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Ake, Katherine M., M.A., June 1984 Botany
Systematica of Six Species of Erigeron L. section Erigeron 
(Asteraceae). (396pp.)
Director: Dr. Kathleen M, Peterson

The primary objective of the study was to determine the phenetic 
and phylogenetic relationships among a core group of species 
including Erigeron asperugineus (D, C. Eaton in Watson) A. Gray, 

clokeyi Cronquist, and pygmaeus (A. Gray) Greene. Second, 
a group of suggested relatives, cronquistii Maguire, tener
A. Gray, and tweedyi Canby, were studied to ascertain their 
affinities with each other and with the core group species. Data 
were obtained from morphological and anatomical characters as well 
as 2-dimensional flavonoid chromatographic patterns. These data 
were subject to several statistical tests of significance as well 
as phenetic multivariate analyses.

Morphological analyses suggest that Erigeron clokeyi is similar 
to both asperugineus and pygmaeus. In addition both species 
have a slightly higher concordance with _E. clokeyi than with each 
other. Anatomical studies are taxonomically useful in separating 
the two species assemblages; the core group species have conical 
trichomes, and the related species have awl-shaped trichomes. 
Comparisons between flavonoid patterns suggest that clokeyi and 
jE. pygmaeus are more similar to each other than either is to 
JE. asperugineus. Further, _E, tener and _E. tweedyi have a high 
degree of similarity in their flavonoid patterns. Erigeron 
cronquist ii has a distinct pattern which suggests equally low 
affinities with the flavonoid patterns of the other five species. 
The distinctive flavonoid pattern correlates with a marked morpho
logical discontinuity between the latter species and its closest 
relative.

The two species groups are phylogenetically related to each other 
through Erigeron clokeyi and tener. or a common ancestor of 
the two. Within the core group, evolutionary trends suggest 
Em asperugineus and clokeyi are less advanced than Em pygmaeus. 
Relationships among the related species suggest that E, cronquistli 
has diverged farther from the two closely related species, tener 
and tweedyi. Erigeron cronquistii is allied with the group 
through its similarity with tener.
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CHAPTER I 
INTRODUCTION

A. THE GENUS ERIGERON

Erigeron L., of the tribe Astereae in the Asteraceae, is a very 
large genus, comprising about 260 species. Although It Is cosmopolitan, 
a majority of the species occur on the American continents. Approxi
mately 160 species are reported for North America, and over 100 species 
for South America. Less than fifty species are found in Europe and 
fewer are known in Africa, Asia, and Australia collectively. The west
ern Cordillera of North America is the center of distribution for the 

genus, and a high proportion of the species occur in this area. Plants 
frequently grow in temperate or montane habitats.

The genus Erigeron was first circumscribed by Linnaeus in Species 
Plantarum (1753), wherein twelve species were described. Subsequent 
taxonomists have devoted their efforts to new species descriptions as 
well as redefining the genus. Currently, Erigeron is conceptualized as 

annual or perennial herbs generally with alternate and/or basal leaves. 

The usually heterochromous heads are solitary or few to numerous, with a 
more or less flat receptacle. The involucral bracts are usually imbri

cate, in subequal series, and chartaceous to scarious at least at the 
apex. Ray flowers (=ligules) are pistillate, numerous, numbering from 
15 to ca. 300, and the corolla limb is usually less than 3 mm wide.



Both ray and disk flowers frequently have a pappus of several capillary 
bristles, often with short outer setae. Cypselas are pubescent and 

generally two-nerved,
Erigeron is a taxonomically difficult genus, and part of this dif

ficulty has arisen from attempts to distinguish it from related genera, 
particularly Aster L. and Convza Lees. While these three genera are 
considered quite distinct, Erigeron grades into Convza with respect to 
some characteristics and into Aster with respect to others. The charac

ters used to distinguish these genera have not varied greatly over time, 

although taxonomists have differed with respect to which characters to 
emphasize. Figure 1 presents my interpretation of the relationship.

Convza Erigeron Aster

Figure 1. Pictorial relationship between Erigeron. 
Convza. and Aster.

Current distinctions between genera are based upon groups of char
acters, for no single character provides adequate separation of the 
genera. According to Cronquist (1947), Erigeron and Aster are distin

guished by relative comparisons between the two. Usually Erigeron is a 

shorter plant, although some species exceed 3 m, and the leaves are 
chiefly basal. There are a few to sometimes numerous heads. Phyllaries



are relatively long and narrow, usually with non-herbaceous tips. Ray 
flowers range from 15 to about 300 in number, and the ligules are fre

quently less than 3.5 mm wide. The style appendages are less than 4 mm 
long and mostly obtuse. Two-veined cypselas are common. Comparatively, 
Aster is a taller plant with cauline leaves, and several heads. 
Phyllaries are relatively short and broad with herbaceous tips. Ligules 

are fewer, usually less than 40, and broader. The style appendages are 
relatively longer and acute or acuminate. Cypselas generally have 

several veins. The distinction between Erigeron and Convza is clearer. 
Convza has few central hermaphroditic flowers, numerous pistillate 
flowers with filiform corollas, and ligules lacking or conspicuously 
shorter than disk flowers. Conversely, Erigeron has many or sometimes 
few central hermaphroditic flowers, few to numerous pistillate flowers, 
and if filiform corollas are present, then ligules equal or exceed the 
disk flowers (Cronquist 1943).

As the distinctions between Erigeron, Aster, and Convza have varied 
through time, the circumscription of Erigeron has also changed. After 

Linnaeus, many new species of Erigeron were described. By the time 
Henri Cassini treated the Compositae in Dictionnaire Des Sciences 
Naturelles (1816-1830) about 50 species were accredited to the genus. 

However, Cassini transferred several of the species to other genera, 
including but not limited to Phalacroloma Cass., Stenactis Cass., and 
Trimorphaea Cass. These changes were based principally on differences 

observed in the pistillate flowers, pappus, and cypselas. For example, 
acre L. and other species which had an additional series of pistil

late disk flowers were placed in the new genus Trimorphaea. Cassini^s



tendency to create new taxa based upon minor differences was noted by 
Bentham (1873):

Whenever he [Cassini] observed a slight difference in the 
involucre, pappus, or general aspect, or could not readily 
identify an imperfect specimen, an engraved figure, or a 
description often incorrect, he at once set it down as a new 
genus, and thus. • .overloaded the science with useless 
synonyms•

As a result of his transfers, Cassini significantly narrowed the 
description of Erigeron. The head comprised only tubular hermaphroditic 
disk flowers and approximately one series of pistillate ray flowers.
Only barbed filiform squamellae composed the pappus, and the receptacle 
was flat and pitted.

Later taxonomists would expand the genus to include many of the 
genera Cassini had created, believing that such minor differences did 
not warrent generic standing. De Candolle in the Prodromus (1836) ex
panded the genus Erigeron to include the genus Trimorphaea as a section 
within Erigeron. A second section Euerigeron . based upon Cassini'^s 
definition of the genus Erigeron. was also delimited. A few years 
later, John Torrey and Asa Gray (1841) further expanded Erigeron 
to include Phalacroloma and Stenactis as sections within Erigeron.
Phalacroloma had differed from Erigeron by its slightly convex recep
tacles, the presence of a double pappus on disk flowers, and a short, 

simple, uniseriate pappus on the ray flowers. The rays themselves 
occurred in one series or nearly so. Stenactis had been separated by 

the presence of a double pappus in ray and disk flowers, the exterior 
pappus short, the interior pappus long and deciduous. According to 
Torrey and Gray (1841), these differences reflected the diversity of the



genus Ærigeron and it appeared "impossible to effect generic divisions 
among these plants, by characters derived from single or double series 
of rays, or from the simple or double pappus, or by any combination of 
these," In A Flora of North America (1841), six sections were recog
nized: section Erigeron based upon De Candolle^s Euerigeron. and a part
of Trimorphaea ; section Caenotus Nuttall; section Stenactis (Cass.)

T.& G.; section Phalacroloma (Cass.) T.& G. which included species of 
section Olygotrichium Nut tall; section Erigeridium T.& G.; and section 
Pseudoerigeron T.& G. The last two were newly created sections also 
based upon characteristics of the ray flowers, pappus, and cypselas.

Although Bentham & Hooker did not describe any new species in 

Genera Plantarum (1873), intrageneric categories were given. In 
Erigeron. Bentham delimited the following sections and subsections:

Erigeron L.
section Erigeron

subsection Erigeron
subsection Erigeridium (T.& G.) Benth.& Hook, 

section Leptostelma (D. Don in Sweet) Benth.& Hook, 
section Orltrophium (Asteris section H.B.K. in part) 

Benth.& Hook.
section Pheonactis (Nuttall) Benth.& Hook. [included 

part of Stenactis] 
subsection Pheonactis
subsection Pseudoerigeron (T.& G.) Benth.& Hook, 

section Phalacroloma (Cass.) T.& G. 
section Caenotus Nuttall

Sections Leptostelma and Oritrophium include South American species. 
Oritrophium. formerly a section of Aster. appeared to have greater 
similarity with Erigeron. As a genus, Leptostelma had been



distinguished by a simple pappus and pistillate ray flowers more or less 
in two series. As for the remaining four sections, each principally 
North American, Bentham only rearranged and redefined sections that had 
already been described,

Arthur Cronquist altered the circumscription of Erigeron by two 
transfers. First, section Caenotus was moved to Convza as section 
Caenotus, thus creating a more natural grouping (1943). When first 
described, the section had been partially differentiated by copious 
inconspicuous ray flowers that were more numerous than disk flowers, 
thus resembling Convza (Nuttall 1818). Secondly, the genus Wyomingia 
Nelson was accorded sectional status within Erigeron (Cronquist 1947).
It was distinguished by a multiseriate involucre with thick, rigid 

bracts, a uniseriate pappus, and scarcely flattened, short, pubescent 
cypselas (Nelson 1899). Cronquist further added that species of the 
section Wyomingia typically had several nerves on the cypselas. This 
last transfer was presented in Cronquist^s revision of Erigeron species 
in North America, north of Mexico (1947). This work is the most recent 
monograph of the genus for this area. In addition to detailed morpho
logical descriptions of 132 species, Cronquist discussed relationships 
of Erigeron to related genera and relationships among the six sections 
he delimited. These six sections included: section Erigeron; section

0_ly go tr ichium; section Phalacroloma ; section Wyoming ia (Nelson) 
Cronquist; section PycnophyHum Cronquist; and section Trimorphaea. 

Probable relationships among species of the largest section, Erigeron, 
were presented in a diagram which also showed how the remaining sections 
were related to this section.



Recently, Guy Nesom combined the genus Achaetogeron A. Gray, and 
gave it sectional status within Erigeron (Nesom 1980, 1982), The 
species of Achaetogeron were distributed into sections Achaetogeron 
(T. & G.) Nesom, Erigeron. Olygotrichium, and Stenactis. Closely 
resembling Erigeron. Achaetogeron had been distinguished by its short or 
absent pappus. In fact the high affinity and congeneric tendency of the 
genera has been noted by several taxonomists including Asa Gray (1873) 
and Bentham & Hooker (1873).

The numerous changes among the taxa reflect the taxonomic diffi
culty of Erigeron. Although distinctions between Erigeron and related 
genera have been sharpened, the affinities are still apparent. Gener
ally, generic circumscription of Erigeron has expanded as closely allied 
genera were combined and given sectional status within Erigeron. In 
turn, the sections within Erigeron have also had a history of status 
changes and altered circumscriptions. Sometimes the resulting sections 
were unnatural groupings. Cronquist (1947) pointed out the section 
Erigeron and possibly section Olygotrichium were unnatural taxa, but 
sections Phalacroloma. Wyomingia, PycnophyHum, and Trimorphaea appeared 
to be natural. Historically, delimitations of the sections have been 
based principally upon differences observed in the pistillate flowers, 

involucres, pappus, and cypselas.
Earlier taxonomic works have used morphological characters as the 

principal objects of study; thus most species are based upon a morpho

logical species concept. Revisions worked out by Arthur Cronquist 
(1947) and Otto Solbrig (1962) have both embodied this concept. Only 
recently have experimental methods been used in systematic studies.



Stephen Spongberg incorporated cytological features, reproductive 
biology, chemical characters, and pollen studies as well as morpho
logical characters in his Ph.D dissertation (1971) on the North American 
arctic and alpine monocephalous species of Erigeron. Guy Nesom utilized 
morphology, cytology, anatomy, and geographical distribution in his 
study on the eppapose species of Erigeron (1980)• The chromosome 
numbers of Erigeron species have been reported in several chromosome 
number inventory papers (Keil & Pinkava 1976, Montgomery & Yang 1960, 
Nesom 1978, Raven et al, 1960, Solbrig et al, 1964, 1969, Turner & Flyr 

1966), To date just under half of the approximately 260 species of 
Erigeron have known chromosome numbers (Bolkhovskikh 1969, Moore 1973), 
The base number of Erigeron appears to be X = 9, Chromosome numbers 
range from 2n=18 to 2n=54 with diploids, 2n-18, being the most common.

Despite the above-mentioned "modern” systematic treatments, experi
mental studies on Erigeron have been infrequent. To date, the biolog
ical species concept has scarely been applied to Erigeron. and virtually 
nothing is known of its breeding systems or chemistry. Examples where 
these aspects have been examined are limited to isolated species or 
groups of species. Clearly, experimental studies on Erigeron have not 
been applied on a broad spectrum. Because the genus as a whole com
prises many problematic, intergrading species assemblages, such types of 
studies have the potential to help elucidate the undoubtedly complex 
evolutionary history of the group.



B. INTRODUCTION TO THE PROBLEM

As a Master^s project, I decided to examine the phylogenetic 
relationships of a group of Erigeron species, utilizing various means of 

study, including the more traditional morphological methods as well as 
chemical methods. Preferably the chosen group would be characterized by 
a close relationship among the species, a general lack of experimental 
knowledge on the group, and an appropriate number of species.

The section Erigeron is the largest within the genus. Encompassing 
a majority of the species in North America, it has been referred to as 

an unnatural group. The section contains a number of smaller groups 
which cannot be delimited clearly from the remaining species in the 
section, but nevertheless as a group show a certain cohesiveness. One 
such group encompasses E, asperugineus (D. C. Eaton in Watson) A. Gray, 

clokeyi Cronquist, and E^ pygmaeus (A. Gray) Greene. According to 
Cronquist (1947), these species probably had a not-too-distant ancestor. 
All three occur in dry, rocky montane areas at middle to high elevations 
in the western United States, specifically from the Sierra Nevada of 
California eastward to central Utah, as well as in southern Nevada 

northward to central Idaho (Figure 2),
Cronquist considered each of these species as distinct from the 

others. Erigeron asperugineus is a perennial plant with a slender tap
root, branched caudex, and short, spreading hairs (Plate la). The basal 
leaves range from oblanceolate to obovate or elliptical, while the 
several cauline leaves are reduced and generally linear. Usually 

the heads are solitary and borne on spreading to erect stems. The



Figure 2. Distribution of six Erigeron species.

E. asperugineus

E. clokeyi

E. pygmaeus

E, cronquistii

C  ̂) E. tener

E. tweedyi
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Figure 2
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phyllaries are imbricate and green with dark or purplish midribs, 
margins, and apices. The ligules range from deep purple to lavender. 
Style appendages are deltoid and acute. Capillary bristles, and rarely 
a few outer setae, compose the pappus.

Erigeron clokeyi clearly resembles asperugineus» Cronquist
described this species as a perennial plant with a stout taproot, 
branched caudex, and short, spreading hairs (Plate lb). Basal leaves 
are generally oblanceolate, sometimes triple—nerved at the base, in 
contrast to the several, reduced, and somewhat linear cauline leaves.
The commonly solitary head is born on lax to suberect stems. Ligules 
are blue-purple, lavender, or pink. Style appendages are short and 
blunt. In addition to firm capillary bristles, the pappus has slender 
inconspicuous outer setae.

Visually, Erigeron pygmaeus appears to be the most distinctive.
This species is a short caespitose perennial plant with a stout taproot, 
stout branched caudex, and appressed or spreading hairs (Plate Ic).
Both basal and cauline leaves are reduced with the former being small 
and oblanceolate, and the latter linear or absent. Heads are solitary 
with the phyllaries blackish-purple at least at the apices. The ligules 
are either blue or purple. Style appendages are lanceolate and acute, 
and the pappus is composed of firm capillary bristles with few inter

mixed short setae.
In spite of similarities, the species can be differentiated 

adequately. Of the three, Erigeron pygmaeus is the easiest to distin

guish due to the caespitose habit, generally shorter basal leaves, 
often scapose stems, solitary heads, blackish-purple phyllaries, and
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lanceolate, acute style appendages. Erigeron asperugineus and 
clokeyi are very similar to each other, and they differ "in an 

impressive number of ways, no one of which is sharply enough defined to 
rely on alone for the separation," (Cronquist 1947). Cronquist further 
pointed out that _E. clokeyi has a stouter taproot and caudex, narrower 
basal leaves, broader heads, more numerous and thicker phyllaries, more 
numerous ligules, short blunt style appendages, and scantier, more 
fragile pappus bristles always with some shorter outer setae.

In a diagram of the probable relationships of the species in sec
tion Erigeron (Cronquist 1947), three species appear to be particularly 
closely related to the aforementioned species. They are Erigeron tener 
Â. Gray, _E. tweedyi Canby, and cronquistii Maguire. These three also 

occur in montane areas of the western United States, but generally at 
somewhat lower altitudes. Erigeron cronquistii is described as a per
ennial herb with strigose hairs and persistant leaf bases of previous 
years (Plate If). The basal leaves range from oblanceolate or spatulate 
to elliptical with rounded apices. In contrast, the cauline leaves are 
lacking, or few and linear. Heads are solitary with imbricate purple- 

tipped phyllaries. Ray flowers are white or sometimes pink. Style 
appendages are acute and triangular-lanceolate to almost deltoid. The 
slender, fragile pappus bristles sometimes have a few inconspicuous 
setae.

Erigeron tweedyi appears to be the easiest to distinguish in that 

it is a perennial, densely strigose plant (Plate le). The basal leaves 
range from obovate to elliptical, and are distinctly silvery canescent. 
The few cauline leaves range from spatulate or oblanceolate below to
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linear above. The prostrate to suberect stems bear one to usually four 
heads. Phyllaries are imbricate, firm, and green-brown. The ligules 
are blue-purple, although a few are white, and the style appendages are 
triangular—lanceolate and acute. The pappus comprises fragile capillary 
bristles, sometimes with few inconspicuous outer setae.

Erigeron tener is a perennial, more or less strigose plant 
retaining the chaffy leaf bases of previous years (Plate Id). Basal 
leaves range from oblanceolate or obovate to elliptical or rhombic with 
acute apices. There are few linear cauline leaves. The heads number 
one to a few and are borne on ascending to somewhat erect stems, Phyl— 
laries are imbricate, firm, and greenish-brown with darker midribs. The 

ligules are blue-purple or purple, and the style appendages are deltoid 
and acute. Besides capillary bristles, the pappus generally has some 
slender outer or intermixed setae.

Distinction among these species is accomplished fairly easily. 

Erigeron tweedy! is generally a taller plant with larger, blunter, 
distinctly silver canescent leaves. It often has more than one head per 
stem, and an appressed-strigose, slightly glutinous involucre. Erigeron 
tener has somewhat small, green leaves, generally solitary heads and a 
short spreading, hirsute, glandular involucre. The shorter height, few 
linear or absent cauline leaves, and usually white ligules distinguish 

cronquistii. As a group tener. tweedyi. and JE. cronquistii can 
be differentiated from _E. asperug ineus. JE. clokeyi. and _E. pygmaeus.

The former three have an appressed, often strigose vestiture; whereas 
the latter have a short, spreading, often hirsute vestiture.
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C. STATEMENT OF THE PROBLEM

The primary purpose of this study was to determine the phenetic and 
phylogenetic relationships between a core group of species Including 
Erigeron asperugineus. JE. clokevi. and pygmaeus. Second, the sug
gested relatives, JE. tener . E, tweedyi. and cronquistii. would be 
studied to ascertain their affinities with each other and with the core 
group species. Toward the achievement of those objectives, data were 
obtained from morphological, anatomical, and chemical character anal
yses. This information was then employed in phenetic analyses and in a 

hypothetical phylogenetic scheme.



CHAPTER II 
MATERIALS AMD METHODS

A. FIELD STUDIES

Field collections from throughout the western United States were 
made in Summer 1981, Spring 1982, and Summer 1982. During the first 

trip, I traveled in central Idaho and from northeastern Utah westward 
throughout Nevada into the Sierra Nevada of California. Erigeron 
asperugineus populations were collected at elevations of 2700-3000 m in 

the mountains of northeastern Nevada and central Idaho. Populations of 
_E. pygmaeus were collected above 3000 m in the Sierra Nevada and White 
Mountains of California. I was able to collect populations of

clokeyi in the White Mountains of California, and in the central and 
southern mountains of Nevada. These collections ranged from 2100 to 
3800 m in elevation. An unusually mild winter in 1981 caused a short 
early growing season, preventing me from collecting cronquistii. 

tener. and tweedyi on this first trip.
Three field trips were made during 1982 to collect from populations 

of the species not found the previous year. In May, I was able to 
collect specimens of Erigeron cronquistii on a short trip to Logan 
Canyon in the Bear River Range, Utah. During the first week in July, I 
traveled from eastern Nevada northward into central Idaho and south
western Montana, collecting E.. tener populations in Nevada and Idaho and 

tweedyi populations in Idaho and Montana. On the final field trip

16
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in late July to central Idaho, both tener, and E» tweedyi were
collected again. Elevations for the populations of these last three 

species ranged from 1300 to 2800 m.
Field collections were made over the extent of each species^ range 

except for Erigeron clokevi and tener. Erigeron clokeyi was not 
collected in the eastern extreme of its range in eastern Nevada and 
adjacent Utah. Specimens of jS. tener were collected only in north
eastern Nevada and central Idaho. This represents a small portion of 
the species" total range, which extends from southwestern Wyoming and 
western Utah westward through Nevada and southern Idaho into north
eastern California and southwestern Oregon.

For each species, five or more populations were sampled. However, 
only two populations of Erigeron cronquistii. four populations of 
E, tweedyi. and four populations of tener were visited because of

time and money constraints. For each population, at least fifteen whole 
plants were collected for leaf clearings, and morphological and chemical 
studies; immature heads were gathered for later cytological work, and 
if present, cypselas also were gathered. Data on populations" habitats 
included elevations, slope, aspect, soil texture, and associated plant 
species.

B. MORPHOLOGICAL AND ANATOMICAL STUDIES

1. Morphological Characters

Plant material used was from field collections and herbarium 
specimens. The latter were made available by loans from several
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herbaria, including:
Gray Herbarium of Harvard University (G)
Herbarium of the University of CA, Berkeley (UC) 
Intermountain Herbarium (UTC)
Jepson Herbarium, University of CA, Berkeley (JEPS) 
Missouri Botanical Garden (MO)
New York Botanical Garden (NY)
Rocky Mountain Herbarium (RY)
United States National Herbarium, Smithsonian 

Institution (US)

Loaned specimens represented the entire geographic range of each 
species. The number of specimens for each species were as follows:

E. asperugineus 48
K* clokevi 87
E. pygmaeus 88
E. cronquistii 14
E. tener 84
E- tweedvi 35

Fifty-nine morphological characters from all parts of the plants
were examined, including:

Quantitative Characters
*Plant height from soil 
*Number of caudices per plant 
Basal leaf length from soil 

*Basal leaf width at widest point 
Basal leaf length:width ratio 

*Number of cauline leaves on flowering stems 
Median cauline leaf length 
Median cauline leaf width 
Median cauline leaf length:width ratio 
Number of flowering stems per plant 

*Number of heads per flowering stem 
*Outer phyllary length 
*Outer phyllary width 
*Outer phyllary length:width ratio 
*Inner phyllary length 
*Inner phyllary width 
*Inner phyllary lenght:width ratio 
*Ligule length 
Limb width
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Ligule length:limb width ratio 
^Number of pappus bristles on ligulate flowers
*Length of pappus bristles on ligulate flowers
*Disk flower corolla length 
Disk flower corolla lobe length 
Disk flower anther length 

*Disk flower anther tip appendage length 
Disk flower anther collar length 
Disk flower filament length 
Disk flower style length 
Disk flower style branch length 
Disk flower style branch width 

*Number of pappus bristles on disk flower
*Length of pappus bristles on disk flower
*Disk flower pappus bristle length:corolla length ratio 
Length of outer pappus, if present, on disk flower

Qualitative Characters
*Basal leaf shape 
Basal leaf apex shape 

*Basal leaf vestiture 
Median cauline leaf shape 
Median cauline leaf apex shape 
Median cauline leaf vestiture 
Differences in size of cauline leaves 

*Stem vestiture 
Involucre type (imbricate, unequal series, etc.)
Outer phyllary shape 
Outer phyllary apex shape 

*Outer phyllary coloration 
*Outer phyllary vestiture 
Outer phyllary gland relative density 
Inner phyllary shape 
Inner phyllary apex shape 

*Inner phyllary coloration 
*Inner phyllary vestiture 
Inner phyllary gland relative density 
Ligule apex shape 

*Ligule color 
Disk flower corolla lobe apex shape 

*Disk flower stigma shape 
Outer pappus type, if present

Asterisks indicate taxonomically useful characters (refer to Chapter 3, 

Morphological Variation Within Species). For phyllary characters, two 
outer and two inner phyllaries were measured for each plant in order to
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incorporate the variation present in the imbricate involucres. Disk 
flowers were examined at the same developmental stage, i.e., open with 
the styles equal to or barely exserted from the corolla.

Intrapopulationa1 variation was studied using field collections. 
Ten plants per population were measured for each character, except that 
five ray flowers and five disk flowers were measured per plant. Thus, 

for each population, ten values were obtained for "vegetative" charac
ters, 20 values for phyllary characters, and 50 values for each charac

ter on ray and disk flowers. The five ray and five disk flowers were 
analyzed to include any variation occurring within the heads.

For herbarium sheets, one plant was analyzed for each of the char
acters. However, this was not always possible because of the condition 

of the herbarium specimens. Common problems included missing ligules, 
heads too young or broken off, broken or missing flowering stems, and 
difficulty in measuring basal and cauline leaves because they were 
obscured by mounting of the specimens. In general, these problems did 
not severely limit the number of plants analyzed for each character.

Character values obtained for both field populations and herbarium 
specimens were entered into the computer in data files. Statistical 
analyses for each population and species were executed using the conde— 
scriptive and frequencies programs in the Statistical Programs for the 

Social Sciences (SFSSX) computer package (Nie et al. 1983). Mean 
values, standard errors, standard deviations, variance, and ranges were 
obtained. Comparisons between species were made using the one-way 

analysis of variance (ANOVA) program with a Scheffe's test from the 
SFSSX computer package. Using only morphological characters, the
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analysis determined if there were significant differences between the 
species. A Scheffe^s test compared all possible species pair 
combinations to determine where differences occurred. Discriminant 
analysis, also in SPSSX, was used to show visually the morphological 
relationships between the species.

2. Anatomical Studies

Trichomes on the phyllaries, cauline and basal leaves were studied 
using leaf clearings. Two plants were chosen from each field popula
tion, and generally two or more phyllaries, cauline and basal leaves per 
plant were cleared. The techniques used are outlined in Radford et al. 
(1974), except that a 50% Clorox solution was substituted, and stains 
used were 1% safranin in 50 and 100 percent ethyl alcohol (EtOH).

Slides were examined to determine the structural characteristics, loca
tions, and relative densities of the trichomes observed on the tissues.

C. CHEMICAL STUDIES

Flavonoids are common in the Asteraceae (Heywood et al. 1977), and 
an often employed method for study of flavonoids is 2-dimensional paper 
chromatography (Mabry et al. 1970, Harborne et al. 1975). The chroma
tographic pattern of the flavonoids was determined for each species; 

however, the individual compounds were not identified.
The technique used was similar to that of Mabry et al. (1970); 

however, there were some major differences. For each species, several 

chromatograms were developed, using leaves from plant populations col

lected in the field. For each population, three plants were used, one



22

plant per chromatogram* Tissues used included mature basal leaves and 
occasionally young basal and cauline leaves. Leaves weighed to 0.1 g 
were ground and soaked in 5 ml of 100% methanol for 24 hours. The 
extract was separated from the plant material by filtrations with an 
aspirator, concentrated five times by evaporating 2.3 ml to a little 
less than 0.5 ml in a warm water bath (50-60 C), and adding 100% meth
anol to bring the amount back to 0.5 ml. The last addition of methanol 
washed the sticky residue from the sides of the vial.

This method of extraction was chosen based upon a comparison of 
developed chromatograms using extracts from 0.1 g in 5 ml methanol and
0.5 g in 5 ml of methanol. The flavonoid pattern on the chromatogram 
using the 0.5 g in 5 ml extract yielded more qualitatively distinct 
spots than the pattern on the chromatogram using the 0.1 g in 5 ml ex
tract. However, most of the species did not have 0.5 g of leaf tissue 
per plant. A process involving concentration of a 0.1 g in 5 ml extract 

five times was tried. The subsequent flavonoid pattern of that chroma
togram was very similar to the pattern on the 0.5 g in 5 ml chromato
gram. Unfortunately, even with a small amount of leaf tissue, some 

plants had less than 0.1 g of leaves. In these cases, two plants, and 
in one case three plants, were used (refer to Chapter 3, Chemical 

Studies)•
The concentrated 0.5 ml extract was spotted on chromatographic 

paper along a line 3 cm long, 8 cm from the edges. The paper used was 

Whatmann 3MM chromatography paper, medium flow rate, 0.33 or 0.38 

thickness, and 46 x 57 cm in size.
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Development of the 2-dimensional chromatogram involved two solvent 
systems. The first solvent was a 3:1:1 t-butyl alcohol:acetic acid: 
water solution (TBA) which took 24-26 hours to complete. The second 

solvent, a 15:85 acetic acid:water solution (15%H0Ac), was run in the
other dimension, taking 3 1/2 to 4 hours to complete.

Developed chromatograms were examined for several characters.
Under ultraviolet (UV) light, all the visible spots on the chromatogram 
were observed, outlined, and the color noted. Then the chromatogram was 
observed under ÜV light while an open vial of 100% ammonium hydroxide 
(NH^OH) was passed under the chromatogram. Newly visible spots were 
outlined and their colors noted. Color changes, or lack thereof, were 
noted for previously recorded spots. In addition to color of the spots, 
two values for each spot were calculated, one for the 3:1:1 TBA sol
vent (R^—TBA) and one for the 15% HOAc solvent (R^—HOAc). Distances 
that the solvent fronts traveled were measured exactly to solvent front
line and included any dips and vagueries. "Straightening out" of the
solvent front line for R^ calculations was not done. Using a Tectronix 
computer and plotter, an 8 1/2 x 11 inch version of each chromatogram 

was made by tracing the spots on the actual chromatograms. This made 
comparisons between chromatograms easier since two versions-of the 
chromatograms could be held up together against a light source, immedi
ately pointing out similarities and dissimilarities.

The four characters for each spot on each chromatogram, R^-TBA, 
R^-HOAc, color under UV light, and color under UV light with ammonia 
fumes, were used in compiling a matrix showing which spots were common 
to which chromatograms. This matrix was created without reference to
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which chromatograms represented which taxon. Occasionally, I 
encountered difficulty in determining whether spots were identical or 

different. In such cases, colors were identical, but the values 
differed slightly. Each spot in question was cut out of three chroma
tograms that represented different populations. They were redissolved 
in 100% methanol, concentrated using the previously described method, 
and then spotted on three chromatographic paper strips. Each strip had 
the two spots in question. These were developed in three different 
solvent systems including: 3:1:1 TBA; 4:1:5 n-butanol:acetic acid: 
water (BAW); and 63:10:27 BAW. If the values of the spots in two or 
more of the solvent systems were different, the spots were treated as 

different spots. If none, or one, of the solvent systems resulted in 
different R^ values, the spots were considered identical.

The matrix of common spots among the chromatograms was condensed to 
a matrix showing the frequency of each spot^s appearance relative to the 
species. From this, a species chromatogram or chromatographic pattern 
was drawn. Statistical comparisons between species chromatographic pat
terns were made using paired affinity indices (Ellison et al, 1962), a 
cluster analysis computer program from BMDP statistical software (Dixon 
et al, 1981), and a discriminant analysis program from SPSSX (Nie et al, 
1983). In all methods, only diagnostic spots were used, A spot was 

considered diagnostic if it was: 1) common to all chromatograms of at
least one species; or 2) found in at least 30% of the chromatograms and 

in half the populations for one or more species. Conversely, a spot was 

considered non—diagnostic if it was: 1) randomly scattered over a few
chromatograms for several species; or 2) scattered infrequently
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throughout the chromatograms of a single species; or 3) found in only 
one population or chromatogram.



CHAPTER III 
RESULTS AND DISCUSSION

A. MORPHOLOGICAL VARIATON WITHIN AND BETWEEN POPULATIONS

Populations sampled in the field for each of the six species were 
analyzed for intra- and interpopulational variation. The data are pre
sented in APPENDICES B and C. APPENDIX B contains observations for all 
characters examined for each of the ten sample plants per population. 
APPENDIX C contains only floral characteristics of those populations.

The mean values obtained for floral characteristics of the five ray and 

five disk flowers analyzed were then incorporated as the floral charac
ters in APPENDIX B. Descriptive statistics on characters for each 
population are presented in APPENDIX D.

Statistics in APPENDIX D were examined to determine the variability 
of populations within species. Specifically, the 95% confidence inter
vals (C.I.) of the mean were compared between the populations to examine 
the amount of overlap in this statistic. If the 93% C.I. of the means 
do not overlap between samples of the same species, then the population 
mean values are significantly different for that character, at the 0.05 

level. In such instances, the species is comprised of significantly 
differing populations. For the populations examined in this study, the 
95% C.I. of the mean for populations within species overlapped for a 

vast majority of the characters. This indicated that within each of the 
six investigated species, the individual populations were similar to one

26
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another with respect to the values observed for the characters. 
Populations with significantly different mean values comprised only 2.74 
percent of the total populations studied, a small percentage when one 
considers that for each character, there are six different species that 
could contain significantly different populations, and there are over 50 
characters•

Occurrences of significantly different population means were 
scattered among the characters examined and among the six species. In 
addition, the amount that the 95% C.I. of the mean does not overlap is 
minimal in most instances. Interestingly, over one-third of the signi
ficantly different population mean values occur in Erigeron tener. For 
this species, the variation within a population is comparable to that 
observed in other populations of other species. However, the actual 
population mean values varied more within E..tener than population mean 
values in other species. This variation pattern is to be expected in 
species such as tener where relatively small, isolated populations 
are scattered over large geographical areas.

The statistics presented in APPENDIX D indicate that for within 
species comparison of populations, ranges as well as 95% C.I. of the 
standard deviation (S.D.) exhibit overlap for the vast majority of char
acters. Indeed, only three exceptions were noted; 1) population 212 
(Erigeron clokevi) consisting of taller plants than other populations of 

_Ê  clokevi; 2) population 237 (^. tener) with wider ligules compared to 
other tener populations; and 3) populations 237 and 240 (jE. tener) 

with fewer pappus bristles on disk flowers than populations 245 and 246.
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Â comparison was conducted among the six species using statistics 
from populations (ten plants analyzed per population) and statistics 
obtained from herbarium specimens (one plant analyzed per population). 

Generally the collective population species statistics mimicked the 
collective herbarium species statistics. Ranges and 95% confidence 
intervals of the standard deviation overlap considerably for all char
acters. Differences between the two groups were discovered only in the 
non-overlap of the 95% confidence interval of the mean. In two-thirds 
of these instances, the non-overlap of the 95% confidence intervals was 
either negligent or a result of character coding. The remaining 
instances, approximately 4.81%, are unexplainable and considered a 
result of random sampling error.

With the correlation observed between statistics from species using 
ten plants per population and statistics from species using one plant 
per population, it appeared acceptable to use one plant from a herbarium 

sheet as representative of that population.

B. MORPHOLOGICAL VARIATION WITHIN SPECIES

1. Morphological Characters
Data for all characters examined from herbarium loans as well as 

the field sampled populations are presented in APPENDIX A. Statistics 
for those characters for each of the six species are presented in 
APPENDIX D. A one-way analysis of variance (ANOVA) with a Scheffe's 
test (Nie et al. 1983) was executed for the continuous and appropriately 
coded characters. From ANOVA results, significant differences were
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observed between species at the 0.05 level, for all characters.
However, results from the Scheffe's test indicate that in a majority of 
the characters, the only discernible differences between species are the 
mean values and their respective 95% C.I. of the mean. Even these sta
tistics do not differentiate all species. Usually only two or three 
species, or species groups, are delimited. Thus, it should be kept in 
mind that when two species differ, it is their respective 95% C.I. of 
the mean that significantly differs.

Habit. All six species are herbaceous perennials with prominent 
taproots. Generally, Erigeron asperugineus has a slender taproot and 
one or two caudices per plant as compared to the caespitose habit of 
E, pygmaeus with a thick taproot and caudices and an average of slightly 

over ten caudices per plant (Plate 1). Erigeron clokevi and tweedvi 
often form clumps, but not the caespitose clumps of JE. pygmaeus. Both 

cronquistii and tener grow in rock crevices of outcrops and de
velop 3— 4 caudices per plant. Of the six species, E, tweedvi plants 
are the tallest (X= 11.3 cm) whereas JE. pygmaeus and _E. cronquistii are 
the shortest species with mean heights of 4.2 cm and 5.0 cm, respec
tively. Erigeron asperugineus. E» clokevi. and E, tener average 8.0 to 

9.0 cm in height.

Stems. Erect stems are the rule for Erigeron pygmaeus and 
E, cronquistii. Erigeron tener and JE. tweedvi stems are erect or 

sometimes weakly decumbent, being curved only at the base, while 
E, asperugineus and JE. clokevi stems are generally curved at the base or 
decumbent. Stem pubescence is distinctive and sharply delimited among
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the six species. Erigeron cronquistii. tener. and _E. tweedyi exhibit 
short antrorse trichomes, while Erigeron asperug ineus and clokevi 

have short spreading hairs. Comparatively longer spreading hairs are 
found on E, clokeyi.

Leaves. Basal leaves vary in shape from oblong, oblanceolate, 
obovate, to rhombic (Figure 3). Erigeron clokeyi and _E. pygmaeus have 

similar basal leaf shapes, generally narrowly oblong or oblanceolate 
(basal leaf lengthiwidth ratios are 12.3 and 9.0, respectively). Oblan
ceolate or narrowly obovate shapes are common for asperugineus (basal 
leaf length:width ratio = 8.4) and cronquisti (basal leaf length: 
width ratio = 10.8). Erigeron tweeydi has the widest basal leaves, 
resulting in an obovate or patently obovate shape (basal leaf length: 

width ratio = 5.8). Erigeron tener is distinctive in its often narrowly 

rhombic leaf shape (basal leaf length:width ratio = 8,6). Basal leaf 
apices range from sharply acute to weakly obtuse for most species, 
except that _E, cronquistii often exhibits obtuse apices. Basal leaf 
blades gradually narrow to the petiole, thus blurring the demarcation 
between the two structures. Basal leaf length was measured from the 

soil, and basal leaf width was measured at the widest point. Conse
quently, basal leaf length:width ratios do not correspond exactly to 
standardized leaf length:width ratios for the various shapes as given 
in Radford et al. (1974).

Basal leaf vestiture within species is the same for both adaxial 
and abaxial surfaces. The vestiture on the basal leaves is fairly 
constant for Erigeron cronquistii. E^ tener. and tweedyi. However,



Figure 3. Basal leaf silhouettes for six species of Erigeron, xl a) £. pygmaeus; b) clokeyi; c) E. cronquistii;d) E, asperugineus; e) tweedyi ; f) E. t ener.
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trichome density varies from low in E. cronquistii to densely canescent 
in tweedyi. Erigeron asperugineus. E, clokevi. and jE. pygmaeus vary 
in basal leaf pubescence from sparsely hispid to hispid, and trichomes 
vary in degree of appression. Erigeron asperugineus and _E. clokeyi are 
more often hispid, whereas _E, pygmaeus is more often appressed hispid. 
All six species exhibit slightly glandular basal leaves.

For all six species, the leaves on the erect shoots exhibit a dis
tal reduction series, although the number of leaves on stems does vary. 

Both Erigeron asperugineus and clokeyi have at least four leaves on a 

stem and average 6,8 and 8.3 leaves, respectively. At least two leaves 
and generally five leaves are observed on stems of tener and 
JE. tweedyi. Generally, pygmaeus has about three leaves per stem, as 
does E, cronquistii. Erigeron pygmaeus is distinctive in that all of 
the cauline leaves arise from a basal cluster, essentially giving the 

appearance of scapose stems. For all six species, the shape of cauline 
leaves ranges from narrowly oblong to narrowly oblanceolate. Cauline 
leaves of cronquistii tend toward the first extreme (cauline leaf 

length:width ratio = 10.9) and cauline leaves of E» tweedyi tend towards 
the latter extreme (cauline leaf length:width ratio = 7.2),

Cauline leaf vestiture and gland presence on each of the species is 
similar to that observed on basal leaves.

