at each site with selected leaf characteristics

including shapes and exertion of center lobe; Table 23, presence or

absence of points on leaf tips and presence or absence of straight-

edged leaves.

Neither specific shapes nor exertion of the center lobe gave

enough fidelity within sites to be of taxonomic value. However, the

production of straight-edged leaves, which frequently occurred with

sharp points at leaf tips, showed rather marked patterns among

populations. The preponderance of these straight-edged leaves

occurred in populations in northeastern and central Oregon. Slightly

bell-shaped leaves lacking straight edges and sharp points occurred

from populations in Prineville and the National Grasslands, extending

down the eastern front of the Cascades and into northern California,

including Hart Mountain populations. Two deviations from this

pattern are apparent: Janesville (A-7) plants produced pointed tips

and plants in the lodgepole areas, while usually lacking straight

edges, were generally less belled and likewise often produced sharply

pointed tips.

The average length of the longest spur leaves for each site (two

measurements per plant) and the average length of the absolute

longest leaves (two measurements per plant) are given with their

ranges in FigLire 22. Simple linear correlation between the site



Table 22. Number of plant-s (ten studied) at each site possessing selected leaf characteristics.

Area and site
4 Center

lobe
exerted

Area and site H 4 Center
lobe

exerted

a1 = irregular leaves on leaders; 2 = first leaves on spur; 3 = first leaves on spur; 4 = typical bitter-
brush leaf.

A-i S-i 3 10 8 5 A-il S-i 1 1 10 3 7

A-i S-2 2 5 6 6 A-12 S1 6 10 8 6 6

A-2 5-1 5 3 9 6 6 A-12 S-2 5 10 10 £ 8

A-2 S-2 3 2 8 4 8 A-13 S-i 4 7 10 9 5

A-3 s-i 7 10 2
A- 14 5-1 3 9 10 8 3

A-4 5- 1 8 3 10 6
A- 15 S- 1 8 7 6 1A-4 S-Z 7 5 10 4 8 A-IS S-2 2 10 4 6 5

A-5 s-I 5 10 7 4 4
A-5 S-2 6 10 2 6 7

A-16
A-16

s-i
5-2

4
5

7

8
8

10
9

10
7
7

A-6 s-i 3 3 7 8 4 A-17 S-i 6 8 10 7 7

A-7 s-i 9 3 9 10 10 A-17 S-Z 4 6 10 4 4

A-7 S-Z 10 1 10 10 9 A-i8 s-i 2 8 10 4 1

A-8 s-i 3 3 9 9 9 A-i8 S-2 3 7 10 3

A-9 s-i 1 3 10 5 10 A-i9 s-i 4 7 4 4

A-19 S-2 3 7 2 4 7A-lU s-i 7 6 7 10 5

A- 10 S-2 2 6 8 7 7 A-20 s-i 3 10 10 7 3



(Continued on next page)
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Table 23. Number of plants (ten studied) at each site with leaves dis-
playing a pointed tip, slightly pointed Lip, or no pointed tip
and with leaves having straight edges or absence of straight
edges

Area and site Tip characteristic Straight edges
Slightly

Pointed sointed No oints Absent Present

A-i S-i 5 5 2 8

A-i S-2 9 1 2 8

A-2 S-i 7 3 4 6

A-2 S-2 7 2 4 6

A-3 S-i 6 3 10

A-4 S-i 5 2 3 2 8

A-4 S-2 5 3 2 1 9

A-S S-i 1 4 5 3 7

A-5 S-Z 5 4 1 10

A-6 S-i 2 3 5 8 2

A-7 S-i 6 4 7 3

A-7 S-2 5 3 2 7 3

A-8 S-i 3 5 2 6 4

A-9 S-i 2 8 8 2

A-b S-i 3 3 4 9 1

A-lU S-2 2 2 6 8 2

A-li S-i 2 8 8 2

A-12 S-i 6 1 3 7 3

A-1Z S-2 1 5 4 6 4

A-13 S-i 3 5 2 5 5,

A-14 S-i 2 3 5 9 1

A-i5 S-i 2 3 5 9 1

A-i5 S-2 3 4 3 7 3
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Table 23. (Continued)

Area and site
Tip characteristic Straight edges

Slightly
Pointed ointed No points Absent Present

A-16 S-i 3 4 3 4 6

A-16 S-2 4 6 8 2

A-17 S-i 1 5 4 10

A-17 S2 1 4 5 9

A-18 S-i 5 4 1 10

A-18 S-Z 3 7 10

A-19 S-i 8 2 6 4

A-19 S-2 4 6 6 4

A-20 S-i 3 7 7 3
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means of spur and leader leaves gave a highly significant (P >0.01)

correlation coefficient (r) of 0.96 so that either leaf may be used to

evaluate the leaf length potential of a plant.

Leaf lengths on many plant species are often highly subject to

environmental parameters. Spur leaves on bitterbrush were chosen

for study on the basis that they would more nearly reflect the true

parameters for leaf development. It was therefore .nteresting and

surprising that their length was c.oseLy related to the le.der leaves.

Further sttdy was suggested by this correlation, and mean plant

height was correlated with mean length of the absolute longest leaves,

When all sites were included in the analysis, a highly significant

(P >0.01) r va4ue of 0.65 resulted. When the three sites receiving

heavy gr.zing (A-4 S-2 (Durkee), A-5 S-1 (Baker), and A-17 S-Z

(Silver Lake) ) were excluded from analysis, a highly significant

(P >0.01) r value of 0.79 (Figure Z3) ws obtained. Further implica-

tions of leaf length will be pursued in the following section on green-

house measurements.

Greenhouse Measurements

Pubescence and glandulation indices similar to those constructed

for field plants were also used to evaluate plants grown in the green-

house. Table 24 provides information on this and other morphological

features used to compare responses in the greenhouse to field
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Table 24. Number of plants studied in the greenhouse with belied or straight-edged leaf shape, contorted central stalk, recumbent
branches, and presence of secondary shoots and including indices for pubescence and glandul3tion.

a1
= light, 2 = moderate, 3 = dense

b1
= very light, 2 = light, 3 = moderate, 4 = heavy

Area and site
No. of plants

studied
Leaves Contorted

branches
Recumbent
branches

Secondary
shoots

Pubescenc-e a

(1-3)
Glandulation"

(1-4)belied straight

A-i S-i 39 7 32 6 31 2.67 2,13
A-i S-2 21 21 5 18 2.52 2.67

A-2 S-2 32 8 24 5 20 2.00 2.13

A-3 5-1 21 3 18 4 14 1.71 2.62

A-4 S-2 41 5 36 12 28 1.17 2.20.

A-6 S_i 56 34 22 17 3 28 2.23 1.59

A-7 5-1 28 7 21 3 12 2.61 1.68
A-7 S-2 50 14 36 6 24 2.54 2.34

A-8 S-i 16 6 10 4 6 2.00 2.63

A-b S-2 31 23 8 12 4 21 1.90 2.19

A-li S-i 5 5 1 3 2.00 1.60

A-13 S-i 51 28 23 24 35 1.92 2.74

A-14 S-i 38 25 13 12 1 21 1.89 2.58

A-15 S-i 27 20 7 7 3 19 2,07 3.00
A-is S-2 36 19 17 9 1 25 1.83 2.72

A-16 S-2 22 16 6 6 5 14 1.77 3.77

A-17 S-i ii 9 2 1 3 10 2.18 2.36

A-18 S-i 10 9 1 1 10 10 1.20 3.70

A-19 5-1 3 3 3 3 1.60 4.00
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responses. Simple linear correlation between pubescence in the

greenhouse and pubescence recQrded in the field and between stalk

glandulation in the greenhouse with glandulation on leaders and

hyparithia in the field gave one highly significant (P >0.01) and two

non-significant correjation coefficients (r) (Table 25). Although

significant, the r value for pubescence suggests that a completçly

accurate prediction of pubescence in field conditions may not be

infe rred from greenhouse seedlings. However, infe rences regarding

field pubescence may be safely made. A comparison of the field index

with that of greenhouse results showed that both higher and lower

values were found for the greenhouse plants, as one would expect

from the correlation coefficients. Because greenhouse plants grew

from a. composite of seeds from each site, there was no way to

determine precisely which plants from the field were represented.

Still, pubescence does appear to be a genetically determined charac-

teristic in bitterbrush, which may be modified by environment, but

which shows expression under common conditions. The likelihood

that seedlings differ in this expression from adult plants a.lso cannot

be dismissed, although he absence of a trend for greenhouse studies

to show more or less pubescence indicated that the characteristic is

expressed early in plant development.



Table 25. Correlation coefficients (r) for pubescence
and glandulation in the greenhouse with
respective field measurements.

**
SignLficant at the 0.01 probability level.
ns = non-significant

Lack of correlation between glandulation of seedlings in the

greenhouse studies as compared to glandulation iTl field studies again

may be explained by use of composite seeds from each population,

although one would expect at least a slight trend to emerge. A

comparison of certain populations individually showed that some with

definite tendencies toward high or low glandu.lation in the field main-

tained expression of the characteristic in the greenhouse, e.g. plants

from the lodgepole areas ma.intained a high degreeS of glandulation.

Other populations, such as those from California, which rarely

showed glandulation in the field, received high glandulation scores in

the greenhouse. It is of further interest that virtually all greenhouse

plants displayed stalked glands on the central stem both above and

below the cotyledons, although density of these glands varied con-

s iderably.
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Pubsecence of leaves 0. 61**
Glands on leaders -0.01 ns
Glands on hypanthia 0.27 ns

Characteristic r
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The hypothesis that presence or absence of glandulation in

bitterbrush is a reflectipn of cliffrose gene infusion may be questioned

from these results. It is likely that all bitterbrush plants contain the

necessary genetic code for glandulation but that unidentified factors

are responsible for not only its appearance but also the exact location

of its appearance. The startling discrepancy between presence of

heavy glands on hypanthia and lack of glands on the vegetative parts of

plants at certain sites, with seedlings of these plants showing marked

glandulation, indicates that perhaps both site and maturity factors

may influence expression of glandulation. The California plants were

believed to be the most t?purelt populations with respect to the standard

evidences of cliffrose influence., Conditions in the greenhouse

apparently were favorable for glandulation on these plants even though

little cliffrose introgression was otherwise noted.

The possibility exists that factors responsible for expression of

glandu.lation are released by cliffrose influence in mature plants under

certain conditions rather than cliffrose adding a new genetic code for

glandulation. This hypothesis may be supported since the stalked,

generally red glands, where present on bitterbrush, differ markedly

in morphology from the small, white, depressed glands on cliffrose

and desert bitterbrush, An observation was made that the stalked,

red glands on leaders showed variation at certain sites, particularly

in the lodge pole areas and all four sites at Hart Mountain., Glands
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from these areas, while stalked, often were clear and slightly

yellowish. Field notes also indicated that glands on certain plants in

the Hart Mountain area also tended to be whitish in color and stalks

were shorter than on glands from other localities. These variatons

were likewise noted in the greenhouse for both areas. Perhaps these

yellowish, shorter glands, rather than glands per Se, mark cliffrose

introgres sion into bitterbrush populations.

Lack of pubescence is also purported to be indicative of cliffrose

introgression. The correlation coefficient (r) of pubescence and glands

in the greenhouse gave a non-significant r value of -0.46. However,

a slight relationship may exist, similar to those of field compari-

sons, whereby less pubescent plants tend to be more glandular, and

the possibility exists that cliff rose genes are affecting expression of

both characteristics.

Much mingling Qf the straight-edged and beilshaped leaf

characteristics was observed on greenhouse plants. Trends for

certain sites were apparent, however. Again, sites with an abun-

dance of straight-edged leaves were those in northeastern Oregon and

Ja.nesville. Populations along the eastern front of the Cascades and

including the Hart Mountain area displayed mainly bell-shaped leaves.

These belied leaves were distinctively shorter and wider, giving L/W

ratios of 1.1 to 1.7. The longer, straight-edged leaves gave L/W

ratios of 1.6 to 2.3.
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Contortion of the central stalk was readily apparent in certain

greenhouse plants. These plants generally grew upright but with

marked twists in the central stalk. Comparison of the proportion of

greenhouse plants from a specific site displaying this characteristic

with plants in the field showing multi-directional leader growth showed

a slight relationship, particularly for A-lU (Hart Mountain), A-13

(Mitchell), and A-14 (National Grasslands). Plants from A-1 S-i

(Boardman), however, were multi-directional in the field but showed

little contortion in the greenhouse. Nevertheless the fact that some

plants gave a contorted appearance under common conditions lends

support to the hypothesis that genes for a multi-direction charac-

teristic exist.

With the exceptions of A-15 (Bend) and A-lU (Hart Mountain),

sites with plants displaying recumbent branches in the field showed a

similar performance in the greenhouse. All greenhouse plants from

the lodgepole region sent out a long terminal shoot which immediately

became recumbent and developed multiple lateral shoots. Sites

geographically near the lodgepole region, A-15 (Bend), A-16 (Sisters),

and A-17 (Silver Lake) specifically, produced a few plants with

similar habit. Neither A-6 (Frenchglen) nor A- 13 (Mitchell) gave

significant expression of recumbent branches in the greenhouse,

although both sites showed considerable layering in he field. The

tendency of plants to produce recumbent branches appears to be both
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genetically and environmentally induced. Figure 24 illustrates

robust, upright plants grown from seed collected at A-4 S-Z (Durkee)

and recumbent, finer-appearing plants from seed collected at A-18

S-2 (Chemult). Pla.nts in these photographs had been growing side-by-

side on the greenhouse bench.

The development of secondary shoots on greenhoise plants

varied considerably from site to site. Significance of these findings

will be discussed in a later paragraph.

Site means of measurements from the two longest leaves from

each greenhouse plant were compared with the means of the longest

leaves at each site in the fie1c. Correlation between greenhouse and

field measurements gave a highly significant (P > O01) correlation

coefficient (r) of 0.93 (Figure 5). One may therefore predict with a

high degree of accuracy the leaf lengths a specific population will

produce under field conditions from measurements taken in the green-

house. With the r value between plant height and leaf length being

0.79, it seems possible that a fair degree of accuracy may also be

realized in predicting potential heights of plants in the field from

greenhouse leaf measurements. Ecotypes, or races, of large plants

tend to produce large leaves both in the field and under common con-

ditions. Conversely, small, low-growing races produce small leaves

under common conditions.
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Figure 24, Plants showing upright (left) and recumbent (right) growth
form for plants grown in the greenhouse. Left A-4 S-2
(Durkee); right A- 19 S- 1 (LaPine).
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Figure 25. Correlation of measurements of the longest leaves in the
field with the longest leaves in the greenhouse.
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Mean heights to cotyledons measured on May 6, and mean height

to growing points measured on May 18 and June 6 are shown by area

and site in Figures 26 and 27 respectively. Linear correlations

between height to cotyledons and measurements taken on May 18

indicated a non-significant r value of 0.24. Correlation between

heights measured on May 18 and June 6 gave significant (P >0.05)

r value of 0.59. Height to cotyledons is therefore little indication of

subsequent height performance in the greenhouse. However, once

terminal growth has begun, onemay anticipate that rapidly growing

plants will continue their performance at least for a short period.

Of particular interest was the relationship between these heights

and height of plants growing in the field. Table 26 gives coefficients

of the linear correlation (r) between mean height of plants at each

site and the three mean greenhouse height measurements. Excep-

tionally tall plants from A-7 (Janesville) and A-15 (Bend), whose

heights were thought to be influenced by a high water table, were

excluded from a second test for correlation and are also listed in

Table 26.

Only height to cotyledons shpwed a significant relationship to

greenhouse performance with plants from sites representing the taller

plants in the field generally sending up long, vigorous hypocotyls in

the greenhouse. Lack of correlation between heights to growing point

on May 18 and June 6 with heights of plants in the field may be
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Table 26. Correlation coefficients (r) of greenhoue plant
heights with fiel4 plant heights.

Plant heights r

All sites
Height to cotyledons
Greenhouse heights, May 18
Greenhouse heights, June 6

Sites excluding A-7 and A 15
Height to cotyledons
Greenhouse heights, May 18
Greenhouse heights, June 6

**
Significant at the 0.01 probability level.
ns = non-significant

explained in part by the size and number of leaves and the iumber of

secondary shoots prodqce by the greenhouse plants. It is believed

that if an equal number of greenhouse plants from each site had

been clipped and weighed biomass production would have given a

significant correlation with field plant heights. The measurement

to growing point generally showed the greatest leigth for plants

with smaller leaves. These small leaves were widely spaced and

were not produced in abundance. L,,eaves proliferated in dense

clumps on plants with the longest leaf measurements, a charac-

teristic particularly evident in plants from A7 (Janesville) which

did rot produce an abuidance of secondary shoots

0.76 **
0.14 ns

-0.04 ns

O.86**
0.06 rs
0.01 ns
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Chromatoraphic Studies

Ten flavonoid compounds formed the basic two-dimensional

spot pattern for bitterbrush around which occurred sporadic

appearance of seven additional compounds. Figure 28 illustrates

all flavonoid compounds, including those which were sometimes

absent and those which showed quantitative variation. In addition,

four distinct phenolic compounds, which were observed to vary in

presence and quantity, have been included. Rf values and color

designations for all spots are recorded in Table 27.