Capitulescence. Capitulescence varies among species in terms of 
the number of flowering stems per plant and the number of heads per 
flowering stem (Table 1), Erigeron pygmaeus is the most distinctive 
species in that plants have the largest number of flowering stems (8,5
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Table 1, Number of flowering stems per plant and number of heads 

per flowering stem for the six species.

NUMBER OF FLOWERING STEMS PER PLANT

SE of X Mi n . M a x .Speci es n Mean
E . asperugineus 52 3.3 .34 1 15
E. clokeyi 91 5.1 .36 1 20
E. pygmaeus 90 8.5 .99 1 50
E. cronquistii 16 6.7 1 .05 1 20
E . tener 88 6.0 .44 1 22
E. tweedyi 39 5.7 .79 1 25

NUMBER OF HEADS PER FLOWERING STEM;
one 1-2 1-3 1-5 3 or moreSpeci es n head heads heads heads heads

E. asperugineus 53 45 5 3
E. clokeyi 92 52 19 15 6
E. pygmaeus 91 88 2 1
E. cronquistii 16 14 2
E . tener 88 31 38 14 4 1
E . tweedyi 39 4 10 12 7 6
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per plant), each with one, or rarely two to three, heads, Erigeron 
clokevi. E, cronquistii. Em tener. and tweedvi generally have five to 
seven flowering stems per plant. However, these four species vary as to 
the number of heads per stem, Erigeron cronquistii has one head, but 
occasionally has one mature head with one immature head per stem. 
Erigeron clokevi and E* tener each have one to often two or three and 
sometimes four heads per stem. Erigeron tweedvi has at least two, 
generally three, and as many as seven heads per stem. Among the six 

species, asperugineus has the lowest mean number of flowering stems 

per plant, approximately three. This species has one and sometimes two 
or three heads per stem.

Involucres. Involucres range from imbricate to occasionally weakly 

valvate and from somewhat equal to subequal series. Erigeron tweedvi.
tener . Em cronquistii. and E, clokevi are generally imbricate with 

subequal series, and asperug ineus is more or less imbricate with sub- 

equal series. Erigeron pvgmaeus ranges from imbricate to weakly valvate 
and from somewhat equal to subequal series. Erigeron asperug ineus and 
_E. pvgmaeus have the longest phyllaries (Tables 2 and 3) and Em tener 
the shortest. In addition, Em asperug ineus has the widest phyllaries 
compared to the other species. In comparing lengthiwidth ratios on 
phyllaries, Em pvgmaeus has the largest lengthiwidth ratio, suggesting 

longer and thinner phyllaries compared to the other five species. 
Erigeron cronquistii. tener. and tweedvi have shorter and wider 
phyllaries with lengthiwidth ratios between 4.9 and 5.3. Erigeron 
asperugineus and Em clokevi are intermediate between these two groups



Table 2. Outer phyllary characters 36

PHYLLAKY LENGTH (mm): 
Species____ n Mean

E. asperuqineus 53 4.08
E. clokeyi 92 3.20
E. pygmaeus 93 4.08
E. cronquistii 16 2.99
E. tener 87 2.66
E. tweedyi 39 3.02

PHYLLARY WIDTH (mm):
Species n Mean

E. asperuqineus 53 .73
E. clokeyi 92 .57
E. pyqmaeus 93 . 60
E. cronquistii 16 . 58
E. tener 87 .55
E. tweedyi 39 .59

PHYLLARY LENGTHiWlUTH RATIO:
Species n Mean

E. asperuqineus 53 5.8
E. clokeyi 92 5.8
E. pyqmaeus 93 7.0
E. cronquistii 16 5.3
E. tener 87 4.9
E. tweedyi 39 5.2

SE of X
.022
.012
.012
.034
.014
.016

SE of X
.23
.15
.16
.24
.12
.17

Min.
.36 
.36 
. 36 
.36 
.36 
.41

Min.
3.3
3.1
4.1 
3.5 
2.8
3.1

of X Min. Max.
.123 2.07 6.30
.064 1.98 4.95
.089 2.07 6.57
.094 2.34 4.23
.063 1.44 4.86
. 086 1.98 4.41

M a x .
1.17
.90
.90
.89
.99
.99

Max.
13.3
10.5
11.5
7.4
8.4 
7.0



Table 3. Inner phyllary characters 37

PHYLLARY LENGTH (mm):
Species n Mean SE of X Min. Max.

L . a s j ) 0 r' u ij i 11 c u s SJ 5.93 .112 3.51 8.19
E. clokeyi 92 4.41 .067 3.02 6.57
E. pygmaeus 93 5.04 .078 2.79 6.75
E. cronquistii 16 3.90 .070 3.51 4.77
E. tener 67 3.80 .064 2.70 6.75
E. tweedyi 39 4.17 .088 5.31

PHYLLARY WIDTH (mm):
Species n Mean SE of X M i n . Max.

E. asperugineus 52 .96 .028 .36 1.44
E. clokeyi 91 .77 .017 .45 1.26
E. pygmaeus 93 .71 .015 .45 1.08
E. cronquistii 16 .81 .032 .63 1.08
E. tener 86 .76 .018 .45 1.08
E. tweedy1 39 .80 .024 .54 1.26

PHYLLARY LENGTH : WIDTH RATIO:
Species n Mean SE of X Min. Max.

E. asperugineus 52 6.5 .27 3.6 ‘ 17.3
E. clokeyi 91 5.9 .13 3.8 10.0
E. pygmaeus 93 7.3 .17 3.9 12.0
E. cronquistii 16 4.9 .15 3.7 5.9
E. tener 86 5.2 .13 3.0 9.4
E. tweedyi 39 5.3 .14 3.8 7.4
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with length :width ratios of 6.5 and 5.9, respectively. Phyllary apices 
are either acuminate or acute in asperugineus. E, clokeyi. and 
_E. pygmaeus. and generally acute in cronquistii. tener. and 
jS. tweedyi.

Although phyllary coloration is distinctive for each of the six 
species, all species share two patterns in their coloration. First, 
inner phyllaries tend to be paler colored in comparison to their outer 
counterparts. This is much more prevalent near the base of the inner 
phyllaries. Second, color on all phyllaries is paler near the margins, 
particularly among the inner phyllaries where the margins are often 
hyaline. Erigeron tweedyi is the only species which lacks purple— or 

reddish-tipped phyllaries. Rather, the phyllaries have a light green or 
green—brown midrib, and an olive green color elsewhere. Erigeron tener 
has a reddish-brown midrib, reddish-purple or red-brown apex, and occa
sionally reddish margins. Green, light green, or olive green colors 
are found elsewhere on the phyllaries. Erigeron asperugineus and

cronquistii share similar coloration, with purple or reddish apices, 
brown, purple—brown, or green-brown midribs, and green, light green, or 
olive green elsewhere. Erigeron clokeyi has purple apices, purple—brown 
midribs, and green or less often purple on the remaining phyllary tis
sues. Occasionally, clokeyi exhibits all purple-colored phyllaries. 
The occurrence of all purple phyllaries is more frequent in pygmaeus. 
This last species has either purple-black phyllaries which are paler 
near the margins, or purple-black apices and midribs with green 
elsewhere on the phyllaries.
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Pubescence is common on the outer phyllaries and less common on the 
inner phyllaries for all six species, except for Erigeron tweedyi« which 
is distinguished from the other five species by appressed hispid and 
slightly glandular, if at all, outer and inner phyllaries, Phyllaries 
of the remaining species in the group have hispid hairs on outer phyl
laries. In contrast, inner phyllaries are either glabrous or have only 
few hispid hairs on the midribs. Glandular trichomes are found on both 
outer and inner phyllaries of these five species.

Ray flowers. Erigeron asperug ineus and clokeyi. have the longest 

ligules of the six species, while cronquistii and E, tener have the 
shortest ligules (Table 4). Comparing ligule limb width among the 
species, JE. asperugineus and tweedyi have generally wider limbs than 
the remaining four species. Ligule length:limb width ratios suggest 
that _E. asperugineus and clokeyi have longer, thinner ligules 
compared to the shorter and wider ligules of _E. cronquistii. tener.

and tweedyi. For the most part, two to three lobes are found on the 

ligule apices of all six species. Comparing ligule color among the 
species, E, cronquistii is distinguished by its white ligules in 

contrast to the various shades of purple found in asperug ineus.

E.* clokeyi. _E. pygmaeus. tener. and E^ tweedyi. Among these last
five species, there is a slight tendency for clokeyi and tener to 
have more lavender—colored ligules than asperugneus and E, tweedyi.

Number and length of pappus bristles on ray flowers were measured 
for the six species with both characters varying in the same direction 
within a species (Table 5). Of the six species, Erigeron asperugineus



40Table 4. Ligule characters.

LIGULE LENGTH (mm):
Species n Mean SE of X Min. Max.

E. asperuyineus 53 8.76 .197 4.95 13.14
E. clokeyi B5 8.05 . 178 4.64 12.60
E. pygmaeus B8 6.99 .104 4.77 9.81
E. cronquistii 16 6.19 .194 3.92 7.57
E. tener 82 6.02 .154 2.88 13.41
E. tweedyi 39 6.71 .162 4.37 9.29

LIMB WIDTH (mm):
Species n Mean SE of X Min. Max.

E. asperugineus 53 1.37 .044 .72 2.34
E. clokeyi 90 1. 15 .030 .36 2.07
E. pyqmaeus 89 1.21 .026 .63 1.80
E. cronquistii 16 1.18 .048 .90 1.85
E. tener 82 1.15 .028 .70 2.25
E. tweedyi 39 1.38 .058 .95 2.52

LIGULE LENGTH:LIMB WIDTH RATIO :
Species n Mean SE of X Min. Max.

E. asperugineus 53 6.7 .25 3.1 * 12.3
E. clokeyi 84 7.4 .26 3.6 16.0
E. pygmaeus 87 6.0 .16 3.3 10.6
E. cronquistii 16 5.3 .18 4.1 6.6
E. tener 82 5.4 .17 2.6 12.4
E. tweedyi 39 5.1 .20 2.4 7.8



41Table 5. Number and length of pappus bristles on ray flowers for the six species.

NUMBER OF PAPPUS BRISTLES:

LENGTH OF PAPPUS BRISTLES (mm):

Species n Mean SE of X Mi n . Max
E. asperuqineus 35 25.2 .67 16 40
E. clokeyi 55 17.7 .45 10 27
E. pygmaeus 86 19.8 .44 7 31
E . cronquistii 11 16.6 .80 12 21
E. tener 63 19.1 .45 10 27
E . tweedyi 29 22.3 .77 14 30

Speci es n Mean SE of X M i n . M a x .
E. asperuqineus 31 3.55 .120 1.80 4.95
E. clokeyi 54 2.21 .050 1.44 3.15
E . pyqmaeus 84 2.50 .046 1.55 3.78
E . cronquistii 11 1.89 .123 1.31 2.70
E. tener 66 2.31 .048 1.62 3.87
E. tweedyi 30 2.39 .061 1.40 3.06



42

has a significantly higher number of pappus bristles (X = 25,2) and a 
significantly longer pappus bristle length (X = 3,55 mm). With respect 
to number of pappus bristles, clokeyi, E,, pygmaeus, E» cronquistii, 
and _E. tener exhibit mean values ranging from 16.6 to 19,8. With a mean 
of 23,3 bristles, JE. tweedyi has significantly fewer pappus bristles 
than JE, asperugineus and significantly more pappus bristles than the 

other four species. The average pappus bristle length ranges from 2,21 
to 2,50 mm for E, clokeyi. pygmaeus. _E, tener. and E, tweedyi. 
Erigeron cronquistii has significantly shorter pappus bristles with a 

mean length of 1.89 mm.

Disk flowers. Both Erigeron asperugineus and E* pygmaeus have 
longer corolla tubes and deeper corolla lobes as compared to the other 
four species (Table 6). The shortest corolla tubes and shallowest 

corolla lobes were found in _E. cronquistii, The ratio between corolla 
lobe length and corolla tube length is similar among all six species, 
ranging from 0.12 to 0,16, Erigeron asperugineus has the smallest ratio 
and cronquistii the largest. Apices of the corolla lobes are com
monly acute and less often obtuse with the exception of JE. cronquistii 
which ranges between acute and obtuse with acute-obtuse apices as the 

most common condition.
Anther length, anther tip appendage length, anther collar length, 

and filament length were analyzed on stamens of the six species. For 
all four characters, Erigeron asperugineus consistently had the highest 
average lengths, and E, pygmaeus consistently had the second highest 
average lengths. Erigeron cronquistii consistently has the shortest
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Table 6. Disk flower corolla tube length, corolla lobe length, and 

lobe:tube length ratio for the six species.

DISK FLOWER COROLLA TUBE LENGTH (mm)
Species n Mean SE of X Min. M a x .

E. asporufjj nejjs 53 4.58 .083 2.88 5.85
JE. clokeyi 92 3.27 .049 2.36 5.87
IE. pygmaeus 90 3.69 .044 2.70 5.13
E. cronqui sti i 16 2.66 .108 2.07 3.78
i. tener 82 3.07 .048 2.07 4.14
E. tweedyi 39 3.29 .062 2.54 4.14

DISK FLOWER COROLLA LOBE LENGTH (mm)
Species n Mean SE of X Min. M a x .

E. asperugineus 53 .55 .015 .27 .81
E. clokeyi 92 .45 .011 .23 .81
E. pyqmaeus 90 .53 .009 .36 .81

cronqui sti i 16 .43 .020 .27 .63
£. tener 81 .46 .008 .27 .72
E, tweedyi 39 .47 .014 .32 .63

DISK FLOWER COROLLA LOBE:TUBE LENGTH RATIO:
Species n Mean SE of J Min. M a x .

E_. asperugi neus 53 .12 .004 .06 .21
E. clokeyi 92 .14 .003 .06 .23
E_. pygmaeus 90 .15 .003 .09 .23
E, cronquisti1 16 .16 .008 .10 .20
E. tener 81 .15 .003 .10 .22
E. tweedyi 39 .14 .004 .09 .24
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average lengths, although E, clokeyi andd tener have short average
lengths for anther collars and filaments.

Within a species, style length measurements vary in the same direc

tion. Erigeron asperugineus has the longest style and style branches, 
and pygmaeus has the next longest styles and branches. The species 
order from highest average style lengths to shortest average style 
lengths for the remaining four species is tweedyi. JE. tener.
_E. clokeyi. and cronquistii. Style branch widths vary from 0.09 
to 0.27 mm with mean values ranging from 0.17 to 0.21 mm for the six 

species. There is a tendency for Em asperugineus to have wider style 
branches compared to the other species, followed by clokeyi.
E.. tener. Em tweedyi. JE. pygmaeus. and lastly _E. cronquistii.

An attempt was made to measure disk flowers at aproximately the 
same style maturity, i.e., when the style was equal to or slightly ex
erted from the corolla tube. For a majority of the specimens analyzed 
this was possible. Instances where this stage was absent resulted in 
smaller or larger disk flowers being measured for anther and style char
acters. However, this problem is minimized by the large sample size.

Stigma shape was useful in distinguishing two species, including 
Erigeron clokeyi usually with rounded or depressed deltate stigmas and 

E pygmaeus often with long triangular stigmas (Figure 4). Both species 
are known to have a deltate stigma in some specimens, but more often 
than not they exhibit the aforementioned shapes. Erigeron asperugineus 

cronquistii. tener. and JE. tweedyi usually have deltate stigmas, 

although depressed to long triangular shapes are found in all four 

species•



Figure 4. Stigma shapes for the six investigated species: a and b)IE. clokeyi ; c) £. asperugi neus ; d and e) E_. t e n e r ; f and g)\E. tweedyi; h and i) E. cronquistii ; j and k) 
E. pyqmaeus .
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Number and length of disk flower pappus bristles show the same 
trends as ray flowers (Table 7). Erigeron asperugineus has the most 
numerous pappus bristles (X = 27.6) as well as the longest bristles 
(X = 4.19 mm). Erigeron cronquistii has the fewest (X = 15.6) and 
shortest pappus bristles (X « 1.87 mm). The four remaining species 
range between _E. asperug ineus and cronquistii, with mean numbers of 

pappus bristles ranging from 19.2 to 23.3, and mean lengths ranging from 
2.66 to 3.02 mm. Â ratio of disk flower pappus length:corolla length 
shows that E, asperugineus has a pappus length about 90 to 95% of the 
corolla tube length. Pappus lengths range from 81 to 89% of the corolla 
tube length in _E. clokeyi. _E. pygmaeus. tener. and E. tweedyi. 
Erigeron cronquistii has pappus lengths about 70% of the corolla tube 
lengths.

Â distinct outer pappus of a few short setae is rarely observed in 

_E. asperugineus. Ê  clokeyi. _E. pygmaeus. and _E. tener. and absent in 

_E. cronquistii and tener. However, intermingled short setae are 
common within the pappus proper of most of the six species. Erigeron 
clokeyi usually has a few intermingled setae present. A few inter

mingled setae are found occasionally in both cronquistii and 
_E. pygmaeus. Erigeron asperugineus. tener and _E. tweedyi rarely 
have any intermingled setae.

Cypselas. Cypselas of all six species are somewhat terete and two- 

veined with varying densities of slender, more or less appressed—hirsute 
trichomes. Relative comparisons among the species reveal that Erigeron 

tener has few trichomes, pygmaeus few to several, and both clokeyi



48Tab! e 7. Number and length of pappus bristles on disk flowers forthe six spe ci e s .

NUMBER OF PAPPUS BRISTLES:

Species n Mean SE of J Mi n . Max
E_. asperugi neus 42 27.6 .84 14 45
E. clokeyi 69 19.2 .44 11 29
E. pygmaeus 89 21.0 .44 11 32
E. cronqui sti i 11 15.6 .91 13 24
E. tener 74 20.1 .46 8 31
E. tweedyi 35 23.3 .83 15 34

LENGTH OF PAPPUS BRISTLES (mm):

Speci es n Mean SE of X Mi n . M a x .
E. asperugineus 42 4.19 .103 2.25 5.58
E. clokeyi 71 2.72 .046 1.71 3.87
E. pygmaeus 88 3.02 .045 1.98 3.87
E. cronquistii 14 1.87 .059 1.62 3.27
E. tener 75 2.66 .040 1.98 3.87
E. tweedyi 35 2.71 .062 1.89 3.24
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and cronquistii several. Erigeron asperugineus has several 
trichomes, but the length is comparatively shorter than that of the 
other five species. In contrast, tweedyi has longer, densely hirsute 
trichomes.

2. Phenetic Analyses of Morphological Characters
The oneway analysis of variance, ANOVA, with a Scheffe"s test was 

executed for each character. For all characters, differences between 

species were significant at the 0.05 level. The Scheffe's test indi
cated which species had significantly different mean values from the 
other species. As mentioned previously, one or two species, or two to 

three groups of species, were distinguishable for a given character.
In comparing these species or species groups, certain patterns become 
apparent. Erigeron asperugineus and pygmaeus have significantly 
longer mean value lengths for disk flower characters. These two species 
are always significantly distinguished from the remaining four species, 
and from each other in half of the eight characters measuring length of 
disk flower component parts. Erigeron cronquistii has shorter disk 
flowers compared to the other species and can be significantly differen

tiated in half of those eight characters. For both ray and disk 

flowers, asperugineus has significantly more numerous and longer 
pappus bristles, and _E. cronquistii has less numerous and shorter pappus 
bristles than the other species. Usually mean phyllary lengths and 

widths are significantly longer and wider in E, pygmaeus as compared to 
the other species. Vegetative characters do not suggest any trends such 
as those observed among phyllary and floral characters.
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Principal components analysis (PCA) (Nie at al. 1983) was executed 
on continuous characters for each individual species. Tables 8— 13 

compile information on pairs of characters with greater than 0.40 corre
lation, as well as factor loadings for each character on an orthogonally 
rotated factor matrix. Rotated factor matrices are presented in Tables 
14— 19. A reference list of the continuous characters by their variable 

names used in Table 8— 19 is presented in Table 20. Comparing results 
between species, phyllary characters are highly correlated with each 

other, as are vegetative characters, ray flower characters, and disk 
flower characters. Less frequently, characters from different plant 
parts are highly correlated. Erigeron asperugineus. E, clokeyi, and 

_E. pygmaeus exhibit similarities in characters which are highly corre
lated and in characters which group together on the factor matrices.
All three species grouped the following character types fairly consis
tently: phyllary length characters; phyllary width characters; vege

tative characters; disk flower characters; pappus length; and number 
of caudices and flowering stems. Each of these groups loaded together 
on a factor, usually on one of the first six factors. The groups of 

characters and their loading on the factors show less coherence in 
E» cronquistii, E_. tener, and tweedyi. For the most part, phyllary 
characters group together as do vegetative characters and disk flower 
characters. However, in comparison with E^ asperugineus. Em clokeyi. 
and Em pgymaeus, it is a more common occurrence to have different types 

of characters on the same factor for cronquistii. _E. tener and
tweedyi. These two species groups are identical to the principal 

species group, consisting of Ê. asperugineus. _E. clokeyi. and



Table 8. Compiled results from principal components analysis for Erigeron asperugineus

Character pair Correlation Factor
Loadings Character pair Correlation

Factor
Loadings1 2 1 _2_ 1 2 1 2

HEIGHT BLENGTH .7877 3 3 OPIWID IP2WID .4596 4 4
II BLWIDTH .4145 3 3 0P2WID IPIWID .4828 4 4
11 CLLENGTH .5503 3 3 11 IP2WID .5872 4 4

CAUDEX FLWRSTLK .5323 5 5 IPIGLT IP2LGT .7905 1 1
BLLENGTH BLWIDTH .5634 3 3 II RFLENGTH .5012 1 7

II CLLENGTH .6294 3 3 II RFPAPHGT .4930 1 1
II OPIGLT .4194 3 1 II DFLENGTH .4795 1
II IPILGT .4159 3 1 It PAPHGT .4570 1 1(2)

BLWDITH CLLENGTH .5298 3 3 IP2LGT RFPAPGHT .5389 1 1
II CLWIDTH .6604 3 4(3) 11 PAPHGT .4729 1 1(2)
II IPIWID .4557 3 4 IPIWID IP2WID .6364 4 4
II IP2WID .4486 3 4 11 RFLENGTH .4303 4 7

CLLENGTH CLWIDTH .5349 3 4(3) II RFWIDTH .4147 4
II OPILGT .5515 3 1 IP2WID RFLENGTH .4178 4 7
II 0P2LGT .4612 3 1 RFPAPHGT DFLENGTH .5116 1
II IPILGT .5600 3 1 II AMTHTIP .4109 1 111 RFLENGTH .4217 1 7 11 PAPHGT .6353 1 1(2)CLWDITH IPIWID .4005 4(3) 4 DFLENGTH ANTHLGT .5982 2 2

OPILGT 0P2LGT .5217 1 1 II ANTHTIP .4853 2 1
II IPILGT .5847 1 1 II FILAMENT .4516 2 2
II IP2LGT .5328 1 1 II STYLELGT .6189 2 2

0P2LGT 0P2WID .5665 1 4 II BRNCHLGT .6719 2 2
II IPILGT . .4964 1 1 ANTHLGT STYLEGLT .4901 2 2
II IP2LGT .5515 1 1 II PAPHGT .4395 2 1(2)
II IPIWID .4137 1 4 FILAMENT STYLELGT .5173 2 2

OPIWID 0P2WID .5662 4 4 STYLELGT BRNCHLGT .5345 2 2
II IPIWID .4151 4 4 II PAPHGT .4078 2 1(2) on



Table 9. Compiled results from principal components analysis for Erigeron clokeyi.

Character pair Correlation Factor
Loadings Character pair Correlation

Factor
Loading:

1 2 1 2 1 2 1 2
HEIGHT BLLENGTH .7531 1 1 OPIWID IP2WID .4527 4 4

II BLWIDTH .4701 1 1 0P2WID IP2LGT .4490 4 3
II CLNUM .4783 1 1 II IPIWID .4733 4 4
II CLLENGTH .7708 1 1 II IP2WID .4185 4 4

CAUDEX FLWRSTLK .5388 6 IPILGT IP2LGT .7076 3 3
BLLENGTH BLWIDTH .5220 1 1 IPIWID IP2WID .8028 4 4

II BLLENGTH .7193 1 1 II RFWIDTH .4377 4 4
BLWIDTH BLLENGTH .4064 1 1 IP2WID RFWIDTH .4807 4 4

11 CLWIDTH .4036 1 1(2) RFPAPHGT PAPGHT .5255 5 5
CLLENGTH CLWIDTH .5029 1 1(2) DFLENGTH ANTHLGT .6262 2 2
OPILGT 0P2LGT .5214 3 3 II FILAMENT .4321 2 2

II 0P2WID .4443 3 4 II STYLELGT .5970 2 2
II IPILGT .5370 3 3 II BRNCHLGT .4819 2 2
II IP2LGT .5403 3 3 II PAPHGT .5232 2 5

0P2LGT 0P2WID .5936 3 4 ANTHLGT STYLELGT .4321 2 2
II IPILGT .5579 3 3 II BRNCHLGT .4053 2 2
II IP2LGT .6265 3 3 II PAPHGT .5596 2 5

OPIWID 0P2WID .6174 4 4 FILAMENT STYLELGT .6083 2 2
II IPIWID .4118 4 4 STYLELGT BRNCHLGT .4967 2 2

C J l
ro



Table 10, Compiled results from principal components analysis for Erigeron pygmaeus.

Character pair Correlation Factor
Loadings Character pair Correlation

Factor
Loadings1 2 1 2 1 2 1 2

HEIGHT BLLENGTH .5821 2 2 OPIWID IPIWID .5054 3 3
II CLNUM .5365 2 2 II IP2WID .4225 3 3
II CLLENGTH .6637 2 2 0P2UID IPIWID .5443 3 3
II RFLENGTH .4846 2 5 11 IP2WID .5212 3 3CAUDEX FLWRSTLK .6085 6 6 IPILGT IP2LGT .8002 1 1BLLENGTH CLNUM .5331 2 2 IPIWID IP2WID .6734 3 3
II CLLENGTH .5107 2 2 RFLENGTH RFPAPHGT .5045 5 5
II RFLENGTH .4410 2 5 II PAPHGT .4408 5 5CLNUM CLLENGTH .4255 2 2 RFPAPNO PAPNUM .4569 8 8OPILGT 0P2LGT .6575 1 1 RFPAPHGT PAPHGT .6481 5 5
II OPIWID .4371 1 3 DFLENGTH ANTHLGT .4576 4 7
II IPILGT .6127 1 1 II FILAMENT .5264 4 4
II IP2LGT .6489 1 1 11 STYLELGT .5257 4 40P2LGT IPILGT .6576 1 1 11 PAPHGT .4579 4 5
II IP2LGT .6778 1 1 FILAMENT STYLELGT .5441 4 4OPIWID 0P2WID .6252 3 3 PAPNUM PAPHGT .4423 8 5

00



Table 11. Compiled results from principal components analysis for Erigeron cronquistii

Character pair 
1

Correlation
Factor

Loadings Character pair Correlation

HEIGHTII
II
II
II
II

CAUDEX
II

II

II
II
II

II

BLLENGTH
II

II

II

II

BLWIDTH
II

II
CLNUM

Factor
Loadings

2 1 2 1 2 1 2
BLLENGTH .4445 1 5 CLNUM IPILGT .5376 5 7(8)
FLWRSTLK .5320 1 1 II IP2LGT .6872 5 7
OPIWID .4159 1 3(6) II PAPNUM .4414 5 3
0P2WID .5535 1 4 II PAPHGT .5021 5 2
RFLENGTH .4438 1 3(9) CLLENGTH CLWDITH .5071 1 3
ANTHTIP .4300 1 6 II FLWRSTLK .6073 1 1
FILAMENT .5655 1 6 II IP2LGT .4673 1 7
STYLELGT .4929 1 2 II RFWIDTH .5260 1 1
BLLENGTH .4921 1 5 II BRNCHLGT .4779 1 4(1)
CLNUM .5690 1 5 CLWDITH RFLENGTH -.5557 3 3(9)
CLLENGTH .5029 1 1 II PAPNUM .5680 3 3
FLWRSTLK .6956 1 1 FLWRSTLK IP2WID -.4838 1 8
IPILGT .4137 1 7(8) II RFWIDTH .5752 1 1
IP2LGT .5688 1 7 II FILAMENT .5029 1 6
RFWIDTH .6197 1 2 OPILGT OPIWID .5670 6 3(6)
STYLELGT .4006 1 1 II DFLENGTH .5204 6 2
PAPHGT .4101 1 2 II ANTHTIP .4920 6 6
BLWIDTH .5988 5 5 II PAPHGT .5652 6 2
CLNUM .7158 5 5 0P2LGT 0P2WID .4281 4 4
FLWRSTLK .4598 5 1 II RFWIDTH .4741 4 1
OPILGT .4239 5 6 II ANTHBASE .4452 4 5
IP2LGT .4259 5 7 II BRNCHLGT -.4065 4 4(1)
ANTHLGT . .5976 5 2(5) II BRNCHWÎD -.4854 4 4
PAPHGT .4464 5 2 OPIWID 0P2WID .4132 3(6) 4
CLNUM .5802 5 5 II RFLENGTH -.4030 3(6) 3(9)
IP2LGT .4402 5 7 II ANTHLGT -.4116 3(6) 2(5)
ANTHLGT .4698 5 2(5) II ANTHTIP .5412 3(6) 6
CLLENGTH .4681 5 1 II FILAMENT -.4692 3(6) 6



Table ll(cont.). Compiled results from principal components analysis for Erigeron cronquistii.

Character
1

pair
2 Correlation Factor Loadings 1 2

OPIWID PAPNUM .6378 3(6) 3
0P2WID FILAMENT -.4193 4 6
IPILGT IP2LGT .6076 7(8) 7

II IPIWID .5775 7(8) 7
II IP2WID .4571 7(8) 8
II BRNCHLGT .5017 7(8) 4(1)

IP2LGT IPIWID .4944 7 7
II DFLENGTH .4013 7 2
II ANTHLGT .4053 7 2(5)
II STYLELGT .5124 7 2
II BRNCHLGT .4214 7 4(1)
II PAPHGT .5510 7 2

IPIWID IP2WID .4497 7 8
II DFLENGTH .4092 7 2

IP2WID DFLOBELT .5000 8 9
RFLENGTH RFWIDTH .6181 3(9) 1

II RFPAPNO -.4401 3(9) 9
II FILAMENT .6188 3(9) 6
II BRNCHWID -.4332 3(9) 4
II PAPNUM -.5486 3(9) 3

RFWIDTH
II

RFPAPNO
RFPAPHGT

II

DFLENGTHII

ANTHLGTII
II

ANTHTIP
ANTHBASE
STYLELGT
BRNCHLGT

' pair 
2

Correlation
Factor 

Loadings 1 2
FILAMENT .4026 1 6
BRNCHWID -.5120 1 4
DFLOBELT .4892 9 9
DFLENGTH .4235 2 2
ANTHLGT .4014 2 2(5)STYLELGT .4876 2 2
BRNCHWID .5020 2 4PAPHGT .5127 2 2
ANTHLGT .5389 2 2(5)
STYLELGT .6441 2 2
BRNCHLGT .4207 2 4(1)PAPHGT .8858 2 2
STYLELGT .4177 2(5) 2
BRNCHWID .4295 2(5) 4
PAPHGT .6687 2(5) 2
FILAMENT -.5243 6 6
FILAMENT .6103 4 6
PAPNUM -.4687 2 3PAPHGT .5013 2 2
PAPHGT .4774 4(1) 2

tntn



Table 12. Compiled results from principal components analysis for Erigeron tener.

Character
1

pair
2

Correlation Factor Loadings 
1 2

Character pair 
1 2

Correlation Factor Loadings 
1 2

HEIGHT BLLENGTH .6538 4 4 0P2WID IPIWID .5018 3 3
II CLLENGTH .4173 4 7 II IP2WID .5341 3 3BLLENGTH BLWIDTH .5018 4 4 II RFPAPHGT .4214 3 5CLNUM RFLENGTH .4146 6 2 IPILGT IP2LGT .7604 1 1CLLENGTH CLWIDTH .5289 7 7 IP2LGT RFLENGTH .4886 1 2CLWIDTH IP2GLT .4296 7 1 II RFPAPHGT .4711 1 5
II RFLENGTH .4717 7 2 II DFLENGTH .4607 1 2
II RFPAPHGT .4317 7 5 II PAPHGT .4179 1 5
II DFLENGTH .4268 7 2 IPIWID IP2WID .7375 3 3OPIGLT 0P2LGT .6223 1 1 RFLENGTH DFLENGTH .6251 2 2
II OPIWID .5386 1 1(3) II DFLOBELT .4065 2 6
II 0P2WID .4571 1 3 II PAPHGT .4201 2 5
II IPILGT .5241 1 1 RFPAPHGT DFLENGTH .5135 5 2
II IP2LGT .5703 1 1 II PAPHGT .7062 5 50P2LGT OPIWID .4730 1 1(3) DFLENGTH DFLOBELT .4399 2 6
II 0P2WID .6710 1 3 II FILAMENT .5112 2 2
II IPILGT .6085 1 1 II STYLELGT .6680 2 2
II IP2LGT .6072 1 1 II BRNCHLGT ,4270 2 7OPIWID 0P2WID .6808 1(3) 3 II PAPHGT .6266 2 5
II IP2LGT .4092 1(3) 1 FILAMENT STYLELGT .4879 2 20P2WÎD IP2LGT .4705 3 1 STYLELGT BRNCHLGT .4318 2 7

cncr>



Table 13. Compiled results from principal components analysis for Erigeron tweedyi.

Character pair 
1 2

FactorCorrelation Loadings 
1 2

Character pair 
1 2

Correlation
Factor 

Loading: 
1 2

HEIGHT BLLENGTH .6346 1 1 IP2LGT IP2WID .4954 3 3
II BLWIDTH .4161 1 1 IPIWID IP2WID .5099 3 3
II CLLENGTH .4008 1 6 II RFWIDTH .4155 3 10BLLENGTH BLWIDTH .6331 1 1 II BRNCHWID .4026 3 4
II CLLENGTH .5822 1 6 RFLENGTH DFLENGTH .6106 4 4
II IP2WID -.4468 1 3 II PAPHGT .6246 4 4BLWIDTH CLLENGTH .4591 1 6 RFPAPNO PAPNUM .4443 2 2CLLENGTH CLWIDTH .6519 6 6 RFPAPHGT PAPHGT .5292 5 4
II 0P2WID -.4532 6 7 DFLENGTH ANTHLGT .5887 4 8FLWRSTLK FILAMENT .4400 5(1.2,4) 2 II FILAMENT .5912 4 5OPILGT IPILGT .4964 5 5 IT PAPHGT .6262 4 40P2LGT 0P2WID .4329 9 7 ANTHLGT FILAMENT .4566 8 2OPIWID 0P2WID .6887 7 7 II PAPHGT .4496 8 4IPILGT IPIWID .4549 5 3 FILAMENT PAPNUM ,5913 2 2
11 DFLENGTH .4525 5 4 II PAPHGT .5703 2 4
11 PAPNUM .4065 5 2 PAPNUM PAPHGT .4056 2 4

tn



able 14. Factor loadings for components analysis the first seven factors on Erigeron asperugineus
58

from principal

:h a r a c t e r 1 2 3 FACTOR4 5 6 7
IP2LGTIPILGTOPILGTRFPAPHGTCP2LGTPAPHGTANTHTIP

.8411.7610.6879.6693.5451.5056.4767

.1053.2362.0406.2946.1248.4971.4049

.0999.2832.2801-.0534.2680-.0810.0153

.0224.0858.3564.0509.4059-.1633-.0546

.1605

.1163-.1898-.0732.3669-.0781-.1430

.1031.1509.0442.0365-.0980.1753-.1850

.1358.1092-.2776.3009-.0058.4080-.0887
DFLENGTHSTYLELGTBRNCHLGTANTHLGTFILAMENT

.3323.1404.0528.1449.0256

.8151.7709.7392.7044.6762

-.0496.0965.0004-.0144.0036

.1434.0739.2059-.0705-.1338

-.0456.0774.0431.1344-.0260

-.0164.3753-.0076-.1016.0438

.2088-.1843.0588.2522-.3538
BLLENGTHHEIGHTCLLENGTHBLWIDTH

.2562 -.0646 .3719 .0121

-.0475.0525.0908-.0389

.8676.8576.7264.6955

.0231-.1538.2224.3746

-.0295-.0753-.0309-.0064

.0999.0156-.1203-.0689

.0242-.0719.0320,3169
OPIWID0P2WIDIP2WIDIPIWIDCLWIDTH

.1007-.0030.1359.1667.0290

-.0486.3089-.0020.0129-.1920

-.0573.1421.0342.2268.4835

.8673.7880.6582.5549.5039

-.1137.3016.2626.2771-.0508

.0753-.0474.1460-.0860-.3539

-.0391-.0072.3399.3023.2213
CAUDEXFLWRSTLK

-.0726.0540
-.1896
.0901

.0140.1314
-.0527-.1340 -.8090-.7918 -.1281.0703 .0155.0555

ANTHBASEBRNCHWIDPAPNUM
.0251.1927.2027

.1736.0024-.1028
-.3588.2281.1776

.0240-.0040.0620
-.2805.3223.2524

.7178.5894.4943
-.1241.2052.2701

RFLENGTH .3055 .1546 .2203 .2622 -.1405 .0440 .6909
RFWIDTH .0539 .0357 .0419 .0871 .0879 .1023 .0417
CLNUM .1284 -.0768 .0611 -.0992 -.0027 -.0495 -.0516
RFPAPNODFLOBELT

.2808.1017
.0890.0362

-.1656-.1129 .0560.0142 .2743.3674 -.1439-.1901 -.0396-.0190



"able 15. Factor loadings for 
components analysis the first seven factors on Erigeron clokeyi .

59
from principal

:h a r a c t e r 1 2 3 FACTOR4 5 6 7
HEIGHTBLLENGTHCLLENGTHBLWIDTH
CLNUMCLWIDTHRFLENGTH

.8948.8592.8419.6498.5218.5142.4446

.0662.0099.1751-.0694
-.1501-.0473.2169

-.0020.0382.0913.1375-.0800.1855-.2221

-.1534.0316-.0762.1060-.2120-.0254
-.0456

-.0337-.1039-.0772.2516.0687.4652.2209

.0479.0043.0063.1519-.1475-.0128.0111

.0656.0266-.0920-.1350.1668-.1253-.1257
STYLELGTBRNCHLGTFILAMENTDFLENGTH
DFLOBELTANTHLGT

.1783-.1316.0391.1177.1042-.0794

.7898.7492.7102.6294.5431.5216

.1818.1796.0906.2730-.1203.1740

-.0176.0671-.0500.0028.4544-.0078

.0966-.0671.1541.2878.0381.3593

.1790-.0805.1456.1569-.3287.2743

-.0284-.0082.0449.0470-.1156.1422
IPILGTIP2LGT0P2LGTOPILGT

-.0006.1887.0491.0363

.2250.2144.0329.1782

.8166.7979.7555.7052

.0643.1627.1986.2518

.0034.0870.1848-.1882

-.0666 -.0721 -.0981 .0121

.0832.1977-.0873-.2051
IP2WIDIPIWIDOPIWIDRFWIDTH0P2WID

-.0992-.1069-.0551-.0551.0293

-.1113-.0163.0524.1406.0609

.2624.3864.0565.0194.4578

.8143.7487.6781.6761.5460

.0465.0254.0080.0020.1171

.0714.0268.0681-.0391.0159

.1371.0981.1813-.1718-.0244
RFPAPHGTPAPHGT .0071.0211

.0958

.3791
-.1019.1622 .0686.0374 .8572.7329 -.1411.1289 .1098.1036

CAUDEXFLWRSTLK -.0189.1192
.0812.1483

-.1170-.0757
.0467.0276 .0854-.1279 .8422.8098 -.1632.0878

RFPAPNOPAPNUMBRNCHWID
-.0027-.1532.0555

-.0781.0520.4178
-.0594.2513-.1104

-.0197.1347.3976
.0612.1397-.0179

-.1712.1826-.0079
.7842.6019.5509

ANTHBASE -.0099 .1312 -.1044 .1468 .1104 .0504 .0805
ANTHTIP -.0621 .0501 -.0385 .1021 .0719 .0074 .0990



Table 16. Factor loadings for the first seven factors from principal
components analysis on Erigeron pyqmaeus.