A detailed representation of patterns for spots displaying the

greatest variance in presence and quantity for e3ch plant studied is

presented in Appendix VII. Considering the remarkable variation of

patterns within each site and without identification of the esact

chemicaj constituents, interpretations must be made with caution.

Attempts to correlate presence of particular spots with selected

morphological characteristics gave no positive results. On a site

basis occurrence of particular spots also showed little correlation

with either geographical setting or environmental parameters.

Homogeneity of morphological characteristics within a site likewise

did not necessarily prodice homogeneity of spot patterrs from that

site so that the very similar plants at A-15 (Bend) presented variable
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Figure 28. Flavonoid (1-17) and phenolic (w-z) chromatographic
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Table 27. Rf values and color designations for flavonoid and selected
phenol spots ising paper chromatography.

aColors coded in the following manner: Lt-G Light green; YO =
Yellow-orange; G Green; Y = Yellow; Dk-G = Dark green; YG =
Yellow-green; DK-Y Dark yellow; PG = Purple green; BG Blue-
green; DY Dull-yellow; P = Purple; LB = Light-blue; I = Invisible;
YP = Yellow-pink.

Spot number ReTBA R - H OA c UV + NH3

1 .32 .77 Lt-G Lt-G
2 .14 .71 Lt-G YO
3 .25 .55 G G
4 .31 .40 Lt-G Lt-G
5 .53 .41 G Y

6 .67 .33 Dk-G YG
7 .66 .45 G G

.38 .57 Dk-G Dk-Y
9 .42 .65 Dk-G Dk-G

10 .47 .57 Dk-G Y
11 .60 .60 PG YG
12 .68 .59 G BG
13 .6Z .50 G YG
14 .,9 .69 Lt-G Lt-G
15 .54 0 DY DY
16 .22 .10 DY DY
17 .82 .17 P P

Phenols

w .72 .42 LB LB
x .34 .08 LB
y .35 .24 I YP
z .49 .17 LB LB
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patterns and the highly dissimilar plants at A-13 (Mitchell) showed no

more within site variation than many other sites.

There are two overall site similarities, however, that

deserve mention. A-i? (Silver Lake), A-18 (Chemult) and A-l9

(LaPine) showed both geographical continuity and general resemblance

in chromatographic patterns. Additionally, AlO and A-li from Hart

Mountain gave patterns which may be indicative of their physical

proximity and which bear resemblance to the population patterns of

the Silver Lake, Chemult, and LaPine areas. It is interesting that

in the cluster analysis, which will be discussed in the following

section, these five areas often cjustered together on the basis of

morphological features. Chromatographic patte ms for A-?

(Janesville), A-IA (Na.tLonal Grasslands), and A-iS (Bend) likewise

displayed a degree of similarity reflected in cluster analysis and in

morphological expression.

From comparative chromatograms of cliffrose and desert

bitterb rush appearance of at least four spots may be indicative of

cliffrose introgression. Spot 1? was present in chromatograrns of

both species but appeared sporadically in antelope bitterbriish. Spot

15 likewise displayed presence in ciffrose and desert bitterbrush

while showing variability in presence and quantity in antelope bitter-

brush. Rf values for spots 6 and 7 corresponded to similar values

for spots appearing in the same position and with the same colors on
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chromatograms from cliffrose and desert bitterbru.sh. Identification

of the flavonoids giving these patterns is necessary before further

interpretations regarding their value as markers of introgression

may be made0

Chromosomal Studies

Sites for which chromosomal preparation were made were the

followtng: A-i S-2 (Boardman), A-Z S-2 (John Day), A-4 S-2

(Durkee), A-6 S-i (Frenchglen), A-7 S-i and S-2 (Janesville),

A-8 S-i (Lakeview), A-b S-Z (Hart Mountain), A-il S-i (Hart

Mountain), A-12 S-2 (Burns), A-i3 S-i (Mitchell), A-14 S-i (National

Grasslands), A-15 S-i (Bend), A-16 S-Z (Sisters), A-17 S-i (Silver

Lake), A-18 S-2 (Chemult), and A-i9 S-i (LaPine). Chromosome

counts were Zn = 18 throughout. No evidences of polyploidy were

found for bit terb rush populations studied, so that this genetic mecha-

nism may be eliminated as a factor determining morphological

patterns in these populations.

Cluster Analysis

Cluster analysis as employed in this study was both a tpol of

discovery and an affirmation of relationships intaitive],y suspected.

The six analyses performed on bitterbrush data resulted in groups

which frequently showed the tendency for a majority of plants from
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certain populations to cluster together, indicating their overlapping

morphological and habit characterstics. However, the rarity of

cases where all ten plants from an individual site were present in one

group indicated the range of morphological characters present at

nearly all sites and the relative absence of definitive morphological

and habit combinations for many bitterbrush populations.

Characters used for analysis, including numerical scores

given qualitative and/or grouped data, are enumerated in Table 28.

Appendix VIII lists the number of plants from each site present in the

major groups resulting from the six analyses. The relationship of

the groups to each other is also illustrated with Bray-Curtis dissimi-

larity limits shown beside each figure. Bray-Curtis values range

from 0, indicating plants of LdentLcal values, to 1, indicating total

dissimilarity. Within this species, dissimilarity values were not

high, 0,24 being the maximun dissimilarity for any two groups.

Because analyses la and lb (Appendix VIII a and b) encom-

passed the entire geographical range of this study, they appeared to

be the most useful for deliniiting the range of attributes in each

group. A synopsis of attributes for these two analyses is found in

Tables 29 and 30. For subsequent cluster analyses, it is a relatively

simple procedure to determine characteristics for individuals not

included in the first analyses by noting relationships within groups to

those sites whose range of plant attributes have been given in these



Table 28. Characteristics and numerical scores used for cluster analysis.

Characteristic Score

AcheueL/Wratio

Hypanthium length (mm)

Style length (mm)

Seed weight (g/25 seeds)

Indentation (1) Indented (2) Slightly indented (3) Filled

Knob on seed (1) Present (2) Slight (3) Absent

Length of spur leaf (mm)

Pointed tip (1) Present (2) Slight (3) Absent

Straight-edged leaves (1) Present (0) Absent

Bark color (1) White (2) Pearl (3) Silver

Color,a (1) 7/2 (2) 7/4 (3) 6/2 (4) 5/2 (5) 4/2
Gray

(6 6/4 (7 5/4 (8) 4/4
Gray-Green

(9) 6/6 (10) 5/6 (11) 4/6 (1) 6/8
Green

Pubescence (1) Dense (2) Moderate (3) Light

Glands - leaves (1) Dense (2) Moderate (3) Light (4) None

Glands -leaders (1) Dense (2) Moderate (3) Light (4) None

Glands - leaders (1) Dense (2) Moderate (3) Light (4) None

Height (cm)

Stalks from base (1) 1 or 2 (2) 3 or 4 (3) 5 or 6 (4) 7+

Recumbent branches (1) 0 or 1 (2) 2 or 3 (3) 4 or 5 (4) 6 or 7 (5) 8+

Spurring (1) Dense (2) Moderate (3) Sparse

Layering (0) None (1) 1 or 2 (2) 3 or 4 (3) 5+

a
Value and chroma from Munsell Color Charts for Plant Tissue (1968).
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Table 29. Range of attributes for Cluster Analysis la (Appendix Villa).

Attribute

Achene L/W ratio

Hypanthium length (mm)

Style length (mm)

Group 5 Group 6

<3 . 10 variable

>6.30 >7.50

>3.70 > 3.70

Seed weight <0.71 <0.68 >0.60 variable >0.60 >0.53

(g/25 seeds)

Indentation slightly indented- slightly indented- slightly indented- slightly indented- slightly indented variable

filled filled filled indented

Knob on seed variable variable variable variable variable variable

Length of spur leaf (mm) <1.20 < 1.20 variable variable > 1.20 > 1.20

Pointed tip variable absent-slight absent-slight slight-present slight-present present

Straight-edged leaves absent absent absent present present present

Bark color white or silver variable variable silver silver or pearl silver or pearl

Leaf color gray-greem green variable gray.gray-green gray-greengreen gray-green gray-greengreen

Pubescence light-moderate variable moderate-deie light-moderate moderate -de ie variable

Glands - leaves light-heavy variable none light-heavy none none-light

Glands - leaders light-heavy variable none-light light-heavy none-light variable

Glands - hypanthia heavy moderate-heavy variable moderate-heavy variable variable

(Continued on next page)

Group 1 Group 2 Group 3 Group 4

variable variable variable > 3.10

<7.50 <7.60 <7.50 >7.00

variable variable variable > 3.90



Table 29. (Continned)

Attribute Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Height (cm) <150 variable > 170 variable > 160 > 180

Stalks from base 5-7+ 1-6 1-4 1-6 variable 3-7+

Recumbent branches 4-8+ 0-5 0-5 0-5 0-3 2-8+

Spurring sparse-moderate moderate moderate variable moderate-dense moderate-dense

Layering present none none none none present (light)
(extensive)



Achene L/W ratio >3.00 variable <3.25 <3.25 >3.25

Hypanthium length (mm) <7.00 <7.50 <7.00 > 7.00 > 7.00

Style length (mm) variable variable variable variable variable

Seedweight(g/25seeds) <0.55 <0.70 >0.60 >0.63 >0.63

Indentation slightly indented slightly indented-filled variable indented-slightly indented indented-slightly indented

Knob on seed variable variable variable variable variable

Length of spur leaf (mm) <1.20 <1.20 variable > 1.30 > 1.30

Pointed tip variable slightly present_absent variable present present

Straight-edged leaves absent abrent absent present present

Bark color silver or white white or pearl variable silver or pearl silver or pearl

Leaf color green graygreen gray:gray-green garysgray-green gary-greeragreen

Pubescence light light-dense moderate-dense moderate-dense light-moderate

Glands - leaves heavy light-moderate none none light-heavy

Glands - leaders heavy light-heav7 none-light none-light light-heavy

Glands - hypanthia heavy moderate-heavy variable variable moderate-heavy

Table 30. Range of attributes for Cluster Analysis lb (Appendix Vilib).