60

CHARACTER FACTOR4
IP2LGTIPILGT0P2LGTOPILGT

.8979.8556.7557.7014

.1239.2019.2337.2992

.0939.1174.2070.2839

.0954.0301.0964.1434

.1378.0951.0111
-.0589

.0062

.0739.1597-.0823

.0155

.0779-.0919.0089
CLNUMHEIGHTCLLENGTHBLLENGTHBLWIDTH

.2003.2383.2599.2389.1048

.7406.7363.6765.6749.5626

-.0130.0070-.0621.0502.2491

.1482-.1077.0253-.0616-.1927

.0015.2872.0470.3401.0398

-.1408-.0278.0573-.0855.1712

.0798-.0998-.2176-.0789.3512
0P2WIDOPIWIDIPIWIDIP2WID

.1470.1529.1177.1400

.0350.0906.0031-.0497

.8273.7973.7816.7256

-.0472.0443.1327.1293

-.0057-.0634.1554.2349

.0582-.1938.0868.1900

-.0464-.0489.1512.1550
FILAMENTSTYLELGTDFLENGTH

.0528.1320.1422
-.1080.0918.07244

.0424.1404.0600
.8380.7732
.6867

-.0005.0436.3319
-.0384.0634-.0640

-.0934.0416.2774
RFPAPHGTPAPHGTRFLENGTH

-.0393.0464.3026
.1455.0629.2264

.0676.03233.1624
.0164.2208-.0224

.8258.7669.6979
.0583.0834-.1715

.0350.0984.0433
CAUDEXFLWRSTLK .0297.1111 -.1973.0759

.0587,0120
-.0756.0196 -.0395.0559 .8871.8247 -.0338.0274

ANTHLGTRFWIDTH
BRNCHWIDBRNCHLGT

.2545-.0125
-.1670-.1226

-.1841-.2220.3544.0980

-.1057.1989.1173.0691

.4052-.2362.1688.1226

.1782.1576-.1927.3182

-.0363-.1757.3130.2970

.6495.5361.5123.3607
RFPAPNOPAPNUM .1031.0002 -.0803.0169

.0801-.0354 -.0080.0481 .0163.2312 -.1118.(5812 .0987-.0004
ANTHTIP 
CLWIDTH

.0113-.1629 -.0833.2670
.1084.2108 .3107.0850 -.1351-.0193 .0336-.0141 .0766.1043

DFLOBELTANTHBASE
-.0615-.0641 -.0764-.2513

-.0217-.0336 .0744.4200 -.0064.0138 -.0382-.0891 .1492.2778



able 17. Factor loadings for components analysis the first seven factors on Erigeron cronquistii.
61from principal

:h a r a c t e r 1 2 3 FACTOR4 5 6 7
FLWRSTLKCLLENGTHCAUDEXRFWIDTHHEIGHT

.8790.8042.7759.7698.5431

-.1549.0720.1453.0459.2993

-.1123.3939-.1017-.0920-.3186

-.1322-.1036.1649.5299-.2719

.1686.0716.2871-.1178-.0265

,0481-.0259-.2487.1367.4817

-.0713.0203.2297.0010-.2135
DFLENGTHPAPHGTRFPAPHGTSTYLELGTANTHLGT

.0007.2171-.1251

.1659.0667

.8659.8635.7697.6227.5779

-.1857-.1112
.0342-.3799-.1728

.0679.0854-.1199-.0697-.0273

.0138.1815.0996.0981.5455

-.2547-.1634.2324.1041.2635

.2225.0654-.0719.3635-.1355
PAPNUMCLWIDTHOPIWIDRFLENGTH

-.0933.1815.0149.4080

-.1370-.1390-.0675.0748

.8263.7275.6317-.5272

.0156-.3567-.0110.3576

-.1341.0314-.0789-.1137

-.1492.0229-.5971.2601

-.2622-.0146-.0503-.1477
0P2LGTBRNCHWID0P2WIDBRNCHLGTANTHBASE

.0098-.2014-.0605.4906.0116

.2112.3345-.0699.3374

.0271

-.0681.1941.5642-.0681-.1616

.9123-.6799.5806-.5297.4867

.2967.3680-.1024-.0857.2870

-.0456.2865-.2149-.0380.3718

.0718-.0324.1994.2957-.4516
BLWIDTHBLLENGTHCLNUM

-.0555.4274.4699
.0176.3116.2519

-.0127-.0161-.2309
.1617-.1146-.0067

.9194.7142.7056
.0699.0481-.0078

.1550-.3436.1344
ANTHTIPFILAMENTOPILGT

.0967.3451.1782
.0118-.0861.5027

.0382-.2544.3100
.0876.0857.2208

-.1182.0807.2765
-.8708.7165-.5929

-.0427-.2450-.1491
IPIWIDIPILGTIP2LGT

-.0558.4193.4359
.1325-.0213.4537

-.1743-.1543.1404
.0068.1230.1592

.0606.0821.4034
-.0411
-.0170.2865

.8693.5560.5247
IP2WID -.1891 .0409 .0026 .0741 .0058 -.0143 .2787
RFPAPNODFLOBELT

-.0529.2638
.0149.1707

-.0076.0594 -.1026.2756 .0561-.2052 .0873-.0804 -.2020.4039
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Table 18. Factor loadings for the first seven factors from principal

components analysis on Erigeron tener

CHARACTER FACTOR4
OPILGT0P2LGTIPILGTIP2LGTOPIWID

.8436.7952

.7441.7175.5365

.1005.0455

.0549.0020.1369

.1176.2803
-.0188,0976.5269

-.0253.0896.1914.1719-.1601

-.0354.1155.2475.3124.0757

-.0062.0864-.0354.2999-.0267

.0168.0245.1933.2455.1301
FILAMENT
STYLELGTDFLENGTHANTHLGTRFLENGTH

-.1624
.2018.2134.0727.2401

.8316 

.7181 . 6665 .5955 .5110

.0059-.0555.1487-.1281.0172

.0115.1073.1084.1854.0088

-.0261.2039.4484.0559.2712

-.0554-.1137.2020.3154.4411

.1403.1528.1917-.1110.2688
IP2WIDIP2WID0P2WID

.1296.2049.5587
-.0558.0479-.0864

.8350.7697.6255
.0706.1446-.0335

.1090.1372.2156
.1200-.1147-.0373

.0592

.0421.0307
BLLENGTHHEIGHTBLWIDTH

-.0152.1545.0690
.0669.0040.2108

.0450-.0270.1517
.9035.8177.6079

-.0813.2499.0163
.0052-.0260.1588

.0034.0569.2825
PAPHGTRFPAPHGT .1752.2306

.2582.0937
.2034.1631 .1227-.0049 .8183.7962 .0692.1286 -.0033.2179

CLNUMDFLOBELTBRNCHWID
.0685.0777-.0075

.0570.1746

.1171
.0518.1230.2659

.1236-.0052.0250
.3051.0644.1527

.7043.5810-.5798
-.0828.3052.0594

CLWIDTHCLLENGTHBRNCHLGTANTHTIP

.1872.3064.2068

.0593

.2134.0629.2353.2875

.1927.0512
-.3374.2004

.1818.4041-.0078.1573

.1677-.0315.3039.1259

.1909-.3975-.0474.1062

.7280.5538.5266.4374
ANTHBASEFLWRSTLK .1242-.0646

.0412-.0022
-.2115.1248

.0934.1551 -.0402.1437 .1286-.0518 .0665-.2982
PAPNUMRFWIDTH -.0113.2649

-.0244.3511
.1877.1171

.0737-.0227 .0534-.0081 .1784-.1691 .0240-.1316
RFPAPNO .0321 .0139 .0020 -.0094 -.0229 .0845 .0532
CAUDEX .0043 -.0439 -.0026 .0736 .1150 .0110 .0966



able 19. Factor loadings for components analysis the first seven factors on Erigeron t we edyi. from princi 63pal

:h a r a c t e r 1 2 3 FACTOR4 5 6 7
BLLENGTHHEIGHT
BLWIDTH

.8740.7923.6305
.0239-.2324-.1326

-.0639-.0164-.0505
-.0472.0771.3961

.0475.0431.0550
.1904.0701.2214

-.0578.0420-.0965
FILAMENTPAPNUMRFPAPNO

.1780-.1885-.2252
.8131.8064.7228

-.1369.2102-.0624
.3067.0566-.0616

.1604.1036-.2060
-.1702.0728.2609

-.1340.1056.0985
IP2LGTIP2WIDIPIWID

.1608-.1740-.5108
-.0251.0970-.0479

.7927.7620.5988
.0050.1307.1479

-.0528.0871.1913
.1078-.0984.2503

-.0750.0625.1515
RFLENGTHSTYLELGTBRNCHWIDDFLENGTHPAPHGT

.0663.0388-.4689.2296.0424

.1233.1651-.1110.4669.4973

.2718-.2314.0033.2336.2033

.7823.6130.5804.5621.5616

.0684-.1058.4211.2226-.1794

.0885.0229-.0355-.1676-.1752

-.1915.4429.2247.2020-.1187
ANTHTIPRFPAPHGTIPILGTOPILGTFLWRSTLK

-.0327.0845.0032.1714.3472

.0778.2962.3135.0614.3420

-.2692.0875.5108.3215.1090

.3290.3286.0554.0265

.3118

.6646-.6500.6376.6321.3539

-.0680-.1134.0097.0585.1892

.0399.0114-.0717,0478-.2568
CLWIDTHCLLENGTH .0447.4598

.0638.0049
.0182.0804 -.0322.0424 .0205.0723 .9082.7865 .0771-.1846

CAUDEXOPIWID0P2WID
-.0273-.1601-.1497

.0975.2002-.0163
.2239.2536.3755

.0011.0197.0073
.0126.1190-.0363

-.1907-.1352-.3452
-.7618.6712.6546

BRNCHLGTDFLOBELTANTHLGT
-.1054-.1117.1913

-.0232-.0894.3548
.1119.0159.1200

.1353.0306.1813
.1078.1351.1120

.1547-.2032-.1679
-.0382.1690-.1271

CLNUM0P2LGT -.0303-.1317
-.0334.1207

.1404.3214 -.2034-.0795 -.0470.0006 -.2532-.1099 .0689.1567
ANTHBASERFWIDTH

.0654-.3068
.0909-.0701

.1349.1222 .2136-.0384 .0182.2405 .0184.0511 .0099.0401
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Table 20. Reference analy s es .
Variable Name

HEIGHT
CAUDEX
BLLENGTH
BLWDITH
CLNUM
CLLENGTH
CLWIDTH
FLWRSTLK
OPILGT
0P2LGT
OPIWID
0P2WID
IPILGT
IP2LGT
IPIWID
IP2WID
RFLENGTH
RFWIDTH
RFPAPNO
RFPAPHGT
DFLENGTH
DFLOBELT
ANTHLGT
ANTHTIP
ANTHBASE
FILAMENT
STYLELGT
BRNCHLGT
BRNCHWID
PAPNUM
PAPHGT

index of variable names used in morphological

Character_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Plant height in cm.
Number of caudices per plant.
Basal leaf length from soil in cm.
Basal leaf width, at widest point, in mm. 
Number of cauline leaves on flowering stems. 
Median cauline leaf length in mm.
Median cauline leaf width in mm.
Number of flowering stems per plant.
Outer phyllary one length in mm.
Outer phyllary two length in mm.
Outer phyllary one width in mm.
Outer phyllary two width in mm.
Inner phyllary one length in mm.
Inner phyllary two length in mm.
Inner phyllary one width in mm.
Inner phyllary two width in mm.
Ligule length in mm.
Limb width in mm.
Pappus bristle number for ray flowers.
Pappus bristle length in mm for ray flowers. 
Disk flower corolla length in mm.
Disk flower corolla lobe length in mm.
Anther length in mm.
Anther tip appendage length in mm.
Anther collar length in mm.
Filament length in mm.
Style length in mm.
Style branch length in mm.
Style branch width in mm.
Pappus bristle number for disk flowers.
Pappus bristle length in mm for disk flowers.
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E, pygmaeus. and the related species group of cronqusit1 . E, tener.
and E^ tweedyi.

Rotated factor matrices group characters with similar variabilities 
and high correlations together on the same factor. Characters explain
ing most of the variability are loaded on the first factor, the next 

most variable group of characters on the second factor, and so forth. 
Comparing rotated factor matrix results among the six species, Erigeron 
asperugineus. Ê  clokevi. and E, pygmaeus have a similar pattern of 
variability among the continuous characters, whereas jE. cronqusitii.
JE. tener and _E. tweedyi exhibit a different pattern of variability.

In his key to the Erigeron species, Cronquist (1947) separated the 
six species investigated here by taproot and caudex characters, basal 

leaf shape and apex shape, number of cauline leaves on the stems, stem 
pubescence, surface characteristics of phyllaries, ligule color, and 
disk flower pappus length:corolla tube length ratio. In his description 
and subsequent discussion of the six species, Cronquist (1947) stressed 
the following characters: 1) basal leaf size and pubescence to separate
_E. tweedyi from E* tener; 2) stem pubescence to distinguish

asperugineus from _E. tener; 3) the nearly scapose stems and long
triangular stigmas of pygmaeus compared to the leafy stems and blunt 
stigmas of E» clokeyi; and 4) taproot thickness, caudex number, basal 
leaf widths, involucre shape, phyllary number and thickness, ray flower 
number, stigma shape, and pappus characters to separate _E, asperugineus 

from Em clokeyi. In general, characters found to be taxonomically 

useful in this study concur with those utilized by Cronquist. It should 
be emphasized that these characters show an overlap in the range of
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variation, and only mean values are distinguishable by their 95% C*I# 
of the mean using ANOVÂ with a Scheffe^s test. As a consequence, the 
characters are useful in general terms, i.e., Erigeron asperugineus has 
generally wider basal leaves than E, clokevi. but there is some overlap 
between the two species. Only two characters really distinguish some of 
the species. For example, stem pubescence clearly separates the prin

cipal species, asperugineus. clokevi. and pvgmaeus. from the 
related species, E, cronquistii. _E. tener. and E, tweedvi. Principal 
species have a spreading pubescence, whereas the related species have 
an appressed ascending pubescence. Ligule color distinguishes 
E^ cronquistii, with its white or white with reddish tinged colored 

ligules, from the remaining species with their varying shades of purple 
colored ligules. Other taxonomically useful characters include:

Degree of taproot robustness 
Number of caudices per plant 
Stems erect, curved at base, or decumbent 
Basal leaf width
Basal leaf shape, including apex shape
Basal leaf pubescence
Number of cauline leaves on stem
Number of heads per flowering stem
Phyllary length
Phyllary width
Phyllary lengthiwidth ratio
Phyllary coloration
Phyllary pubescence and gland presence 
Ligule length
Number of pappus bristles on ray flowers
Length of pappus bristles on ray flowers
Disk flower corolla tube length 
Disk flower anther tip appendage length 
Disk flower stigma shape
Number of pappus bristles on disk flowers
Length of pappus bristles on disk flowers
Ratio of disk flower pappus bristle length:corolla tube length
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Several characters measured on the disk flowers, such as style 
length, style branch length, anther length, and filament length, show 
significant differences in mean values between species. As mentioned, 

these characters are in part dependent upon the maturity of the disk 
flower measured. To a lesser extent, plant height, caudex number, 
flowering stem number per plant are also dependent on the age of the 
plant. Consequently, these characters may not be the most reliable 
characters to distinguish between the species.

Additional phonetic analyses were executed on morphological data 

using discriminant analysis (Nie et al. 1983) and the data in APPENDIX 
A. Several discriminant analyses were executed, with each analysis 
specifying one of the following character groupings: 1) all characters;
2) only vegetative characters; 3) only phyllary characters; 4) only 
floral characters. The all-groups scatterplots and classification 
results for each analysis are presented in Figures 5— 8 and Tables 
21— 24, respectively. As expected, the best separation and highest 
percentage of correctly classified plants, 99.37%, occur when all 
characters were specified. Phyllary characters have the poorest 
separation and lowest percentage of correctly classified plants, 68.35%.

Examining the discriminant analysis results using all characters 
(Figure 5, Table 21), the six species are divided into two groups, 

Erigeron asperugineus. clokeyi. and pygmaeus in one group, and 
Em cronquistii. jE. teneur. and tweedyi in the second. These two 

groups correspond exactly to the principal and related species groups, 

respectively. Among the principal species, each species is equally 
similar to the other two species of the group. Erigeron asperugineus



Figure 5. Discriminant analysis scatterplot of the six species using
all morphological characters.

Group Symbol Group
1 £. asperugineus
2 clokeyi
3 pygmaeus
4 cronquisti i
5 _E. tener
6 E, tweedyi

group centroid
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Table 21. Classification results from discriminant analysis using all morphological characters 

Qnnrn-nc c.nun n Predicted Group Membership

Percent of "grouped" plants correctly classified: 99.37%

ojjcu 1 cb ur uujj 11 1 2 3 4 5 6
Group 1 19 18 1 0 0 0 0E. asperugineus 94.7% 5.3% 0.0% 0.0% 0.0% 0.0%
Group 2 33 0 33 0 0 0 0E. clokeyi 0.0% 100.0% 0.0% 0.0% 0.0% 0.0%
Group 3 48 0 0 48 0 0 0
E. pygameus 0.0% 0.0% 100.0% 0.0% 0.0% 0.0%
Group 4 7 0 0 0 7 0 0E. cronquistii 0.0% 0.0% 0.0% 100.0% 0.0% 0.0%
Group 5 35 0 0 0 0 35 0E. tener 0.0% 0.0% 0.0% 0.0% 100.0% 0.0%
Group 6 16 0 0 0 0 0 16
E. tweedyi 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

o



Figure 6. Discriminant analysis scatterplot of the six species using
only vegetative characters.

Group Symbol Group
1 IE. asperugineus
2 clokeyi
3 £. pygmaeus
4 cronqui sti i
5 tener
6 E_. tweedyi

group centroid
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Table 22. Classification results from discriminant analysis using only vegetative characters

Species Group n 1
Predicted Group 2 3 Membership4 5 6

Group 1 47 39 7 0 0 1 0
E. asperugineus 83.0% 14.9% 0.0% 0.0% 2.1% 0.0%
Group 2 83 2 77 3 0 1 0
E. clokeyi 2.4% 92.8% 3.6% 0.0% 1.1% 0.0%
Group 3 75 2 10 63 0 0 0
E. pygmaeus 2.7% 13.3% 84.0% 0.0% 0.0% 0.0%
Group 4 13 0 0 0 11 2 0E. cronqusitii 0.0% 0.0% 0.0% 84.6% 15.4% 0.0%
Group 5 78 1 0 0 1 68 8E. tener 1.3% 0.0% 0.0% 1.3% 87.2% 10.3%
Group 6 33 0 0 0 0 4 29E. tweedyi 0.0% 0.0% 0.0% 0.0% 12.1% 87.9%

Percent of "grouped" plants correctly classified: 87.23%

Co



Figure 7. Discriminant analysis scatterplot of the six species using
only phyllary characters.

G r o u p S y m b ol Group
1 Ê . a s p e r u g i n e u s
2 clokeyi
3 £, pygameus
4 £. cronquisti i
5 E. tener
6 Ê . tweedyi
• g r oup c e n t r o i d
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Table 23. Classification results from discriminant analysis using only phyllary characters.

Species Group n 1
Predicted Group Membership 2 3 4 5 6

Group 1 51 43 4 2 1 1 0E. asperugineus 84.3% 7.8% 3.9% 2.0% 2.0% 0.0%
Group 2 82 5 38 7 13 7 12E. clokeyi 6.1% 46.3% 8.5% 15.9% 8.5% 14.6%
Group 3 89 4 7 70 2 3 3E. pygmaeus 4.5% 7.9% 78.7% 2.2% 3.4% 3.4%
Group 4 16 0 3 0 10 3 0E. cronqusitii 0.0% 18.8% 0.0% 62.5% 18.8% 0.0%
Group 5 80 2 7 1 11 53 6E. tener 2.5% 8.8% 1.3% 13.8% 66.3% 7.5%
Group 6 39 0 3 0 1 5 30E. tweedyi 0.0% 7.7% 0.0% 2.6% 12.8% 76.9%

Percent of "grouped" plants correctly classified: 68.35%

' v lcn



Figure 8. Discriminant analysis scatterplot of the six species using
only floral characters.

G rouj^ ̂ ymbp_L_ Group ^
1 E. a s p e r u g i n e u s
2 clokeyi
3 £. pygmaeus
4 cronqui sti i
5 £. tener
6 tweedyi 

group c e n t r o i d
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Table 24. Classification results from discriminant analysis using only floral characters.

Percent of "grouped" plants correctly classified: 85.95%

Species Group n 1 Predicted Group Membership 2 3 4 5 6
Group 1 24 21 1 0 1 0 1E. asperugineus 87.5% 4.2% 0.0% 4.2% 0.0% 4.2%
Group 2 38 0 32 0 1 5 0E. clokeyi 0.0% 84.2% 0.0% 2.6% 13.2% 0.0%
Group 3 57 0 1 52 0 1 3E. pygmaeus 0.0% 1.8% 91.2% 0.0% 1.8% 5.3%
Group 4 8 0 0 0 8 0 0E. cronquistii 0.0% 0.0% 0.0% 100.0% 0.0% 0.0%
Group 5 40 0 2 1 0 33 4E. tener 0.0% 5.0% 2.5% 0,0% 82.5% 10.0%
Group 6 18 0 1 1 0 3 13E. tweedyi 0.0% 5.6% 5.6% 0.0% 16.7% 72.2%
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has a slightly higher concordance with clokevi. and E.. pygmaeus has 
a slightly higher concordance with clokevi. Among related species, 
both cronquist ii and _E. tweedvi share more similarities with tener
than either species has with the other. However, tener is more simi
lar to tweedvi than to cronquistii. These similarities among the 
six species were expected intuitively. Preliminary observations of the 

species suggested that 1) tener and tweedvi are more similiar to 
each other than either is to the other species; 2) asperugineus.

clokevi. and pygmaeus are morphologically similar as a group among 
the six species; 3) asperugineus and E» pygmaeus appear to be more 
closely related to clokevi than either is to each other; and 4) stem 
pubescence separates the principal species from the related species.

Discriminant analysis using only vegetative characters (Figure 6, 
Table 22) delimits the same two species groups; however, the separation 

between species is not as great. Within the principal species cluster, 
Erigeron asperugineus and _E. clokevi appear to be more closely related 
to each other than either is to jE. pygmaeus. Erigeron pygmaeus is 
slightly more similar to clokevi than to asperugineus. Within
the related species group, ^ener appears to be equally similar to
JE. cronquistii and E» tweedyi. Furthermore, both cronquistii and 

tweedvi have more in common with tener than either one has with 

the other.
As mentioned, phyllary characters do not distinguish well among the 

species, as compared to the other characters (Figure 7, Table 23). 
Discriminant functions suggest the following similarities: 1) Erigeron

asperugineus has the highest similarity with clokevi. and the second
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highest similarity with Em pygmaeus; 2) Erigeron clokevi has more in
common with E, cronquistii; 3) Erigeron pygmaeus is most similar to 

clokeyi; 4) Erigeron cronquistii is more similar to both tener 

and clokevi; 5) Erigeron tener is similar to both pygmaeus and 
_E. cronquist ii; and 6) Erigeron tweedyi is more similar to tener and 
is slightly less similar to clokeyi. The similarités suggested by 
the phyllary characters do not correspond closely to the principal and 
related species groups. Of the principal species, asperugineus and 

E. pygmaeus have the highest similarity within their group; however,

_E. clokeyi and the related species show less of a group coherence. Both 
JE. cronquistii and jS. tweedyi show some similarity with the principal 
species _E. clokeyi. Furthermore, tener has some similarity with 
principal species _E. pygmaeus.

Based upon floral characters (Figure 8 , Table 24), Erigeron 
asperugineus has a slightly higher similarity with pygmaeus than 
with _E. tweedyi. In turn, pygmaeus is more similar with _E. tweedvi 
than _E. asperugineus. and tweedyi has more in common with Em tener. 
Erigeron cronquistii is similar to tener and clokeyi. although 
slightly more so with the former. Erigeron clokeyi is very similar to 
E, tener compared to the other species. Finally, Em tener is more 
closely related to JE. tweedyi than clokevi. These results are not 
suprising since Em asperug ineus and pygmaeus. followed by tweedyi. 
have the longest and largest values for floral characters, and 

_E. cronquistii the smallest values.
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3• Species Relationships
Morphologically, all six species appear to form a closely knit as

semblage. Characters show a fair amount of overlap in the range and 95% 
confidence interval of the standard error of the mean between species*
As suggested in the diagram of probable relationships of the species in 
sect* Erigeron (Cronquist 1947), the six investigated species fall into 

two groups. Erigeron asperugineus. JE* clokevi. and pygmaeus form the 
principal species group, and E, CTonquistii* E, tener. and JE. tweedvi 

form the related species group. While not every character supports 
these groups, when discriminant analysis involving all characters is 
applied, the six species separate into the two groups. Vegetative 
characters and to a lesser extent involucral and floral characters 
support this division of the species. Within the principal group, the 
three species form a closely-knit cluster. Depending on the characters 
examined, species may show more affinity to one or the other species of 
the group. Erigeron asperugineus has more affinity with clokevi 
based on vegetative characters. Erigeron asperugineus and E» pygmaeus 
have more affinity with clokevi than either has with the other based 
on phyllary characters. Floral characters suggest a higher affinity 
between asperugineus and E» pygmaeus. Within the related species 

group, tener and tweedvi are more closely related to each other 
than to E^ cronquistii. although _E. cronquistii is morphologically 
similar to JE. tener. Examining relationships between the two species 

groups, clokevi or _E. pygmaeus appear to be most similar to the 
related species, although _E. clokevi has a closer affinity than 
Em pygmaeus. Indeed, the data and subsequent analyses suggest that



83

the two species groups are related, or connected, through _E, clokevi, 
or possibly E, pygmaeus. and not JE. asperugineus. as suggested in 

Cronquist'^s (1947) probable relationships diagram.

C. ANATOMICAL STUDIES

Anatomical studies of the vestiture of the phyllaries, cauline and 
basal leaves included analysis of trichome form and density. The ves
titure consists of colleters and uniseriate, multicellular trichomes 
(Figs. 9, 10, and 11). The colleters have slightly enlarged heads and 
stalks vary in length and number of component cells. However, little 
importance can be attached to this variability because stalk length 
varies within populations of the same species.

The uniseriate trichomes vary as to overall shape of the hair and 
as to the surface of the hair itself. Two main shapes were observed:
1) conical with osteolate cells (Figure 10); and 2) awl-shaped with a 
contricted base and a long-acuminate terminal cell (Figure 11). With 
respect to surface features, the terminal cells of the trichomes are 
either smooth or verrucate, and all other cells in the trichomes are 

smooth-walied.
Morphological types and relative trichome densities found on 

various plant parts of the six investigated species are presented in 
Table 23. Presence or absence of colleters and trichomes as determined 
from anatomical studies differed from the results obtained from gross 

morphological studies in two respects. First, the untreated basal and 
cauline leaves of all species appeared slightly glandular under the



Figure 9. Examples of colleters found on the Investigated species: 
a and b) asperugi n e u s , phyllaries; c) c l o k e y i , phyllaries; d) E. c lo ke y i , cauline leaves; e) £. pygmaeus, basal leaves; f and g) E, pgymaeus, phyllaries; 
h) E. pygmaeus, cauline leaves; ij cronquistii,phyllaries; j and k) JE. t e n e r , phyllaries.



85

d

0.5 m m

i

Figure 9



Figure 10. Conical trichâmes of E r i qeron a s p e r u g i n e u s , c l o k e y i , and E. p y q m a e u s : a and c) E_. a s p e r g i n e u s , c a u l i neleaves; b and d) E, a s p e r g i n e u s , basal leaves; e and f) 
L' c l o k e y i , c a u line leaves ; j] c l o k e y i , basal leaves; 
9 through i) _E. p y g m a e u s , basal leaves.
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Figure 11. Awl-shaped trichomes of Eriqeron cronqulstii, £. t e n e r , 
and E, tweedyi: a) cronquistii, cauline leaves;b and c) E. cronquistii, basai leaves; d and f) £. t en er , 
basai leavesl e) E. t e n e r , cauline leaves; g and k]
E. tweedyi, cauline leaves; h and i) £. tweedyi, basai leaves; j) tweedyi. phyllaries
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Table 25. Morphological characteristics and relative densities of colleters and trichomes.
COLLETERS TRICHOMESSPECIES PLANT PART presence relativedensity overall shape surface relativedensity

E. asperugineus basal leaves absent absent conical smooth, verrucate low-medium
cauline leaves absent absent conical smooth, verrucate low-medium
phyllaries at tip medium conical smooth low

E. clokeyi basal leaves all over low conical smooth, verrucate medium
cauline leaves all over low conical smooth, verrucate medium
phyllaries at tip low-medium conical smooth, verrucate low

E. pygmaeus basal leaves all over low-medium conical smooth low-medium
cauline leaves all over low-medium conical smooth low-medium
phyllaries all over low-medium conical smooth low

E. cronquistii basal leaves absent absent awl-shaped smmoth, verrucate low-medium
cauline leaves absent absent awl-shaped smooth low-medium
phyllaries all over low absent absent absent

E. tener basal leaves absent absent awl-shaped smooth, verrucate medi urn
cauline leaves absent absent awl-shaped smooth, verrucate low-medium
phyllaries at tip low-medium absent absent absent

E. tweedyi basal leaves absent absent awl-shaped smooth high
cauline leaves absent absent awl-shaped smooth low-medium
phyllaries absent absent awl-shaped smooth low-medium IDO
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dissecting microscope; however, for the most part, no colleters were 
found on cleared leaves of these species. Only leaves of Erigeron 

clokeyi and _E. pygmaeus had colleters after the clearing process. 
Secondly, phyllaries of cronquistii. and tener possessed at least
a few trichomes under the dissecting microscope, yet trichomes were 
absent on their cleared phyllaries: These differences are attributed to

tissue damage during the clearing process. While tissue damage affected 
the determination of presence or absence of trichomes, characteristics 
of the trichomes nevertheless could be observed using another technique. 
When cleared material showed major tissue damage, a wet, but otherwise 
untreated, mount of that plant part from the same population allowed 
observation of trichome characteristics.

Two groups of species can be recognized based on overall trichome 
shape. The first group, with conical trichomes, comprises Erigeron 
asperugineus. JE. clokeyi. and E, pygmaeus. Awl-shaped trichomes are 
found in species of the second group, including E, cronquistii.
Em tener. and JE. tweedyi. These two assemblages, based on trichome 

type, correspond exactly with the principal and related species groups. 
The principal species have conical trichomes, and the related species 
group has awl-shaped trichomes.

For all species except Erigeron tweedyi. colleters are found on 
the phyllaries, regardless of whether trichomes are present or absent. 

Phyllaries of _E. tweedyi lack colleters, but have trichomes. The in

volucre of Em tweedyi has been described as "sometimes also slightly 
glutinous" (Cronquist 1947). While colleters were absent on cleared 
slides of phyllaries, gross morphological examinations under a
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dissecting scope reveal a few glands near the apices on some specimens. 
Therefore, lack of observed colleters on cleared slides is attributed 
to infrequent occurrence at low densities as well as tissue damage.

At the species level, surface characteristics appear to have 
little, if any, taxonomic significance. Most trichomes are smooth- 
walled and only a few have verrucate walls. Idaho populations of 

Erigeron asperugineus have more verrucate than smooth-walled trichomes. 
In contrast, populations in Nevada have only smooth—walled trichomes. 
Occasionally, verrucate-walled trichomes appeared randomly in popula
tions of _E. clokeyi. _E. cronquistii. and JE. tener. Erigeron pygmaeus 
and E, tweedyi lack verrucate-walled trichomes. Erigeron pygameus is a 

member of the principal species group, whereas JE. tweedyi is a member of 
the related species group. In general, groups based upon presence or 
absence of verrucate-walled trichomes do not correlate with previously 
suggested relationships or with other character complexes.

Determining trichome density proved difficult. During the clearing 
process, trichomes would break off and/or tissues would be ruptured, 
especially the phyllaries. Thus, trichome density was relatively esti
mated as low, medium, or high. A relative density of "high" was 
assigned when trichomes covered well over two-thirds of the tissue. 

Conversely, a designation of "low" was applied when trichomes covered 
well under one-third of the tissue. Conditions intermediate between 
one-third and two-thirds surface coverage were designated "medium".

Relative trichome density ranges from low to medium except for the 
basal leaves of Erigeron tweedyi. This species has densely canescent 
basal leaves with the epidermis essentially obscured because of the
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numerous tichomes.
In general, the amount of variation observed for the vestiture 

within and among the six species appears minimal# Combining results 
obtained from anatomical and gross morphological studies, colleters are 
present at low densities on most phyllaries and all leaves. Four 

species, Erigeron asperugineus. E, clokeyi. E^ cronquistii. and
tener. have a high incidence of smooth—walled trichomes and a low 

incidence of verrucate-walled trichomes. Verrucate walls are absent in 
Em pygmaeus, and _E. tweedyi. Relative trichome density for five of the 

species ranges from low to medium, the exception being the high relative 
trichome density on basal leaves of jE. tweedyi »

Taxonomically, Erigeron tweedyi can be separated from the other 
five species by the high relative density of trichomes on its basal 
leaves and the absence of verrucate walls on trichomes. The only other 
taxonomically distinguishing trait is overall trichome shape. Conical 

trichomes are present only in _E. asperugineus. E, clokeyi. and 
pygmaeus. whereas only awl-shaped trichomes are found in 

jE, cronqustii. tener. and Em tweedyi.

D. CHEMICAL STUDIES

1. Spot Diagnoses

Using two-dimensional paper chromatography, flavonoid patterns were 

studied within and among the six species. Initially, data from devel
oped chromatograms were compiled into a comprehensive matrix showing 

spot incidence for each chromatogram. The matrix is presented in
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APPENDIX E, and the characteristics for each of the spots are presented 
in APPENDIX F. Table 26 is a condensation of APPENDIX E, in that only 
the diagnostic spots for each species are presented. A list of the 
characteristics for these diagnostic spots is presented in Table 27.

Several spots are common to all species, specifically spots 1,2,
3, 4, 5, 6 , 7, 8 , and 11. Spots 2, 3, 4, and 5 have 100% frequency for 
all species. Spots 1 and 8 have 80% to 100% frequency for each species. 
Spot 6, while diagnostic for each species, ranges from 50% frequency in 
Erigeron cronquistii to 100% frequency in tener. Spots 7 and 11 are 
diagnostic for five of the six species, spot 7 is non-diagnostic for

pygmaeus and spot 11 is non-diagnostic for clokeyi. The locations 
of these common spots on a chromatogram as represented in Figure 12.

Comparing the nine spots, spot 1 is unique in having a pink color 
under ultraviolet (UV) light that lightens in color under UV light with 
ammonia fumes. Under UV light, the white chromatographic paper takes on 
a dark blue tinge as a background color. As a result, spot color can 
appear to whiten. Spots 2, 3, 4, and 5 are blue, light blue, or light 
blue-green under UV light alone, and fluorescent green, light fluores
cent green, or light blue-green under UV light with ammonia fumes.
Spots 6, 7, and 11 are lighter color versions of spots 2 through 5.

Color for spot 8 is a whitened version of spots 2 through 5, changing 
from light blue or light blue-white under UV light to light fluorescent 
green or light green-white under UV light with ammonia fumes. Mabry et 

al. (1970) suggested that spots exhibiting color changes such as those 
seen in spots 2, 3, 4, 5, 6, 7, 8 and 11 are probably flavones and 
flavanones lacking a free 5-OH, or flavonols lacking a free 5-OH but



Table 26. Diagnostic spot frequency for each species.

SPECIES
1 2 3 4 5 6 7

SPOT NUMBER 
8 11 36 37 39 49 50 51 52 53 54 56

E. asperugineus 1.00* 1.00* 1.00* 1.00* 1.00* .81* .63* .94* .94* .50* .57* .05
E. clokeyi 1.00* 1.00* 1.00* 1.00* 1.00* .53* .53* .93* .33
E. pygmaeus .80* 1.00* 1.00* 1.00* 1.00* .80* .40 .80* .60* 1.00*
E. cronquistii 1.00* 1.00* 1.00* 1.00* 1.00* .50* .50* 1.00* 1.00* 1.00* 1.00* 1.00* .67* .50*
E. tener 1.00* 1.00* 1.00* 1.00* 1.00* 1.00* .78* 1.00* 1.00* 1.00* .56*
E. tweedyi 1.00* 1.00* 1.00* 1.00* 1.00* .67* .58* 1.00* 1.00* .08

SPECIES
58 59 50 27 18 10 62 12

SPOT NUMBER 
13 29 14 20 26 31 33 32 48 21 22

E. asperugineus .50* .88* 1.00* .63* .57* .06 1.00* .63* 1.00* .69*
E. clokeyi .73* .73* .20 .07 .20 .47 .60* 1.00* 1.00* .13 .13 .60*
E. pygmaeus .13 .53* .67* .27 .27 .20 1.00* .93* .80* .87* .93* .33 .60*
E. cronquistii 1.00* 1.00* 1.00* .50* 1.00* .50* .50* .17
E. tener 1.00* .11 1.00* 1.00* .33 .67* .56* .89* .89* 1.00* .44 .33 .44 .33
E. tweedyi .67* .58* 1.00* .83* 1.00* .33 .25 .67* .42 1.00* 1.00* .92* 1.00* .50* .92*

SPECIES
23 15 16 17 19 34 30 35

SPOT NUMBER 
28 40 41 42 43 45 46 47 44

E. asperugineus .50* .81* .75* 1.00* 1.00*
E. clokeyi .13 .40
E. pygmaeus .67* .93* 1.00*
E. cronquistii 1.00* .83* 1.00* 1.00* .83* .67* 1.00* 1.00* 1.00*
E. tener .44 1.00* .78* .11 1.00* 1.00* .89* 1.00* .89* .56* .67* .33
E. tweedyi .42 1.00* .75* .83* 1.00* .50* .92* .92* 1.00*

* - Spot is diagnostic for this species

V Ocn



Table 11. Characteristics of the diagnostic spots.

Key for color abbreviations in table: 
ft - faint 

= light 
= fluorescent

It
fl
grays

und.

color takes on grayish 
tinge under ammonia fumes
spot undetected under these 
conditions

Explanation of values given in table;
Each spot has three numbers for each_Rf value, 

upper number = mean Rf value, X 
middle number = standard deviation of mean R^ value 
lower number = number of spots, or N

For example, R^-TBA for spot 1 lists: .37
.032
70

This is interpreted as: mean R^ value is .32 with a
standard deviation of .032, and N = 70 spots.

SPOT # Rf-TBA Rf-HOAc COLOR 
UV light

COLOR 
UV light + NHaOH SPOT # Rf-TBA R^-HOAc COLOR 

UV light
COLOR 

UV light + NH,OH
1 .37 .63 It pink It white-pink 7 .83 .80 und., or ft blue-green

.032 .043 .034 .052 ft blue
70 70 28 28

2 .64 .41 blue fl green 8 .60 .84 It blue or It fl green or
.029 .048 .051 .021 It blue-white It green-white
73 73 59 59

3 .66 .58 It blue or It fl green 11 .32 .83 und., ft blue. It blue or
.051 .039 It blue-gray .036 .029 ft blue-green It blue-green
73 73 55 55

4 .58 .75 blue fl green 36 .36 .11 und., or yellow, green-gold.
.049 .032 .014 .040 ft purple It green-gray
73 73 8 8

5 .42 .77 It blue or It fl green or 37 .76 .39 It purple It green-gray
.040 .036 It blue-green It blue-green .033 .041
63 63 9 9

6 .75 .83 ft blue or It blue-green 39 .13 .10 green-gold or green-gold or
.069 .030 ft blue-purple .021 .010 It green-gray It green-gray51 51 14 14

IDCT>



Table 27(cont.). Characteristics of the diagnostic spots,

SPOT # Rf-TBA Rf-HOAc COLOR 
UV light

COLOR 
UV light + NH,|OH SPOT # R^-TBA R^-HOAc COLOR 

UV light
COLOR 

UV light + NHaOH
49 .13 ,18 ft yellow ft yellow 18 .78 .66 It blue or It fl green or

.022 .014 .043 .053 It blue-gray It blue-green
6 6 47 47

50 .13 .41 ft purple ft green-gray 10 .30 .68 It blue or It fl green or.017 .021 .033 .029 It blue-green It blue-green
7 7 45 45

51 .43 .41 und. bl ue 62 .57 .66 It blue It fl green or.038 .031 .038 .030 It blue-green
6 6 10 10

52 .23 .71 und. ft orange 12 .35 .82 It blue or It blue-green.026 .027 .039 .027 It blue-green
6 6 26 26

53 .46 .65 ft purple ft purple or 13 .40 .84 It blue-green or It blue-green.020 .016 fades out .035 .022 It blue-purple4 4 32 32
54 .31 .24 It purple It yellow 29 .49 .77 ft blue or It fl green.011 .016 .044 .040 ft blue-green

9 9 26 26
56 .24 .88 und., ft blue or It green or 14 .28 .19 purple green-gold.018 .025 ft blue-purple It fl green .031 .0275 5 52 52
58 .29 .65 It purple grays 20 .38 .52 und.. or It blue-green.012 .032 .028 .057 ft blue9 9 33 33
59 .35 .46 und. ft orange 26 .13 .33 purple purple-gray or.019 .032 .020 .025 green-gold

9 9 49 49
60 .57 .84 und., or blue or 31 .24 .25 It yellow It yellow or.026 .027 blue grayish .027 .028 yellow-white9 9 29 29
27 .19 .44 It purple It green-gray or 33 .08 .23 It gold or It gold or.021 .038 or grays .010 .022 It yellow-brown It yellow-brown46 46 28 28



Table 27(cont.). Characteristics of the diagnostic spots.