Attribute Group 1 Group 2 Group 3 Group 4 Group 5
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two tables. For virtually every characteristic listed in these

tables, between one and five plants did not conform to the range indi-

cated. For example, although seed weight in Group 3, Cluster

Analysis la, is listed as greater than 0.60 g/25 seeds, several

plants from A-15 S-i (Bend) produced seeds slightly under this

figure. The limits as listed, however, are either the upper or lower

bounds which included all but a few plants. Where the term

htvariableT is used, either approximately an equal number of diverse

scores for the characteristic or a wide range in values was noted.

Groups from the first analysis (la), which included all 20

attributes, showed that two groups displaying layering separated

distinctly from the non-layering groups. Size, color of bark, length

of spur leaves, spur development, seed weight, hypanthium length,

and straight-edged leaves became the subsequent differentiation

among layering plants with several sites showing marked homogeneity

in both Cluster Analysis la and lb for morphological characters as

well as habit. A rather complete profile may be written for low,

layering plants such as those found at Hart Mountain (A-li) or near

Chemult (A-18 S-i). It is interesting that these small, green, heavily

glandular plants (Figure 29) have developed at harsh sites where

extremes in temperature prevail, frost-free growing season is

short, organic matter in the soil is low, and the soils are very

droughty dtring a 2-3 month summer period Expression of



A B

Figure 29. Examples of low, layering ecotypes from Hart Mountain (A) and near Chemu.lt (B).
A = A-li S-i; B = A-18 S-i.
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morphological characteristics such as small, bell-shaped leaves,

lack of pubescence, and recumbent habit for plants from these sites

grown in the greenhouse reinforced the belief that environment has

played a. selective role in differentiating geneticfactors which have

permitted these plants to survive the rigors of their location and

which subsequently gives each population ecotypic status.

Sampling at A-9 (Hart Mountain) may have crossed an ecotone

since many plants at this equally harsh site showed very closely

related morphological and habit characteristics to A-l1 (Hart

Mountain) but with some plants also showing genetic expressions

similar to the nearby populations of A- 10 (Hart Mountain). The

effects of gene intermingling at the Hart Mountain areas may be

readily observed with all plants from that area displaying white bark

and generally small, bell-shaped leaves, but with expressions in

glandulation, seed weight, and color, particularly for both sites of

Area 10, showing greater diversity. From Cluster Analyses 3a and

3b (Appendix VIII e and f), it may be noted that in habit plants from

Area 10 are similar to A-17 (Silver Lake) and A-14 (National Grass-

lands) where environmental parameters are similar, but that proxi-

mity of both A-lU and A-17 to the low, green ecotypes results in

morphological patterns at the latter two sites which indicate exten-

sive gene flow between populations. Chromatographic analysis also

lends substance to the relationship between Areas 10 and 11 and
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Areas 17 and 18 (Chemult)., Plants from A-14 (National Grasslands),

as indicated by cluster analysis as well as chromatographic evt-

dence, showed similar morphological and chemical relationships to

the A-15 (Bend) population.

The relationship of the Large, green or gray-green, layering

plants from A-6 (Frenchglen) and A.- 13 (Mitchell) to the somewhat

morphologicaUy similar patterns of A-li (Hart Mountain) and A-l8

(Chemult) is not clear. These areas, one in sand and the other over

shale, present harsh growing conditions, although relatively long

growing seasons and absence of extreme temperature fluctuations

appear to permit growth of tall plants. The possibility exists that

parallel evolutionary trends have arisen at A-6 and A-13 with

features having been selectedwhich allow establishment o plants by

vegetative reproduction and which permit survival through reduction

in size of vegetative structures. Certain individuals from A-i S-Z

in the Boardman sand dune area also showed similarity to individuals

at the Mitchell and Frenchglen areas, but the greatest morphological

diversity within any popLilation studied was present at Mitchell, so that

it is difficult to compare this population with any other.

The greatest homogeneity of character expression in the lodge-

pole pine-pumice area was at A-18 S-i (Chemult). The other three

populations studied in this region, while grouping frequently with

plants from Chemult, presented a more diverse profile. S-Z from



162

A-18 (Chemult) showed the greatest sinilarity in pattern to A-18

S-i. Both sites from A-19 (LaPine), which were nearer the

ponderosa pineju.niper transition zone, gave modified expression to

characteristics which predominated in those areas, largely reflected

in denser pubescence, larger seeds, longer hypanthia and spur

leaves, more upright growth habit, and heavier spur production.

Two major patterns of gene flow expressed through certain

morphological attributes may be traced along the northeastern and

central portions of Oregon and along the eastern front of the Cascade

from California. Heavy seeds, long hypanthia, frequently indented

achenes, long spur and leader leaves, and straight-edged leaves

often with pointed tips are dominant characteristics in popul3tions

from Durkee to the Umatilla National Forest, including John Day,

Baker, and some plants from populations at Burns. Although not

strictly consistent, these plants tended to be gray-green to green and

showed strong glandulation on hypanthia. The reader is referred to

Table 15 (p. 102) on pubescence and glandulation to review this trend.

The example of leaves from A4 S-2 (Durkee) in Figure 21 (p. 17)

illustrates the long, pointed characteristic. Marked contrast is

shown with the more bell shaped leaves of A-7 (Janesville) and A-l4

(National Grasslands). Greenhouse plants from northeastern

Oregon maintained the characteristics for straight edges and length

However, straight leaf edges, unlike long hypanthia, were not
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confined to these areas. Several of the large plants in northern

California also displayed the characteristic, although leaves of

California plants had an additional distinction in the form of a wavy

margin to the leaf difficult to describe verbally but highly recog-

nizable in the field. This wavy margin was evident in populations

extending up the eastern front of the Cascades, excluding plants n the

lodgepole pine areas, and was generally indicative of tall plants in

that geographical range.

The point of origin for the genes governing shape of leaf

remains obscure, What selective advantage straight-edged leaves

may give a plant is unknown, if indeed any exists. The characteristic

appeared occasionally in nearly all bitterbrush populations, but was

unquestionably dominant in certain populations. It made most frequent

appearance on plants which showed genetic capacity for large growth

These plants were found on favorable sites where soil was deep, well-

drained, and somewhat coarse textured, and where sagebrush was

conspicuously absent (Figure 30).

In marked contrast, plants growing with sagebrush along the

eastern front of the Cascades and particularly at the ponderosa pine-

juniper transition zone, displayed bell-shaped leaves, generally

heavy pubescence, small seeds fi],led achene, and short hypanthia.

It is interesting to note that these more pubsecent plants growing with

sagebrtsh had few recumbent branches and rarely layered. Heights



A

B

Figure 30. Examples of tall, massive ecotypes from Janesville (A)
and Durkee (B). A = A-7 S-i; B = A-4 5-2.
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tended to be moderate, and the population at Bend near a high water

table was believed to express the maximum growth for these plants.

The out-crossing nature of bitterbrush results in marked gene

flow of the characteristics predominant in the lodgepole regions.

The populations at Silver Lake showed great heterogeneity of

characteristics and a tendency to group in the cluster analysis with

both the lodgepole pine ecotype and groups in which the Bend,

National Grasslands, and Janesville plants predominated. Indivi-

duals from the Sisters sites likewise did not always group together

in the cluster analysis, although individaals from S-2 nearest the

ponderosa pine-juniper transition zone tended to cluster in greater

numbers with thos of Bend, the National Grasslands, and California

than did those plants at S-i under the ponderosa pine forest,

The particularly large, dense populations on granitic alluvium

at Janesville deserve special mention (Figure 30). These plants

showed definite gene selection for a large growth form with heavy

spur growth and high biomass production. The homogeneity of

nearly all characte ristics including glandulation, pubes cence, seed

weight, and hypanthia, style remnant, and leaf lengths appears to

argue in favor of assigning ecotypic status to populations growing

in this area, Again, the out-crossing nature of bitterbrush is apparent

as numerous populations extending northeast from California displayed



many characteristics of the Janesvifle populations but with con-

siderably greater heterogeneity present in most Oregon populations.
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CONCLUSIONS

The major objectives of this study were to study the broad

spectrum of morphological and growth habit variations of bitterbrush

in an attempt to determine which, if any, of the variations could be

attribited to selective forces of particular habitats. Variations in

time of seed shatter and germination response to thiourea treatments

were also examined for populations over a wide geographical area.

It seems appropriate, therefore, to confine these concluding

remarks to observations most salient to the stated objectives.

Patterns of variation such as those observed in bitterbrush

require explanation using concepts of both the ecotype and the dine.

The ecotypic concept is by definition a popLUation concept whereby

marked local differentiation results as a product of genotypic

response to a particular habitat. Either sharply delineated climatic

or edaphic environments or geographic isolation may give rise to the

genotype and its clearly demonstrab1e morphological and/or

physiological combinations. In contrast to the ecotype, dines

involve a continuous variation showing intergradation of many

features over the geographical range of a species.

The pumice soils of Oregon's Cascade Mountains in the lodge

pole pine region appear to have given rise to a local ecotype of

bitterbrush characterized by small, dark green, heavily glandular
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plants which show a tendency to prostrate growth form layering and

lack of dense spur development. Seed deve.opment and shatter

occur late in the summer for this ecotype. Even within this lodge-

pole pine pumice region, however, clinal variations are evident so

that populations representative of the pure" ecotype are difficult

to locate.

In a similar manner, an equally harsh bt edaphically diUerent

environment at Hart Mountain has fashiond an ecotype similar in

growth form, color, and glandulosity to that of the lodgepole pine

ecotype but with certain distinctive morphological features. Leaves

at Hart Mountain are more belied in shape with lobes generally less

dissected; seeds tend to be larger; a striking white bark is evident;

and glands are often yellowish rather than red. Seed set and shatter

occur at a time far into the summer and nearing early fall. In

support of the ecotypic concept for these two races, both retain many

of their respective morphological traits under common conditions

in the greenhouse.

It is believed that two additional ecotypes representing tall

plants with long leaves and heavy seeds have evolved in response to

selective factors of the environment, one in the Janesville area of

northern Califoriia and the other along portions of the Snake River

in eastern Oregon. At both locations, a Long growing season and

deep soil have permitted survival of genetic combinations fully
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capab]e of utilizing the parameters favorable for growth. Seed set

and shatter occur in mid-summer for both these races. In expression

of certain morphological traits, however, these two ecotypes show

greater dissimilarity than do the low, layering ecotypes. The dif-

ferences are particularly evident in hypanthium length, achene

indentation, presence of glands on the hypanthia, seed markings, leaf

pubescence, and a distinct point on the outer leaf lobes.

Across the remaining geographical range of bitterbrush in

Oregon a more or less continuous pattern of variation may be found.

Differences from locality to locality show a certain systematic geo-

graphical trend, one representing a gene flow northward from

California and the other westward across northern Oregon. From a

postulated point of origin in the southern Great Basin, morphologi,cal

patterns show a distinctive developnent as gene-interchange has

occurred upward through Utah, along the Snake River in Idaho, and

into northeastern Oregon. Skirting the geographical barrier of the

Basin and Range Province, a separate and distinctive morphology,

again showing clinal variation, is expressed in popiUations along the

eastern front of the Cascades.

it would appear that those who speak generally of the T!tallH

ecotype or the layering' ecotype of bitterbrush do so incorrectly.

Within this species, the ecotype must be identified by its location

and the morphological and/or physiological changes which have
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accompanied genetic modification by the environment. However, the

many recorded observations of morphological and growth habit

diversity in the field do, in fact, appear to be founded on real genetic

variability and not merely on phenotypic expressiQn. Under the

common conditions of the greenhouse, striking variations among both

ecotypes and the clinal populations have been noted. Size and shape of

leaves, pubsecence and glandulation, as well as growth habit

responses, display great variability in the seedling stage of this

woody perennial. Many of these attributes may be favorably com-

pared to the parent populations and indicate a degree of genetic

stabilization within the races.

The outbreeding nature of bitterbrush, its ability to hybridize

successfully with cliffrose, and the resultant.introgressive products

are certain to have given this shrub a considerable genetic reserve

from which the likelihood of certain individuals surviving in a variety

of habitats has been increased. Thus, populations at sites such as

Mitchell are able to show a morphological response to genetic input

from gene-flow entering from both the northeast and the southwest.

However, no factors of the environment are strong enough to have

selected a strictly definitive combination of morphological patterns

for all plants in this population.

Additional attempts to categorize bitterbrush on the basis of

this study would result in highly artificial groups. The situation in



total is best expressed by Gillette (1961);

When genetic materials undergo the shuffling and recombining
characteristics of hybrid populations, and this is followed by
the selection of many recombinations over a mosaic of
habitats, the resultant productions stand in open defiance
to a precise classification schemed

Several important management implications may be inferred

from this study Bitterbrush seed ripening in Oregon appears to be

closely related to elevation rather than combined elevation and lati-

tude so that seeds at lower elev3tions ripen considerably sooner than

do those at higher e1evations Further experimentation is needed to

establish the role of genotypic influence in seed ripening response for

e cotype s and clinal populations

Germination response of bitterbrush seeds to varying time

treatments in thiourea indicated that the standard five minute treat-

ment currently in practice is inadequate, and for all populations a

15-O minute thiourea treatment may be recommended Treatments

at longer intervals may result in a deformed radicle, although per-

formance of these radicles in soil requires further experimentation.

For rangeland managers contemplating a bitterbrush seeding

project, seed source is of critical importance A].though bitterbrush,

due to its outcrossing ability, has developed a considerable fund of

genetic variability and hence adaptability, indiscriminate choice of

seeds may be responsible for many seeding failures. The period of

frost-free growing days of the seed source may determine whether

17 1
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seedlings can survive in a habitat where frost occurs frequently.

Selection of seed from populations with soils and associated vegeta-

tion similar to the area of seeding also may more adequately insure

successful establishment.

Tolerance ranges of both ecotypes and clinal populations to

varying soil types and overstory vegetation should be investigated so

that managers may have a greater understanding of the genetic

limitations of various ecotypes andclinal populations to habitat

demands. For instance, the low, layering lodgepole ecotype may be

highly desirable for road bank stabilization in the pumice region but

may show unsatisfactory response on certain soils outside the

region Further experimentation also needs to be conducted to

evaluate the influence of cliffrose introgression and ecotypic

development on palatability and survival capabilities of this complex

and interesting shrub.
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APPENDIX I

DETAILED LOCATION OF STUDY AREAS AND SITES

Area 1 Boardman
Site 1 Southwestern boundary of Umatilla, Wildlife Refuge,

inside exciosare
Site 2 - Highway 730, 2.5 miles south of Boardman on United

States Bombing Range, west side

Area 2 John Day
Site 1 - One mile west of Highway 395 on lane to the Kilpatrick

Ranch, north side
Site 2 - Highway 395, 5 miles north of Mt. Vernon, west side

Area 3 - Umatill. National Forest
Site 1 - Highway 207, 0.5 miles south of the Umatilla National

Forest boundary, northeast side

Area 4 - Drkee
Site 1 Sisley Creek Road, 1.5 miles northeast of Interstate

80N, west side
Site 2 PIano Road at junction of Sisley Creek Road, 2.5 miles

northeast of Interstate 80N

Area 5 - Baker
Site 1 - Auburn Road, 5 miles northwest of Highway 7 on

Elkhorn Wildlife Refuge, west side
Site 2 - Highway 220, 2 miles southeast pf Phillips Dam,

north side

Area 6 Frenchglen
Site 1 * 30 miles south of Frenchglen beyond Roaring Springs

Ranch, west side

Area 7 - Janesville, California
Site 1 - Highway 395 at junction to Janesville, southwest side
Site 2 - Highway 395 at junction to Standish, northwest side

Area 8 - Lakeview
Site 1 - Highway 395, 13.2 miles south of the Oregon-

California border, east side
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Area 9 Hart Mountain Antelope Refuge
Site 1 - Lookout Point on road from headquarters to Blue Sky

Hotel

Area 10 - Hart Mountain Antelope Refuge
Site 1 Road from headquarters to hot springs, near Valet

Springs, southeast side
Site 2 - 10 miles south of headquarters on road to Blue Sky