SPOT # R^-TBA Rf-HOAc COLOR 
UV light

COLOR 
UV light + NHaOH SPOT # Rf-TBA Rf-HOAc COLOR 

UV light
COLOR 

UV light + NHjOH
32 .18 .12 It green-gray It yellow-brown 35 .36 .22 It purple ft purple or

.032 .016 .024 .025 green-gray
25 25 22 22

48 .06 .09 ft yellow or It yellow or 28 .75 .77 und., ft blue. It fl green
.011 .019 ft yellow-brown It yellow-brown .060 .028 or ft blue-gray
19 19 15 15

21 .14 .11 It purple or green-gray 40 .26 .57 purple green-gray
.029 .012 It purple-gray .016 .027
25 25 15 15

22 .41 .39 It purple ft purple or 41 .30 .18 yellow, gold, or gold
.043 .020 ft green-gray .013 .012 yellow-brown
20 20 15 15

23 .78 .12 It purple ft purple or 42 .21 .16 yellow-gold yellow-gold
.044 .047 ft green-gray .014 .011
12 12 14 14

15 .34 .46 und., or It blue-green 43 .27 .17 It purple or green-gray
.028 .039 ft blue .009 .018 It green-gray
19 19 21 21

16 .37 .69 It purple It green-gray 45 .13 .23 ft yellow or It gold.045 .026 .013 .015 ft gold
17 17 14 14

17 .37 .28 It purple green-gold or 46 .28 .75 und. It green or
.031 .022 green-gray .017 .029 It fl green35 35 16 16

19 .53 .26 It purple green-gray or 47 .25 .55 It purple ft purple or
.029 .031 grays .017 .035 grays25 17 17

34 .26 .14 It green-gray or It green-gray or 44 .14 .05 It yellow It yellow-white.022 .016 green-gold green-gold .015 .004
22 22 15 15

30 .08 ,68 It purple It purple or
.020 .026 grays
27 27

lO00



Figure 12. Locations of the nine common spots on a chromatogram
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with a substituted 3-OH,
From the data in APPENDIX E, typical chromatographic patterns were 

constructed for each of the six species (Figs. 13— 18). For each dia

gram, all spots found in that species are represented, regardless of 
whether the spots are diagnostic or non-diagnostic. Darker outlines 
signify diagnostic spots; fainter outlines mark non-diagnostic spots 
for each species. For example, spot 62 is diagnostic for Erigeron 
asperugineus. but not for _E. clokeyi. Therefore, spot 62 has a darker 

outline in the pattern for asperugineus and a lighter outline in the 
pattern for clokeyi. Shaded spots represent spots unique to that 
species. A dashed line marks the separation between spots, a separation 
not always easily delimited on the chromatogram due to overlap between 
spots. This problem was prevalent in congested areas and varied in 
occurrence between populations of the same species and less often within 
the populations themselves.

Based upon their chromatographic patterns, each of the six species 
can be distinguished. Erigeron asperugineus has two unique spots, 36 
and 37 (Figure 13). Spot 19 is diagnostic for this species, but non
diagnostic for E^ tener (Figure 17) and tweedyi (Figure 18), and 
absent in clokeyi. pygmaeus. and E, cronquistii (Figs. 14— 16). 

Additionally, asperugineus is distinguished by the absence of a 
majority of spots present in the other species and located in the lower 
right quadrant of the chromatogram. Specifically, E, asperugineus is 
lacking spots 26, 27, 30— 35, 40— 48, and 59. Spot 27 is diagnostic for 

the other five species, but absent in E, asperugineus. These spots 

exhibit two main color patterns: 1) purple under UV light, changing to



Figure 13. Typical c h r o m a t o g r a p h i c  pattern for Erigeron asperugineus
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Figure 14. Typical chromatographic pattern for Erigeron clokeyi
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Figure 15. Typical chromatographic pattern for Eriqeron pygmaeus
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Figure 16. Typical chromatographic pattern for Erigeron cronquistii.
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Figure 17. Typical chromatographic pattern for Erigeron tener
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Figure 18. Typical chromatographic pattern for Eriqeron t w e e d y i .
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gold, yellow, or green-gray under UV light with ammonia fumes; 2) gold 
and yellow under UV light alone with little or no color change under UV 
light and ammonia fumes. The first pattern can be tentatively identi
fied as flavones with 5-OH and 4"—OH, or 3-OH substituted flavonols with 
5-OH and 4'-0H, or less often 5-OH flavonones and 4^-OH chalcones 
lacking 3-ring hydroxyl groups (Mabry et al, 1970), Flavonols with a 

free 3-OH and with or without a free 5-OH exhibit the second color 
pattern (Mabry et al, 1970),

Erigeron clokeyi (Figure 14) has fourteen diagnostic spots, the 
smallest number of diagnostic spots for the six species. This results 
in an uncluttered appearance of the chromatographic pattern of

clokeyi compared to the other species. While this species has no 
unique spots, it does have a distinctive pattern of spots in the lower 
right quadrant. This pattern is created by diagnostic spots 14, 21, 26 

(with a prominent tail), and 27, Non-diagnostic spots for the lower 
right quadrant include 31, 33, and 34, each with 13% frequency. In 
addition, there are no spots immediately to the right of spot 2, such 
as spots 17, 19, 20, 22, and 35 which are often present in the other 
species patterns,

Erigeron pygmaeus (Figure 15) has two unique differences, including 
the presence of spot 39» located near the origin, and the absence of 
spot 18, diagnostic for the remaining species and located in the upper 
left quadrant. Again, the pattern of spots in the lower right quadrant 

can be used to distinguish this species. Compared to cronquistii,

_E. tenejr, and jE, tweedyi, pygmaeus has fewer spots and these spots 
cover larger areas. The spots found in the lower right quadrant in
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E.* pygmaeus are 14, 17, 22, 26, 27, 31— 34, and 39. Finally, spot 23 
is diagnostic and unique to JE. pygmaeus and JE. asperug ineus. However, 

these two species can be delimited from each other by the presence of 
their respective unique spots, 36 and 37 for asperugineus. and 39 for 

pygmaeus.

Erigeron cronquistii (Figure 16) has five diagnostic spots, 49, 50 
(also present in tweedyi with 8% frequency), 51, 52 (also present in 
K* asperugineus with 6% frequency), and 53. Spots 51 and 52 are 
undetected under UV light alone, but do become visible with the addition 
of ammonia fumes. Erigeron cronquistii exhibits a very cluttered 
chroma- togram with many spots covering small areas. In spite of this, 

the species can be distinguished by its diagnostic spots and by presence 
or absence of spot combinations. First, spot 14 shows 100% frequency 
for only four species, Em cronquistii. asperugineus. _E. clokeyi. and 
Em pygmaeus. However, cronquistii differs from these other three 
species by the presence of spots 40, 41, and 42. Second, _E. cronquistii 
and asperugineus both lack spot 26 which is diagnostic for the other 
four species. These two species can be distinguished from each other by 
their particular diagnostic spots, and the cluttered appearance of the 
pattern of Em cronquistii compared to the uncluttered pattern of 

asperugineus.

Erigeron tener has three uniquely present spots including 54, 56, 
and 58 (Figure 17). The most useful chemical method to identify this 
species is by comparison with the spot combinations of cronquistii 

and tweedyi. Erigeron tener and Em cronquistii have diagnostic spots 

40, 41, and 42 in common. Erigeron tener and Em tweedyi share spots 43,
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and 45— 47. Thus, tener has spots 40— 43, 45— 47, but neither
cronquistii or tweedyi have all seven of these spots.

Erigeron tweedyi (Figure 18) has two diagnostic spots, 59 (also 

present in tener with 11% frequency) and 60 (also present in
pygmaeus with 13% frequency). The pattern of spots in the lower 

right quadrant can be used to distinguish this species. Specifically, 
spots 26, 27, 31— 33, 35, 44, 45, 47, and 48 form a pattern in 

tweedyi which is very different from that of _E. asperugineus.
JE. clokeyi. and pygmaeus. Unfortunately, at a glance, the pattern 

of tweedyi is less distinctive when compared with tener and 
Em cronquistii. However, JE. tweedyi can be delimited from

cronquistii by the presence of spots 43, 45, 46, and 47, and from 
tener by the absence of spots 40, 41, and 42.

These last three species, Erigeron cronquistii. tener. and 
_E. tweedyi. constitute the related species group, and, as a group, can 
be differentiated by the presence of spot 35, which is absent among the 
principal species. The chromatographic patterns of these species are 
similar and not easily distinguished from each other. Yet, they can be 
delimited by their unique spots and the presence of certain spot combi
nations . Table 28 illustrates the relationships among these species by 
presenting a matrix of the relevant spots versus the species.
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Table 28, Spot presence for Erigeron cronquistii.
tener. and E» tweedyi. the related species 
group.

SPFCIFS SPOT_14 40 41 42 43 45 46 47
cronquistii X X X X

_E. tener X X X X X X X
E, tweedyi X X X X

Relationships among the six species were assessed using diagnostic 
spots. Three statistical methods were applied, including paired affin
ity indices (Ellison et al. 1970), discriminant analysis, and K-means
cluster analysis. A paired affinity index (PAX) is the frequency of the 

spots in common between two species. Mathematically, the formula is:

_ spots in common for species A and Btotal spots in species A + B

Table 29 presents the PAX values for pairwise combinations of species. 
Visual representation of PAX values is given in Figure 19. From this 
method several tentative conclusions can be drawn. Erigeron 
asperugineus is more similar to clokeyi (PAX=.52) than to the other 
four species. Yet, jE. clokeyi is more similar to E, pygmaeus (PAI-.63) 
than to E^ asperugineus (PAI=.52). In addition, E, clokeyi is just as 

similar to tweedyi (PAX=.54) as it is to E^ asperugineus. Erigeron 

tener is very similar to tweedyi (PAX=.78) compared to the other five 
species (PAX values 4.45). Erigeron tweedyi has the closest affinity 

with E» tener (PAX=.78), but is also similar to _E. clokeyi (PAX=.54) and
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Table 29, Paired affinity index values for pairwise combinations of s pe cies.

_E. asperugineus 
_E. clokeyi 
E.. pygmaeus 

cronquisti i 
tener 

L' tweedyi

cr

1 . 0 0

.52

.47

.45

.33

.39

1.00
.63
.38
.46
.54

toi

1 . 00

.39

.40

.50

1.00 
.42 1.00 
.41 .78 1.00



Figure 19. Paired affinity index hexagons for each species: a)asperugineus; b) E. clo ke y i ; c) pygmaeus;d) E, cronquistii ; e j  E, t en er ; f) E_. tweedyi.

Each arm of the figure represents a species, with the PAI values 
plotted along an arm. The terminal cross bar of each arm represents 
PAI value of 1.00, the midpoint cross bar marks a PAI value of 0.50. 
For example. Figure a is the hexagon for Erigeron asperugineus.
This species has a PAI = 1.00 with itself, hence the hexagon reaches 
the 1.00 mark on the upright arm. Erigeron asperugineus and 
clokeyi have a PAI = .52, and this is plotted on the upper right arm.

-T“ asperugi neus
tweedyi clokeyi

tener pygmaeus

cronquisti i
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pygmaeus (PAI=.50). Erigeron cronquistii does not have strong affin
ities with any of the other species, with PAI values ranging from 0,38 
with E* clokeyi to 0,44 with E, asperugineus,

Affinities among the species suggested by the PAI values coincide 
fairly well with the principal and related species groups, Erigeron 
tener and _E, tweedyi. both members of the related species group, are 
highly similar to each other. Yet, neither has high affinities with 
_E, cronquistii. the third member of the group. In fact, E^ tener and 
E» tweedyi have higher PAI values with some members of the principal 

species group than they have with E» cronquistii. Within the principal 
species group of E^ asperug ineus. jE, clokeyi. and JE. pygmaeus. 
jE, asperugineus has the highest affinities with the other two members of 
the group, Erigeron clokeyi and pygmaeus are more similar to each 
other, but both species have higher PAI values with tweedyi in the 
related species group than with asperugineus♦

Paired affinity indices incorporate only the presence or absence of 
a spot, and not the frequency of occurrence a particular spot has in a 
given species. In contrast, discriminant analysis and K-means cluster 
analysis allow incorporation of both incidence and frequency of spots. 
The difference between these two analyses is that discriminant analysis 

maximizes the separation between species, whereas K-means cluster anal
ysis groups species together based on the similarities and frequencies 
of the aforementioned spot characteristics.

The all-groups scatterplot from discriminant analysis (Nie et al, 
1983) is presented in Figure 20, As expected, the individual species 
clusters are tightly aggregated around their respective group centroids.



Figure 20. Discriminant analysis scatterplot of the six species

Group Symbol Group
1 Ê . asperugi neus
2 £. clokeyi
3 pygmaeus
4 cronquistii
5 tener
6 E , tweedyi

group centroid
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reflecting the distinctive, non-intergrading chromatographic patterns of 
each species. Discriminant analysis suggests that 1) Erigeron tener 
(Group 5) and JE, tweedyi (Group 6) are most similar to each other;
2) clokeyi (Group 2) and _E, pygmaeus (Group 3) are more similar to 
each other than either is to the remaining four species; 3) both 

cronquistii (Group 4) and JE. asperug ineus (Group 1) are well 
separated from each other and from all other species; and 4) according 
to the second highest group membership results, JE. pygmaeus is the 
closest to %. cronquistii and asperugineus. These results, except 
for the fourth, correlate with the conclusions drawn from the paired 
affinity indices. It is speculated that the reason for the difference 
in results is intrinsic within the statistical algorithms. Discriminant 
analysis incorporates the incidence and frequency of spots, whereas PAI 
values are simply frequencies of spot occurrence between species.

K-means cluster analysis (Dixon et al. 1981) was executed speci

fying series of 2, 3, 4, 5, and 6 clusters. The resulting cluster 
groups are presented in Table 30. It should be kept in mind that there 
are no lines tying the grouping levels together into any sort of den
drogram, Examining the clusters, three relationhips become apparent, 
one expected, and two unexpected. First, as expected, Erigeron tweedyi 

and Em tener did not form separate clusters until six clusters were 

requested. Second, when two clusters are constructed, pygmaeus.
Em̂  asperugineus. and cronquistii form one cluster, and clokeyi,
Em tener. and Em tweedyi constitute the other. These two groupings do 
not correlate with the previous principal and related species groups.
The difference is that cronquistii. a member of the related species



Table 30. Clustering results from K-means cluster analysis

Number of 
Specified 
Clusters

Resulting Clusters

asperugineus cronquistii clokeyi tweedyitenerpygmaeus

asperugineus cronquistii clokeyi tweedyitenerpygmaeus

cronquistiiasperugineus clokeyi tweedyitenerpygmaeus

asperugineus cronquistii clokeyi tweedyitenerpygmaeus

asperugineus cronquistii clokeyi tweedyitenerpygmaeus

asperugineus cronquistii clokeyi tener tweedyipygmaeus

ro
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group, is now grouped with asperugineus and jE, pygmaeus. which are 
pincipal species. Similarly, clokevi, a principal species, is now 
grouped with related species, tener and tweedyi. Third, it is 
interesting that E, asperugineus and _E, cronquistii are not separated 
into different clusters until four clusters are specified.

To elucidate the possible basis of the K—means cluster groups, 

principal components analysis, or FCÂ, (Nie et al, 1983) was used on 
the spot variables. Taken from the FCA correlation matrix. Table 31 
presents pairwise spot combinations with correlations of 1,00— 0.60, 

From this table, spot pairs 40,41 and 40,42 have high correlations of 
1.00 and 0.96, respectively. Referring to Table 26 (Diagnostic spot 
frequency for each species), these three spots are present only in 
Erigeron cronquistii and _E. tener and at high frequencies (^0,89).
Thus, the close affinity of these two species is supported by the suite 
of spots including 40, 41, and 42, which are all highly correlated with 

each other. Examining spot pairs with lower correlation values, 
different groups of spots pairs become apparent, such as 30,43; 30,44;
30,45; 30,46; and 30,47. These spot pairs have correlations ranging
from 0.64 to 0,72, Species associated with these spot pairs include 

clokeyi. tener, and JE. tweedyi. Thus, the cohesiveness of these 
three species is supported by spots 30, and 43— 47, Other suites of 
spots suggest different assemblages of species. It is not uncommon to 
find a species associated with two or more assemblages simply because 
one level of correlation shows a suite of spots supporting one 
collection of species, while at a lower level of correlation, a spot 
from the former suite may be correlated with different spots which



Table 31. Correlation values for spot pari combinations (only spot pairs with >0.50 correlation are given).
127

Correlation value Spot pair Correlation value Spot pair
1.00 40 41 .58 17 23
.96 40 42 .58 20 46
.96 41 42 .58 28 44
.87 43 47 .58 35 40
.84 44 47 .58 35 41
.83 30 43 .58 35 47
.83 43 46 .58 45 46
.80 43 44 .57 22 23
.80 44 46 .57 26 33
.80 46 47 .57 31 33
.78 15 16 .56 62 19
.77 43 45 .56 16 17
.72 30 47 .56 20 44
.69 30 46 .56 43 48
.67 35 43 .54 20 47
,66 30 44 .52 18 35
.64 20 43 .52 20 35
.64 30 45 .52 30 35
.64 45 47 .52 26 27
.63 14 17 .52 32 34
.62 17 22 .52 28 48

.61 33 44 .52 44 48

.61 35 42 .51 ,  17 34

.61 35 45 .50 35 28

.60 15 17 .50 28 43
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suggest a slightly different collection of species. Comparisons between 
highly correlated spot pairs suggest the following groups: 1) Erigeron

tener and _E. tweedyi (spots 43— 47); 2) asperugineus and

_E. cronquistii (spots 15 and 16); 3) clokevi. tener. and
E.tweedyi (spots 30, and 43— 47); 4) asperugineus. JE. pygmaeus.

cronquistii, and occasionally E, clokevi (spots 14, 15, 17, and 22); 
and 5) E, cronquistii, E, tener, and Ê. tweedyi (spots 35, 40— 43, 45, 
and 47). The first factor from the PGA (Table 32) loaded spots which 
would group JE, tener and E» tweedyi. These spots are 11, 14, 20, 28,

30, 35, and 43— 48. Factor two included spots 10, 15— 17, 19, and 26. 
These spots suggest two groups, E, asperugineus and cronquistii as 
one group, and E, clokeyi. _E. pygmaeus. JE. tener. and JE. tweedyi as the 
other. Spots 29, 40, 41, and 42 loaded on the third factor and group 

cronquistii and J:ener.
Clearly, the above groupings would support the cluster groups 

presented in Table 30. Erigeron cronquistii would cluster with
asperugineus and E» pygmaeus. based on highly correlated spots 14—  

17, and 22, which load on factors one and two. Erigeron asperugineus 

and cronquistii would group together within the previous cluster 
based on spots 15 and 16. Erigeron clokeyi, JE. tener. and _E. tweedyi 
would form a cluster, based on spots 30, and 43— 47 which are highly 
correlated and load on factors one and two.

2. Methodological Problems
A problem was encountered in preparation of the extract used in 

spotting the chromatograms. As originally planned, one plant was to be



Table 32. Orthogonally rotated factor matrix from principal
components analysis.
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SPOT FACTOR
1 2 3 4 5 6 7

9230 -.2124 .2481 .0121 .0288 .0638 .0559
9230 .2124 -.2481 -.0121 -.0288 -.0638 -.0599
9080 -.0476 -.1378 .0360 -.0259 -.0810 -.1314
8828 -.1494 .0902 .0124 .0266 .0268 .0476
8722 -.1278 .0249 .0339 -.0153 .0289 -.0524
7634 -.3766 .1679 -.1685 -.1011 .0580 .0501
7069 .3759 .2147 -.1178 .1153 .0802 .1741
6318 -.2489 .4311 .0286 .0466 .1926 .1768
6188 .2763 .0905 .1881 -.2856 -.4498 -.1548
6168 -.0377 -.0796 .4065 -.0808 -.1749 .1696
5980 .0907 .5451 .1681 -.2503 -.1037 .2142
4548 .3974 .1375 .0439 .0108 .4436 -.0689

3214 -.8558 -.1038 .2477 -.0197 -.0580 -.0460
2560 .8476 .1794 -.2128 .0030 .0278 .0551
2342 .8063 .1506 -.1982 .1823 -.0705 .0112
2046 .6682 -.3094 .2436 -.0839 -.0048 -.1578
5413 .6510 -.0731 .3487 .2033 .1502 .0051
1987 .5133 -.1091 -.3961 .1902 .3057 .3430
3820 -.3925 .3848 .2109 -.0868 -.3838 -.0538

1202 .0400 .9675 .0268 -.0131 .0173 -.0019
1202 .0400 .9675 .0268 -.0131 .0173 -.0019
,0802 .0697 .9642 .0606 -.0665 -.0032 .0634
2164 -.3559 .4612 -.3868 -.0071 -.0654 -.3961

0740 -.0973 .1135 .8199 -.0335 .0199 .1667
4680 .0341 .1189 .7436 -.0264 -.1733 -.2212
3442 .3066 -.3270 -.6598 .1201 .0483 .1459
4238 -.2398 -.2052 .6014 -.0905 .1376 -.0544
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used for each chromatogram; however, some plants did not have enough 
leaf tissue to produce the needed 0.1 g of dried leaf material. In 
these cases, two plants and in one case three plants from the same popu
lations were used to obtain 0.1 g of dried leaves. Two plants were used 
in all three chromatograms of population 224, and chromatogram A of 
population 220. Three plants were used in chromatogram B of population 

220, All of these populations are identified as Erigeron asperugineus.
The question can be raised as to whether using more than one plant 

per chromatogram affects the resulting flavonoid pattern. In population 
220 (APPENDIX E), chromatogram C represents one plant, chromatogram A 
two plants, and chromatogram B three plants. A comparison of flavonoid 
patterns among the three chromatograms reveals the similarities and dif
ferences in spot incidence. In general, no major differences were found 
in presence or absence of spots, and the variation observed is compar
able to that observed in other populations. With respect to diagnostic 

spots, chromatogram C(one plant) lacked spots 6, 11, and 20 which are 
found in chromatograms A(two plants) and B(three plants). Chromatogram 
A lacked spots 10 and 23 which are found in chromatograms B and C. Spot 
7 was found only in chromatogram A in this population. This type of 

variation is also present in other populations such as 203,215, and 
217. The number of non-diagnostic spots for population 220 did not 
appear any different from that observed in other populations. Since no 
major differences were observed in the flavonoid patterns of chromato

grams using one plant and chromatograms using more than one plant, those 

chromatograms using more than one plant were used in subsequent analyses 
of species flavonoid patterns.
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Several problems were encountered during the analysis of the 
developed chromatograms. The most common problem was difficulty in 

determining if a spot on one chromatogram was homologous with one on 
another chromatogram. For the most part, this was not an insurmountable 
problem; however, there were several spots which were particularly 
difficult to analyze. Factors contributing to the problem include spot 
variability, spot congestion, and differences in development between 
chromatograms. values of spots fluctuated between chromatograms as a
result of varying size, degree of tailing, and location on the chromato
gram. This spot variability can be attributed to differences in 
concentrations of the compound (spot) in plants within and between 
populations, and is enhanced by differences in the development of the 
chromatograms (Zweig & Whitaker 1971).

Congested areas on chromatograms often caused overlap between 
spots. This had a detrimental effect in recognizing individual spots 
and in determination of values. Two areas on the chromatograms were 
particularly congested, the lower right quadrant near the origin and the 
upper middle area. The former area was less of a problem since adjacent 

spots often had distinct color patterns which helped to delimit them. 
However, the upper middle area contained spots with similar color 
changes. Spots, such as 4— 8, 29, and 62, often overlapped and only 
became recognized as separate spots after looking at all chromatograms 
and noticing that these spots were separate in some chromatograms and 
large agglomerations in other chromatograms.

Differences in the development of chromatograms occurred despite 
efforts to maintain identical conditions for every chromatographic run.



132

Variations, such as the distance solvent fronts traveled, time needed 
for solvents to move through the paper, and humidity in the chamber, all 
affect R values, as well as size and degree of tailing observed in the 
spots (Zweig & Whitaker 1971)•

A second major problem encountered in analyzing chromatograms 
results from deposition of extract residue near solvent fronts (shaded 
area in Figure 21).

Figure 21. Location of the extract residue on the chromatograms 
(shaded area in figure).

HOAc

TBA*

Spots occurring in the shaded area exhibited high variability in R 

values and often were located to the left, beyond the TBA solvent front 
Factors contributing to the problem included interference from the ex
tract residue, and high variability in the degree that the HOAc solvent
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front "dipped" near the TBA solvent front. As a result, this area was 
ignored in all analyses of every chromatogram. Spots found in this 
area, specifically 80, 81, 83— 85, 103— 106, 110, and 111, were consid
ered non—diagnostic and not used in any subsequent analyses.

The arbitrary technique used to determine diagnostic spots has an 
effect on any subsequent analysis of similarity between chromatographic 

patterns. Spots which are obviously diagnostic or obviously non- 
diagnostic cause little difficulty by their determination. However, 
spots which fall near the line between diagnostic and non-diagnostic 
give some cause for concern. Under a more strict ruling, fewer spots 
would be considered diagnostic; conversely, a more relaxed ruling would 

allow for more diagnostic spots. In turn, this would affect relation
ships observed between the species chromatographic patterns.

Chemical studies of the flavonoid patterns of the investigated 
species did not involve the identification of the constituent compounds, 
but were simply a study of the flavonoid patterns from the presence or 
absence of spots. This type of study has had many critics, and justly 
so. Herout (1973) states:

". . .specialists in biology, to whom more detailed in
formation on the nature, chemical structure, and the biosyn
thesis of the compounds studied lies somewhat outside their 
scope, may have the tendency to overestimate the importance 
of chromatographic spots or peaks of whose chemical nature 
nothing special is known. However, it would certainly not be 
corrrect - in this case - to base the relationship or its 
remoteness on a larger or smaller number of "identical" 
coloured spots only."

The difficulties with not identifying compounds are many. Some problems 
include, but are not limited to: 1) spots with the same color pattern
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but with different R values may or may not be the same chemical com
pound; 2) when R values of an unknown spot are identical to the R 
values of a known compound, it does not necessarily imply that the two 
compounds are identical; 3) spots which cover large areas may mask 
other spots; and 4) a highly distinctive and taxonomically useful 
compound may be present at such low concentrations that its detection 
is difficult, if at all, Mabry et al, (1970) mentioned that using R
values and color patterns under different reagents is only good for

tentative preliminary identification of the compounds.
As a further critique of chemotaxonomy, T^tenyi (1973) states:

"Neither the biosynthetised materials, nor their frequency 
can serve as a base for taxonomy, but the solution is given by 
the observed homology of biosynthetic routes. These can be 
detected only step by step and can lead to a newly recognized
phylogenetic tree, founded on metabolism,"

While the most comprehensive study would include identification of 
all compounds, this was deemed beyond the scope of my study and time 

constraints. Nevertheless, results from comparing species flavonoid 
patterns can provide strong indications of the phenetic relationships.



CHAPTER IV 
TAXONOMIC TREATMENT

Erigeron L,

Erigeron L. Sp. PI. 863. 1753. — LECTOTYPE: uniflorum L.,

selected by M. L. Green in 1929. For a detailed 
description of the genus, refer to Cronquist (1947).

Erigeron L. section Erigeron

^rigeron L. section Erigeron. — LECTOTYPE: JE. uniflorum L.
Perennials usually less than 1.0 m tall, with deep-rooted rhizomes 

or woody caudices. Stems erect, decumbent, or spreading; internodes 
neither excessively numerous, nor unusually short. Leaves chiefly 
basal, various, but if linear then basal leaves conspicously larger than 

cauline leaves. Heads few to sometimes numerous. Phyllaries weakly 
imbricate to imbricate, in subequal series. Ray flowers ligulate, 
well-developed and longer than involucre, rarely reduced or absent, but 
never short, narrow , and erect; ligules 15— 300, limbs less than 3.5 
mm wide, purple, pink, blue, white, rarely yellow. Disk flowers usually 
numerous, hermaphroditic, occasionally a few pistillate; pappus 
bristles capillary; corolla tubes cylindrical; style appendages 

lanceolate or broader, acute to obtuse, 0.5 mm long or less. Cypselas 
two-veined, if four-veined then phyllaries subequal; pubescent. Plants
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blooming mainly in spring and early summer, or in midsummer at higher
elevations*

Key to the six species:

1. Stem vestiture of spreading trichomes, leaves with 
conical trichomes
2* Plants not caespitose, stems decumbent, weakly 

decumbent or occasionally erect; cauline leaves 
4— 10, occurring throughout stem; heads 1— 3, 
hemispherical to weakly turbinate; stigma shape 
depressed deltate to deltate, occasionally long 
triangular
3* Slender taproots, lacking leaf bases of pre

vious years; stem trichomes less than 0.25 
mm long, short—spreading hispid; basal leaves 

oblanceolate to obovate, 1.35— 8.10 mm wide; 
anther tip appendage 0.18— 0.54 ram; stigmas 
depressed deltate to long triangular, but 
usually deltate; pappus bristles 14— 42,

1.80— 5.60 mm long. . . . . . . .  I.E. asperugineus
3. Stout taproots, with persistent leaf bases of 

previous years, stem trichomes more than 0.25 
mm long, spreading hispid; basal leaves oblong 
to obovate, 0.72— 6.0 mm wide; anther tip appen
dages 0.09— 0.36 mm long; stigmas blunt to
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depressed deltate, less often deltate; pappus
bristles 10— 29, 1.4— 3.9 mm l o n g   2, Z, clokevl

2. Caespitose plants; stems erect; cauline leaves 0— 4
(10), essentially basal, giving stems a scapose appear
ance; heads solitary, turbinate; stigmas commonly long
triangular, infrequently deltate 3. JE. pygmaeus

1. Stem vestiture antrorse, leaves with awl-shaped trichomes 
4. Heads (1) 2— 7 per stem; ligules varying shades of

purple; stems erect ro weakly decumbent; basal leaves

obovate or rhombic, less often oblanceolate, 1.6— 12.0 
mm wide, apices acute; widespread in northern inter
mountain region
3. Basal leaves rhombic or less often oblanceolate,

few to moderately hispid; phyllaries with reddish-
purple or reddish-brown apices, inner phyllaries
generally glabrous and glandular; plants growing
in rock crevices, rarely rocky soil........... 4. _E. tener

5. Basal leaves obovate, densely canescent; phyllaries 
rarely with reddish apices, hispid throughout, 
eglandular to slightly glandular; plants from •
rocky s o i l  5. tweedyi

4. Heads solitary, or one open head with one bud per
stem; ligules white, cream, or white with a reddish 
tinge; stems always erect; basal leaves oblanceo
late to obovate, 1.26— 3.69 mm wide, apices often 

obtuse; endemic to Bear River Range, Utah • 6. cronquistii
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1. Erigeron asperugineus (D, C. Eaton in Watson) A* Gray

Erigeron asperugineus (D. C. Eaton in Watson) A. Gray, Proc. Amer. 
Acad. Arts 8(n.s.): 191. 1880, based on Aster asperugineus 
D, C, Eaton in Watson. 141. 1871.— TYPE: NEVADA: Elko Co.:
East Humboldt Mtns., 9000 ft., August 1869, Watson 310. 
HOLOTYPE: G!. ISOTYPE: NY!.

Erigeron elkoensis Nelson & Macbride, Bot. Gaz. 55: 382, 1913.

— TYPE: NEVADA: Elko Co.: Burnt Timber Mtns., Pole Creek, open 
pebbly slopes, 7500 ft., 15 July 1912, Nelson & Macbride 2068 
HOLOTYPE: RYI. ISOTYPES: NY! UTC!.

Perennial with slender taproots and 1— 4(8) caudices, lacking leaf 

bases of previous years. Flowering stems 1— 5, usually weakly decumbent 
or less often erect, 1.8— 16.5 cm tall, vestiture of short-spreading 
hispid trichomes less than 0.25 mm long. Basal leaves indistinctly 
petiolate, oblanceolate to obovate, vestiture spreading to slightly 
appressed hispid with conical trichomes; blades 1.3— 7.9 cm long,
1.35— 8.1 mm wide; apices acute; margins entire. Cauline leaves 

4— 11, sessile, distally reduced in size; median cauline leaves oblong 
to sometimes oblanceolate, vestiture hispid to slightly appressed hispid 
with conical trichomes; blades 4— 29 mm long, 0.6— 3.2 mm wide; apices 
acute or occasionally acute-obtuse; margins entire. Heads solitary, 
occasionally 2 or 3 per stem, hemispherical to weakly turbinate; 
receptacles naked. Phyllaries approx. 15— 25, imbricate in weak 
subequal series; outer phyllaries linear-lanceolate, hispid, glandular.
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2.0— 6.2 mm long, 0.35— 1.30 mm wide, apices acuminate or acute, purple 
or reddish, midribs brown to purple-brown or green-brown, elsewhere 
green to light green or olive-green; inner phyllaries 
linear— lanceolate, midribs hispid or without conical trichomes, 
nevertheless glandular, 3.5— 8.4 mm long, 0.36— 1.75 mm wide, apices 
acute to acuminate, purple or reddish, midribs light brown to light 
purple-brown or light green-brown, elsewhere light green or olive-green, 
paler toward margins. Ray flowers pistillate, ligulate; pappus 
bristles capillary, barbellate, 16— 31, 1.8— 5.0 mm long; corollas 
10— 25, 4.9— 13.2 mm long, 0.7— 2.4 mm wide, lobes 2— 3, generally 
purple but ranging from lavender to dark purple. Disk flower pappus 
bristles capillary, barbellate, 14— 42, 2.25— 5.58 mm long; corollas
2.85— 5.85 mm long, lobes 0.25— 0.85 mm long, lobe apices acute to
acute-obtuse; stamens 1.98— 5.13 mm long, anther tip appendages 
0.18— 0.63 mm long, anther sacs 0.90— 2.35 mm long, anther collars
0.18— 0.63 mm long, filaments 0.54— 2.70 mm long; stigmas more or less
deltate; styles 2.3— 6.66 mm long, style branches 0.45— 1.62 long,
0.09— 0.27 mm wide. Cypselas two-veined, vestiture sparsely, slightly 
sericeous (Plate la).

Distribution: dry rocky soil, montane areas, 2286-3292 m, northeastern
Nevada northward to central Idaho (Figure 2); flowering July-August.

Representative specimens: IDAHO: BLAINE CO.: Dry gravelly hillside at

Galena Summit, 8750 ft., 31 July 1941, Cronguist 3531 (G, MO, UTC). In 
loose limestone rocks, vicinity of Norton Peak, Smoky Mts., 3 August 
1944, Hitchcock & Muhlyck 10684 (C, NY, RY). Alpine slopes at head of
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Boulder Creek, Sawtooth Nat^'l* Forest, Sawtooth Mts., 6 August 1937, 
Thompson 14 116 (C, G, MO, NY, US). CUSTER CO.: Cracks in rock at base 
of Mill Creek Gaurdian, 14 miles west of Challis, 8800 ft., 9 July 19?1, 
Cronguist 3012 (G, MO, UTC). Summit of saddle between Rock Creek and 
Mahogany Creek, vicinity of Mt. Borah, Lost River Mts,, 10,000 ft., 12 
August 1944, Hitchcock & Muhlick 10970 (C, NY, RY). NEVADA: ELKO CO.: 
Ruby Mtns., south of Harrison Pass, T.28N, R.57E, approx. Sec.35, 9000 
ft., 7 August 1967, Gentry & Davidse 1830 (C, RY, UTC). Independence 
Mtns., north end of McAfee Peak ridge, T.42N, R.53E, Sec,14, 10,000 ft., 
6 August 1972, Holmgren Holmgren 6285 (NY, UTC). HUMBOLDT CO.: Santa 
Rose Range, Humboldt Nat"l. Forest, west of Hinkey Summit, T.44N, R.39E, 
Sec.22, 8360 ft., 12 August 1967, Gentry & Davidse 1874 (C, G, NY, RY, 
UTC).

Erigeron asperugineus is often confused with E. clokevi.
Distinction between these species is discussed after the description of 

clokeyi.

2. Erigeron clokeyi Cronquist

Erigeron clokeyi Cronquist, Brittonia 6:214. 1947.— TYPE: NEVADA: 
Clark Co.: Charleston Mtns., bushy meadow, pine belt, Lee 
Canyon, 2700 m, 12 July 1937 Clokey 7742. HOLOTYPE: NY!. 
fSOTYPES: C! MI MO! PA PO RYI US! W; WS.

Perennial from a stout taproot, 1— 12 caudices, with persistent 
leaf bases of previous years. Flowering stems 1— 20, usually decumbent 
or weakly decumbent, rarely erect, 3,1— 23.0 cm tall, vestiture of
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long-spreading hispid trichomes more than 0.25 mm long. Basal leaves 
indistinctly petiolate, oblong to oblanceolate, rarely narrowly obovate; 

vestiture spreading or infrequently appressed hispid with conical 
trichomes; blades 1.3— 8.5 cm long, 0.72— 5.95 mm wide; apices acute; 
margins entire. Cauline leaves 4— 15, sessile, distally reduced in 
size; median cauline leaves oblong or sometimes oblanceolate, vestiture 

spreading or infrequently slightly appressed hispid with conical 
trichomes; blades 2.16— 31.50 mm long, 0.45— 3.06 mm wide; apices 
acute or occasionally acute-obtuse; margins entire. Heads 1— 3 per 
stem, usually hemispherical; receptacles naked. Phyllaries approx.
15— 25(30), more or less imbricate in weak subequal series; outer 
phyllaries linear-lanceolate, hispid, glandular, 1.89— 6.74 ram long,
0.32— 0.90 ram wide, apices acuminate to acute, purple, midribs 
purple-brown, elsewhere green or purple—brown; inner phyllaries 
linear-lanceolate, midribs hispid or without conical trichomes, 
nevertheless glandular, 3.02— 6.57 ram long, 0.45— 1.26 ram wide, apices 
acuminate to acute, purple, midribs, purple—brown, elsewhere purple or 
green, paler towards margin. Ray flowers pistillate, ligulate; pappus 
bristles capillary, barbellate, 10-27, 1.44— 3.15 ram long; corollas 
20— 50, 4.95— 12.60 ram long, 0.36— 2.07 ram wide, lobes 2— 3j lavender to 
purple, occasionally dark purple or bluish-purple. Disk flower pappus 
bristles capillary, barbellate, 11— 29, 1.71— 3.87 ram long; corollas 
2,52— 5.87 ram long, lobes 0.23—0.81 ram long, lobe apices acute to 
acute—obtuse ; stamens 1.40— 3.74 mm long, anther tip appendages 
0.09— 0.36 ram long, anther sacs 0.63— 1.60 ram long, anther collars 

0.09-0.41 ram long, filaments 0.36— 1.80 ram long; stigmas commonly blunt
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or depressed deltate, occasionally deltate, styles 1.71— 4.23 mm long, 
style branches 0.36— 1.13 mm long, 0109-0.27 mm wide. Cypselas 

two-veined, vestiture sparsely, slightly sericeous with relatively long 
trichomes (Plate lb).

Distribution: dry, rocky soil, montane areas, 2073—3658 m, eastern
California eastward through central and southern Nevada (Figure 2); 

flowering July-August.

Representative specimens: CALIFORNIA: INYO CO.: One and one—half miles
north of New York Butte, 9200 ft., 11 July 1942, Alexander & Kellogg 
3081 (C, MO, RY, US, UTC). Frequent, gravelly sagebrush intervale, 11 

miles up Wyman Creek, White Mtns., Inyo Nat^l. Forest, 1 August 1945, 
Maguire & Holmgren 26038a (C, G, US, UTC). MONO CO.: Frequent, sandy 
soil on south-facing sagebrush slopes, head of Crooked Creek, White 
Mtns., Inyo Nat'l. Forest, 7 August 1945, Maguire & Holmgren 26125 (C, 

US, UTC). NEVADA: CLARK CO.: Lee Canyon, 2530 m, 1 August 1935, Clokev 
5630 (C, G, RY, US, UTC). Grassy meadow along ridge to Charleston Peak, 
Charleston Mtns., 3300 m, 3 August 1938, Clokev 8166 (Cotypes. MI, MO, 
NY, PO, RY, US, W, WS). Meadow, head of Lee Canyon, Charleston Mtns., 
8200 ft., 30 July 1913, Heller 11033 (C, G, MO, US). ESMERALDA 
CO.: Drained hillsides and canyon floor in among sagebrush, Chiatovitch 

Creek, White Mtns., 8500 ft., (C, G, JEPS, MO, UTC). MINERAL CO.: Dry 
sagebrush canyon slopes, 7-8 miles above foot of Cottonwood Creek 

Canyon, road to Mt. Grant, Wassuk Range, 8000 ft., 24 June 1940, Train 
4133 (C, NY, UTC). NYE CO.: Open slopes toward the headwaters of the 
Middle Fork of Pine Creek, Toquima Mts., T.llN, R.45E, Sec.21, 3000 m,
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13 July 1973, Cronquist 11026 (C, US).
Erigeron asperugineus and clokevi are very similar 

morphologically. At first glance, differences between species are 

difficult to perceive; however, detailed comparison reveals that 
asperugineus has a slender taproot lacking leaf bases of previous 

years, shorter pubescence on stems, wider basal leaves, less hemi
spherical heads, longer ligules, more numerous and longer pappus 
bristles, longer stamens and component parts, and longer, more deltate 
stigmas. In all characters, there is always some degree of overlap. 
Several measurements or observations may be necessary to provide 
unequivocal identificaiton.

3. Erigeron pygmaeus (A. Gray) Greene

Erigeron pygmaeus (A. Gray) Greene, Flora Franciscana. 390. 1897, 
based on Erigeron nevadensis var. pygmaeum A. Gray, Proc.