Hotel, west side

Area 11 - Hart Mountain Antelope Refuge
Site 1 - Road from hot springs to big horn sheep exciosure,

northeast area at end of road

Area 12 - Burns
Site 1 - 5 miles nQrth of Highway 395, road toward Paiute

reservation, 0.5 miles south of the H. J. Baker
ranch, east side

Site 2 - Highway 395, 8.3 miles north of junction of Highway
20, east side

Area 13 - Mitchell
Site 1 - Z miles north of Mitchell on road to Spray, logging road

to west, north side of logging road

Area 14 - The Crooked River National Grasslands
Site 1 - Deer and cattle exciosure near Cyrus Orchard

Area 15 - Bend
Site 1 - Highway 20, at southeastern foot of Pilot Butte
Site 2 - HLghway 20, no specific site, individual plants

selected from areas north and south of Bend for large
growth form

Area 16 Sisters
Site 1 - Frontage road northeast of Highway 20, 0.5 miles east

of Indian Ford Campground
Site 2 - MacKenzie Highway, 2 miles southwest of junction with

Highway 20, 0.25 miles north on frontage road

Area 17 - Silver Lake
Site 1 - Silver Lake Game Exclosure, 7 miles south of Silver

Lake
Site 2 - 8 miles southwest of Silver Lake on road to Thompson

Reservoir, east side
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Area 18 - Chemult
Site 1 - Highway 97, 15 miles south of Chemult, east side
Site 2 - Highway 97, 8 miles north of Chemult, n frontage road

to east, east side

Area 19 - LaPine
Site 1 - Highway 31, 6.2 miles south of junction with Highway

97, 0.25 miles west on logging road, south side
Site 2 - Highway 31, 11 miles south of junction with Highway

97, 0.5 miles west on logging road, north side

Area 20 - Prineville
Site 1 - Highway to Paui.ina, 8 miles east of junction with

Highway 26, north side
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Average Precipitation and Temperature for
Two Years Preceding Field Studies
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Weather station Precipitation (inches) Temperature (F)
1974 1975 1974 1975

Boardman 6.28 7.71 53.8 52.7

John Day 9.03 14.63 48. 1 47.7

Monument II 8.58 13.76 50.1 49.6

Durkee 9.48 13.68 47. 8 46.1

Mason Dam 15.39 18.74 42.2 40.8

PRanch Refuge 7.82 15.55 48.0 46.9

Susanville 11.77 11.39 48.6 47.6

L,ake view 12.65 16.85 47.3 45.4

Hart ML Refuge 630 17.22 45.6 42. 1

Burns 7.42 11.33 47.0 45.2

Mitchell 8.15 10.47 48.5 47.7

Grizzly 8.3 12.76 45.6 44.5

Bend 11.58 13.58 46. 2 45.4

Sisters 12.93 16.72 45.9 44.5

Silve r Lake 6.93 9.46 46. 8 45.4

Chemult 27,45 32.26 41.8 40.7

Wickiup Dam 20.12 22.31 43.3 42.1

Ochoco Ranger
Station 1237 19.21 41.2 41.3



Average Monthly Extremes in Temperature and Precipitation for Two Years Preceding Field Studies

APPENDIX III

03

Temperature (F) Precipitation (inches)Weather
station 1974 1975 1974 1975

Hhh Month Low Month High Month Low Month High Month Low Month High Month Low Month

Boardman 72.3 Aug. 30.1 Jan. 76.6 July. 36.6 Jan. 1.20 Apr. 0.00 Aug. 1.85 Jan. T Sept.

John Day 67.7 July 27.8 Jan. 71.1 July 30.5 Jan. 1.17 Mar. 0.00 Sept. 2.14 Oct. 0.08 Sept.

Monument II 69.4 July 29.9 Jan. 72.8 July 34.4 Jan. 1.24 Mar. 0.00 Sept. 2.00 Dec. 0.01 Sept.

Dtirkee 68.6 July 24.9 Jan. 71.9 July 25.1 Jan. 1.70 Dec. 0.00 Sept. 1.78 Jan. T Sept.

Mason Dam 62.2 July 19.4 Jan. 65.1 July 21.0 Jun. 3.80 Jan. 0.00 Sept. 2.50 Jan. 0,08 Sept.

P-Ranch Refuge 65.8 July 29.8 Jan. 68.4 July 31.6 Jan. 1.88 Dec. 0.00 Sept. 1.91 Apr. 0.01 Sept.

Susanville 68.4 Aug. 28.1 Jan. 70.2 July 30.7 Jan. 3.93 Mar. 0,15 Aug. 4.74 Feb. 0.03 July

Lakeview 66.7 Aug. 27.5 Jan. 69.5 JuIy 26,6 Jan. 2.61 Dec. 0.00 Sept. 3.15 Feb. 0,14 Sept.

Hart Mt. Refuge 62.1 Aug. 26.3 Jan. 63.5 July 28.1 Feb. 1.39 Mar. 0.00 Sept. 3.43 Oct. 0.21 Aug.

Burns 67.5 July 26.6 Jan. 70.9 July 25.1 Jan. 2.42 Mar. 0.00 Sept. 1.78 Feb. 0.07 Sept.

Mitchell 66.6 Aug. 28.6 Jan. 68.5 July 3.33 Feb. 1.53 Mar. 0.00 Sept. 1.77 Oct. 0.00 Sept.

Grizzly 62.1 Aug. 26.3 Jan. 65.3 July 31.7 Feb. 1.60 Mar. 0.00 Sept. 1.95 Mar. 0.00 Sept.

Bend 63.0 Aug. 25.8 Jan. 66.1 July 34.6 Jan. 3.47 Dec. 0,00 Sept. 2.29 Mar. 0.01 Sept.

Sisters 62.5 Aug. 25.3 Jan. 65.2 July 33.1 Jan. 3.01 Dec. 0.00 Sept. 3.77 Feb. 0.00 Sept.

Silver Lake 65.0 July 27.7 Jan, 66.5 July 32.0 Jan. 2.02 Jan. 0.00 4mo. 1.35 Feb. 0.00 Sept.
July-Oct.

Chemult 60.4 Aug. 22.0 Jan. 61.5 July 26.1 Jan. 6.95 Jan. 0.00 Aug. 6,05 Feb. 0,34 Sept.

Wickiup Dam 61.3 Sept. 22.7 Jan. 63.8 July 27.3 Jan. 4.63 Jan. 0.00 Sept. 3.80 Dec. 0,00 Sept.

OchocoRangerSta., 61.3 Aug. 23.7 Jan. 68.5 July 29.9 Dec. 2.61 Dec. 0.00 Sept. 2.46 Dec. 0.00 Sept.



Study
site

Area 1

Area 2

Area 3

Area 4

Area 5
Site 1

Area 5
Site 2

Area 6

Area 7

Area 8

(Continued on next page)

APPENDIX IV

Soil Characteristics by Area and Site

Parent material and/or bedrock Texture range pH

Torripsamments 30-40 Sand and gravel reworked by loamy sand neutral to slightly alkaline
wind, bess underlain by basalt flows

Aridic Calcic Argizerolls 20-30 Water-laid sediments over loam to clay neutral to calcareous
unconsolidated water-laid sediments

Typic Vitradepts 17-25+ Wind-laid ash and older, buried silt loam to silty neutral to slightly acid
soil materials clay loam

Aridic Lithic Arigxerolls 23-28 Unconsolidated sediments over stony loam to neutral to mildly alkaline,
basalt and andesite silt loam calcareous

Xerollic Durargids 21-40 Derived from old alluvium with silt loam to silty viightly acid to mildly
bess and volcanic ash clay loam alkaline

Typic Argiudolls 28+ Loess and volcanic ash silt loam slightly acid
over basalt

Xeric Torriorthents 48+ Lacustrine terraces, wind and sandy loam to neutral throughout
water-borne materials silt loam

Unavailable 30-60 Granitic alluvium loamy coarse sand slightly acid to calcareous
Water table at 60

Pachic Argixerolls 30-60 Lake sediments and old loam to sandy slightly acid to mildly
alluvium on terraces and fans clay loam alkaline

Soil classification Depth to
bedrock (in.)



Appendix IV. (Continued)

(Continued on next page)

Texture range

silt loam

sandy clay

very stony loam
to cobbly loam

shaly loam

gravelly loam to
loam to clay loam

sandy loam

sandy loam to
loamy coarse sand
with pumice pebbles

very stony silt loam

loam to stony silt
loam

fine sandy loam to
graveily and cobbly
sandy loam

pH

slightly acid, stony
phase neutral

neutral to slightly acid

mildly alkaline

slightly acid to
mildly alkaline

neutral to mildly alkaline

neutral to moderately alkaline

slightly acid

neutral

neutral to slightly acid

neutral to slightly acid

Study Depth to
site

Soil classification
bedrock (in.