Amer. Acad. Arts 8: 649. 1873.— LECTOTYPE: CALIFORNIA: Mono 
Pass, 10700 ft., 1863, Brewer 1731. selected by Cronquist 
(1947). HOLOTYPE: Gl. ISOTYPES: CÎ MO I.

Caespitose perennial with 1— 25 (or more) caudices. Flowering 
stems 1— 25 (or more), erect, 1.8— 15.4 cm tall, vestiture of 
long-spreading hispid trichomes 0.25— 0.5 mm or less. Basal leaves 
indistinctly petiolate; oblong or oblanceolate, rarely narrowly 
obovate; vestiture appressed to occasionally spreading hispid with 
conical trichomes; blades 0.5— 8.2 cm long, 0.54— 4.50 mm wide; apices 
acute or sometimes obtuse; margins entire. Cauline leaves 0— 10,
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sessile, mainly near base giving stem a scapose appearance, distally 
little reduced in size; median cauline leaves oblong to occasionally 
oblanceolate, vestiture spreading to appressed hispid with conical 

trichomes; blades 1.04— 22.59 mm long, 0.32— 2.16 mm wide; apices 
acute; margins entire. Heads solitary, only rarely more than one head 
per stem, turbinate; receptacles naked. Phyllaries approx. 25— 35, 
imbricate to weakly valvate in subequal to equal series; outer 
phyllaries linear, hispid, glandular to densely glandular,

2.07— 6.57 mm long, 0.36— 0.90 mm wide, apices acuminate, purple-black, 
midribs purple-black, elsewhere green, or phyllaries purple-black 
throughout; inner phyllaries linear, midribs few hispid or without 

conical trichomes, nevertheless glandular to densely glandular,
2,79— 7.65 mm long, 0.45— 1.08 mm wide, apices acuminate, purple, 
midribs purple-black, elsewhere purple or green, paler towards margins. 
Ray flowers pistillate, ligulate; pappus bristles 7— 31, 1.62— 3.78 mm 

long; corollas 15— 35, 5.40— 9.81 mm long, 0.63— 1.80 mm wide, lobes 
2— 3, usually purple and less often light or dark purple. Disk flower 
pappus bristles 11— 32, 1.98— 3.87 mm long; corollas 2.70— 5.13 mm 
long, lobes 0.36— 0.81 mm long, lobe apices acute to acute—obtuse ; 
stamens 1.53— 5.58 ram long, anther tip appendages 0.14— 0.68 mm long, 
anther sacs 0.54—1.62 mm long, anther collars 0.18— 0.45 mm long, 

filmaments 0.45— 3.42 mm long; stigmas usually long triangular, seldom 
triangular, styles 2.39— 6.39 mm long, style branches 0.54— 1.53 mm 

long, 0.14— 0.23 mm wide. Cypselas two-veined, vestiture very sparsely, 
slightly sericeous with relatively long trichomes (Plate Ic).



145

Distribution: dry, rocky soil, montane to alpine areas, 2941-3962 m.
Sierra Nevada and White Mountains from Mt, Whitney to Mt. Rose, (eastern 
California and extreme western Nevada) (Figure 2); flowering 
July-August, sometimes through early September.

Representative specimens: CALIFORNIA: INYO CO.: Piute Pass, great
Western Divide, 11,300 to 11,409 ft., 22 July 1934, Ferris 8886 (C, NY). 

Open rock slopes, Consulation Lake, Mt. Whitney, 12,000 ft., 23 July 

1935, Rose 35485 (RY). MADERA CO.: Plateau area. Volcanic Ridge near 
western summit region, Ritter Range, Sierra Nevada, 11,000 to 11,200 
ft., 20 July 1955, Sharsmith 4539 A (C, RY, UTC). MONO CO.: Stony 
ground near top of ridge south of Deep Creek, Sweetwater Mtns., 10,400 
ft., 4 August 1944, Alexander & Kellogg 4008 (C, NY, UTC). Mono Pass,

20 August 1907, Eastwood 525 (C, G, NY). White Mtns., Ancient 

Bristlecone Pine Forest, Patriarch Grove, T.5S, R.34E, Sec.12, 11,400 
ft., 18 July 1972, Holmgren & Holmgren 6233 (MY). Large limestone sand 

flat along trail to Bright Dot Lake, Convict Creek Basin, Sierra Nevada, 
10,450 ft., 17 August 1962, Maior & Bamberg 1281 (C). Sweetwater Mtns., 
Wheeler Peak Area, T.7N, R.24E, Sec.25, 11,500 ft., 21 July 1974, Reveal 

& Reveal 3718 (NY). NEVADA: WASHOE CO.: In decomposing rhyolite, summit 
Mt. Rose, 10,700 ft., 27 July 1939, Hitchcock & Martin 5500 (C, MO, NY, 
UTC).

In some localities in the White Mountains of California, Erigeron 
pygmaeus and clokevi are found in adjacent areas. However,
JE. pygmaeus is highly distinctive by its caespitose habit, turbinate 
heads, and purple-black phyllaries. Occasionally pygmaeus plants are
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less caespitose and resemble clokevi; however erect stems, number of 
cauline leaves, turbinate heads, and long triangular stigmas effectively 
distinguish this species from clokevi.

4. Erigeron tener A. Gray

Erigeron tener A. Gray, Proc. Amer. Acad. Arts 8(n.s.): 91. 1881. 
based on casepitosus var. tenerum A. Gray in Whitney,
Calif. Geological Survey, Bot. Vol. 1. 328. 1876.— TYPE: 
CALIFORNIA: Alpine Co.: summit of Silver Mt., near Ebbett^s 
Pass, 11,000 ft., 5 August 1863, Brewer 2043. HOLOTYPE; G!. 
ISOTYPE: US!.

Erigeron copelandii Eastwood, Bot. Gaz. 41: 291. 1906.— TYPE:
CALIFORNIA: Siskiyou Co.: Mt. Eddy, 1250 m, September 1903, 

Copeland. HOLOTYPE: CAS. Although I have not examined 
the type, the staff at the California Academy of Sciences 
has informed me that, Cronquist annotated the type specimen 

K* tener in 1944.

Perennial with 1— 12 caudices. Flowering stems 1— 22, erect or 
weakly decumbent, 2.6— 6.9 cm tall, vestiture of short antrorse hispid 
trichomes. Basal leaves indistinctly petiolate; rhombic or less often 
oblanceolate; vestiture appressed hispid with awl-shaped trichomes; 
blades 1.3— 6.9 cm long, 1.62— 10.30 mm wide; apices acute; margins 
entire. Cauline leaves 2— 13, sessile, distally reduced in size; 

median leaves oblong or sometimes oblanceolate, vestiture appressed
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hispid with awl-shaped trichomes; blades 2.88— 21.96 mm long,
0.45— 2.70 mm wide; apices acute to occasionally acuminate; margins 

entire. Heads 1— 3 per stem, hemispherical; receptacles naked. 

Phyllaries 20— 30(35), imbricate in weakly subequal series; outer 
phyllaries linear-lanceolate, hispid throughout or only on midribs, 
glandular, 1.44— 5.58 mm long, 0.36— 1.08 mm wide, apices acute and 

seldom acuminate, reddish—purple or reddish-brown, midribs 
reddish-brown, elsewhere green to light green or olive-green; inner 
phyllaries linear-lanceolate, usually without awl-shaped hispid 
trichomes or few hispid trichomes on midribs, nevertheless glandular, 
2.70— 6.84 mm long, 0.45— 1.08 mm wide, apices acute and seldom 
acuminate, reddish-purple or reddish-brown, midribs reddish-brown, 
elsewhere light green or olive-green, paler towards margins. Ray 
flowers pistillate, ligulate; pappus bristles 10— 27, 1.62— 3.87 mm 

long; corollas (15) 20— 40, 2.88— 13.41 mm long, 0.72— 2.25 mm wide, 
lobes 2— 3 or rarely one, lavender to purple. Disk flower pappus 
bristles capillary, barbellate, 8— 31, 1.98— 3.87 mm long; corollas
2.07— 4.14 mm long, lobes 0.27— 0.72 mm long, lobe apices acute to 

acute-obtuse; stamens 1.08— 3.15 mm long, anther tip appendages 
0.09— 0.36 ram long, anther sacs 0.36— 1.85 mm long, anther collars 
0.14— 0.45 mm long, filaments 0.36— 1.26 mm long; stigmas depressed 

deltate to deltate, infrequently long triangular, styles 1.65— 4.19 mm 
long, style branches 0.36— 0.99 mm long, 0.09— 0.27 mm wide. Cypselas 

two-veined, vestiture very sparsely, slightly sericeous (Plate Id).

Distribution: often found in crevices of rock outcrops, sometimes rocky
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soil in montane areas at elevations of 1768-3450 m» in northeastern 
California and southeastern Oregon eastward through central and northern 
Nevada, central Idaho, and into southwestern Wyoming and central Utah 

(Figure 2); flowering June-August.

Representative specimens: CALIFORNIA; MODOC CO.: Summit Emerson Peak,
Warner Mtns., 9020 ft., 23 July 1946, Alexander & Kellogg 5045 (C, UTC). 

SISKIYOU CO.: Mount Eddy, 30 August 1912, Eastwood 2011 (G US). IDAHO: 

BLAINE CO.: Cracks in granite outcrop on south exposure overlooking 
Oregon Gulch, 10 miles N. of Ketchum, 6400 ft., 19 June 1941, Cronquist 

2536 (UTC). On vertical granite cliffs, Ketchum, 5887 ft., 21 July 
1911, Nelson & Macbride 1252 (C, G, NY, RY, US). CUSTER CO.: On 
rhyolitic ridges on west side of Antelope Pass, 35 miles west of 

Darlington, 7 July 1948, Christ & Christ 17845 (NY). LEMHI CO.:
Northern end of Lemhi Elange, west of Lemhi, upper Allison Creek, T.17N, 
R.22E, Sec.30, 8600 ft., 25 July 1979, Ertter & Strachan 3189 (NY). 

NEVADA: ELKO CO.: Ruby Mtns., 2 miles south of Harrison Pass, T.28N, 
R.57E, approx. Sec.14, 7750 ft., 6 August 1967, Gentry & Davidse 1813 
(C, G, NY, RY). EUREKA CO.: Slopes west of Diamond Peak, Cottonwood 

Creek drainage. Diamond Mtns., T.20N, R.55E, Sec.19, 9500 ft., 16 July 
1970, Holmgren & Holmgren 4448 (NY, UTC). NYE CO.: In rock clefts, east 
slope and 2 miles north of Toiyabe Dome, 10,200 ft., 1 August 1939, 
Hitchcock & Martin 5611 (C, MO, NY, UTC). Talus slopes and limestone 

ridges, upper Cherry Creek, Quinn Canyon Range, 23 July 1945, Maguire & 
HoImgren 25593 (C, G, NY). WHITE PINE CO.: ridge top between Pyramid 

Peak and Baker Peak, Snake Range, Humboldt Nat'l. Forest, 11,320 ft., 10
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August 1964 Holmgren & Reveal 1578 (C, G, NY, UTC). OREGON: HARNEY 
CO.: Rocky places on summit of mountain above Blitzer Canyon, Steen 
Mtns., 1 August 1946, Maguire &_ Holmgren 26779 (NY, UTC), UTAH: CACHE 
CO.: About 1.5 miles up dry Curtis Creek, Blacksmith Fork Canyon, Bear 
River Range, T.ION, R.4E, June 1978, Smith & Schimpf 1108. (NY, UTC). 

JUAB CO.: Thom's Creek drainage. Deep Creek Mtns., 7800 ft., 18 June 
1977, Holmgren. Shultz. & Shultz 16453 (NY, RY, UTC).

Erigeron tener is similar to cronquistii in habitat, habit, and 

other morphological characters. It is distinguished from cronquisii 
principally by basal leaf apices, and ligule color. Erigeron tener 
recently has been collected in Blacksmith Fork Canyon which is the next 
canyon to the south of Logan Canyon, a locality for E^ cronquistii. In 
addition to its similarity with cronquistii. JE, tener is closely 
related to JE. tweedyi. Discussion of these two species can be found 
after the description of tweedyi«

Erigeron tener populations are scattered over a large geographic 
region covering several states. Populations appear to be concentrated 
in central Idaho and northeastern Nevada. Isolated populations occur in 
the periphery of the species' range, in southern Oregon, northeastern 
California, northwestern Nevada, Utah, and western Wyoming••

5. Erigeron tweedyi Canby

Erigeron tweedyi Canby, Bot. Gaz. 13: 17. 1888.— TYPE: MONTANA:
Park Co.: along Trail Creek, 6000 ft., 16 July 1887,
Tweedy 360. HOLOTYPE: G!. lOSTYPE: NYI.
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Perennial from a stout taproot, 1— 12 caudices. Flowering stems 
1— 25, erect to weakly decumbent, 4.6— 27.0 cm tall, vestiture of short 
antrorse hispid trichomes. Basal leaves weakly petiolate; obovate to 
infrequently oblanceolate; vestiture densely canescent with awl-shaped 
trichomes; blades 2.1— 7.8 cm long, 2.88-12.0 mm wide; apices acute; 
margins entire. Cauline leaves 3— 16, sessile, distally reduced in 

size; median cauline leaves oblong to oblanceolate, vestiture appressed 
hispid with awl-shaped trichomes; blades 3.96— 21.0 mm long, 0.81— 2.97 

mm wide; apices acute to acute-obtuse; margins entire. Heads (1) 2— 7 
per stem, hemispherical; receptacles naked. Phyllaries approx. 25— 35, 
imbricate to occasionally weakly imbricate in subequal series; outer 
phyllaries linear-lanceolate, appressed hispid, usually slightly 

glandular ranging from eglandular to glandular, 1.71— 4.41 mm long,
0.41— 0.99 mm wide, apices acute, rarely reddish, midribs light brown to 
green-brown, elsewhere olive—green; inner phyllaries linear— lanceolate, 

appressed hispid, eglandular to slightly glandular, 3.33— 5.40 mm long, 
0.54— 1.26 mm wide, apices acute, very rarely reddish, midribs light 
brown to green-brown, elsewhere olive-green, paler towards margins. Ray 
flowers pistillate, ligulate; pappus bristles capillary, barbellate,
15— 30, 1,62— 3.06 mm long; corollas 20— 50, 4.37— 9.09 mm*long,
0.95— 2.52 mm wide, lobes 2 or fused with an obtuse apex, purple* Disk 

flower pappus bristles capillary, barbellate, 15— 34, 1.89— 3.24 mm 
long; corolla 2.61— 4.14 mm long, lobes 0.32— 0.63 mm long, lobe apices 

acute to less often obtuse; stamens 1,76— 3.51 mm long, anther tip 
appendages 0.14— 0.41 mm long, anther sacs 0.63— 1.89 mm long, anther 
collars 0.18— 0.45 mm long, filaments 0.45— 1.44 mm long; stigmas
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usually deltate ranging from blunt to long triangular, styles 1.67— 3.78 
mm long, style branches 0.50— 1.08 mm long, 0,12— 0.27 mm wide.
Cypselas two-veined, vestiture slightly sericeous with relatively longer 
trichomes (Plate le).

Distribution: in scattered rocky patches of open hillsides, in montane
areas, 137 2-3048 m, central Idaho eastward to southwestern Montana and 

western Wyoming (Figure 2); flowering late June-August.

Representative specimens: IDAHO: CUSTER CO.: Gravelly soil. Antelope
Pass, above Copper Basin, 8934 ft., 15 August 1953, Baker 11024 (NY). 
Compact limestone talus S.E. of Double Springs Summit, 8 miles N.E. of 
Dickey, 8600 ft., 17 July 1941, Cronquist 3185 (G, UTC). On clay hills. 
Spar Canyon, 20 miles east of Clayton, 22 July 1947, Hitchcock 15670 (C, 
NY). LEMHI CO.: White shale outcrop, Salmon, Lemhi County, 4500 ft., 3 
July 1920, Pavson & Pavson 1881 (C, G, NY, RY). MONTANA: BEAVERHEAD 
CO.: Lima, Montana, 29 June 1895(7), Rvdberg 2827 (NY). SILVERBOW CO.:
Melrose, Montana, 6 July 1895, Shear 5024 (NY). WYOMING; Yellowstone 

Nat^l. Park, Fountain Geyser, July 1922, Hawkins 422. (US).
Both Erigeron tener and tweedyi are very distinct species which 

are adjacent in some areas, separated only by their respective sub
strates. Found on rocky soil, tweedyi is distinguished by its 
densely canescent, obovate basal leaves, and appressed hispid, slightly 
glandular phyllaries which lack red—colored apices. In comparison,

tener is found in rock crevices and has appressed hispid, generally 
rhombic basal leaves, and a slightly less hispid but glandular 
indumentum on the phyllaries, which have distinctly reddish apices.
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Only one intermediate specimen between the two species has been observed 
(Antelope Pass, Custer Co., Idaho, Christ & Christ 17847 (NY)). In 

spite of its hybrid characters, this plant more closely resembles 
tweedyi and is identified as that species by the collectors and 

Cronquist.

6. Erigeron cronquistii Maguire

Erigeron cronquistii Maguire, Brittonia 5: 201. 1944.— TYPE: UTAH 
Cache Co.: Bear River Range, Logan Canyon, frequent, cliffs 

with Musineon 1ineare (Rydb.) Mathias, north side, 1/4 
below forks, 5800 ft., 20 May 1939, Maguire 16681. HOLOTYPE: 
NYI. ISOTYPES: G! MO I UTC! Cl.

Perennial from slender taproots, 1— 8 caudices. Flowering stems 

1— 14, erect, 2.6— 6.9 cm tall, vestiture of short antrorse hispid 

trichomes. Basal leaves indistinctly petiolate; oblanceolate to 
obovate; vestiture few appressed hispid with awl-shaped trichomes; 

blades 1,6— 4.4 cm long, 1.26— 3.69 mm wide; apices obtuse or 
occasionally acute; margins entire. Cauline leaves 1— 5, sessile, 
distally reduced in size; median cauline leaves oblong to less often 
oblanceolate, vestiture spreading to appressed hispid with awl-shaped 

trichomes; blades 2.88— 11.92 mm long, 0.27— 1.53 mm wide; apices 
acute to obtuse; margins entire. Heads solitary or one open head with 
one bud per stem, hemisperical; receptacles naked. Phyllaries 

approx. 20— 30, imbricate to weakly imbricate in subequal series; outer 
phyllaries linear-lanceolate, hispid throughout or only on midribs.
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glandular, 1.98— 3.96 mm long, 0.36— 0.89 mm wide, apices acuminate to 
acute, purple or reddish, midribs brown to purple-brown or green-brown 

elsewhere green to light green or olive-green; inner phyllaries 
linear— lanceolate, midribs hispid or without awl-shaped trichomes, 
nevertheless glandular, 3.14— 4.95 mm long, 0.54— 1.08 ram wide, apices 
acuminate to acute, light purple or reddish, midribs brown to 
purple—brown or green—brown, elsewhere light green or olive—green, paler 
toward margins. Ray flowers pistillate, ligulate; pappus bristles 

12— 21, 1.53— 2.70 mm long; corollas 10— 20(25), 3.92— 7.20 mm long, 
0.90— 1.50 mm wide, lobes 2-4 or fused into an acute or obtuse apex, 
white, cream, or white with a reddish tinge. Disk flower pappus 
bristles 13— 24, 1.62— 2.34 ram long; corollas 2.07— 3.78 mm long, lobes
0.27— 0,63 mm long, lobe apices acute to obtuse; stamens 1.31— 2.59 mm 
long, anther tip appendages 0.09— 0.20 mm long, anther sacs 0.45— 1.17 
ram long, anther collars 0.14— 0.41 ram long, filaments 0.36— 0.63 mm 
long; stigmas usually deltate ranging from depressed deltate to long 
triangular, styles 1.89— 3.38 ram long, style branches 0.36— 0.63 mm 

long, 0.14— 0.27 ram wide. Cypselas two—veined, vestiture slightly 
sericeous (Plate If).

Distribution: rock crevices of outcrops, montane areas, at elevations
of 1707-3042 m, endemic to Bear River Range, UTah; flowering May-early 
August, at lower elevations flowering somewhat earlier, at higher 
elevations flowering later in season.

Representative specimens: UTAH: CACHE CO.: Dry soil in high rock

crevices, 11 miles up Smithfield Canyon, Bear River Range, 7500 ft., 14
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May 1936, Maguire 13812 (NY), Rocks near summit Mt. Magog, Bear River 

Range. 9700 ft., 17 July 1936, Maguire & Maguire 14063 (Cotype. G, NY, 
UTC). Crevices, high limestone cliffs above White Pine Lake, Bear River 

Range, 8700-8800 ft., 19 July 1936, Maguire & Maguire 14122 (Cotype, G, 
NY, US, UTC). Summit Mt. Naomi in rock crevices. Bear River Range, 9880 
ft., 20 July 1936, Maguire & Maguire 14173 (Cotype. NY, UTC). Ledges 
of limestone, south-facing, in crevices and on rock ledges, above Wood 
Camp, Logan Canyon, T.12N, R.3S, SE 1/4 Sec.6, 23 May 1979, Shultz. 
Shultz. Cannon 3181 (UTC), Frequent on cliffs, N.E. side of Mt.

Magog, White Pine Canyon, 8800 ft., 19 July 1954, Tillett 359 (C, NY, 
UTC). Common on rock of steep cliffs, west side of Tony Grove Lake, 2 
July 1953, Tillett Crockett 213 (UTC).

An endemic to Bear River Range, this species is collected mainly in 
Logan Canyon, and near Mt. Naomi and Mt. Magog. Most collections of 

Erigeron cronquistii appear to be from the same localities, if not the 

same populations. Extensive collecting throughout the Bear River Range 
may reveal other localities for the species.



CHAPTER V 
CONCLUSIONS AND SUMMARY

A. CONCLUSIONS

1. Phenetic Relationships

With respect to morphology, the six species are very similar as 
evidenced by the fact that 1) the only discernable differences between 
species are the significantly different 95% C.I. of the mean for the 
characters, and 2) the fair amount of overlap in range and 95% C.I. of 

the S.D. in all characters. The principal species, Erigeron 
asperugineus, clokevi. and pygmaeus. are separated from the
related species, JE. cronquistii> _E. tener. and tweedyi. based upon 

vegetative characters and to a lesser extent phyllary and floral char
acters. Stem pubescence is the one decisive character which distin
guishes the two groups. Within their respective groups, the species 
form closely-knit clusters. Erigeron asperugineus and pygmaeus 
appear to be more similar to E, clokeyi than either is to each other. 
Thus, clokeyi is closely related to E» asperugineus in one direction 

and closely related to _E. pygmaeus on the other. Within the related 
species group, tener and tweedyi are very similar to each other. 
The third species, _E. cronquistii. appears to be a slightly more 

distinct entity within the group, although this species has a closer 
affinity with _E. tener than with E, tweedyi. The related species 
exhibit some affinity with _E. clokeyi and _E. pygmaeus. both principal

155
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species# This suggests that the two assemblages are possibly connected 
through ancestors of these two species than through ancestors of 

asperufiineus. as had been suggested by Cronquist (1944).

Anatomical characteristics of the phyllaries, basal and cauline 
leaves distinguish the principal and related species# The former have 
conical trichomes, whereas the latter have awl-shaped trichomes# In 
general, trichome surface characteristics, trichomes density, and col
leter characters are not useful in distinguishing differences between 

species# Erigeron tweedyi# is the only species with distinctive vesti

ture differences, in that it has a high relative density of trichomes on 
the basal leaves and lacks verrucate-walied trichomes#

Flavonoid patterns for the six species correlate with the principal 

and related species assemblages, although not as distinctly as morpho
logical and anatomical characters# Within the related species assem
blage, Erigeron tweedyi and tener have very similar patterns;
however, the flavonoid pattern for ^# cronquistii has the highest 
affinity, albeit weakly, with asperugineus. a principal species.
Among the principal species, the flavonoid pattern for ^# asperugineus 

is more similar to that of clokeyi# However, the flavonoid patterns
for _E# clokeyi and JE# pygmaeus are more similar to each other than 
either is to the flavonoid pattern for ^# asperugineus# In addition, 

both JE# clokeyi and ^# pygmaeus share some similarity in their respec
tive flavonoid patterns with the flavonoid pattern for ^# tweedyi. 

a related species# This affinity between two principal species,

JE# clokeyi and pygmaeus, and the related species group also is 
observed when examining morphological relationships, further supporting
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the hypothesis that the two species assemblages are connected via one or 

both of these two principal species.

2. Phylogenetic Relationships
Several evolutionary schemes have been proposed for Erigeron and 

other closely-related genera (Cronquist 1943, 1947, 1955, 1977, and 
Nesom 1980), Generally, the trends are ones of reduction, some more 

definitive than others. Trends from the ancestral to the advanced 

condition include the following tendencies: 1) rhizomatous perennials
to biennials and annuals with taproots and caudices; 2) tall, folia— 
ceous habit to a short, less foliaceous habit; 3) herbaceous to less 
herbaceous and more cbartaceous phyllaries; 4) imbricate with fairly 
equal phyllary lengths within subequal series to imbricate with unequal 

phyllary lengths within subequal series; 5) pappus reduction from 
capillary bristles to chaffy bracts or absent; 6) numerous, long 
ligules to few or absent ligules. All six evolutionary trends are 

observed within the genus Erigeron. Often the derived condition for 
these trends have been used to characterize the specialized or advanced 
sections. For instance, pappus form ranges from the capillary bristles 

of peregrinus (Pursh) Greene and associated "primitive" species 
(section Erigeron) to the chaffy bracts in section Olygotrichium. to 
lack of a pappus in section Achaetogeron. Reduction and loss of ligules 
culminates in the section Trimorphaea. Except for the first trend, 

these trends also are observed between closely related genera. Aster 
species have taller foliaceous stems as well as herbaceous phyllaries, 
at least at the apices, whereas Erigeron species are usually shorter.
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less foliaceous with generally non-herbaceous phyllaries. Inter
estingly, Aster exhibits the more advanced condition with respect to 
phyllary arrangement compared to Erigeron. The reduction in ligules is 
observed from section Erigeron to section Trimorphaea and culminates in 
the genus Convza.

Applying these evolutionary trends to the six investigated species, 

it becomes apparent that the species are neither the most "primitive" 
Erigeron species, nor the most advanced. Assuming that trends observed 
in a large genus can be applied to a small closely knit group, there are 
a few suggestive trends within the six species. Erigeron asperugineus 
and clokevi bear more cauline leaves compared to the less foliaceous 

stems in E* cronquistii and _E. pygmaeus. This suggests that the former 
two species have an inclination toward the ancestral condition, whereas 
the latter species vary towards the advanced condition. The trend to
ward more imbricate phyllaries of varying lengths within subequal series 
is less distinctive since all six species have exhibited this condition, 
albeit weakly in some instances. However, a few specimens of tweedyi 

have strongly imbricate phyllaries of unequal lengths within a subsequal 

series, the more advanced state. In contrast, Em pygmaeus appears to be 
least specialized with respect to this character, with weakly imbricate 
to weakly valvate phyllaries in equal to subequal series. Reduction 
of the pappus is not pronounced among the six species. Erigeron 
asperugineus does have a slightly greater number of pappus bristles 

compared to the remaining five species, but all six species have 
capillary bristles without any tendency towards a chaffy pappus. With 
respect to ligule reduction, asperugineus and JE. clokeyi have longer
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and thinner ligules compared to the shorter and wider ligules in 
cronquistii. tener and tweedvi# However, there is a fair 

amount of overlap in ligule characters among the six species, which 
tends to obscure polarity of the trend.

Other characters such as habitat, habit, basal leaf pubescence, and 
ligule color, may have character states which are unique to one or two 
species and uncommon among other Erigeron species. These character 
states probably are divergent, thus the species bearing these states 

would be more divergent from species lacking the particular character 
states. These species include Em cronquistii. _E. tener. JE. tweedvi. and 
E. pygmaeus.

Based upon the observed phenetic relationships, evolutionary trends 
and unique characters, the following hypothetical scheme is proposed 
(Figure 22). The principal and related species groups are separate from 
each other, Erigeron asperugineus. _E. clokevi. and pygmaeus consti
tute the former, and _E. cronquistii. Em tener. and tweedvi the

latter. From phenetic relationships, the two assemblages appear to be 
related through clokevi. a principal species, and tener in the
related species group, or a common ancestor of the two species.
Although Em pygmaeus demonstrates some affinity with the related species 
group, it seems to have less in common with the principal species than 

clokevi. Of the three principal species, asperugineus 
and clokeyi purport to be the less advanced species compared to 
_E. pygmaeus. With only information presented in this study, it is 

impossible to determine, or even suggest, whether asperugineus or 
JE. clokevi is the more advanced. Among the related species, all three



Figure 22. Relationships among the six investigated species
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species exhibit distinctive divergent characters in habitat, pubescence, 
and ligule color• Phenetic relationships suggest that cronquistii 
has diverged farther from the remaining two highly similar species,
E, tener and _E, tweedyi,

3• Relationships of the Six Species Within the Genus
The six investigated species seem to be connected to two other 

species assemblages within section Erigeron» The principal species, 
particularly E, asperugineus. are similar to an assemblage comprising 
JE. aba ioensis Cronquist, E, caespitosus Nuttall, E, corymbosus Nuttall, 
JE. decumbens Nutta11, eatonii A. Gray, flexuosus Cronquist,
E, lassenianus Greene, and _E. nevadincola Blake. In mountain ranges 
bordering southwesterm Montana and Idaho, less robust specimens of 

E» caespitosus and more robust specimens of asperugineus are often 
indistinguishable, and as a result, easily mis-identified. In the 
opposite direction, the related species appear to be allied to a dif
ferent assemblage consisting of _E. gracilis Rydberg, E, kachinensis 
Welsh & Moore, E» maguirei Cronquist, _E. pringlei A. Gray, Em scopulinus 
Nesom & Roth, Em uneialis Blake, and Em watsonii (A. Gray) Cronquist. 
Further studies may prove that both the principal and related species 
groups have greater affinity with these other assemblages than with each 

other.

B. SUMMARY

The phenetic and phylogenetic relationships were determined for 
a closely related group of species including Erigeron asperugineus.
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_E. clokeyi. and JE. pygmaeus. In addition, the suggested relatives,
cronquistii, E, tener and tweedyi. were studied to ascertain their 

phenetic and phylogenetic relationships with each other and with the 
principal species. Data were obtained from 2-dimensional chromatogra
phic flavonoid patterns, as well as morphological and anatomical charac
ters. In general, plant populations were sampled throughout the range 

for each species. Specimens from these collections were used to deter
mine the flavonoid pattern for each species, morphological variation 
within and between populations, and anatomical characteristics of the 

vestiture on phyllaries, basal and cauline leaves. Herbarium specimens 
were analyzed in order to determine the morphological variation between 
species.

Results from morphological studies and subsequent statistical and 
multivariate analyses support the principal and related species groups. 
Relationships between principal species indicate that Erigeron 
asperugineus. clokeyi and JE. pygmaeus do constitute a closely related 
group. Depending on the type of characters examined, the species may 

show greater affinity with one or the other species of the group. Vege
tative characters suggest a greater affinity between Z, asperugineus 
and Z* clokeyi. Both phyllary and floral characters suggest that 

asperugineus and pygmaeus are more similar to each other than 
either is to _E. clokeyi. Relationships between the three related 
species are more constant. Erigeron tener and tweedyi are more 
closely related to each other than to cronquistii. although 
_E. cronquistii is morphologically similar to tener. Affinities 
between the two species assemblages occur between jE. clokeyi and all



164

three related species, and between pygmaeus and both _E. tener and 
tweedyi. It seems probable that the two assemblages are related 

through principal species E, clokeyi or E* pygmaeus.
Anatomical studies on phyllaries, basal and cauline leaves indicate 

little variation among the six species with respect to colleter and tri- 
chome characteristics. Two distinguishing features are elucidated from 
anatomical analyses. First, Erigeron tweedyi is distinguished by a high 
density of trichomes on basal leaves and a lack of verrucate-walled tri- 
chomes. Second, overall trichome shape delimits the two species assem
blages. Erigeron asperugineus, clokeyi. and E» pygmaeus (principal
species) have conical trichomes, whereas only awl-shaped trichomes are 
found in the related species, cronquistii . _E. tener. and E» tweedyi.

Comparison among flavonoid patterns of the six species generally 
supports the two species assemblages. Within the principal species, the 
flavonoid pattern for asperugineus is similar to the pattern for 

JE. clokeyi. However, clokeyi has more in common with pygmaeus 
than with E^ asperugineus. Among the related species, JE. tener and 
E» tweedyi show a high degree of similarity in their flavonoid patterns. 
Erigeron cronquistii appears to have a distinct flavonoid pattern. 
Interestingly, the flavonoid pattern for E» cronquistii does have some 

similarity with the flavonoid pattern of E» asperugineus. a principal 

species. Other affinities between the two species asemblages include 
similarities between _E. clokeyi and both E, tener and JE. tweedyi. and 

to a lesser extent, between E, pygmaeus and E» tweedyi.
Based upon proposed evolutionary trends within Erigeron and between 

closely related genera, phylogenetic relationships among the six species
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were suggested. The two species groups are separate, but related 
through clokeyi and _E, tener or a common ancestor of the two. Within 
the principal group, _E. aspe rug ineu s and clokeyi appear to be less 
advanced than pygmaeus. Among the related species, jE. tener appears 
to be very similar to E, tweedyi with respect to some charactertistics 
and to be less similar to cronquistii with respect to other charac
teristics. In addition, _E. cronquistii appears to have diverged farther 
from E» tener than E, tweedyi has diverged from jE. tener.



Plate 1. Six species of E r i g e r o n : a) E, a s p e r u g i n e u s , 0.48x; b)K- c l o k e y i , 0.40x; c j ^  E. p y g m a e u s  » 0.66x; d) t e n e r , 0.33)Tï ^  E. t w e e d y i , 0.22x1 f ) _E. c r o n q u i s t i i , O.SOx.
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Plate 1
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APPENDIX A 
MORPHOLOGICAL VARIATION WITHIN SPECIES

This APPENDIX contains data from herbarium specimens used in 
analyses of morphological variation within species. Because of the 
quantity of characters measured, three consecutive pages are used to 
list all measurements on each herbarium specimen. The first three 
columns are repeated on each page to facilitate tracing plants from 
page to page. The following index of the data file lists the charac
ters, their reference name used as column headings, and an explanation 
of code values for coded characters. For every character, missing 
values are represented as nines, i.e., for basal leaf width, 99.99 is 
the missing value; for basal leaf shape, 9 is the missing value.

Column Heading 
SPECIES

HERB

Character

COLLNUM
STCTY

Speci e s .1 - E^ asperugineus 3 - pygmaeus 5 - E. tener
2 - _E. clokeyi 4 - Ê . cronquistii 6 - E. tweedyi

Herbari urn.1 - G, Gray Herbarium2 - UTC, Intermountain Herbarium3 - NY, New York Botanical Garden4 - RY, Rocky Mountain Herbarium5 - USNH, United States National Herbarium6 - MO, Missouri Botanical Garden7 - C, University of California, Berkeley8 - JEPS, Jepson Herbarium, Univ. of CA9 - MONTU, University of Montana, Missoula
Collector's identification number.
State and county where plant was collected. 101 - CA, Alpine 102 - CA, El Dorado103 - CA, Fresno 104 - CA, Inyo105 - CA, Lasson 106 - CA, Madera107 - CA, Mariposa 108 - CA, Modoc



Column Heading 
ST C T Y (c o n t .)

173
Character

ELEV
HEIGHT
CAUDEX

BLLENGTH
BLWIDTH
BLSHAPE

BLAPEX

BLPUBES

109 - CA, Mono 110 - CA Siskiyou111 - CA, Tulare 112 - CA Toulumne113 - CA, Mono-Toulumne 199 - CA unknown215 - ID, Blaine 216 - ID Butte217 - ID, Cassia 218 - ID Clark219 - ID, Custer 220 - ID Frankli n221 - ID, Lemhi 222 - ID Owyhee299 - ID, unknown 330 - MT Beaverhead331 - MT, Gallatin 332 - MT Lewis & Cl333 - MT, Raval1i 334 - MT Si 1verbow399 - MT, unknown 445 - NV Clark446 - NV, Elko 447 - NV Esmeralda448 - MV, Eureka 449 - NV Humboldt450 - NV, Lander 451 - NV Li ncoln452 - NV, Mineral 453 - NV Nye454 - NV, Pershi ng 455 - NV Washoe456 - NV, White Pine 499 - NV unknown560 - OR, Baker 561 - OR Harney599 - OR, unknown 675 - UT Beaver676 - UT, Cache 677 - UT Juab678 - UT, San Pete 679 - UT Utah680 - UT, Washington 699 - UT unknown790 - WY, Fremont 791 - WY Sub!ette799 - WY, unknown 999 - unknown
Elevation of collection, in meters.
Plant height from soil, in cm.
Number of caudices per plant.50 - value given when number of caudices is too numerous and impossible to count form a mounted herbarium specimen
Basal leaf length from soil, in cm.
Basal leaf width, at widest point, in mm.
Basal leaf shape.1 - linear 3 - oblong 5 - oblance 7 - obovate
Basal leaf apex shape. 1 - acuminate 3 - mucronate 5 - acute-obtuse
Basal leaf pubescence.1 - glabrous 3 - few hispid hairs 5 - dense hispid7 - few more or less appressed hispid8 - more or less appressed hispid

9 - dense more or less appressed hispid

2 - linear-oblong 4 - obi ong-obl ance 6 - obiance-obovate 8 - rhombic
2 - acuminate-acute 4 - acute 6 - obtuse
2 - hirsute-hispid 4 - hispid 6 - short hispid



Column Heading 
BLPUBES(cont.)

Character 174

CLNUM
CLELNGTH
CLWIDTH
CLSHAPE
CLAPEX
CLPUBES
STDIFF

STPUBES
FLWRSTLK

HEADSTLK

INVOLUCR

OPILGT
0P2LGT
OPIWID
0P2WID
OPIAPEX

10 - few appressed hispid11 - appressed hispid12 - dense appressed hispid13 - short appressed hispid14 - dense short appressed hispid15 - few hispid on midrib16 - hispid midrib17 - appressed hispid midrib
Number of cauline leaves on the stem.
Median cauline leaf length, in mm.
Median cauline leaf width, in mm.
Median cauline leaf shape.SEE basal leaf shpae (BLSHAPE)
Median cauline leaf apex shape.SEE basal leaf apex shape (BLAPEX)
Median cauline leaf pubescence.SEE basal leaf pubescence (BLPUBES)
Distal reduction in leaf size on erect stems.1 - no distal reduction2 - slight distal reduction3 - distal reduction
Stem pubescence.SEE basal leaf pubescence (BLPUBES)
Number of flowering stems per plant.50 - value given when number of stems are too numerous and impossible to count from a mounted herbarium specimen.
Number of heads per flowering stem.1 - 1  head per stem 2 - 1-2 heads per stem3 - 1-3 heads per stem 4 - 1-5 heads per stem5 - 3 or more heads
Arrangement of phyllaries.1 - imbricate and weak subequal -series2 - weakly imbricate and weak subequal series3 - weakly imbricate and subequal series4 - weakly imbricate and equal series5 - weakly imbricate to valvate and unequal series6 - weakly imbricate to valvate and equal series
Outer phyllary one length, in mm.
Outer phyllary two length, in mm.
Outer phyllary one width, in mm.
Outer phyllary two width, in mm.
Outer phyllary one apex shape.SEE basal leaf apex shape (BLAPEX)



Column Heading 
0P2APEX
OPIPUB
0P2PUB
OPIGLND

0P2GLND

IPILGT
IP2LGT
IPIWID
IP2WID
IPIAPEX
IP2APEX
IPIPUB
IP2PUB
IPILGND

IP2GLND

RFLENGTH
RFWIDTH
RFAPEX

RFCOLOR

Character
175

Outer phyllary two apex shape.SEE basal leaf apex shape (BLAPEX)
Outer phyllary one pubescence.SEE basal leaf pubescence (BLPUBES)
Outer phyllary two pubescence.SEE basal leaf pubescence (BLPUBES)
Outer phyllary one relative gland density.1 - glabours 2 - slight glandular3 “ glandular 4 - dense glandular
Outer phyllary two relative galnd density.SEE outer phyllary one relative gland density (OPIGLND)
Inner phyllary one length, in mm.
Inner phyllary two length, in mm.
Inner phyllary one width, in mm.
Inner phyllary two width, in mm.
Inner phyllary one apex shape.SEE basal leaf apex shape (BLAPEX)
Inner phyllary two apex shape.SEE basal leaf apex shape (BLAPEX)
Inner phyllary one pubescence.SEE basal leaf pubescence (BLPUBES)
Inner phyllary two pubescence.SEE basal leaf pubescence (BLPUBES)
Inner phyllary one relative gland density.SEE outer phyllary one relative gland density (OPIGLND)
Inner phyllary two relative gland density.SEE outer phyllary one relative gland density (OPIGLND)
Ligule length, in mm.
Limb width, in mm. 
Ligule apex shape.

1 - acute 2 - acute-obtuse3 - obtuse 4 - 2 lobes5 - 3  lobes 6 - 4 lobes
Ligule color.1 - white or cream 2 - white w/ reddish ti nge3 - lavender 4 - light purple5 - purple 6 - dark purple7 - reddish-purple 8 - blue-purple



Column Heading
RFPAPNO
RFPAPHGT
DFLENGTH
DFAPEX
ANTHLGT
ANTHTIP
ANTHBASE
FILAMENT
STYLEL6T
BRNCHLGT
BRNCHWID
STIGTIP

176
Character

PAPNUM
PAPHGT
PAPOUT

Pappus bristle number for ray flowers.
Pappus bristle length for ray flowers, in mm.
Disk flower corolla tube length, in mm.
Disk flower corolla lobe apex shape.SEE basal leaf apex shape (BLAPEX)
Anther length, in mm.
Anther tip appendage length, in mm.
Anther collar length, in mm.
Filament length, in mm.
Style length, in mm.
Style branch length, in mm.
Style branch width, in mm.
Stigma shape.1 - rounded or blunt2 - depressed deltate3 - weakly depressed deltate4 - deltate5 - isosceles triangle6 - long isosceles triangle7 - long triangular
Pappus bristle number for disk flowers.
Pappus bristle length for disk flowers, in mm
Outer pappus presence.1 - no outer pappus2 - outer pappus present
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APPENDIX A (cont.) Morphological variation within species.
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APPENDIX A (cont.). Morphological variation within species,
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APPENDIX A (cont.). Morphological variation within species.
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APPENDIX A (cont.). Morphological variation within species.
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APPENDIX A (cont.). Morphological variation within species,
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APPENDIX A (cont.). Morphological variation within species.
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APPENDIX A (cont.). Morphological variation within species.

Îg
B COLLNUM 

?
7 11467

i l

I I
I
P

i
i
2939

2592Pii
I!99)9̂999999999

2415

mtt
2064

2533

I
3614

9999999
4434
2557
2585

9999999
9999999
9999999
9999999

9867
5500

I
\ll\i

9999999
14063

J
3 .7 8

1:1!
I;!!

I
1:11
l:U

:ie

. 35

• p

i!l
,99

. 36  . 4 5ill ill

11
20 .36  

,32 . 4 5

iP ii
41 . 36ill

. 99:p ill ill illIIii

Î
LÀ

I
1 .62

.90
1.89‘ill
Ill

I
■i?:!!
1.26

‘ill
. 99

1.35

.ill
\:U
llÉÎ
1.35  
9 .9 9

llS?
iili‘ill

?
£
I?

3.87
4.05  
3.69
3.60

2*.57

l i l !
iii
u i
3:1!
4.68

U l
4.05
3 .7 8lil!
2.61

3.Ü
3.78

1:15
9!99

I
t i lli
3.87lill
3.69  
9.99

: !

I

4 22 3.60 1 9 . 9 9
7 24 2.88 I 9 . 99
7 14 2.16 1 9 , 9 9
7 13 2.79 1 9 . 9 9
7 23 3.33 1 9 . 9 9
6 25 j .6 0

2.43
1 9 . 9 9

7 15 1 9 . 9 9
7 19 2.7Û 1 9 . 9 9
9 17 1.98 1 9 . 9 9
5 20 2.88 1 9 . 9 9
6 26 2 .79 1 9 . 9 9
7 26 2.97 1 9 . 99

16 3.60 2 5 1 .80
28 3.60 1 9 . 9 9
14 I 34 I 9 .99
99 9.99 9 9 . 99
15 2.97 1 9 . 9 9
25 3.24 1 9 . 99
19 2.97 1 9 . 9 9
23 3.24 1 9 . 9 9
25 3.69 1 9 . 9 9
30

l:lt
1 9 . 99

32 1 9 . 9 9
21 2.79 1 9 . 99
26 3.33 1 9 . 9 9
16 2.70 1 9 .99
19 2.97 1 9 . 9 9
19 3.20 1 9 . 9 9

6 17 3.06 I 9 . 9 9
6 20 2.52 1 9 . 9 9
9 24 2.70 I 9 .99
5 13 2.88 1 9 .99
9 22 2.70 1 9 . 9 9
7 22 3.51 1 9 . 9 9
5 21 2.79 1 9 .99
7 18

l-M
1 9 . 9 9

7 22 2 5 . 1 8
7 19 3.33 I 9 . 9 9
6 24 2.79 1 9 . 99
7 99

5 :55
9 9 . 9 9

7 21 1 9 . 9 9
6 23 3.42 1 9 .99
7 17 3.15 1 9 .9 9

24 1 9 . 9 9
21 1,88 1 9 . 99
25 3.87 1 9 . 99
23 2.51 1 9 .99
16 2 5 . 0 9
24 1 5 . 9 9
26 2.70 1 9 . 9 9
99 9.99 9 9 . 9 9
21 2.86 1 9 . 9 9
21 2.51 1 9 . 9 9
19 3.21 1 9 . 9 9
21 2.97 1 9 . 9 9

55 f 1 : l l
15 2.34 1 9 . 9 9
16 1.62 I 9 . 9 9
99 1 .9 8 1 9 . 9 9

5 14 2.07 1 9 . 9 9
00
CO
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APPENDIX A (cont.). Morphological variation within species.
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APPENDIX B
MORPHOLOGICAL VARIATION WITHIN POPULATIONS

This APPENDIX contains data from populations I collected in 
the field. Ten plants per population were analyzed. As in 
APPENDIX A, three consecutive pages are used to list all measure
ments on each plant. The first four variable are repeated on 
each page to facilitate tracing plants from page to page. With 
two exceptions, the index of the characters in this data file is 
identical to that of APPENDIX A. First, POP, field population 
number, is substituted for COLLNUM, collector's identification 
number. Second, PLANT, plant analyzed within each population, is 
added to the data file following the variable POP.
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APPENDIX B (cont.). Morphological variation within populations.
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APPENDIX B (cont.). Morphological variation within populations.
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APPENDIX B (cont.). Morphological variation within populations.

S D 5 0 3 I I I I RF ; b P
PPp 0 ] P p a 0 P P I 1 I I P P I I p P L Ê r F F P£ P P P 1 2 p P 1 2 P P P P 1 2 ? p 1 2 E w P C P AC H L 1 2 A A 1 2 G G 1 2 1 2 A A 1 2 G G N I A 1 A P1 E A W rf P P P L L L L W K P P P P L L G C b P r,1 P N I I E E U U N G G I I £ E U u M N T 1 S GS B POP T D D X X ri R D 0 T I D D X X B b 3 D H H A R ] T

3 9 M 4 3 .59 .72 2 2 3 3 3 3 5.31 5.40 .72 .72 1 1 1 1 3 3 6.60 1, 44 q 22 2.299 214 4 .41 .43 4 4 3 3 3 3 4.32 3.7b .68 .59 4 4 1 1 3 3 4.86 l.Cl 1 IP 1.553 9 5 .49 .54 4 4 3 3 2 2 3.78 3.7b .49 .49 4 4 1 1 2 2 6.12 :.C9 .1 22 1.043 9 214 6 .54 .54 4 4 4 4 4 4 3.51 2.61 .63 .54 4 4 3 3 3 3 5.01 .98 4 5 17 l.o83 9 214 7 .50 .63 1 1 4 4 4 4 3.54 4.2J .50 9.99 4 4 1 4 4 5.90 1. 3C 4 4 1 p 1.963 9 2 M 8 .50 .59 1 1 4 4 2 2 5.22 5.76 .54 .72 1 1 1 1 2 2 6.30 1.16 4 q 16 2.033 9 2 4 9 .36 .35 1 1 4 4 3 3 3.96 3.96 .54 .45 1 1 1 3 3 3 6. 40 ^ ^ 3 « 21 % 7 ?3 9 214 10 .45 .45 1 1 4 4 3 3 5. 22 5.31 .54 .45 1 1 3 3 3 3 D.oe 1.40 5 q 22 2.05
i ; 1 } i 4 4 6*.39 i 1 13 1 1 ! U i ill4 1 45 1°17 i::23 Q 215 3 .54 .53 4 2 4 4 3 6.30 6.39 .63 .63 4 4 3 3 2 2 7.35 1.04 3 lb ^.753 9 215 4 .63 .63 4 4 4 4 3 3 6.30 5.85 .63 ,81 4 4 3 3 4 4 6.14 1.32 t 4 21 5.2P3 9 215 5 .54 .63 1 1 4 4 4 4 5.76 6.3Û .63 .63 1 1 1 1 4 4 6.o2 . ,1 17 -.793 9 215 6 .54 .54 1 Î 4 4 4 4 5.22 5.58 .54 .54 1 1 1 1 4 4 6.90 1.11 q 19 I. 553 9 215 7 ,54 .72 1 1 4 4 4 4 5.85 5. 5d .72 .81 1 1 1 1 4 4 7. 81 1.22 < 4 173 9 215 0 .54 .45 1 1 4 4 4 4 4. do 5.00 .54 .36 1 1 3 1 4 4 7.10 .95 b c 15 j.OP3 9 215 9 .54 .59 1 1 4 4 4 Î 4.68 4.68 .54 .45 1 1 1 4 4 4.77 .G5 4 16 2.343 9 215 10 .54 .50 1 1 3 3 3 3 0. 67 5.5b .54 .50 1 1 1 1 2 2 5.44 , 37 5 4 1- 2.253 9 216 1 .54 .59 2 2 3 3 4 4 5.49 5.49 .63 .63 2 2 1 1 4 4 t.ll 1.59 b q 24 2.4 33 9 216 2 .72 .63 4 4 3 3 3 3 4.32 4.77 .63 .90 4 4 1 1 3 3 6.75 4 2.6]3 9 216 3 ,59 ,59 4 4 3 4 4 5.67 5.67 .63 .63 4 4 1 1 4 4 7.15 V A ' Z 4 22 2 .573 9 21 6 4 .63 .59 4 4 3 4 4 5.94 5.49 .90 .99 4 4 1 1 4 4 5.66 1.35* 5 4 17 2. 2P3 9 216 5 .51 .72 2 ? 3 3 4 4 5.31 5.31 .63 .81 2 2 1 1 4 4 y. 43 21 2 . ‘73 9 216 6 .3Î .72 4 4 3 3 4 4 5.22 5.22 .72 .90 4 4 1 1 4 4 6.97 1 ^ 2 4 4 21 A. J23 5 216 7 .tJl .72 4 4 4 4 4 4 4.95 4.50 .72 .72 4 4 1 1 4 4 7.11 1.C7 5 2C 2.. 113 9 21p ft .63 .72 4 4 3 3 4 4 5.22 5.31 .81 .90 4 4 1 1 4 4 7. 90 1.29 4 5 24 2.393 9 216 9 .53 .63 2 2 3 4 4 5.04 5.00 .63 .81 4 4 3 1 4 4 9.35 1.17 q 2.713 9 216 10 .72 .90 4 4 3 3 3 5.58 5.22 .01 .72 4 4 1 1 4 4 0.35 1.31 4 20 A . 503 9 2 ^ 1 ,63 .63 4 4 4 4 4 4 6.21 6.48 .72 .77 4 4 1 1 4 4 7.3Ü 1.03 4 6 23 2.153 9 219 2 .54 .54 1 1 4 4 4 4 6.03 5.72 .63 .54 1 1 3 1 4 4 6.43 i.lfc 5 24 M i3 9 219 3 .59 .63 1 I 4 4 4 4 5. 94 6.03 .81 .81 1 1 3 3 4 4 6.54 .98 4 3 24 . 5 73 9 219 4 .63 .63 1 1 4 4 4 4 5.67 5.40 .63 .72 1 1 3 1 4 4 6. 39 1.27 4 q 21 ^.143 9 219 5 .90 .01 2 2 4 4 4 4 6.66 6.71 .90 .90 1 1 3 3 4 4 ft.eo 1.34 c 2y ... 4ft

J I 1 1 ■Al ■ M f ? 3 t i 44 U i 1:52 ■ M i I } } 44 44 6:^3 24 44 25 x i ?3 9 219 8 .63 .54 1 1 4 4 4 4 4.77 5.13 .54 .63 1 1 1 3 4 4 6.75 1.20 5 q 22 q. CO3 9 219 9 .54 .54 1 Î 3 3 4 4 5.85 5.5b .99 .72 1 1 1 1 4 4 6.99 1.39 4 q 27 2.343 9 219 10 .72 .72 1 1 4 4 3 3 5.94 6.03 .81 .81 1 i 1 I 3 3 6.94 .90 4 b 2 34 9 w 1 .59 .03 2 2 4 4 2 2 3.69 3.96 .72 .81 2 2 1 2 2 6.86 1.16 1 1 "4 9 234 2 .77 .68 1 1 3 3 3 3 4.14 3.96 .95 .81 1 1 1 1 2 2 5.32 l.Cl 4 2 17 1.744 9 234 3 .54 .72 1 3 7 2 2 4.32 4.37 .63 .72 2 2 1 1 2 2 6,25 1. 51 1 ’ i 1. ::94 9 234 4 .61 .63 4 3 3 3 3.78 4.14 .72 .72 4 4 1 1 3 3 6.29 1.16 7 1 A - 1 . u64 9 2 34 5 9,9§ 9.99 9 9 99 99 9 9 9.99 5.99 9.99 9.99 9 9 99 99 9 9 99.99 9.9° <4 Q 7 J I, QO4 9 234 6 .59 .54 2 2 3 3 2 2 3.87 4.05 .77 .77 2 2 1 1 2 2 6.42 1.63 1 1 17 2 ill4 9 234 7 .72 .95 2 2 3 3 3 4.59 4.59 1.08 .81 1 1 1 1 3 3 6.34 1.16 t 1 / q. 3"̂4 9 234 8 .72 .81 1 1 4 4 3 3 4.77 4.06 .90 .81 1 1 1 1 3 3 6.92 .. 35 4 Î Ir 2 . 904 9 234 9 .59 .72 1 1 4 3 3 4.50 4.23 .72 .69 1 1 1 Î 3 3 9^,99 9 7 i 4 - . .94 9 234 10 .54 .54 4 4 4 4 3 3 4.23 4.23 .68 .90 4 4 1 1 2 o.lO 1.22 4 2 18 1 • T 94 9 235 1 . 68 .99 4 4 4 1 2 2 3.96 4.41 .86 .90 4 4 1 1 2 2 6.33 l.n4 1 1^ 1 . 3f4 9 235 2 .54 .59 2 2 4 3 2 2 4.50 4.59 .99 .99 2 2 1 1 2 6.32 1. 43 3 1 1 t '4 9 235 3 .77 .72 2 2 4 3 3 4.50 4.41 .90 .81 1 I 1 I 7.57 1 c c 1 Ic 1 . -j84 9 235 4 9.99 9.99 9 9 99 99 9 9 9. 99 9.6^ 9.99 9.99 9 9 99 99 6 9 99.99 ^^99 9 9 9 9 y.9Q4 9 235 5 .31 .81 2 2 4 3 2 2 4.05 4.32 .86 .81 2 2 1 1 2 2 7. 15 1.77 1 iq 1. 844 9 235 6 .01 .72 1 4 3 3 3 4.32 4.6b .81 .99 1 1 1 1 3 3 99.99 89 9 9y . 994 9 H 5 7 .81 .77 i 2 4 4 3 3 3.69 3. 96 .81 .86 1 1 1 1 2 2 99.99 9.99 'i 1 9j 4. 9°4 9 235 8 .91 .77 4 4 4 4 4 4 4.oO 4.68 .91 1.09 2 2 3 3 3 3 99.99 9.9° 9 9 99 9.9°4 9 2^5 9 .81 .63 4 4 3 3 3 4.32 4.32 .99 .86 2 2 3 1 2 2 6.51 1.52 13 i . n64 9 2 35 10 .3b .72 4 4 3 3 4.41 4.50 .81 .90 4 4 I 1 2 2 6.03 1.24 Î 1 p i . 575 9 2 3? 1 .72 .72 2 ? 11 11 3 3 4.32 5.13 .99 .99 2 2 10 10 2 2 6.75 1.29 1' iil45 9 U l 3 .72 .63 4 4 11 11 3 3 4.14 3.9o .90 .90 4 4 10 1 2 2 5.68 1.43 4 s fq 1. o75 9 237 4 .59 .63 4 4 11 11 2 2 3. 87 3.60 .90 .81 4 4 10 10 2 2 6.60 1.31 5 i 18 1 . ^
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APPENDIX B (cont.). Morphological variation within populations.
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3 9 214 3 3.38 .43 5 .99 .31 .38 1.24 3.11 .68 .16 7 22 2.76 9 .993 9 214 4 3.00 .44 4 1.13 .26 .28 .90 2.99 .80 .17 7 22 2.06 1 9 .993 9 214 5 3,38 .46 5 1.22 .30 .27 1.07 3.23 .75 .17 5 20 2.30 9 ,993 9 214 6 3.04 .43 5 1.14 .24 .31 1.02 2.93 .84 .15 5 20 2.56 1 9 .993 I 214 7 3.32 .51 4 1.33 .27 .32 1.00 3.26 .06 .16 7 21 2.44 1 Q . 993 214 3 3.68 .51 4 1.33 .32 .36 1.17 3.74 .74 .16 7 19 2.73 1 9 .993 9 214 9 3.23 .48 5 1.2o .32 .34 .68 3.03 .80 .18 7 20 2.34 1 q .993 9 214 10 3.24 .45 5 1.35 .26 .32 1.01 3.01 .90 .18 5 22 2.60 1 q .993 9 215 1 3.63 .38 5 1.16 .26 .14 .93 3.91 .08 • 14 7 19 3.42 1 9 .993 9 215 2 3.97 .57 4 1.3d .28 -27 1.19 3.89 .92 .10 7 20 3.46 1 9 .993 9 215 3 3.25 .40 5 1.07 .23 .28 .08 3.22 .03 .14 7 19 2,94 1 9 .993 9 215 4 3.84 .49 5 1.26 .25 .35 1.31 3.95 1.21 .15 7 19 3.59 1 9 .99
1 I 511 1 l : l i •A l 1 ■ M ■ A \ i:!§ l:ll ? (I 1 - A Î 1 993 9 215 7 3.93 .44 4 1.31 .27 .33 1.28 3.79 .87 .15 7 18 3,17 1 9 .993 9 215 5 3.55 .52 4 1.32 .23 .33 .87 3.00 .94 .12 V 19 3.53 1 9 .993 9 215 9 3.22 .39 4 1.15 .24 .27 1.33 3.14 .74 ,16 7 20 2.89 1 Q .993 9 215 10 3.31 .42 4 1.06 .22 .28 .99 3.56 .33 .14 7 21 2.79 1 9 .993 9 21 6 1 3.85 .56 4 1.43 .34 .32 1.24 3.89 .94 .16 7 24 2.97 1 9 .993 9 216 2 3.77 .42 5 1.40 .32 .29 1.1 5 3.18 .76 .15 7 21 3,01 9 . 993 9 216 3 3.45 .51 4 1.34 .30 .33 I.Î2 2.97 .96 .15 7 23 2.93 1 9 ,993 9 216 4 3.05 .49 5 1.19 .25 .26 1.08 3.03 ,72 .17 7 17 2.32 1 9 .99
1 9 216 5 3.93 .57 4 1.41 .29 .35 .99 3.55 1.12 .13 7 22 2.93 1 9 .999 216 b 3.68 .47 5 1.32 .35 .27 1.05 3.10 .75 .15 7 20 3.25 1 9 .993 9 216 7 3.22 .45 4 1.24 .20 .27 .93 2.93 .82 .13 5 21 2.71 1 9 .993 9 216 A 3.93 . 46 5 1.43 .29 .32 1.03 3.77 .93 .17 5 24 3.24 1 9 . 993 9 21 0 9 3.65 .51 5 1,49 .40 .33 .85 3.16 .85 .17 7 20 3.19 1 9 .993 9 216 10 3.93 .49 5 1.37 .30 .32 1.13 3.02 .94 .15 4 22 3.14 1 9 .993 9 219 1 3.8J .41 4 1.^2 .22 .32 • 8b 2.98 .78 .10 7 30 2.75 1 9 .993 9 219 2 3.4Ï .5Î 4 i .h O .19 .27 1.12 3.29 1.05 .13 22 2.65 1 9 .993 9 219 3 3.75 .46 5 1.42 .32 .27 1.19 3.61 1.08 .16 7 23 2.93 1 0 ,993 9 219 4 3.68 .50 4 1.32 .27 .25 .93 3.22 .87 .13 7 21 2.68 1 9 .993 9 219 5 4.33 .51 4 1.53 .32 .35 1.44 4.34 1.09 .18 7 29 3.10 1 9 ,993 9 219 6 3.95 .63 5 1.46 .29 .55 1.31 4 . 02 l.CC .18 5 25 3.11 1 9 .993 9 219 7 3.68 .49 4 1.43 .25 .32 .9tJ 3.05 1.01 .13 29 2.93 1 9 .993 9 219 c 3.31 .51 5 1,19 .20 .34 1.10 3.30 1.02 .20 4 24 2.27 1 9 . 993 9 21Q 9 4.0^ .55 4 1.51 .31 .33 1.17 3.60 1.00 .22 4 25 3.17 1 9 .993 9 21? 10 3.7^ .40 5 1.32 .23 .33 .88 3.39 .60 .13 7 25 2.21 1 9 . 994 9 234 1 2. 67 .54 5 .95 .21 .25 .56 2.20 .57 .20 3 19 2.05 9 .994 9 234 2 2.43 .41 0 .01 .14 .23 . 45 9.99 9.99 .99 9 17 1.90 1 9 . 994 9 Q3 4 3 2.33 .48 5 .09 .15 .35 .51 1.86 .41 .09 4 16 2,16 1 9 ,994 9 4 2. 42 .44 .92 .13 .25 . 58 1.86 .47 .13 3 16 1.85 1 q .994 9 234 5 9.99 .99 9 9.99 .99 .99 9.99 9.99 9.99 .99 9 99 9,99 9 9 . 994 9 ^ 4 6 2. 40 . 44 5 .91 .16 .25 .62 2.32 .43 .13 4 15 l.o3 1 Q .994 § 234 7 2.43 .36 5 .90 .18 .23 .50 1.80 .54 .12 4 15 2,34 1 9 .994 9 23 4 8 2.68 .50 5 .90 .18 .23 .70 2.62 .54 ,19 3 16 2,37 1 9 . 994 9 234 9 9.99 .99 9 9.99 .99 .99 9.99 9.99 9.99 .99 99 9.99 9 9 . 994 ? 234 10 2.54 .52 5 .63 .15 .25 .55 2,02 .50 .17 4 1 3 l.&Q 1 0 . 994 9 235 I 2. 65 .52 5 .94 .22 .27 .53 1.90 .56 .13 3 15 1.84 1 9 . 994 9 235 2 2.42 .45 5 .74 .18 .25 .74 2.04 .57 .16 4 14 1.66 1 q . 994 9 235 3 2.72 .50 5 .90 .20 .27 .74 2.24 .55 .16 4 17 1.94 1 9 ,994 9 235 4 9.99 .99 9 9.9:, .99 .99 9. 99 9,99 ^.99 .99 99 9, 99 i 9 . 994 9 U i 1 2. 48 .41 5 ^.76 .16 .28 .•72 2.87 .60 .16 4 15 2.19 1 9 . 994 9 2 35 6 9.99 .99 9 9.99 .99 .99 9.99 9.99 9.99 .99 99 9.99 9 9 . 994 9 235 7 9,99 .99 9 9.99 .99 .99 9.99 9.99 1̂ .99 .99 99 'Ï. 99 9 0 . 994 9 235 9 9.99 .99 9 9.99 .99 .99 9.99 9.99 9.99 .99 9 99 9.99 9 9 . 994 9 235 9 2. 00 .54 4 .09 .23 .2? .85 2.35 .55 .17 4 13 1,94 1 q .994 9 235 10 2.34 .42 5 .85 .21 .27 .50 1.64 .40 .14 4 19 1.67 1 q . 995 9 237 3.49 .49 5 1.31 .22 .30 1.16 3.30 .58 .17 4 18 2. 69 1 9 . 995 9 lU 3 J.O? .45 4 .22 .25 .70 2.65 .57 .18 1 6 2.39 1 q . 995 9 237 4 3.13 . 4o 5 1.26 .20 .29 .81 2.85 .68 .17 17 2.36 1 q .99
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APPENDIX B (cont.). Morphological variation within populations.
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5 ? 2 37 5 456 9999 7.8 5 2.8 3.60 5 4 10 5 14.13 1.53 c; 4 11 3 11 12 2 l 3.33 3.&C5 & / 37 h 455 9999 5.3 l2 h 4 2.7Î5 5 4 11 11.34 1. 35 3 4 11 3 11 16 V 3.4 2 4.415 9 2 37 7 456 9999 8.2 2 3.5 5.40 7 4 13 6 9.63 1, 17 4 4 10 3 10 2 J 2 3.87 4.C55 9 2 37 9 455 9999 5.4 5 2.7 4.05 6 4 13 11.34 1.67 5 4 10 3 13 3 j 3.60 3.605 9 2 37 9 465 9999 10.3 4 4.7 6.03 7 4 11 4 13.05 1.08 3 4 15 3 11 12 2 3.60 4. bo5 9 2 37 10 4oo 9999 11.3 6 5.5 5.40 7 4 11 5 12.96 1.08 3 4 10 3 10 13 2 J.87 4.735 9 2 37 11 455 9999 8.4 5 2.5 :.7s 6 4 11 4 11.07 .99 3 4 11 2 10 15 2 1 3.60 3.155 9 2 40 1 219 9999 9.3 7 4.5 3.60 6 4 11 4 4.95 .63 3 4 15 2 10 11 1 1 3,31 3.60& 9 240 2 219 9999 7,2 1 2.4 2.70 5 4 10 4 11.70 1.08 4 4 10 3 10 4 3.33 3.605 9 2 40 3 219 9999 5,0 6 1.2 1.89 7 4 10 5 4.50 .68 3 4 11 2 11 7 i 2 2.93 2.345 9 240 4 219 9999 6.6 5 1.6 3.24 6 2 11 4 3.73 .68 3 5 11 2 10 6 2 ^.52 2.975 9 2 40 5 219 9999 6.4 9 2.1 3.24 8 4 10 5 9.09 1.08 4 4 10 2 10 11 4 2.b8 3. o95 9 2 40 6 219 9999 7.7 2 2.3 3.24 8 4 11 4 4.25 .45 3 4 11 2 11 t 3 ..70 3. cC5 9 2 40 7 219 999Q 7,0 1 2.0 3.33 7 4 11 5 8.28 ,90 4 4 10 2 11 9 3 ..25 3.0 65 9 240 a 219 9999 ,6.0 3 1.8 3.42 7 4 11 5 8,73 . 45 3 4 10 2 10 2 1 î 3,33 3.675 9 2 40 9 219 9999 99.9 5 1,6 2.34 7 4 10 6 10.44 .90 4 4 15 1 15 99 •J 9 y.99 9.995 9 240 10 219 9999 99.9 99 99.9 99.99 9 99 99 99.99 9.99 q 9 99 q 99 99 y 9 9.99 9.5 9 2 45 1 215 9999 10.7 b 4.1 4.63 6 11 4 7.29 .81 3 5 10 2 10 3. 24 3.965 9 245 2 215 9999 15.5 4 8.0 4.91 8 4 10 3 9.72 .77 3 4 11 3 15 7 2 3.615 9 2 45 3 215 9999 12.9 5 5.2 4.50 8 4 10 3 15.39 1,17 4 4 13 3 10 7 2 3.87 3.785 9 2 45 4 215 9999 7.7 1 3,3 4.77 7 4 10 3 8.10 , 72 3 4 10 1 10 1 1 2.89 3.515 9 245 5 215 9999 9.5 1.6 2.8P 8 4 11 4 14.67 1. 17 5 4 10 2 15 16 3 3.0 6 3. o75 9 245 6 215 9999 11.5 6 4.8 4.50 8 11 5 6.30 .54 4 4 10 3 10 4 î 2.77 .,.685 9 245 7 215 9999 7,5 2 4.0 3.51 8 4 11 5 5.49 .54 3 4 10 3 15 5 2 Z.07 2.705 9 P 215 9999 12.6 7 4.1 4.05 8 4 11 5 6,95 .63 3 4 11 3 13 4 3 4.U'; 3.335 9 245 9 215 9999 7.0 1 4.5 4.59 8 4 10 4 3.87 ,45 3 4 10 3 15 1 î 3.0 6 3.515 9 245 10 215 9996 12.8 3 4.5 4.50 6 4 10 4 11.16 .72 3 4 13 3 10 9 3.51 3.7^5 9 2^5 3 215 9999 6.6 1 1.9 2.66 7 4 11 3 6.12 .5 4 3 4 10 2 10 1 3.15 2.065 9 246 4 215 9999 U . 6 1 4.7 4.77 6 4 11 5 13.06 4.05 4 4 15 2 10 i 3 1 2.41 3.665 9 246 6 215 9999 i5,o 4 3.5 3.33 5 8 4 13.68 1.35 4 4 7 2 10 6 3.24 2.7C5 9 246 8 215 9999 9.8 4 3,1 2.79 6 4 11 4 10.15 1.17 4 4 13 2 15 9 7 2 3.2 4 2.975 9 246 9 215 9999 10.9 3 4.9 4.28 8 4 11 4 16.50 1.31 4 4 15 3 10 4 ; 3.15 2.975 9 246 10 215 9999 15,7 3 5,0 4.41 5 11 6 15.30 1.53 4 4 10 2 11 9 2 2.8 8 2. 6̂ ^5 9 246 13 215 9999 12.5 1 2.7 3.87 8 4 11 4 11.52 1.35 4 4 11 2 10 1 3 2.79 3,335 9 z46 14 215 9996 11,7 2 4.2 3.33 5 4 11 4 9.45 1.13 4 4 11 2 10 7 3 2. 79 3.005 9 246 5 215 9699 10.6 4 3.7 4.14 6 4 11 4 14.40 1.26 5 4 11 3 10 h 3 î 3.15 3.335 9 2 46 7 9999 9.3 6 2.9 3.69 8 11 4 9.09 1. 17 4 4 11 2 10 11 2.^7 3.6C6 9 242 2 330 9999 15.5 1 -1.3 7.50 7 12 7 6.21 .81 4 4 10 2 11 2 3 t 2.70 3.33b 9 242 3 330 9999 11.4 2 3.5 6.75 7 4 12 5 7.55 .99 4 4 11 3 11 5 ^.34 3.15b 9 :42 4 330 9999 13.0 1 4.1 8.28 7 4 12 7 11.88 1.44 4 4 11 3 13 1 %. 3.150 9 2 42 5 330 9999 14.5 1 3,0 7.20 7 4 12 6 8.37 1.08 4 4 11 3 10 7 c 2.97 3. 60b 9 242 6 3 30 9999 13.2 3 4.2 7.29 7 1 12 6 7.38 .90 3 4 11 3 11 5 3.6 9 3.1?6 9 242 7 330 9999 9.9 1 2.7 6.04 7 4 12 5 5.85 .77 3 4 11 3 11 1 2 î 3.15 3.156 9 242 0 330 9999 17.8 2 4.0 Ü.96 7 3 12 7 12,78 1.71 4 4 12 T 15 3 r J.33 2.70t) 9 242 9 330 9999 13.3 1 3,4 7.2Q 7 4 12 c 1C.71 1.00 4 4 11 2 11 1 3.15 3.426 9 242 10 330 9999 12.8 6 3.3 7.83 7 14 6 6.30 .72 3 4 12 3 11 12 4.21 3.38b 9 242 I i 330 9999 11,5 5 3.4 4.50 7 4 12 5 7.33 . 99 4 4 11 3 11 3 3 3.15 2 .976 9 243 1 330 9999 9.0 1 1 ,4 2.68 7 4 12 3 5.22 .81 3 4 11 3 11 2 J. 31 J.t96 9 243 2 330 9999 10.4 3 2.0 3.60 7 4 12 5 1 5 . ;2 1. 80 5 4 11 3 11 3 j.V'* 3.51b 9 2 43 3 3 30 9999 11.4 2 1.6 4.95 7 4 12 6 5.94 . 99 4 4 12 2 15 7 4 2. 97 886 9 243 4 330 9999 11.8 2 2.5 4.77 7 14 6 6.03 .99 3 4 12 2 11 3 3 3.1': 3.60
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APPENDIX B (cont.). Morphological variation within populations.
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APPENDIX C 
FLORAL CHARACTERS WITHIN POPULATIONS

The following APPENDIX contains data on floral characters measured 
within populations. Five ray and five disk flowers were measured per 
plant, and ten plants were analyzed per population. The character mean 
value obtained for each plant is used as the character value in APPEN
DIX B. For example, plant 1 in population 203 has a mean ligule length 
(RFLENGTH) of 7.64 mm for the five ray flowers measured. This value is 
used as the ligule length of plant 1 of population 203 in APPENDIX B.

The first four columns in this data file are as follows:
COLUMN HEADING CHARACTER
SPECIES Species
POP Field population number
PLANT Plant analyzed within population
FLOWER Flower analyzed within each plant

The remaining characters, ligule length (RFLENGTH) to presence of outer
pappus (PAPOUT), are identical to characters in APPENDIX A and B.
Refer to APPENDIX A for an explanation of characters, their column
headings, and code values for coded characters.



APPENDIX C. Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations,
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APPENDIX C (cont.). Floral characters within populations,
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont,). Floral characters within populations,
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6 5 99 .9 9 9.99 9 9
7

i
5 .85 1.35 5 9? \-M I

7 4 6.12 1.49 5 9
7 5 5.90 1.44 5 9
8 1 4 ,82 1,25 5 9
e 2 5 .13 1*22 5 9
8 3 4.95 1,17 5 9
8 4 4 .86 1.25 5 91 ! Ui I 1
9 6.21 1.44 4 9
9 3 5 .94 1.25 5 9
9 4 5.40 1.35 4 9
9 b 5 .9 4 1.35 5 9

1C 1 4.50 1.17 5 Q
10 2 4.77 1.44 5 9
10 3 4.68 1.35 5 9
10 4 4 .59 1.17 5 9
10 5 4 .6 4 1.25 9 9

1 1 8 .55 1.31 5 3
1 2 8 .46 1.26 4 3
1 3 8 .28 1.08 4 3
1 4 8 .7 3 1.26 4 3
1 5 8 .46 1*17 4 3
2 \ 7.83 1,35 4
2 7 .65 1.26 4
2 3 7 .88 1.35 5 4
2 4 7 .7 9 1.44 5 4
2 5 7 .8 3 1.35 5 4
3 1 7 .5 2 1.17 4 5
3 2 99 .9 9 9.99 9 5
3 3 7 .29 ,99 4 5
3 4 6 .9 3 1.13 4 5
3 0 6 .98 .81 4 5
4 1 6.03 1.25 5 9
4 2 5 .9 4 1.17 4 9
4 3 6 . 6 4 1.17 5 9
4 4 6.21 1.25 4 94 5 6 .2 6 1.17 5 9
5 1 5 .0 4 1.Ç3 4 5
5 2 5 .0 4 1,03 5 5
5 3 5.00 1.17 5 5
5 4 5 .0 4 1.03 5 5
5 5 5 .58 1.04 5 5
6 1 8.01 1.44 5 5
6 2 7 .9 7 1.31 4 5
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P AP N 0

II
il

I
5Gr

1.80

(:Sf9.P99.999.99
i*:ll
III
II
h it

12.25

I
M i

p
AP P

S IU N T 0
.50 4 1 .1 7 .18 .27 .54 2.79 . 5 9 . 1 4 2 25 2 .5 2 1 0 .99
.36 4 1 .0 8 ■M . 27 .63 2 .57 . 5 9 . 16 2 25 2 .5 2 1 9 .99
.45 5 .99 .27 .63 2 .43 . 5 4 . 14 2 24 2 .4 3 1 9 .99
.54 5 .18 .27 ,54 2.88 . 7 2 . 1 8 2 19 2.61 1 9 .99
.45 5 1.08 .18 .27 .54 2 .7 9 . 5 4 . 18 2 19 2 .4 8 1 9 .99
.45

5
1.08 .18 .32 .63 2 .52 . 7 2 . 18 2 18 2 .43 1 9 .99

.54 .23 .36 .50 2 .3 4 . 5 4 . 1 6 2 14 2 .2 5 1 9 ,99

.63 5 .18 .32 .45 2 .3 4 . 4 5 .18 2 13 2 . 5 2 1 Q .99

.63 5 1.17 .18 .27 .72 2.21 .50 .18 2 16 2 .7 9 1 9 .99

.45 4 .81 .18 .18 .45 2.16 ■M . 14 2 16 2 .34 1 9 .99

.45 5 .•Û . 1 8 .2? .54 3.15 . 1 4 2 18 2 .34 1 9 .95

.45 4 1.03 .23 .27 .63 2.30 .63 . 1 4 4 19 2 .52 1 9 .99

.50 5 .95
4

. 27 .54 2 ,34 . 7 2 . 14 4 16 2.61 9 .99
.45 5 .99 . 32 .81 2.25 . 6 3 .18 4 19 2 .4 3 1 9 . qq
.63 5 .36 .90 2.79 . 5 4 .14 2 18 2 .43 1 9 .99
.50 5 i j j . 3 6 .72 2 .88 . 6 3 . 1 8 2 17 2 .25 1 Q .99
.54 5 1 .08 123 .36 .72 2.43 . 5 4 . 1 6 2 17 2 . 2 ^ 1 9 .qq
.54 5 ^ , 2 2 .41 .81 2 .48 .63 .18 2 20 2 .52 1 9 .99
.59 5 1 . 0 8 .1 8 .36 .72 2 .39 . 5 9 .18 2 99 9 . 9 9 9 9 .qq
.45 4 .86 .18 .27 .54 ^ 0 7 . 5 4 .16 4 20 2 . 0 7 1 q . 95
.45 5 .90 . 1 4 .23 ,63 2.34 . 5 9 . 1 8 3 19 2 .1 6 1 9 .99
.40 4 .90 . 1 8 . 2 7 .54 2.43 . 5 4 . 1 6 4 23 2 . 1 6 1 9 .99
. 4 ^ 5 M l . 1 8 .27 .63 2.97 . 6 8 . 1 0 16 q .qq