Parent material and/or bedrock

Areas 9, 10 Argic Lithic Cyroborolls 18-30 Thin bess over basalt,
ryolite or welded tuff

Area 11 Unavailable Appears basaltic in origin

Area 12 Aridic Haploxerolls 15+ Colluvial footslopes, basaltic
and ryolitic

Area 13 Calcic Pachic Argixerolls 10-20+ Residium and colluvium over
shale bedrock

Area 14 Abruptic Durixerolls 31-33+ Mixed volcanic materials on
alluvial fans, silica-cemented
pan over sandstone

Area 15 Xerollic Camborthids 20-28+ Pumice underlain by lava flows

Area 16 Entic Cryandents 35+ Air-deposited pumice ash

Area 17
Site 1

Argic Lithic Cyroborolls 18+ Basalt, ryolite or
welded tuff

Area 17 Pachic Ultic Argixerolls 30-40+ Felsite and tuff coUnvium
Site 2

Area 18
Site 1

Typic Cryopsamments Pumice flow materials
over basalt



Appendix IV. (Continued)

Study
site

Soil classification
Depth to

Parent material and/or bedrock
bedrock (in.)

Texture range pH

Area 19 & Typic Cryorthents 34-70+ Air-borne pumice gravelly, loamy medium acid
Area 18 over basalt coarse sand
Site 2

Area 20 Calcic Argixerolls 38+ Basaltic over lime- very stony clay loam neutral to slightly acid to
coated basalt to heavy clay loam mildly alkaline



APPENDIX V

Selected Physical Characteristics of Study Areas and Sites

186

Area and site Topography
Slope

(%)
Aspect

A-i S-i Sandy ridge, rolling dunes 5_S N-E

A1 S-2 Upper cresl, slight'y rolling hills 2-3 S-W

A-2 S-i Mid-slope, hills and steep slopes 40 S

A2 S-2 Mid to ipwer slope, steep slopes and hills 40 E

A-3 S-i Mid_slope, gentle to moderately sloping hills 15-20 W

A-4 S-i Mid-slope, deep canyons and hills 60 E-NE

A-4 S-2 Upper to mid-slope, rolling hills 45-50 W

A-S S-i Flattousxlulatingplains 2-5 S-E

A-S S-2 Uplands to mountainous, upper to mid-slope 30-3 5 SW

A-6 S-i Gently rolling dunes 2..l0 N-W

A-7 S-i Rolling foothills, base 0-5 N-E

A-7 S-2 Plain, base of rolling foothills 0-3 flat

A-8 S-i Flat plain, base of strongly dissected hills 0-3 flat

A-9 S-i Drainage area, midslope in rolling hIlls 8-15 S-E

A-b S-i Slight undulations, gently rolling hills 3-4 W.-SW

A-b S-2 Slight undulations, gently rolling hills 35 E

A-il S-i Crest and drainage area, mountainous 5-10 N-W

A-12 S-i Base, rocky outcropping 40-45 W

A-12 S-2 Mid-slope, cliff face 40-45 W

A-l3 S-i Mid-slope, exposed hill face, rolling hills 253Q SSE

A-14 5-1 Undulations, rolling hills and buttes 5-10 N-W

A-is S-i Base, butte in rolling plains 3-5 E

Al6 S-i Ground swells, slight undulations 0-2 flat
A-16 S-2 Ground swells, slight undulations 0-2 flat

A-l7 S-i Near crest, gentle undulation and on rise above plains i-S S-W

A-i7 S-2 Mid-slope nd crest, rolling bills 15-20 W

A-18 S-i Ground swells, slight undulations 0-2 flat
A-l8 S-2 Ground swells, slight iindulations 0-2 flat

A-19 S-i Groundsweils, slightundula±ions 0-2 flat

A-19 S.2 Ground swells, slight undulations 0-2 flat

A-20 S-i Slightly rolling hills and buttes 0-2 flat



A-i S-i

APPENDIX VI

Browsing Index and Disturbance Factors
for All Study Sites

187

a2. iO++ A-li S-i 3. 65++

aBrowsing scored from low (1) to high (4). Symbols used for dis-
turbance factors: + = cattle and/or sheep predominantly; ++ = pre-
dominantly deer and/or antelope; ® = both domestic and wild
animals.

A-i S2 2.3U+J A-12 S-i 2 95 i

A-2 S- 1 250 A-12 S-2 2, i5++

A-2. S-2 2.40® A-i3 S-I 3 15

A-3 S-i 2,10( A-14 S-i 1.00

A-4 S-i 3.68+ A-i5 S-i 1.00

A-4 S-2 3.25+ A-i5 S-2 1.00

A-5 S-i 3.48++ A-16 S-i 1.00

A-S S-2 3.35++ A-l6 S-Z 1.00

A-6 S-i 1.85® A-i7 S-i 1.00

A-7 S-i 2.10+ A-i7 S-2 3.65+

A-7 S-Z 1.75+-f A-18 S-i 1.00

A-8 S-i 1.95++ A-i8 S-2 1 90+

A-9 S-i 2.15++ A-i9 S-i 1.25 +

A-b S-i 2,50® A-i9 S-2 1 53+

A-lU S-2 2.75® A-20 S-i 2, 20++

Area and site Browsing index Area and site Browsing index
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APPENDIX VII

Occurrence of Flavonoid and Selected Phenol Spots for Paper Chromatography
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Group 1

(10) - A-il S-i
9) A-18 S-i

( 7) -A-6 S-i
( 7) - A-9 S-i
( 4) - A-13 S-i
( 4) - A-19 S-i
( 1) - A-b S-2

Group

(7) - A-1Q S-2
(9) - A-17 s_i
(7) - A-17 S-2
(5) - A-12 S-2
(4) - A-14 5.-i
(2) - A-iS S-i
(2) - A-i9 S-i
(2) - A-9 S-i
(1) - A-is S-i
(1) - A-i 5-?
(1) - A-8 S-i
(1) - A-16 S-i
(1) - A-6 S-i

0. 14

0. 13

0. 12

0.10

APPENDIX VIII (a)

Cluster Analysis la

Numbe' of plants by area and site in each major group using clns'ter analysis, and the relationship of

groups to each other based on BrayCurtis dissimilarity limits (20 characteristics clustered).

0015 -,

( 3) - A-16 s-i
( 3) - A9 S-i
( 2) - A-b S-2

1) - A-13 S-i
( 1) - A-4 S-2
( i)-A-9 S-i

192

Groups

Group 3 Group 5

(7) - A-7 S-i (7) - A-3 S-i
(7) - A-15 S-i (4) - A-2 S-2
(5) - A.-14 S-i (3) - A-4 S-2
(5) - A-8 S-i (3) - A-7 S-i
(3) - A-17 S-2 (3) - A-i6 S-i
(3) - .A-16 Si (2) - A-i S-2
(2) - A-2 S-2 (1) - A-8 S-i
(1) - A-i7 S-i (1) - A-is S-i
(1) - A-i S2 (1) - A-i4 S-i
(1) - A-4 S-2 (1) - A-9 S-i
(1) - A-13 5.-i Group 6
(1) - A-i2 S-2

Group 4
(5) -A-.4 S-2
(4) - A-i3 S-I

(10) - A-S S-2 (3) - A-8 S-i
5)-A-2 S-2 (3) - A-i S-2
4) - A-i2 S-2 (2) - A-6 S-I
3)_Ai S-2 (1) - A-2 S-2
3)-A.-3 S-i (1) - A-19 S-i

3 4



APPENDIX VIII (b)

Cluster Analysis lb

Number of plarts by area and site in each major group using cluster analysis, and the relationship of

grotps to each other based on Bray-Curtis dissimilarity limits (15 characteristics clustered).