:tî 4
4 i l l lit lit i l l ] 21 hh Î

1
9
0

.45 5 .99 .16 .18 .72 2.03 . 5 4 . 1 6 2 19 2 . 3 4 1 0 .99

.45 5 ! • ? § .18 .27 .72 2.25 . 5 4 . 16 2 16 2 .52 9 .99

.45 «; 1 - U . 18 . 2 3 .81 2.34 .50 . 1 6 2 19 2 .7 5 Î q .99

.45 5 1 .2 2 .13 .18 .63 2.30 .50 .16 1 18 2.61 1 9 .qq

.50 4 .99 .23 .27 .54 1.98 . 5 9 .16 1 23 2 .5 2 1 9 .99

.41 4 1 . 0 3 .23 . 2 7 .54 1 .98 . 5 4 . 1 4 1 li 2 .3 4 1 9 .95

.45 5 1.17 . 23 . 3 2 .45 2.43 . 5 4 .18 2 2 .5 2 6 .99

.45 4 1 . Î 3 .18 .27 .54 2 .16 . 5 9 . 1 8 1 24 2 . 3 9 1 q . 99

.36 5 1 .17 .23 .27 .59 2.43 . 5 4 . 1 8 2 23 2 .61 1 9 .99

.45 5 1 .13 .23 .27 .81 2 .84 . 5 0 .16 2 16 3.C6 1 0 .99

.41 5 UI III . 27 .72 3.02 . 5 4 . 1 3 3 24 2 . 9 7 1 9 .99

.36 5 .36 .72 2 .79 . 5 4 . 1 6 2 16 2.97 1 9 .99

.45 5 1 ,35 .18 .32 .99 2.93 . 5 0 . 1 8 3 20 3.Ü5 1 9 . 99

.41 5 1 .22 . 18 .27 .81 2. 88 . 5 4 . 1 8 3 18
3 : 4 3

1 q . 99
.36 F , 1 8 .32 .72 2.16 . 5 4 . 1 4 1 16 9 .99
.41 5 1 .1 3 .23 .32 .90 2.16 .50 . 14 1 18 2 . 7 9 2 9 .99
.36 4 1.08 ,23 .36 .90 2 .34 . 50 .16 1 20 3.C2 1 9 . 99
,41 5 ^ , 1 7 .16 .32 .81 2 .56 . 5 0 . 16 1 15 3 .0 6 1 9 .99
.36 5 1 . 1 3 .23 .27 .72 2.43 . 5 4 . 1 6 1 17 2 .8 8 1 9 .99
. 45 4 1 .17 .18 .27 .72 2 .3 4 . 5 4 . 14 1 14 3.C6 c . qq
. 36 5 1 .26 :i! . 27 :V, 2 .52 . 5 0 . 16 2 99 3 .2 0 Î 9 .99
.41 4 .95 .23 2.25 . 5 0 . 1 6 2 16 2 . 7 9 1 Q .99
.36 5 1 .13 . 1 4 .23 .90 2 .34 . 4 5 .16 2 17 2 .97 C .99
.41 5 1*22 .23 .32 .90 2.61 . 4 5 .18 1 16 3 .0 6 1 9 .99
.45 4 .90 .13 .27 .72 2.03 .50 . 1 8 1 2C 2 .2 5 1 9 .99
.36 5 .90 .14 .23 , 5 4 2.07 . 5 4 . 1 8 1 19 2 .3 4 q .99
. 36 4 .90 . 1 4 .27 .63 2.16 . 63 . 1 8 1 19 2 .2 5 1 9 .99
.41 4 .86 .18 .27 .54 1.89 . 5 4 .18 1 19 2 . 2 5 1 Q .99
.45 4 .95 .14 .27 .63 2.07 . 5 0 .18 1 19 2 .3 4 1 q .99
.36 5 . 1 4 .23 .90 2 .3 4 . 4 5 . 1 8 2 19 2 .70 1 9 .99
. 36 5 .23 .72 . 5 4 .16 4 16 2 .61 1 9 .99
.36 5 .90 .18 .23 .63 2.30 .50 .18 2 17 2 .5 2 9 .99
.36 4 1 .13 .18 .23 .72 2.61 . 5 0 .1 8 2 12 2 .7 0 1 9 .99
.45 5 1 .22 .18 .23 .95 2.43 . 5 4 . 1 8 2 19 2.70 9 .99
.41 4 .95 lil . 27 .54 2 .57 . 5 4 .18 2 24 2 . 4 8 1 9 ,99
.41 4 1 .17 .27 .63 3 .02 . 5 9 .18 2 22 2 . 1 6 1 9 .99
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APPENDIX C (cont.). Floral characters within populations
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R fiR F FF C PA 0 AP L PE D NX R Q
5 5 165 5 204 5 1955 i H5 5 194 5 174 5 164 9 125 9 135 9 185 9 165 9 154 4 124 4 175 4 174 4 184 4 1155 88 U4 8 215 8 185 8 214 9 184 9 194 9 184 9 194 9 184 3 214 3 185 3 h3 225 3 186 3 215 3 185 3 215 3 235 3 114 9 995 9 195 9 195 9 195 9 2ü5 4 115 4 155 4 104 4 104 4 15c. 4 174 4 154 4 164 4 104 4 175 4 135 4 185 4 145 4 115 4 175 4 114 4 144 4 17
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2.34 3, 33 .41 4 1 4 7 .23 .23 .99 2.75 .54 .18 1 2 . 8 9 1 9 .992.52 3.51 .45 5 1.17 .16 .27 .81 2.88 .54 .16 1 19 2.93 9 .992.43 3.63 .36 4 1.08 .23 .23 .63 2.93 .54 .18 1 20 5.15 1 9 .9?2.07 2.57 .32 5 .86 .13 .27 .54 2.07 . 45 .16 2 It ... 43 1 9 .991.98 2.57 .27 5 .99 .13 .27 .54 2.03 .45 .14 I 17 2.52 1 9 .991.98 2.70 .32 5 1.04 .13 .27 .59 2.12 .36 .14 1 le ..61 9 .992,25 2.75 .32 5 .18 .32 .45 1 ^ 4 .54 .16 1 U 2.61 9 .992.43 2.70 .32 5 1.04 .18 .27 .54 2.21 .45 .14 1 2.43 î 9 .992.43 2.84 .36 5 1.08 .18 .23 .59 2.43 .54 .18 1 2C 4.88 1 9 .992.43 2.79 .41 4 1.04 .23 .23 .72 2.48 .59 .18 1 1C 2.79 9 . 9»,
hll 1 i:?§ m A l } î? \ 9y A t2,61 2.79 .32 4 .99 .23 .27 .59 2.52 .54 .16 2 19 2.61 1 9 .99hll m i:i7 :iî :Vi Z?2 Ü î ■Ai ? 5? îAl 1 9

9 A t1,98 2.88 .41 4 .99 .18 .18 .90 2.30 .54 .18 2 20 2.25 î 9 .992.07 3.15 .36 5 1.08 .18 .27 .72 2.70 .59 .18 2 21 2.79 1 9 .991.80 2.97 .41 4 1.08 .18 .23 .81 2.61 .59 .16 2 1C 4.70 1 9 .992.34 2.75 .41 4 1.08 .18 .27 .72 2.16 .50 .18 1 14 2.52 1 9 .991.98 2.83 .45 4 1.26 .18 .27 .54 2.61 .45 .20 1 15 2.61 1 9 .991.71 2.75 .41 5 1.17 .18 .23 .50 2.25 .54 .18 1 20 4.52 9 .991.98 .41 4 1.04 .13 .23 .54 2.12 .50 .18 1 21 2.43 1 9 .992.07 2.79 .45 F 1.13 .18 .23 .63 2.25 .50 .18 1 19 2.52 9 .992.16 3.06 .36 4 1.17 .13 .23 .54 2.61 .63 .18 1 19 2.70 9 .992.43 3.15 ,45 4 1.26 .18 .27 .45 2.52 .59 .16 1 21 2.43 1 9 .992.16 2.79 .41 5 1.13 .13 .27 .54 2.43 .54 .16 1 19 2.61 9 .991.98 3.06 .36 4 1.08 .18 .27 .63 2.52 .50 .16 1 16 ^.52 1 92.43 3.20 .41 5 1.22 .18 .23 .63 2.52 .63 .18 1 18 !.70 1 9 .992.43 2.88 .45 5 .95 .23 .23 . 45 2.34 .63 .16 1 19 2.73 1 9 .952.43 3.15 .41 5 1.17 .23 .23 .54 2.75 .68 .16 2 28 2.88 6 .952.25 3.11 .45 4 .18 .23 .54 2*§2 .54 .18 1 24 2.89 î 9 .952.34 3.24 .45 4 1.08 .23 .18 .72 2.79 .54 .16 1 21 2.97 1 Q .992.52 3.29 .45 5 1.26 .18 .27 .72 2.07 .63 .16 1 23 2.97 G .991.71 3.06 .45 4 1.26 .18 .27 .45 2.75 .54 .18 2 23 1.52 1 9 .9^2.07 3.24 .45 4 1.17 .23 .27 .63 2.88 .68 .18 1 17 2. 79 1 y .992.07 3.11 .41 5 1.17 .18 .27 .59 2.39 .54 .18 1 26 2.79 0 ,992.16 2.70 .50 4 .90 .18 .27 .63 2.75 .54 .18 1 22 2.25 9 .991.98 ^ ^ 4 .36 5 1.13 .13 .27 .45 2.57 .54 .18 1 23 2.61 î 9 .999.99 2.25 .32 5 9.99 .99 .99 9.99 9.99 9.99 .99 9 23 1.89 1 Q .991.53 2.58 .36 5 .99 .09 .18 .45 2.66 .54 .16 1 22 2.07 1 9 .9^1.53 .32 5 9.99 .99 .99 9.99 9.99 9.99 .99 9 19 1.60 9 .9-*1.44 2.43 .45 4 K O P .13 .27 .63 2.34 .54 .18 2 20 2.C7 î 9 .991.35 h ü .45 4 .90 .09 .09 .45 2.34 .50 .18 2 25 2.07 9 .991.89 2.57 .41 5 .9% .13 .27 .54 2.57 .59 .14 2 16 4.16 î 9 .992.03 .41 4 l^J .18 .27 .54 2.16 .59 .14 2 15 2.68 1 9 .991.62 ^ ^ 7 .41 4 1.22 .18 .27 .72 2.25 .63 .16 2 14 ..43 9 .991.89 .45 4 1.44 .18 .27 .63 2.61 .63 .16 2 16 2.79 î 9 .991.53 ^,06 .36 5 1.22 .18 .27 .63 2.39 .59 .16 2 15 2.43 1 9 .992.16 .41 4 1.35 .23 .27 .54 2.75 .59 .16 2 15 2.97 1 9 .992.43 .45 5 1.26 .23 .18 .90 3.06 .72 .16 2 16 2.97 1 9 .992.34 .41 4 1 ^ ^ .23 .27 .72 2.75 .59 .18 2 12 2.97 1 9 .992.16 ^ ^ 8 .36 4 1.08 .13 .23 .54 2.21 .59 .16 2 20 2.61 1 9 .992.25 .36 4 .13 .27 .54 2.30 .50 .14 2 17 2.61 1 9 . 992.07 3.24 .50 4 .27 .27 .63 2.75 .59 .18 1 18 2.79 1 9 .991.89 3.06 .45 4 1.17 .23 .27 .54 2.57 .54 .18 2 lE 2.70 1 9 .991.8? h h .45 4 .90 .27 .27 .45 2.07 .54 .16 2 IS 2.43 1 9 .991.71 2.97 .36 4 1.06 .18 .18 .72 2.48 .54 .18 1 16 2.52 1 9 .991.71 ^,88 .50 4 1.03 .18 .27 .72 2.12 .50 .16 1 2C 2.61 1 9 .992.0? .41 4 .99 .18 .27 .36 ^ ^ 7 .54 .14 1 19 ;.52 t 9 . 991.98 ?*2ê .41 4 i J 7 .18 .23 .63 2.07 .54 .14 I 16 5.52 t 9 .992.07 2.79 .36 4 i.oé .18 .27 .54 2.52 .54 .16 2 18 2.52 î 9 .99
r\5
ro
ro



APPENDIX C (cont.). Floral characters within populations.
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.93 5 4.99 5 41.17 5 31.17 5 31.03 5 31.25 5 1
1.03 5 51.35 5 31.40 4 31.49 4 31.31 5 31.25 5 31.80 4 51.98 5 51.98 c s1.80 5 51.71 4 5l.OB
1 I 22

i
5

14.95 4 4.99 5 41.25 5 51.17 5 51.44 5 51.17 5 51.22 0 51.35 4 41.35 4 41.40 4 41.43 4 41,35 5 41.40 5 41.35 5 41.31 5 41.44 5 41.26 5 41.25 4 51.17 4 5.93 4 51.26 5 51.17 4 51.53 5 41,40 5 41.53 4 41.62 5 41.31 41.35 31.71 5 31.69 5 31.80
I'M

5
Î I1.26 5 51.35 5 51.17 4 q1.35 51.49 5 41.44 5 41.53 5 41.62 5 4

i ’M

Il i
I
3.02

i:i
i:Ë

2.97

I I
■3:i5
iili
3.02I
2.79

ü
SLGI

1.26
Ï M
I'M
i!§81.081.04
ll08
i.‘081.041.04
^illIiiiiiii1.08Iiii
l i#1.131.08.90

llol1.08‘:§l1.06li#
1:1!
I i i iI1.17

(
TH
T

II
I.18

A
?HBAS
£

I
I
II
.18

.1
.68Ii #
Ii PI

?9 >4

SÎLELGT
2.08
Ml2.88I2.25
MlI

I
•54

? III
l i l lI
M l3.51P
M l2.84 2.43li#2.25

8 B P PR k S A A
N N T P P P P PC C I A A A 0 0H H G P P P U u
L W T N H 0 T %G I T U r. U N H
T D P k T T 0

54 .16 2 14 2,61 1 9 .9959 .16 1 19 2.57 1 9 .9:»54 .16 2 18 2.83 1 9 .9950 .16 2 20 2.d3 1 9 .9954 .16 2 20 2.79 1 q .9^45 .16 2 17 3.24 1 9 .9950 .16 5 21 ^.70 1 9 .9950 .18 2 24 4.23 1 9 .9959 .23 2 17 2,52 1 q .9954 .18 1 17 2.34 1 9 .9954 .18 1 18 2.51 1 Q .9954 .16 2 21 2.43 1 q .9963 .16 2 17 2.61 1 9 .9959 .16 2 17 2* 61 1 9 .9954 .18 2 19 ^.52 1 9 .9963 .18 2 17 2.70 1 9 .9959 .12 2 17 2.52 1 9 .9959 .14 2 15 2.52 1 9 .9954 .14 1 20 2.61 1 9 .9954 .12 3 21 2.25 1 9 .9954 .14 2 16 2.52 1 9 .9954 .14 1 18 1.66 1 9 .9959 .14 2 19 2.62 1 9 .9950 .16 2 16 2.43 1 9 .9954 .14 1 20 2.75 1 9 .9945 .16 1 15 1 9 .9954 .14 1 16 2.57 1 9 .9952 .14 1 20 2.70 1 9 .9950 .14 1 19 2.83 1 9 .9954 .14 1 19 2.70 1 9 ,9954 .14 2 19 3.02 1 9 .9,54 .12 2 16 2.70 1 9 .9'*54 .14 2 19 2.52 1 q .9945 .14 2 19 2.61 1 9 .9954 .16 2 10 2.61 1 9 .9954 .18 2 21 2.52 1 9 .9?63 .16 2 10 2.43 1 9 .9945 .16 2 14 2.70 1 9 .9950 .14 3 Î9 2.61 1 9 . 0959 .14 3 18 2. 79 1 9 .9^50 .14 3 17 2.61 1 9 .9954 .14 2 16 2.70 1 9 .9959 .12 1 19 ...61 1 9 . q59 .16 1 23 2.61 1 Q .9954 .16 1 22 2.52 9 .9^63 .16 2 23 2.34 1 9 .9:,59 .16 2 23 2.70 1 Q . qq45 .18 2 19 2.97 1 9 .9950 .14 1 14 ^ ^ 7 1 9 .9945 .16 2 16 2.03 1 9 .9950 .16 1 21 5.16 1 9 .9945 .16 2 19 ^ ^ 7 1 9 .9963 .18 1 16 2.52 I c .9972 .18 1 20 9 .9968 . 14 2 20 Î.43 Î 9 .9972 .16 1 15 2.52 1 9 .997? .16 1 18 2.4'» 1 q .9972 .14 2 It 2.63 q .9^77 .16 1 18 ...64 1 081 .16 1 16 2.70 1 9 .9972 .14 3 16 2.61 1 9 .99
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APPENDIX C (cont.). Floral characters within populations.
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RF R RF L F P. Fp L E if F CL 0 N I A 0A W G 0 P LE T T £ 0T R H H X P
10 I m } : U 1 11 I 6.84 1.71 5 51 3 7.11 1.44 2 51 4 7.02 1.6? 5 51 5 7.11 1.44 5 5

) l: l l \:il 12 3 6.84 1.44 1 42 4 6.48 1.22 4 52 5 6.03 1.08 5 53 6.93 1,25 5 53 5 6.48 1.35 4 53 3 6.98 1.25 1 53 4 6.57 1.22 4 53 <; 6,03 1,03 5 54 1 7.20 1.25 3 54 2 7.11 1,35 5 54 3 7.29 1.43 4 54 4 7,25 1.04 4 54 5 6.84 1.44 4 51 5.76 1,04 4 55 2 5.58 1.13 5 55 3 5.45 1.17 4 55 4 5.58 1.17 4 55 4.95 1.26 5 56 1 6.84 1.44 4 46 2 6.84 1.35 4 46 3 6.93 1.22 5 46 4 6.89 1.13 4 46 5 6.84 1.26 4 47 1 7.65 1,62 4 47 2 7,74 1.44 4 47 3 7.38 1.75 4 47 4 7.74 1.62 4 47 5 8.01 1.40 5 48 1 5.67 1,17 4 48 5 5.85 1,25 5 48 3 5.67 1.06 4 4P 4 5,76 1.25 3 49 5 5.67 1.17 5 49 1 6.66 1.17 5 s9 2 6,94 1.17 5 599 1 1:1 } ;9 5 6.66 1.03 4 510 1 6.48 1,44 4 510 2 6.39 1.53 5 510 3 6,78 1.80 5 510 4 6.57 1,53 4 510 5 6.78 1.53 4 51 1 5.45 .90 5 51 2 5.85 1.13 4 51 3 5.72 1,03 5 q1 4 5.85 1.08 5 51 5 5.76 1.04 4 52 1 6.30 1.25 5 52 2 6.03 1.26 4 52 3 5.94 l.OB 4 52 4 5.85 1.31 5 52 5 5.54 1.31 4 5
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15I
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2.34 2.93 .35 4 1^,3 ,18 .27 .63 2.48 ,77 .16 15 2.70 1 9 .999.99 3.96 .54 4 1.35 .27 .27 1.35 3,24 .90 .14 17 3.C2 1 9 .992,25 3.69 .54 4 ,81 .27 .27 1.35 3.42 .90 .16 10 2.«P 1 9 .992,70 3.87 .54 4 1.44 .27 .32 1.26 3.33 .86 .18 24 3.06 1 9 .992.52 4.23 .63 4 1.44 .32 ,36 l.;7 4.05 .95 .16 27 3.15 Î 9 .999.99 4.19 ,63 4 i.58 .23 .27 l,o2 4.05 .90 .16 19 3,15 1 9 .992.52 3.87 .54 4 . 3z .36 1.44 3.51 .95 .18 18 3 . 06 9 .992.43 4.05 .54 4 1.22 ,32 .27 1,67 4.23 1.04 .18 17 3 . 15 9 .999.99 4,19 .68 4 .32 .27 1.44 4.23 1.17 .18 17 3.C6 9 .992,61 3.78 .54 4 1.44 .27 .23 1.62 4.05 1.17 .18 17 3.C6 1 9 .992.43 3.60 .63 5 1.17 .27 ,27 1.35 3.78 1.08 .20 16 2.97 1 9 .993.69 .50 4 IX̂ .27 .27 .72 3.02 ,90 ,14 18 2.97 1 9 .992.52 .54 4 .2 7 .36 .99 3.51 .86 ,18 14 3.06 1 9 .993.69 3.65 ,50 4 1,13 .36 ,32 1.26 3.24 .90 .18 18 2.97 Q ,992.52 .50 4 1.13 .32 .32 1.13 3,38 .81 .18 22 3.06 t 9 .992,43 h i ! .50 4 1.08 .27 .36 1.08 3.51 .90 .20 21 2.97 1 9 .992.25 .45 4 1 ^ # ,27 .36 .81 3,24 .99 .18 24 2.70 1 9 .992,34 L 4 2 .45 4 1.40 .27 ,32 .90 3,42 .99 .16 18 2.97 1 9 ,992,34 3.29 .45 4 1.17 .27 .27 1.17 2.97 .95 .16 e 2.88 9 .992.52 .36 5 1.26 .27 .27 .99 3.15 .90 ,14 14 2.52 1 9 .992,34 ^,69 .45 4 1.35 .27 .27 1.08 3.96 .99 .16 17 3.C6 1 9 .991.98 .45 4 .90 ,27 .27 1.08 2.97 .95 .18 21 2.25 1 Q .991.71 2.52 .45 5 .81 .27 .27 .90 2.88 .61 .20 21 1.8 9 1 9 .991.62 .36 4 .99 ,27 ,27 .72 2,84 .99 .18 25 2.34 9 .991.85 ^.88 .50 4 .95 .23 .32 ,90 2.97 .99 .18 22 2.34 Î 9 .991 * 62 ^.75 .45 4 .90 .23 .23 .72 2.88 .90 .20 19 2.16 1 9 .901.62 .45 4 1.35 .27 .32 .90 2,97 .99 .14 25 2.34 1 9 .9,1.89 3.51 .50 5 1.44 .27 .27 1.17 2.97 .99 .16 25 2.43 1 9 .9^1.62 ^,60 .54 4 1.39 .32 .27 1,17 3.02 .95 ,18 27 2.30 1 9 .991.62 .50 5 1.53 .36 ,36 1.35 3.33 1.03 .16 24 2.52 1 9 .991.90 3.65 .45 4 1.35 .36 .36 1.1)8 3.18 ,95 .16 27 2.52 i 9 ,9J2.79 ^ ^ 5 .63 4 1,62 .36 .36 1.08 4.32 .99 .20 20 3.69 9 .992.75 .59 4 1.53 .27 .32 1.17 3.56 ,86 .20 21 3.42 1 9 . 992,88 ^ j 2 .72 4 1.53 .36 .36 1,44 4.05 1.35 .20 23 3.c9 I 9 .992,88 ^ J 3 .68 4 1.67 .45 .36 1.62 4.32 1.35 .18 23 3,60 1 9 .992,97 4 ^ ^ .72 4 M i .41 .36 1.53 4.41 .99 .23 23 J.78 1 9 .992.07 .50 4 1.26 .27 .27 1.08 3.87 ,99 .18 17 2,61 1 9 .992.25 ^.52 .45 5 1.08 .18 .27 ,99 3,15 .99 .16 18 2.34 9 .992.16 3.06 .45 5 1.08 .23 ,32 1.03 3.24 .95 .16 22 2.52 Î 9 .992.25 .50 5 K 2 6 .23 .27 l ^ J 3.51 ,90 .16 20 2.52 1 9 .992.25 3. 6Î .45 1.26 .18 .36 1.08 3.87 .90 .18 18 2.93 1 9 .992.43 3.38 .50 4 .27 .27 .72 3,06 .72 .18 21 2.79 9 .992.52 .54 4 1.17 . 3^ .32 .81 3.24 .72 .14 19 2.b8 1 9 .992.52 .54 4 1.13 .32 .90 3,15 .81 .16 24 2.83 1 9 .992.52 ^,83 .54 4 1,26 ,27 ,99 3,56 .86 .18 21 3.15 1 9 .992.75 L 6 9 .50 5 1.17 .27 .27 1.08 3,33 .81 . 18 22 3.06 9 .992,34 h U .45 4 1.35 .27 .36 1,35 3,78 ,95 .18 17 3.06 Î 9 .992.61 3.42 .50 5 1.35 .27 ,27 1,26 3,38 .95 .14
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont,). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations,
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APPENDIX C (cont.). Floral characters within populations.
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APPENDIX C (cont.). Floral characters within populations,
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APPENDIX D 
DESCRIPTIVE STATISTICS

This APPENDIX contains tables on the descriptive statistics for 
each character, from plant height to presence of outer pappus, as 
listed in APPENDICES A and B. For every character, there are two 
tables on two consecutive pages. The first table gives the statis
tics on each population analyzed, utilizing the data from APPENDIX B. 
The second table consists of two parts: 1) statistics on species 
using the population data (APPENDIX B), and 2) statistics on species 
using the herbarium specimens (APPENDIX A). For an explanation of 
coded characters, refer to the beginning of APPENDIX A.



Table 33. Plant height in cm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Mi n . Max. CV(%)
E. asperugineus 203 10 7.7 .55 1.75 4.7 10.3 22.7II 204 10 5.7 .91 2.87 1.8 12.5 50.4II 220 10 5.7 .58 1.82 3.5 9.6 31.9II 222 10 6.5 .72 2.27 3.9 11.5 34.9II 224 10 10.6 1.08 3.43 6.7 14.8 32.4
E. clokeyi 208 10 4.7 .39 1.24 3.2 7.7 26.411 209 10 5.2 .15 .46 4.5 6.0 8.9II 210 10 4.0 .38 1.19 2.0 5.4 29.8II 211 10 6.3 .42 1.32 4.0 8.8 6.7II 212 10 11.5 .55 1.73 9.5 15.3 15.0II 217 10 4.1 .57 1.81 2.7 8.2 44.2
E. pygmaeus 213 10 4.1 .30 .95 2.8 5.4 23.2II 214 10 3.6 .45 1.42 1.8 5.8 39.4It 215 10 3.4 .37 1.18 2.2 5.8 34.7II 216 10 3.2 .19 .61 2.4 4.3 19.1II 219 10 4.1 .38 1.19 2.8 6.8 29.0
E. cronquistii 234 10 4.6 .34 1.08 2.8 6.7 23.5It 235 10 3.9 .28 .90 2.6 5.4 23.1
E. tener 237 10 8.2 .70 2.20 5.3 11.4 26.8II 240 8 6.9 .45 1.27 5.0 9.3 18.4II 245 10 10.8 .89 2.81 7.0 15.5 26.0II 246 10 11.4 .80 2.54 6.6 15.7 22.3
E. tweedyi 242 10 13.3 .71 2.24 9.9 17.8 16.8II 243 10 11.9 .53 1.66 9.0 14.9 14.0II 244 10 14.3 1.01 3.19 10.8 20.0 22.3II 247 10 11.0 .78 2.47 6.9 14.6 22.5 roCOcc



Table 34. Plant height in cm for the six species

COLLECTIVE POPULATION SPECIES;
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 7.2 .43 3.02 1.8 14.8 41.9
E. clokeyi 60 5.9 .38 2.93 2.0 15.3 49.7
E. pygmaeus 50 3.7 .15 1.12 1.8 6.8 30.2
E. cronquistii 20 4.2 .23 1.02 2.6 6.7 24.3
E. tener 38 9.4 .47 2.87 5.0 15.7 30,5
E. tweedyi 40 12.6 .42 2.68 6.9 20.0 21.3

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. M i n . M a x . CV(%)

E. asperugineus 53 8.2 .40 2.90 1.8 16.5 35.4
E. clokeyi 92 8.5 .44 4.23 2.0 23.0 49.8
E. pygmaeus 91 4.2 .21 1.98 1.8 15.4 47.1
E. cronquistii 16 5.0 .33 1.32 2.6 6.9 26,4
E. tener 88 9.1 .35 3.30 3.4 24.5 36.3
E. tweedyi 38 11.3 .75 4.60 4.6 27.0 40.7

roU)VO



Table 35, Number of caudfces per plant for each population.

Species Pop. # J 1 Mean SE of X Std. Dev
E. asperugineus 203 10 1.3 .15 .4811 204 10 1.4 .31 .97It 220 10 1.4 .16 .52■I 222 10 2.5 .69 2.17II 224 10 1.3 .15 .48
E. clokeyi 208 10 1.8 .29 .92II 209 10 2.9 .55 1.73II 210 10 4.7 .75 2.36II 211 10 6.2 1.24 3.91II 212 10 4.1 .96 3.04II 217 10 1.5 .50 1.58
E. pygmaeus 213 10 7.5 1.12 3.54II 214 9 6.4 1.35 4.04II 215 10 4.7 .83 2.63II 216 10 5.3 1.33 4.22II 219 10 17.8 2.49 7.05
E. cronquistii 234 10 6.1 1.04 3.28II 235 10 7.6 1.39 4.40
E. tener 237 10 5.2 .94 2.97II 240 9 4.3 .93 2.78II 245 10 3.7 .70 2.21II 246 10 2.9 .53 1.66
E. tweedyi ‘ 242 10 2.3 .58 1.83II 243 10 1.8 .42 1.32II 244 10 2.0 .33 1.05II 247 10 6.9 1.04 3.28

Min Max. CV(%)
2 36.9
4 69.3
2 37.1
8 86.8
2 37.0
3 51.1
5 59.7
9 50.2

12 63.1
10 74.2
6 105.3

14 47.2
14 63.1
9 56.016 79.6

32 39.6
12 53.8
16 58.0
12 57.1
9 64.7
7 59.76 57.2
6 79.65 73.34 52.512 47.5 IN3-P>O



Table 36. Number of caudices per plant for the six species (refer to APPENDIX A for an explanation of the maximum value of 50).

COLLECTIVE POPULATION 
Species

SPECIES:
n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 1.6 .17 1.18 1 8 73.4
E. clokeyi 60 3.5 .37 2.88 1 12 82.3
E. pygmaeus 47 8.0 .91 6.22 1 32 77.8
E. cronquistii 20 6.9 .86 3.86 1 16 55.9
E. tener 39 4.0 .40 2.51 1 12 62.8
E. tweedyi 40 3.3 .46 2.92 1 12 88.5

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. M a x . CV(%)

E. asperugineus 53 1.6 .14 1.00 1 8 62.5
E. clokeyi 86 4.1 .97 8.98 1 50 219.0
E. pygmaeus 91 18.3 2.19 20.93 1 50 114.4
E. cronquistii * 14 3.6 .69 2.59 1 16 71.9
E. tener 83 3.0 .60 5.45 1 50 181.7
E. tweedyi 35 3.9 1.40 8.25 1 50 211.5 ro



Table 37. Basal leaf length from soil in cm for each population.

Species Pop. # J 1 Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 3.1 .32 1.01 1.5 4.5 32.6II 204 10 2.6 .56 1.77 .7 7.2 68:1II 220 10 3.1 .19 .59 2.3 3.9 19.0II 222 10 4,1 .25 .78 2.8 5.2 19.0II 224 10 4.9 .34 1.08 3.6 6.8 22.0
E. clokeyi 208 10 3.5 .28 .87 2.0 4.9 24.9II 209 10 3.1 .20 .63 2.3 4.2 20.3II 210 10 1.6 .18 .58 1.0 2.9 36.3II 211 10 3.6 .36 1.13 2.3 6.1 31.4II 212 10 4.9 .36 1.12 3.7 7.5 22.9II 217 10 3.0 .37 1.18 2.1 6.0 39.3
E. pygmaeus 213 10 1.2 .09 .28 .8 1.8 23.3II 214 10 1.8 .10 .31 1.3 2.2 17.2II 215 10 1.6 .27 .86 .8 3.4 53.8II 216 10 1.8 ,17 .53 1.3 2.8 29.4II 219 10 1.8 .28 .87 1.0 3.6 48.3
E. cronquistii 234 10 3.5 .36 1.12 2.3 6.1 32.0II 235 10 3.5 .35 1.10 1.8 5.3 31.4
E. tener 237 10 3.7 .43 1.36 2.4 6.2 36.8II 240 9 2.3 .31 .92 1.2 4.5 40.0II 245 10 4.2 .37 1.17 1.6 6.0 27.9II 246 10 3.7 .33 1.04 1.9 5.0 28.1
E. tweedyi • 242 10 3.6 .17 .54 2.7 4.3 15.0II 243 10 2.6 .23 .72 1.4 3.7 27.7II 244 10 4.0 .25 .79 2.7 5.5 19.8II 247 10 4.2 .39 1.22 2.5 6.5 29.1

ro-fs»ro



Table 38. Basal leaf length from soil in cm for the six species

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 3.5 .19 1.38 .7 7.1 39.4
E. clokeyi 60 3.3 .17 1.34 1.0 7.5 40.6
E. pygmaeus 5 0 1 1.6 .09 0.63 .8 3.6 39,4
E. cronquistii 20 3.5 .24 1.08 1.8 6.1 30.9
E. tener 39 3.5 .21 1.30 1.2 6.2 37.1
E. tweedyi 40 3.6 .09 1.04 1.4 6.5 28.9

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 4.0 .22 1.63 1.3 7.9 40.8
E. clokeyi 92 3.6 .17 1.64 1.0 8.5 45.6
E. pygmaeus 93 1.8 .14 1.35 .5 8,2 75.0
E. cronquistii 16 2.7 .20 .80 1.6 6.1 29.6
E, tener . 88 3.3 .13 1.24 1.2 6.9 37.6
E. tweedyi 38 3.8 .20 1.23 2.1 7.8 32.4

ro
CO



Table 39. Basal leaf width in mm for each population.

Species Pop. # JT_ Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 4.67 .558 1.764 2.43 7.79 37.8II 204 10 3.31 .657 2.077 1.71 8.01 62.8II 220 10 3.47 .192 .606 2.16 4.14 17.5II 222 10 4.17 .355 1.124 2.25 6.35 27.0II 224 10 5.73 .481 1.522 3.83 8.91 26.6
E. clokeyi 208 10 2.27 .198 .626 1.26 3.06 27.6II 209 10 2.10 .163 .514 1.17 2.88 24.5II 210 10 1.49 .135 .427 .90 2.16 28.7II 211 10 3.10 .306 .968 1.80 4.86 31.2II 212 10 2.49 .203 .644 1.53 3.69 25.9II 217 10 2.99 .216 .683 1.98 4.14 22.8
E. pygmaeus 213 10 1.95 .263 .830 .81 3.51 42.6II 214 10 1.78 .126 .398 1.08 2.43 22.4II 215 10 1.90 .200 .633 .99 2.97 33.3II 216 10 2.13 .139 .439 1.35 2.79 20.6II 219 10 2.08 .164 .519 1.44 3.15 25.0
E. cronquistii 234 10 2.94 .389 1.229 1.80 5.94 41.8II 235 10 2.93 .236 .747 1.80 3.78 25.5
E. tener 237 10 4.66 .497 1.573 2.70 7.83 33.8II 240 9 3.00 .189 .567 1.89 3.60 18.9II 245 10 4.29 .201 .636 2.88 4.91 14.8II 246 10 3.78 .216 .684 2.66 4.77 18.1
E. tweedyi * 242 10 7.24 .371 1.172 4.50 8.96 16.2II 243 10 5.68 .612 1.936 2.88 9.72 34.1II 244 10 7.48 .541 1.712 4.95 10.35 22.9II 247 10 7.43 .350 1.106 5.85 9.09 14.9 ro

4̂^



Table 40. Basal leaf width in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 4.27 .240 1.695 1.71 8.91 39.7
E. clokeyi 60 2.40 .109 .841 .90 4.86 35.0
E. pygmaeus 50 1.97 .081 .575 .81 3.51 29.2
E. cronquistii 20 2.93 .221 .990 1.80 5.94 33.8
E. tener 39 3.96 .179 1.116 1.89 7.38 28.2
E. tweedyi 40 0.96 .260 1.647 2.88 10.35 23.7

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 4.76 .214 1.559 1.35 8.91 32.8
E. clokeyi 92 2.93 .111 1.067 .72 5.95 36.4
E. pygmaeus 91 1.99 .078 .743 .54 4.5 37.3
E. cronquistii 16 2.50 .162 .648 1.26 5.94 25.9
E. tener 88 4.12 .174 1.628 1.62 10.30 39.5
E. tweedyi 38 6.66 .303 1.870 2.88 12.00 28.1

ro
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Table 41. Frequency table for basal leaf shape for each population (refer to APPENDIX A for an
explanation of code values).

Species Pop. # n 1 2 3 4 5 b 7 8 Mean
E. asperugineus 203 10 1 3 6 6.50II 204 10 6 3 1 5.50II 220 10 6 3 1 5.50II 222 10 4 1 5 6.10II 224 10 4 2 4 6.00
E. clokeyi 208 10 2 8 4.80II 209 10 1 9 4.9011 210 10 6 4 4.40II 211 10 2 8 4.80II 212 10 2 7 1 4.90II 217 10 10 5.00
E. pygmaeus 213 10 2 8 4.80II 214 10 1 9 4.90II 215 10 10 5.00II 215 10 10 5.00II 219 10 1 9 4.90
E. cronquistii 234 10 4 4 2 5.80II 235 10 3 2 5 6.20
E. tener 237 10 3 2 5 6.20II 240 9 1 2 4 2 6.78II 245 10 1 1 8 7.70II 246 . 10 3 3 1 3 6.40
E. tweedyi 242 10 10 7.00II 243 10 10 7.00II 244 10 2 8 6.80II 247 10 1 9 6.90 ro



Table 4ü. Frequency table for basal leaf shape for the six species (refer to APPENDIX A for an
explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n l 2 3 4 5 6 7 8  Mean

E. asperugineus 50 21 12 17 5.92
E. clokeyi 60 13 46 1 4.80
E. pygmaeus 50 4 46 4.92
E. cronguistii 20 7 6 7 6.00
E. tener 39 7 8 11 13 6.77
E. tweedyi 40 3 37 6.93

COLLECTIVE HERBARIUM SPECIES:
Species  n _   1  2  3  4  5  6  7  8 Mean

E. asperugineus 53 2 28 9 12 2 5.70
E. clokeyi 93 1 2 33 54 3 4.60
E. pygmaeus 93 1 6 9 46 17 14 5.23
E. cronquistii •16 5 5 6 6.06
E. tener 88 1 21 17 37 12 6.43
E. tweedyi 38 1 4 31 2 1 6.90

ro



Table 43. Frequency table for basal leaf apex shape for each population (refer to APPENDIX A for
an explanation of code values).

Species Pop. # n 1 2 3 4 5 6 Mean
L. asperugineus 2U3 10 2 6 1 1 4.10

II 204 10 1 d 1 4.00II 220 10 5 4 1 4.60II 222 10 7 3 4.30
II 224 10 9 1 4.10

E. clokeyi 2Ud 10 7 3 4.30
II 209 10 8 2 4.20II 210 10 6 4 4.40II 211 10 8 2 4.20II 212 10 8 2 4.20II 217 10 3 7 4.70

E. pygmaeus 213 10 3 5 2 4.90
II 214 10 3 6 1 4.80
II 215 10 7 3 4.30
II 216 10 7 3 4.30II 219 10 5 5 4.50

E. cronquistii 234 10 2 6 2 5.00II 235 10 1 2 7 5.60
E. tener 237 10 10 4.00

II 240 9 1 8 3.78
II 245 10 10 4.00II 246 . 10 9 1 4.10

E. tweedyi 242 10 2 7 1 4.00II 243 10 8 2 4.20II 244 10 9 1 4.10II 247 10 1 6 1 2 4.40 ro
00



Table 44. Frequency table for basal leaf apex shape for the six species (refer to APPENDIX A for
an explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 50 3 35 7 5 4.28
E. clokeyi 60 40 20 4.33
E. pygmaeus 50 25 22 3 4.56
E. cronquistii 20 3 8 9 5.30
E. tener 39 1 37 1 3.97
E. tweedyi 40 3 30 4 3 4.18

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 1 45 1 6 4.23
E. clokeyi 93 64 18 11 4.43
E. pygmaeus 93 46 27 20 4.72
E. cronquistii • 16 4 5 7 5.19
E. tener 88 81 5 2 4.10
E. tweedyi 38 10 24 2 2 3.90

ro



Table 45. Frequency table for basal leaf pubescence for each population (refer to APPENDIX A for
an explanation of code values).

Species Pop. if n J. _2 _3 A  A _6 _8 _9 m U 12 13 14
E. asperuinqeus 203 10 9 1II 204 10 1 6 2 1II 220 10 1 5 2 2II 222 10 2 7 1II 224 10 1 5 3 1
E. clokeyi 203 10 1 5 4II 209 10 5 4 1II 210 10 5 5II 211 10 5 5II 212 10 4 1 5II 217 10 4 5 1
E. pygmaeus 213 10 1 2 7II 214 10 6 4II 215 10 6 4II 216 10 2 2 1 3 2II 219 10 1 5 4
E. cronquistii 234 10 7 3II 235 10 8 2
E. tener 237 10 1 6 3II 240 9 4 5It 245 . 10 5 5II 246 10 1 9
E. tweedyi 242 10 9 1II 243 10 2 5 3II 244 10 2 5 3II 247 10 2 6 2

N)tnO



Table 46. Frequency table for basal leaf pubescence (refer to APPENDIX X for an explanation of
code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 J. J. _4 J. A _z _8 _9 10 U 12 13

E. asperugineus 50 1 19 17 9 1 3
E. clokeyi 60 23 1 1 24 6
E. pygmaeus 50 9 2 1 17 1 18 2
E. cronquistii 20 15 5
E. tener 39 1 10 25 3
E. tweedyi 40 6 25

COLLECTIVE HERBARIUM SPECIES:
Species n 1 1 3 4 5 6 7 8 9 10 11 12 13

E. asperugineus 53 1 3 22 15 5 6 1
E. clokeyi 93 1 68 3 3 11 7
E. pygmaeus 93 1 19 18 54 1
E. cronquistii 16 12 4
E. tener 88 1 3 72 8 4
E. tweedyi 38 3 17 6 12 5



Table 47. Number of cauline leaves per flowering stem for each population.