Groupl

(9) - A-18 S-i
(5) - A-19 S-i
(5) - A-b S-2
(3) - A-9 S-1
(3) - A-17 S-i
(3) - A-li S-i
(2) - A-12 S-2
(1) - A-17 S-2
(1) - A-1 S-2
(1) - A-i3 S-i

Group 2

(7) - A-6 S-i
(7) - A-li S-i
(6) - A-17 S-i
(5) - A-17 S-2
(4) - A-14 S-I
(3) - A-12 S-2
(3) - A-9 S-i
(3) - A-b S-2
(2) - A-l5 S-1
(2) - A-13 S-i
(1) - A-16 S-i
(1) - A-8 S-i
(1) - A-2 S-i
(1) - A-19 S-i
(1) - A-i8 S-b

0.20

0. 18

0. 16

0. 14

0. 12

Group 3 Group 5

(7) - A-7 S-i (10) - A-S S-i
(7) -. A-iS S-i ( 4) - A-12 S-2
(5) - A-8 S-1 ( 4) - A-b S-2
(5) - A-14 S-i ( 4) - A-19 S-i
(3) - A-l6 S-1 ( 4) - A-i3 S-b
(3) - A-17 S-2 ( 3) - A-3 S-.1

(3) - A-2 S-2 ( 3) - A-i6 S-i
(2) - A-13 S-i ( 2) - A-b S-2

(1) - A-17 S-i ( 2) - A-6 S-i
(i)..A-6 S-i ( i) -A-9 S-
(1) - A-12 S-2 ( 1) - A-2 S-2
(1) - A-4 S-2 ( 1) - A-17 S-2
(1) - A-i S-2

Group 4

- A-3 S-i
- A-4 S-2

(4) - A-i S-2
(4) - A-8 S-i
(3) - A-7 S-i
(3) - A-16 S-i
(5) - A-2 S-2
(3) - A-9 S-i
(1) - A-13 S-i
(i) - A-is S-i
(1) - A-i4 S-i

193



APPENDIX VIII (c)
Cluster Analysis 2a

Number of plants by area and site in each major group using cluster analysis, and the relationship of
groups to each other based on Bray- Curtiss dissimilarity limits (20 characteristics clustered).

Group 1

(10) - A-5 S-2
-A-i S-i

( 4) - A-12 S-2
3)-A-3 S-i
3)-A-2 S-i
3)_A-i S-2
3) - A-12 S-i

(2) -A-4 S-i
( 2) - A-lU S-i
(1) -A--4 S-2

1) - .A-13 S-i
( i)-A--9 S-i

1) - A-b S-i

Group

- A-3 S-i
(4) - A-2 S-2
(4) - A-7 S-2
(3) - A-4 S-2
(3) A-7 S-i
(3) A-2 S-i
(2) - A-i S-i
(2) - A-i S-2
(1) - A-8 S-i
(1) - A-14 S-i

0.22

0.20

0. 18

0. 16

0. 14

3 4 5

Groups

Group 3

(5) - A-4 S-2
(3) - A-i S-2
(3) - A-4 S-i
(3) - A-8 S-i
(2) - A-6 S-i
(2) - A-i3 S-i
(1) - A-2 S-2

Group 4

(7) - A-b S-i
(7) - A-b S-2
(6) - A-i2 S-2
(6) - A-14 S-i
(6) - A-i2 S-i
(4) - A-2 S-i
(2) - A-i S-i
(2) - A-4 S-2
(2) - A-9 S-i
(1) - A-2 S-2
(1) - A--8 S-i

Group 5

(7)- A-7 S-i
(6) -A..7 S-2
(5) - A-8 S-i
(3) - A-14 S-i
(2) - A-2 S-2
(2) - A-b S-i
(i) - A-i3 S-i
(i) - A-i S-2
(1) - A-4 S-2

Group 6

(10) - A-li S-i
( 8)-A-6 S-i

7)-A-9 S-i
6) - A-i3 S-i
1) - A-12 S-i
1)-A-2 S-2
1) - A-b S-2

194



APPENDIX VIII (d)

Cluster Analysis 2b

Number of plants by area and site in each major group using cluster analysis, and the re1atiorhip of
groups to each other based on Bray-Curtis dissimilarity limits (15 characteristics clustered).

Group 1

(8) - A-4 S-2
(7) - A-3 S-i
(4) - A-4 S-i
(4) - A.-2 S-i
(4) - A-8 S-i
(4) - A-I S-2
(4) - A-i S-i
(4) - A-7 S-2
(3) - A-7 S-i
(3) - A-2 S-2
(i) - A-14 S-i
(1) - A-13 S-i

Group 2

(10) - A-5 S-2
(6) -A-i S-i

4)_A-i S-2
4) - A-12 S-2

( 4) - A-13 S-i
( 4) -.A-4 S-i

3) - A-i2 S-i
( 3) -A--2 S-i
( 3) -A-3 S-i

2) -A-6 S-i
2) - A-b S-2

( 1) - A-b S-i
(1) -A-2 S-2

1) -A-4 S-2
( i)-A-9 S-i

0.2.0

0.18

0. 16

0.14

0. 12

1 3 4 5

Groups

Group 3

(3) - A-iO S-i
(2) - A-14 S-i
(1) - A-12 S-i
(1) - A-2 S-i
(1) - A-2 S-2
(1) - A-i3 S-i
(1) - A-6 S_i
(1) - A-9 S-i

Group 4

(10) - A-il S-i
7) -A-6 S-i
7) - A-12 S-i

( 8) - A-lU S-2
(6)-A-9 S-i

- A-lU S-i
( 4) - A-14 S-i

- A-.12 S-2
3) - A-13 S-i

(2) -A-i S-i
1)-A-i S-2
1) -A-2 S-i

( i)-A--2 S-2
1)_A-8 S-i

Group 5

(7) - A-7 S-i
(6) - A-7 S-2
(1) - A-8 S-i

- A-2 S-2

Group 6

(4) - A-8 S-i
(3) - A-14 S-i

-A-9 S-i
(2) - A10 S-i
(1) - A-2 S-2
(i) - A-i3 S-i
(1) - A-i S-i
(i) - A-4 S-2
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APPENDIX VIII (e)

Cluster Analysis 3a

Number of plants by area and site in each major group usis cluster analysis, and the relationship of
groups to each other based on Bray. Curtis dissimilarity limits (20 characteristics clustered).

0.22

0.20

0 18

0., 16

0 14

0. 12
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Group 2 Group 3 Group 4

(9) - A-iS S-2 (7) - A..7 S-i (6) - A-16 S-i
(9) - A-17 S-i (7) A-iS S-i (5) - A-13 S-i
(7) - A-b S-2 (6) A-7 S-2 (4) - A-7 S-i
(6) - A-19 S-2 (5) A-8 5-1 (4) - A-8 S-i
(6) - A-i7 S-i (5) - A-14 S-i (4) - A-19 S-i
(4) - A-b S-i (4) - A-16 S-2 (3) - A-20 S-i
(4) - A-16 S-2 (3) - A-17 S-2 (3) - A-7 S-i
(4) - A-14 S_i (3) - A-20 S-i (3) - A-19 5-2
(4) - A-20 S-i (3) - A16 5-1 (2) - A-6 S-i
(2) - A-9 5-1 (1) - A-13 S-i (2) - A-i6 S-2
(2) - A-iS 5-1 (1) - A-17 S=.i (2) - A-b S-2
(1) - A-8 S-i (1) - A-17 S-2
(1) - A-16 S-i (1) - A-9 S-i
(1) - A-18 5-1 (1) - A-.14 S-i
(1) - A-19 S-i

2 3 4
Groups

Group 1

(10) - A-il S-i
( 9) ..Ai8 S.1

8) -A-6 S1
7) -A-9 S-i
5) - A19 S-i
4) - A-13 S1

( 1) - A-18 S-i
( 1) - A-b S-2



APPENDIX VIII (I)

Cluster Analysis 3b

Number of plants by area and site in each major group using cluster analysis1 and the relationship of
groups to each other based on Bray-Curtis dissimilarity limits (15 characteristics clustered)

Group

(9) - A-18 S-i
(7) -- A-i8 S-2
(7) - A-iO S-2
(5) A-9 S-i
(5) - A-19 S-i
(4) - A-19 S-2
(4) - A-6 S-i
(4) - A-il S-i
(3) - A-13 S-i
(3) A-1O S-i
(3) A-17 S-i
(2) - A-17 S-2
(1) - A-20 S-i
(1) - A-14 S-i

0.20

0.18

0.16

0.14

0,12

1 2 3
Groups

4
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Group 2 Group3 Group 4

(6) - A-li S-i (6) - A-7 S-2 (6) - A-16 S-i
(6) - A-17 S-i (7) - A-i S-i (5) - A-13 S_i
(4) - A-i7 S-2 (7) - A-is s-i (4) - A-8 S-i
(4) - A-16 S-2 (5) -- A-8 S- 1 (4) -- A--i9 S-2
(3) A-13 S-i (5) - A-b S-i (4) - A-19 S_i
(3) - A-20 S-i (4) - A-16 S-2 (3) A-7 S-i
(3) - A-6 S-i (3) - A-9 S-i (3) - A-20 S-i
(2) - A-19 S-i (3) -- A-17 S-2 (2) - A-16 S-2
(2) - A-18 S-2 (3) - A-20 S-i (2) - A-b S-2
(2) - A-i5 S-i (3) - A-16 S-i (1) - A-i5 S-i
(1) - A-19 S-i (2) - A-13 S-i (1) - A-i4 S-i
(1) - A-9 S-i (1) - A-6 S-i (1) - A-i7 S-2
(1) - A.-19 S-2 (1) - A-i7 S-i (i) - A-9 S-i
(1) - A-is S-i (1) - A-b S-i
(1) - A-16 S-i
(1) - A-8 S-i