Species Pop. # J 1 Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 8.5 .40 1.27 6 10 14.9II 204 10 6.0 .37 1.16 5 9 19.3II 220 10 8.1 .48 1.52 7 11 18.8

II 222 10 8.3 .68 2.16 5 11 26.0II 224 10 7.8 .36 1.14 6 9 14.6
E. clokeyi 208 10 7.6 .43 1.35 5 9 17.8II 209 10 8.2 .33 1.03 7 10 12.6II 210 10 7.7 .58 1.83 5 11 23.8II 211 10 7.4 .45 1.43 5 9 19.3II 212 9 11.9 .96 2.89 8 16 24.3II 217 10 8.9 .31 .99 7 10 11.1
E. pygmaeus 213 10 3.0 .49 1.56 1 5 52.0II 214 10 3.1 .28 .88 1 4 28.4II 215 10 4.9 .43 1.37 3 7 28.0II 216 10 4.4 .45 1.43 2 6 32.5II 219 9 3.1 .70 2.09 1 6 67.4
E. cronquistii 234 10 4.9 .35 1.10 4 7 22.511 235 10 4.7 .26 .82 4 6 17.5
E. tener 237 10 5.1 .41 1.29 4 8 25.3II 240 9 4.7 .24 .71 4 6 15.1II 245 10 4.0 .26 .82 3 5 20.5II 246 10 4.2 .25 .79 3 6 18.8
E. tweedyi ‘ 242 10 6.1 .35 1.10 5 8 18.0II 243 10 5.2 .39 1.23 3 7 23.7II 244 10 5.3 .26 .82 4 6 15.5It 247 10 4.4 .31 .97 3 6 22.1 rocnro



Table 4a. Number of cauline leaves per flowering stem for the six species

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. (M{%

E. asperugineus 50 7.7 .24 1.70 5 11 22.1
E. clokeyi 59 8.6 .29 2.20 5 16 25.6
E. pygmaeus 49 3.7 .24 1.65 1 7 44.6
E. cronquistii 20 4.8 .21 .95 4 7 19.8
E. tener 39 4.5 .16 1.00 3 8 22.2
E. tweedyi 40 5.3 .19 1.17 3 8 22.1

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 6.8 .21 1.51 4 11 22.2
E. clokeyi 91 8.3 .22 2.09 4 16 25.2
E. pygmaeus 92 3.1 .22 2.11 0 10 68.6
E. cronquistii 16 3.5 .27 1.10 1 7 31.4
E. tener * 86 4.8 .17 1.57 2 13 32.7
E. tweedyi 39 5.3 .35 2.18 3 16 41.1

roU1w



Table 49. Median cauline leaf length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 11.75 1.215 3.842 6.21 16.74 32.711 204 10 8.28 1.154 3.649 4.05 17.73 44.1II 220 10 11.38 .877 2.772 6.75 15.21 24.4II 222 10 13.31 .961 3.039 9.90 20.43 22.8II 224 10 15.56 1.824 5.767 7.29 23.94 37.1
E. clokeyi 208 10 12.10 .877 2.772 8.37 16.56 22.9II 209 10 9.54 .514 1.627 6.30 12.15 17.1It 210 10 6.56 .560 1.772 3.51 10.35 27.0II 211 10 10.33 .807 2.552 6.57 13.95 24.7II 212 9 9.87 1.215 3.643 5.94 15.93 36.9II 217 10 7.45 .677 2.141 5.22 11.34 28.7
E. pygmaeus 213 9 6.61 1.156 3.468 3.04 13.32 52.5II 214 10 7.91 .745 2.355 5.22 12.78 29.8II 215 9 8.62 .885 2.655 4.95 14.40 30.8II 216 8 7.00 .604 1.708 4.41 9.45 24.4II 219 9 11.15 2.500 7.501 3.33 26.60 67.3
E. cronquistii 234 10 11.92 1.653 5.228 5.67 24.30 43.9II 235 10 11.16 1.128 3.567 6.03 17.10 32.0
E. tener 237 10 12.38 1.132 3.579 7.65 21.15 28.9II 240 9 7.30 .989 2.968 3.78 11.70 40.7II 245 10 8.89 1.211 3.828 3.87 15.39 43.1II 246 10 11.92 1.004 3.174 6.12 16.20 26.6
E. tweedyi • 242 10 8.44 .783 2.475 5.85 12.78 29.3II 243 10 9.78 1.334 4.218 5.22 17.82 43.1II 244 10 12.78 .938 2.965 9.00 18.18 23.2II 247 10 14.90 .804 2.541 10.26 19.17 17.1

rocn



Table 50. Median cauline leaf length in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Sta. Dev. Min. M a x . CV(%)

E. asperugineus 50 12.06 .636 4.497 4.05 23.94 37.3
E. clokeyi 59 9.30 .393 3.021 3.51 16.56 32.5
E. pygmaeus 45 8.28 .631 4.231 3.04 26.60 51.1
E. cronquistii ZO 11.54 .978 4.374 5.67 24.30 37.9
E. tener 39 10.20 .625 3.901 3.78 21.15 38.3
E. tweedyi 40 11.48 .624 3.945 5.22 19.17 34.4

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 14.19 .732 5.329 4.05 29.00 37.6
E. clokeyi 93 12.94 .564 5.439 2.16 31.50 42.0
E. pygmaeus 82 8.44 .439 3.970 1.04 26.60 47.0
E. cronquistii 16 7.63 .575 2.298 2.88 24.30 30.1
E. tener ‘ 87 9.08 .355 3.311 2.88 21.96 36.5
E. tweedyi 39 10.78 .577 3.605 3.96 21.00 33.4

roCJltn



Table 51. Median cauline leaf width in mm for each population.

Species Pop. # jl Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 9 1.80 .190 .569 1.00 2.79 36.1II 204 8 1.12 .112 .316 .86 1.80 28.2II 220 10 1.18 .176 .556 .72 2.61 47.1II 222 10 1.61 .142 .450 1.22 2.79 28.0II 224 10 1.96 .178 .564 1.17 2.97 28.8
E. clokeyi 208 10 1.02 .136 .429 .54 1.80 42.1II 209 10 .89 .077 .243 .63 1.44 27.3II 210 10 .88 .042 .133 .63 1.08 15.1II 211 10 1.54 .215 .680 .81 3.07 44.2II 212 9 1.02 .056 .169 .77 1.26 16.6II 217 10 1.16 .148 .468 .72 2.25 40.3
E. pygmaeus 213 9 .77 .133 .398 .36 1.53 51.7II 214 8 .88 .090 .255 .45 1.17 29.0II 215 9 .97 .176 .528 .45 2.25 54.4II 216 8 .86 .085 .241 .59 1.26 28.0II 219 9 .80 .115 .345 .36 1.35 43.1
E. cronquistii 234 10 .90 .080 .254 .59 1.53 28.2II 235 10 . .96 .087 .276 .54 1.53 28.8
E. tener 237 10 1.26 .099 .314 .90 1.80 24.9II 240 9 .76 .080 .241 .45 1.08 31.7II 245 10 .75 .078 .247 .45 1.17 32.9II 246 10 1.49 .297 .938 .54 4.05 63.0
E. tweedyi ‘ 242 10 1.05 .098 .310 .72 1.71 29.5II 243 10 1.35 .160 .506 .81 2.34 37.5II 244 10 1.73 .230 .728 .63 2.97 42.1II 247 10 1.90 .163 .517 1.17 2.97 27.2 rocncn



Table 52. Median cauline leaf width in mm for the

COLLECTIVE POPULATION SPECIES;
Species n Mean SE of X

E. asperugineus 47 1.55 .086
E. clokeyi 59 1.09 .059
E. pygmaeus 43 .86 .055
E. cronquistii 20 .93 .058
E. tener 39 1.07 .096
E. tweedyi 40 1.51 .097

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X

E. asperugineus 53 1.67 .083
E. clokeyi 93 1.42 .056
E. pygmaeus 82 .86 .044
E. cronquistii 16 .75 .079
E. tener 83 1.07 .051
E. tweedyi 39 1.57 .086

std. Dev Min. Max. CV(%)
.588 .72 2.97 37.9
.449 .54 3.07 41.2
.363 . 36 2.25 42.2
.260 .54 1.53 28.0
.602 .45 4.05 56.3
.614 .63 2.97 40.7

I .  Dev. Min. Max. CV(%:
.605 .63 2.97 36.2
.537 .45 3.06 37.8
.399 .32 2.16 46.4
.315 .27 1.53 42.0
.465 .45 2.70 43.5
.538 .63 2.97 34.3

rotn



Table 53. Frequency table for median cauline leaf shape for each population (refer to APPENDIX A
for an explanation of code values).

Species Pop. # n 1 2 3 4 5 6 7 8 Mean
E. asperugineus 203 10 5 5 4.50II 204 10 6 4 3.40II 220 10 6 4 3.40II 222 10 2 8 3.80II 224 10 1 4 5 4.40
E. clokeyi 208 10 4 4 2 3.80II 209 10 7 3 3.30II 210 10 6 4 3.40II 211 10 3 6 1 3.80II 212 9 4 5 3.56II 217 10 2 5 3 4.10
E. pygmaeus 213 9 6 3 3.33II 214 10 2 8 3.80II 215 9 3 4 2 3.89II 216 8 2 4 2 4.00II 219 9 7 2 3.22
E. cronquistii 234 10 7 3 3.30II 235 10 3 6 1 3.50
E. tener 237 10 6 2 2 3.60II 240 9 5 4 3.44II 245 10 7 2 1 3.40II 246 . 10 1 8 1 4.00
E. tweedyi 242 10 3 7 3.70II 243 10 4 3 3 3.90II 244 10 2 5 3 4.10II 247 10 1 4 5 4.40 ro

00



Table 54. Frequency table for median cauline leaf shape for the six species (refer to APPENDIX A
for an explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 7 8 Mean

E. asperugineus 50 15 25 10 3.90
E. clokeyi 59 26 27 6 3.66
E. pygmaeus 45 20 21 4 3.64
E. cronquistii 20 13 6 1 3.40
E. tener 39 19 16 4 3.62
E. tweedyi 40 10 19 11 4.03

COLLECTIVE HERBARIUM SPECIES;
Species n 1 2 3 4 5 6 7 8 Mean

E. asperugineus 53 3 29 15 6 3.45
E. clokeyi 93 2 1 62 22 6 3.31
E. pygmaeus 82 5 2 57 12 5 1 3.16
E. cronquistii .16 2 5 6 2 1 2.69
E. tener 87 70 13 3 1 3.25
E. tweedyi 39 14 15 10 3.90

rotn
VO



Table 55. Frequency table for median cauline leaf apex shape for each population (refer to
APPENDIX A for an explanation of code values).

Species Pop. # n 1 2 3 4 5 6 Mean
E. asperugineus 203 10 10 4.00II 204 10 10 4.00II 220 10 10 4.00II 222 10 10 4.00II 224 10 10 4.00
E. clokeyi 208 10 10 4.00II 209 10 9 1 4.10II 210 10 10 4.00II 211 10 10 4,00II 212 9 9 4.00II 217 10 9 1 4.10
E. pygmaeus 213 9 3 4 2 4.89II 214 10 5 5 4.50II 215 9 9 4.00II 216 8 6 2 4.25II 219 9 9 4.00
E. cronquistii 234 10 3 5 2 4.90II 235 10 4 6 4.60
E. tener 237 10 10 4.00II 240 9 8 1 4.11II 245 10 9 1 4.10II 246 ^ 10 10 4.00
E. tweedyi 242 10 10 4.00II 243 10 10 4.00II 244 10 10 4.00II 247 10 10 4.00 r\3

o to



Table 56. Frequency table for median cauline leaf apex shape for the six species (refer to
APPENDIX A for an explanation of the code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 5 6 Mean

E. asperugineus 50 50 4,00
E. clokeyi 59 57 2 4.03
E. pygmaeus 45 32 11 2 4.33
E. cronquistii 20 7 11 2 4.75
E. tener 39 37 2 4.05
E. tweedyi 40 40 4.00

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 52 51 1 4.02
E. clokeyi 93 89 4 4.04
E. pygmaeus 81 1 67 10 3 4.16
E. cronquistii • 14 11 2 1 4.29
E. tener 87 2 1 83 1 3.92
E. tweedyi 39 38 1 4.03

roO'.



Table 57. Frequency table for median cauline leaf pubescence for each population (refer to APPENDIX
A for an explanation of code values).

Species Pop. # n A A A _4 _5 _6 _8 _9 10 n 12
E. asperugineus 203 10 1011 204 10 8 1 1II 220 10 7 3II 222 10 3 7II 224 10 4 4 2
E. clokeyi 208 10 1 5 4II 209 10 4 6II 210 10 7 3II 211 10 8 2II 212 10 10II 217 10 6 3 1
E. pygmaeus 213 9 1 2 5 1II 214 10 2 811 215 9 8 1II 216 8 1 2 1 2 2II 219 9 1 5 1 2
E. cronquistii 234 10 7 3II 235 10 5 5
E. tener 237 10 6 411 240 9 6 3II 245 . 10 8 2II 246 10 1 5 4
E. tweedyi 242 10 1 7 2II 243 10 6 4II 244 10 8 2II 247 10 1 8

I\3

ro.



Table 5g. Frequency table for median cauline leaf pubescence (refer to APPENDIX A for an
explanation of code values).

COLLECTIVE POPULATION SPECIES:
10 11 12 13 14 15 16 17Species n _i _i _i _i J .  _i _8 _9 10 n

E. asperugineus 50 32 15 2 1
E. clokeyi 60 36 19 5
E. pygmaeus 45 2 18 1 3 18 3

E. cronquistii 20 12 8
E. tener 39 1 25 13
E. tweedyi 40 2 29 8

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 7 8 9 10 11 12 13 14

E. asperugineus 53 1 1 37 7 1 2 3 1
E. clokeyi 93 1 81 3 7 1
E. pygmaeus 82 5 29 1 22 1 23 1
E. cronquistii 16 3 1 1 8 3
E. tener 88 1 1 13 70 3
E. tweedyi 39 20 6 7 6 rocr.OJ



Table 59. Frequency table for distal reduction in cauline leaf size for each population
(refer to APPENDIX A for an explanation of code values).

Species Pop. # n 1 2 3 Mean
E. asperugineus 203 10 2 8 2.80II 204 10 10 3.00it 220 10 10 3.00II 222 10 1 9 2.90II 224 10 10 3.00
E. clokeyi 208 10 4 6 2.60II 209 10 4 6 2.60It 210 10 1 9 2.90It 211 10 1 9 2.90II 212 10 10 3.00II 217 10 10 3.00E. pygmaeus 213 6 2 4 2.67II 214 9 5 4 2.44II 215 10 10 3.00II 216 7 2 5 2.71II 219 4 1 3 1.75
E. cronquistii 234 10 1 9 2.90II 235 10 7 3 2.30
E. tener 237 10 1 9 2.90II 240 9 1 7 1 2.00II 245 10 1 2 7 2.60II 246 10 8 2 2.20
E. tweedyi 242 10 2 8 2.8011 243 10 3 7 2.30II 244 10 1 9 2.90II 247 10 1 9 2.90 ro

cr>4:»



Table bü. Frequency table for distal reduction in cauline leaf size (refer to
APPENDIX A for an explanation of code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 Mean

E. asperugineus 50 3 47 2.94
E. clokeyi 60 10 50 2.83
E. pygmaeus 36 1 12 23 2.61
E. cronquistii 20 8 12 2.60
E. tener 39 2 18 19 2.44
E. tweedyi 40 7 33 2.83

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 Mean

E. asperugineus 53 10 43 2.81
E. clokeyi 92 12 80 2.87
E. pygmaeus 81 32 17 32 2.00
E. cronquistii ‘ 16 2 1 13 2.69
E. tener 87 4 20 63 2.68
E. tweedyi 39 3 1 35 2.82 roCTitn



Table 61. Frequency table for stem pubescence for each population (refer to APPENDIX A for
an explanation of code values).

Species Pop. # n 1 _2 J. _4 A  A  J- _8 A  A n

asperugineus 203 9 5 4It 204 10 8 1 1II 220 10 3 7II 222 10 2 8II 224 10 3 7
clokeyi 208 10 9 1It 209 10 10II 210 10 10II 211 10 10II 212 10 6 4II 217 10 10
pygmaeus 213 9 2 2 5It 214 10 7 3II 215 10 1 8 1II 216 10 1 9II 219 10 4 5 1
cronquistii 234 10 5 5It 235 10 6 4
tener 237 10 6 4II 240 9 6 3II 245 . 10 10II 246 10 9 1
tweedyi 242 10 2 7II 243 10 3 7II 244 10 6 4II 247 10 3 7

ro
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Table 62. Frequency table for stem pubescence for the six species (refer to APPENDIX A for
an explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 7 8 9 10 11 12 13

E. asperugineus 49 21 27 1
E. clokeyi 60 55 4 1
E. pygmaeus 49 8 31 10
E. cronquistii 20 11 9
E. tener 39 31 8
E. tweedyi 40 14 25 1

COLLECTIVE HERBARIUM SPECIES:
Species n 1 _2 J _ _4 J. A _7_ _8 _9 10 U 12 13

E. asperugineus 49 13 23 11 1 1
E. clokeyi 93 6 7 77 2 1
E. pygmaeus 92 4 30 56 2
E. cronquistii 15 1 5 9
E. tener 88 1 1 38 48
E. tweedyi 39 4 30 2 3 ro



Table 63, Number of flowering stems per plant for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 2.5 .65 2.07 1 8 82.8II 204 10 1.9 .28 .88 1 3 46.3II 220 10 1.2 .13 .42 1 2 35.0II 222 10 1.6 .31 .97 1 4 58.1II 224 10 1.2 .13 .42 1 2 35.0
E. clokeyi 208 10 4.0 1.07 3.37 1 10 84.3II 209 10 2.9 .64 2.03 1 7 70.0II 210 10 5.6 1.23 3.89 1 15 69.5II 211 10 8.2 1.02 3.23 4 13 39.4II 212 10 9.5 1.42 4.50 3 17 47.4II 217 10 2.5 .50 1.58 1 6 18.3
E. pygmaeus 213 10 6.3 1.77 5.62 1 20 89.2II 214 10 8.3 2.27 7.17 1 21 86.4II 215 10 2.1 .41 1.29 1 5 61.4II 216 10 2.1 .48 1.52 1 6 72.4II 219 10 11.9 2.28 7.22 1 23 60.7
E. cronquistii 234 10 11.2 2.52 7.96 4 30 71.1II 235 10 10.6 2.50 7.92 3 27 74.7
E. tener 237 10 9.8 1.83 5.77 2 16 58.9II 240 8 7.0 1.13 3.21 2 11 45.9It 245 10 5.6 1.43 4.53 1 16 80.9II 246 10 5.1 1.09 3.45 1 11 67.7
E. tweedyi • 242 10 4.6 1.16 3.66 1 12 79.6II 243 10 3.9 .82 2.60 1 9 66.7II 244 10 5.0 1.07 3.37 3 14 67.4II 247 10 15.3 2.17 6.87 4 24 44.9

roO)00



Table 64. Number of flowering stems per plant for the six species (refer to APPENDIX A
for an explanation of the maximum value of 50).

COLLECTIVE POPULATION 
Species

SPECIES:
n Mean SE of X Std. Dev. Min. Max. cy{%)

E. asperugineus 50 1.7 .17 1.19 1 8 70.0
E. clokeyi 60 5.5 .53 4.09 1 17 74.4
E. pygmaeus 50 6.1 .89 6.32 1 23 103.6
E. cronquistii 20 10.9 1.73 7.73 3 20 70.9
E. tener 38 6.9 .75 4.64 1 16 67.3
E. tweedyi 40 7.2 1.01 6.38 1 24 88.6

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 52 3.3 .34 2.46 1 15 74.6
E. clokeyi 91 5.1 .36 3.45 1 20 67.7
E. pygmaeus 90 8.5 .99 9.42 1 50 110.8
E. cronquistii • 16 6.7 1.05 4.19 1 20 62.5
E. tener 88 6.0 .44 4.09 1 22 68.2
E. tweedyi 39 5.7 .79 4.96 1 25 87.0

ro



Table 65. Frequency table for number of heads per flowering stem for each population
(refer to APPENDIX A for an explanation of code values).

Species Pop. # n 1 2 3 4 5 Mean
E. asperugineus 2Ü3 10 9 1 1.1011 204 10 9 1 1.10II 220 10 10 1.0011 222 10 10 1.00II 224 10 9 1 1.10
E. clokeyi 208 10 10 1.00II 209 10 10 1.00II 210 10 10 1.00II 211 10 4 5 1 1.70II 212 10 2 8 2.80II 217 10 10 1.00
E. pygmaeus 213 10 10 1.00II 214 10 10 1.00II 215 10 10 1.00II 216 10 10 1.00II 219 10 10 1.00
E. cronquistii 234 10 5 5 1.50II 235 10 3 7 1.70
E. tener 237 10 7 2 1 2.40It 240 9 5 2 1 1.88II 245 10 2 5 3 2.10II 246 10 4 6 2.60
E. tweedyi 242 10 3 2 5 3.70II 243 10 2 2 3 3 3.70II 244 10 1 6 3 4.20II 247 10 1 4 5 3.40 ro
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Table 6b. Frequency t a b l e  f o r  number o f  heads per flowering stem for the six species
(refer to APPENDIX A for an explanation of code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 5 Mean

E. asperugineus 50 47 3 1.06
E. clokeyi 60 44 7 9 1.42
E. pygmaeus 50 50 1.00
E. cronquistii 20 8 12 1.60
E. tener 38 7 16 13 2 2.26
E. tweedyi 40 6 9 14 11 3.75

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 Mean

E. asperugineus 53 45 5 3 1.21
E. clokeyi 92 52 19 15 6 1.73
E. pygmaeus 91 88 2 1 1.04
E. cronquistii 16 14 2 1.13
E. tener 88 31 38 14 4 1 1.93
E. tweedyi 39 4 10 12 7 6 3.03

ro
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Table 67. Frequency table for arrangement of phyllan'es in the involucre for each population
(refer to APPENDIX A for an explanation of code values).

Species Pop. # n 1 2 3 4 5 6 Mean
E. asperugineus 203 10 6 3 1 1.50II 204 10 5 5 1.50II 220 10 8 2 1.20II 222 10 8 2 1.20II 224 10 3 6 1 1.90
E. clokeyi 208 10 1 8 1 2.00II 209 10 7 2 1 1.50II 210 10 5 4 1 1.60II 211 10 4 6 1.60II 212 10 7 3 1.30II 217 10 8 2 1.20
E. pygmaeus 213 10 5 3 1 1 1.80II 214 10 5 2 1 2 2.00II 215 10 b 4 1 1.70II 216 10 7 2 1 1.50II 219 10 1 5 4 2.70
E. cronquistii 234 9 9 1.00II 235 9 7 2 1.22
E. tener 237 10 5 5 1.5011 240 8 8 1.00II 245 10 8 2 1.20II 246 10 8 2 1.20
E. tweedyi 242 10 8 2 1.20II 243 10 9 1 1.10II 244 10 7 3 1.30II 247 10 7 3 1.30 ro

ro



Table 68. Frequency t a b l e  f o r  arrangement  o f phyllaries in the involucre for the six species
(refer to APPENDIX A for an explanation of code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 5 6 Mean

E. asperugineus 50 30 18 1 1 1.46
E. clokeyi 60 32 25 2 1 1.53
E. pygmaeus 50 23 16 2 9 1.94
E, cronquistii 18 16 2 1.11
E. tener 38 29 9 1.24
E. tweedyi 40 31 9 1.23

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 29 22 2 1.49
E. clokeyi 87 44 29 12 2 1.70
E. pygmaeus 90 41 25 8 10 3 3 2.09
E. cronquistii * 16 10 4 2 1.50
E. tener 82 51 22 8 1 1.51
E. tweedyi 39 29 9 1 1.28 ro
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Table 69. Outer phyllary one length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 4.66 .264 .834 3.60 6.30 17.9II 204 10 3,91 .183 .580 3.15 5.04 14.8II 220 10 4.11 .203 .643 2.97 4,95 15.6II 222 10 4.49 .248 .734 3.06 5.67 17.5II 224 10 4.66 .328 1.037 3.15 6.21 22.3
E. clokeyi 208 10 3.50 .129 .409 3.11 4.41 11.7II 209 10 3.76 .180 .570 2.79 4.51 15.2II 210 10 3.18 .111 .350 2.79 3.87 11.0II 211 10 3.31 .114 .362 2.70 3.78 10.9II 212 10 2.82 .129 .407 2.16 3.60 14.4II 217 10 3.17 .121 .384 2.34 3.60 12.1
E. pygmaeus 213 10 3.99 .136 .429 3.24 4.86 10.8II 214 10 3.74 .239 .757 2.70 4.95 20.2II 215 10 4.76 .231 .732 3.69 5.85 15.4II ■ 216 10 4.08 .196 .621 2.97 5.04 15.2II 219 10 5.27 .251 .793 3.96 6.30 15.1
E. cronquistii 234 9 3.39 .163 .489 2.51 4.23 14.4II 235 9 3.22 .209 .626 2.34 4.23 19.4
E. tener 237 10 3.56 .065 .205 3.33 3.87 5.8II 240 8 2.91 .144 .407 2.25 3.33 14.0II 245 10 3.08 .201 .634 2.07 4.05 20.6II 246 10 2.98 .082 .260 2.43 3.24 8.7
E. tweedyi * 242 10 3.19 .162 .513 2.34 4.23 16.1II 243 10 3.35 .139 .438 2.70 4.14 13.1II 244 10 3.28 .150 .473 2.51 3.87 14.4II 247 10 3,16 .156 .494 2.25 3.96 15.6

ro



Table 70. Outer phyllary one length in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 4.37 .116 .819 2.97 6.30 18.7
E. clokeyi 60 3.29 .065 .500 2.16 4.51 15.2
E. pygmaeus 50 4.39 .123 .866 2.70 6.30 19.8
E. cronquistii 18 3.30 .130 .552 2.34 4.23 16.7
E. tener 38 3.14 .076 .471 2.07 4.05 15.0
E. tweedyi 50 3.24 .074 .468 2.25 4.23 14.4

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of I Std. Dev. Min. Max. CV(%)

E. asperugineus 53 4.08 .123 .892 2.07 6.30 21.9
E. clokeyi 92 3.20 .064 .614 1.98 4.95 19.2
E. pygmaeus 93 4.08 .089 .857 2.07 6.57 21.0
E. cronquistii 16 2.99 .094 .377 2.34 4.23 12.6
E. tener 87 2.66 .063 .590 1.44 4.86 22.2
E. tweedyi 39 3.02 .086 .537 1.98 4.41 17.8

ro
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Table 71. Outer phyllary two length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. C\!{%)

E. asperugineus 203 9 4.81 .272 .816 3.24 5.67 17.0II 204 10 4.50 .271 .856 3.15 5.67 19.0II 220 10 4.12 .175 .552 3.15 4.86 13.4II 222 10 4.43 .299 .945 3.33 6.21 21.3II 224 10 5.04 .327 1.035 3.60 6.80 20.5
E. clokeyi 208 10 3.86 .155 .489 2.88 4.50 12.711 209 10 3.91 .146 .461 3.15 4.41 11.8II 210 10 3.44 .147 .466 2.88 4.32 13.6II 211 10 3.47 .132 .416 3.15 4.32 12.0II 212 10 2.98 .141 .445 2.16 3.60 14.9II 217 10 3.50 .162 .512 2.97 4.86 14.6
E. pygmaeus 213 10 4.09 .221 .697 3.15 5.49 17.0II 214 9 4.06 .282 .847 2.70 5.04 20.9II 215 10 5.05 .180 .570 4.50 6.12 11.3II 216 10 4.77 .077 .244 4.41 5.13 5.1II 219 10 5.50 .237 .749 4.05 6.39 13.6
E. cronquistii 234 9 3.63 .224 .673 2.75 4,77 12.5II 235 9 3.67 .150 .450 2.97 4.23 12.3
E. tener 237 10 4.06 .228 .721 3.15 5.22 17.8II 240 8 3.34 .180 .510 2.34 3.87 15.3II 245 10 3.49 .132 .417 2.70 3.96 12.0II 246 10 3.13 .099 .314 2.70 3.60 10.0
E. tweedyi 242 10 3.21 .079 .521 2.70 3.60 16.2II 243 10 3.56 .105 .332 2.88 4.05 9.3II 244 10 3.20 .127 .403 2.61 3.96 12.6II 247 10 3.35 .090 .284 2.88 3.78 8.5 ro



Table 72. Outer phyllary two length in mm for the six species

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 49 4.58 .126 .882 3.15 6.80 19.3
E. clokeyi 60 3.53 .070 .543 2.16 4.86 15.4
E. pygmaeus 49 4.71 .120 .838 2.70 6.39 17.8
E. cronquistii 18 3.65 .131 .556 2.75 4.77 15.2
E. tener 38 3.52 .099 .608 2.34 5.22 17.3
E. tweedyi 40 3.33 .054 .343 2.61 4.05 10.3

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 4.36 .128 .932 2.52 6.80 21.4
E. clokeyi 92 3.36 .077 .736 1.89 6.74 21.9
E. pygmaeus 93 4.32 .083 .798 2.07 6.39 18.5
E. cronquistii 16 3.16 .146 .583 1.98 4.77 18.4
E. tener ‘ 87 2.89 .071 .661 1.62 5.58 22.9
E. tweedyi 39 3.01 .089 .558 1.71 4.05 18.5
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Table 73. Outer phyllary one width in mm for each population.

Species Pop. # Jl Mean SE of X Std. Dev. Min. Max. CV(%)
asperugineus 203 10 .79 .055 .173 .45 1.10 21.9II 204 10 .69 .024 .075 .63 .86 10.9II 220 10 .76 .051 .162 .50 .99 21.3II 222 10 .82 .056 .177 .45 1.04 21.6II 224 10 .82 .059 .188 .54 1.17 22.9
clokeyi 208 10 .57 .030 .095 .45 .72 16.7II 209 10 .59 .040 .128 .45 .81 21.7II 210 10 .58 .033 .104 .41 .72 17.9II 211 10 .60 .034 .107 .45 .81 17.8II 212 10 .55 .034 .106 .36 .72 19.3II 217 10 .59 .038 .110 .45 .81 18.6
pygmaeus 213 10 .61 .031 .098 .45 .72 16.111 214 10 .51 .028 .090 .36 .63 17.7II 215 10 .56 .010 .032 .54 .63 5.7II 216 10 .67 .029 .091 .54 .81 13.6II 219 10 .64 .033 .105 .54 .90 16.4
cronquistii 234 9 .63 .028 .084 .54 .77 13.311 235 9 .71 .053 .160 .36 .81 22.5
tener 237 10 .63 .036 .113 .45 .81 17.9II 240 8 .50 .026 .074 .41 .59 14.8II 245 10 .59 .031 .097 .45 .72 16.4.II 246 10 .55 .027 .085 .45 .74 15.5
tweedyi * 242 10 .61 .021 .067 .54 .72 11.0II 243 10 .60 .023 .074 .54 .72 12.3II 244 10 .59 .027 .087 .45 .72 14.8II 247 10 .63 .046 .147 .45 .90 23.3 r\)
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Table 74. Outer phyllary one width in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 .78 .023 .161 .45 1.17 20.6
E. clokeyi 60 .58 .014 .105 . 36 .81 18.1
E. pygmaeus 50 .60 .014 .101 .36 .90 16.8
E. cronquistii 18 .67 .031 .130 .36 .81 19.4
E. tener 38 .57 .016 .101 .41 .81 17.7
E. tweedyi 40 .61 .015 .096 .45 .90 15.7

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 .73 .022 .163 .36 1.17 22.3
E, clokeyi 92 .57 .012 .119 .36 .90 20.9
E. pygmaeus 93 .60 .012 .111 .36 .90 18.5
E. cronquistii 16 .58 .034 .135 .36 .89 23.3
E. tener * 87 .55 .014 .129 .36 .99 23.5
E. tweedyi 39 .59 .016 .101 .41 .99 17.1
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Table 75. Outer phyllary two width in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Mi n . Max. CV{%)

E. asperugineus 203 9 .79 .044 .133 .54 .99 16.8II 204 10 .70 .047 .148 .54 1.08 21.1II 220 10 .78 .075 .236 .54 1.35 30.3II 222 10 .82 .045 .144 .63 1.08 17.6II 224 10 .81 .060 .190 .45 1.08 23.5
E. clokeyi 208 10 .64 .052 .164 .41 .99 25.6II 209 10 .64 .061 .193 .36 1.08 30.2II 210 10 .61 .036 .115 .45 .81 18.9II 211 10 .62 .030 .094 .45 .72 15.2II 212 10 .57 .032 .102 .36 .72 17.9II 217 10 .64 ,025 .080 .45 .72 12.5
E. pygmaeus 213 10 .65 .032 .100 .45 .77 15.4II 214 10 .55 .033 .105 .36 .72 19.1II 215 10 .56 .028 .090 .45 .72 16.1II 216 10 .69 .030 .095 .59 .90 13.8II 219 10 .60 .033 .104 .45 .81 17.3
E. cronquistii 234 9 .69 .043 .130 .54 .95 18.8II 235 9 .75 .038 .114 .54 .99 15.2
E. tener 237 10 .69 .038 .120 .54 .99 17.4II 240 8 .50 .031 .087 .36 .63 17.4II 245 10 .63 .038 .120 .45 .81 19.1II 246 10 .58 .020 .065 .50 .72 11.2
E. tweedyi 242 10 .56 .031 .098 .45 .72 17.5II 243 10 .63 .019 .061 .54 .72 9.7II 244 10 .64 .043 .137 .45 .90 21.4II 247 10 .69 .043 .137 .54 .90 19.9 ro(Xo



Table 76. Outer phyllary two width in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 49 .79 .024 .169 .45 1.35 21.4
E. clokeyi 60 .62 .017 .129 .36 1.08 20.8
E. pygmaeus 50 .61 .016 .109 .36 .90 17.9
E. cronquistii 18 .72 .029 .122 .54 .99 16.9
E. tener 38 .61 .019 .118 .36 .99 19.3
E. tweedyi 40 .63 .019 .118 .45 .90 18.7

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 52 .76 .028 .200 .41 1.35 26.3
E. clokeyi 92 .58 .013 .126 .32 1.08 21.7
E. pygmaeus 93 .60 .012 .116 .36 .90 19.3
E. cronquistii 16 .61 .026 ,110 .45 .99 18.0
E. tener 87 .57 .014 .127 .36 1.08 22.3
E. tweedyi 39 .59 .017 .103 .45 .90 17.5
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Table 77. Frequency table on outer phyllary one apex shape for each population (refer to APPENDIX A
for an explanation of code values).

Species Pop. n n 1 2 3 4 5 6 Mean
E. asperugineus 203 10 9 1 1.10II 204 10 7 3 1.30II 220 10 4 2 4 2.40II 222 10 3 4 3 2.30II 224 10 1 5 4 2.70
E. clokeyi 20d 10 3 3 4 2.50It 209 10 8 1 1 1.40II 210 10 6 3 1 1.60II 211 10 2 1 7 3.20II 212 10 2 2 6 3.00II 217 10 2 4 4 2.60
E. pygmaeus 213 10 1 1 8 3.50II 214 10 5 1 4 2.30II 215 10 8 2 1.60II 216 10 3 7 3.40it 219 10 7 2 1 1.50
E. cronquistii 234 9 3 4 2 2.11II 235 9 1 4 4 2.78
E. tener 237 10 4 6 3.20II 240 8 1 1 6 3.38II 245 10 10 4.00II 246, 10 10 4.00
E. tweedyi 242 10 2 8 3.40II 243 10 1 9 3.70II 244 10 10 4.00II 247 10 1 9 3.80 ro00(V



Table 78. Frequency table on outer phyllary one apex shape (refer to APPENDIX A for explanation
of code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 5 6 Mean

E. asperugineus 50 24 15 11 1.96
E. clokeyi 60 23 14 23 2.38
E. pygmaeus 50 21 7 22 2.46
E. cronquistii IB 4 8 6 2.44
E. tener 38 1 5 32 3.66
E. tweedyi 40 3 1 36 3.73

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 34 6 13 1.85
E. clokeyi 92 50 5 37 2.26
E. pygmaeus 92 33 2 56 1 2.89
E. cronquistii . 16 7 2 7 2.44
E. tener 87 17 5 64 1 3.32
E. tweedyi 39 8 7 24 3.03
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Table 79. Frequency table on outer phyllary two apex shape for each population (refer to APPENDIX A
for an explanation of code values).

Species Pop. # n 1 2 3 4 5 6 Mean
E. asperugineusII

II
It11

203
204 
220 222 
224

10
10
10
10
10

9
7
4
3
1

1
3 
2
4
5

4
3
4

1.10
1.30 
2.40
2.30 
2.70

E. clokeyi
11
IIII
II

208
209
210 211 
212 
217

10
10
10
10
1010

3
8
6
22
2

31
3 1 
24

41
1
7
64

2.501.40
1.60
3.20
3.002.60

E. pygmaeus
IIII
II

213
214
215
216 
219

10
10
10
10
10

1
5
8
7

1
1
3
2

8
4
2
7
1

3.50 
2.30 
1.60 
3.40
1.50

E. cronquistii 234
235

9
9

3
1

4
4 2

4 2.11
2.78

E. tenerIIII
II

237
240245
246.

108
1010

1
4
3 6

4
10
10

3.20
2.88
4.00
4.00

E. tweedyi
II
II

242243
244 
247

1010
10
10

21
1

89
109

3.403.70
4.00
3.80 rooc



Table 80* Frequency table on outer phyllary two apex shape (refer to APPENDIX A for an explanation
of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 50 24 15 11 1.96
E. clokeyi 60 23 14 23 2.38
E. pygmaeus 50 21 7 22 2.46
E. cronquistii 18 4 8 6 2.44
E, tener 38 1 7 30 3.55
E. tweedyi 40 3 1 36 3.73

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 34 6 13 1.85
E. clokeyi 92 51 5 36 2.23
E. pygmaeus 93 36 2 54 1 2.81
E. cronquistii • 16 8 2 6 2.25
E. tener 87 19 5 63 3.23
E. tweedyi 39 7 7 25 3.10
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T a ble  bl. Freque ncy  table on outer phyllary one pubescence for each population (refer to APPENDIX A
for an e xplanation of code values).

Species Pop. # n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
E. asperugineus 203 10 4 6II 204 10 8 1 1II 220 10 3 7II 222 10 6 4II 224 10 2 1 7
E. clokeyi 208 10 1 3 6II 209 10 2 2 3 3II 210 10 2 1 7II 211 10 10II 212 10 1 5 4II 217 10 10
E. pygniaeus 213 10 4 6II 214 10 4 6It 215 10 2 8II 216 10 9 1II 219 10 1 9
E. cronquistii 234 9 5 4M 235 9 7 2
E. tener 237 10 7 3II 240 8 8II 245 10 4 6II 246 10 1 9
E. tweedyi 242 10 8 2II 243 10 6 4II 244 10 6 4II 247 10 6 4

rocx;



T a ble  82. F r equ enc y table on outer phyllary one pubescence (refer to A PPENDIX A for an e x p l a 
nation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

E. asperugineus 50 2 18 22 1 7
E. clokeyi 60 1 3 14 12 30
E. pygmaeus 50 20 30
E. cronquistii 18 7 11
E. tener 38 13 15 7 3
E. tweedyi 40 26 14

COLLECTIVE HERBARIUM SPECIES
Species n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

E. asperugineus 53 1 2 12 9 29
E. clokeyi 93 6 55 5 27
E. pygmaeus 93 1 13 64 1 2 12
E. cronquistii 16 2 4 3 7
E. tener 87 7 18 21 21 20
E. tweedyi 39 1 3 27 7 1 ro00
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Tabl e 83. F r equ enc y table on outer phyllary two pubescence for each population (refer to APPENDIX A
for an e xpl anation of code values).

Species Pop. # n A  A _3 _4 A  A  A  A  A  A  A 12 13 14 15 16
E. asperugineus 203 10 4 6

II 204 10 1 7 1 1
M 220 10 4 6
II 222 10 6 4
II 224 10 2 2 6

E. clokeyi 208 10 1 3 6
II 209 10 2 2 3 3
II 210 10 2 1 7
II 211 10 10
II 212 10 1 5 4
II 217 10 10

E. pygmaeus 213 10 4 6
II 214 10 4 6
II 215 10 2 8
II 216 10 9 1
II 219 10 1 9

E. cronquistii 234 9 5 4
II 235 9 1 5 3

E. tener 237 10 7 3
II 240 8 8
II 245 . 10 4 6
II 246 10 10

E. tweedyi 242 10 8 2
II 243 10 6 4
II 244 10 6 4
II 247 10 6 4

ro00CO



Table 84. Frequency table on outer phyllary two pubescence (refer to APPENDIX A for an e x p l a 
nation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4

E. asperugineus 50 3 19 20
E. clokeyi 60 1 3 14
E. pygmaeus 50 20 30
E. cronquistii 18 1 10 7
E. tener 38 12 16 7
E. tweedyi 40

COLLECTIVE HERBARIUM SPECIES
Species n 1 2 3 4

E. asperugineus 53 1 2 14
E. clokeyi 93 7 54
E. pygmaeus 93 1 11 66
E. cronquistii 16 3 3
E. tener 87 8 17 21
E. tweedyi 39 1

7 8 9 10 11 12 13 14 15 16 17
1 7

12 30

3
26 14

7 8 9 10 11 12 13 14 15 16 17
9 27 
5 27 
2 12 

3 7
21 20

27 7 ro00



Table 85. Fr eq u e n c y  table for outer phyllary one relative gland density for each population
(refer to A P PE NDI X A for an explanation o f  code values}.

Species Pop. # n 1 2 3 4 Mean
E. asperugineus 203 10 1 9 2.90II 204 10 7 3 3.30II 220 10 1 7 2 3.10II 222 10 4 3 3 2.90II 224 10 6 4 3.40
E. clokeyi 208 10 2 6 2 3.00II 209 10 5 5 3.50II 210 10 4 6 3.60II 211 10 4 6 2.60II 212 10 3 7 2.70II 217 10 7 3 3.30
E. pygmaeus 213 10 3 7 2.70II 214 10 3 5 2 2.90II 215 10 1 3 6 3.50II 216 10 2 8 3.80II 219 10 1 9 3.90
E. cronquistii 234 9 3 6 2.67II 235 9 3 5 1 2.78
E. tener 237 10 7 3 2.30II 240 8 4 1 3 2.88It 245 10 4 6 3.60It 2)6 10 2 4 4 3.20
E. tweedyi 242 10 8 2 1.20II 243 10 9 1 1.10II 244 10 8 2 1.20II 247 10 9 1 1.10 roLOO



Table 86. " Frequency table for outer phyllary one relative gland de nsity for the six species
(refer to A PPE NDI X A for an explanation of code values).

COLLECTIVE POPULATION SPECIES
Species n

E. asperugineus 50
E. clokeyi 60
E. pygmaeus 50
E. cronquistii 18
E. tener 38
E. tweedyi 40

COLLECTIVE HERBARIUM SPECIES:
Species n

E. asperugineus 53
E. clokeyi 93
E. pygmaeus 93
E. cronquistii • 16
E. tener 87
E. tweedyi 39

34

2 3 4 Mean
6 32 12 3.12
9 35 16 3.12
7 18 25 3.36
6 11 1 2.72

13 12 13 3.00
6 1.15

2 3 4 Mean
1 50 2 3.02
3 87 2 2.97
8 80 5 2.97

16 3.00
5 79 3 2.98

14 21 2.45
roID



Table 87. Frequency table for outer phyllary two relative gland d ensity for each population
(refer to APPEND IX A for an explanation of code values).

Species Pop. # n 1 2 3 4 Mean
E. asperugineus 203 10 1 9 2.9011 204 10 7 3 3.30II 220 10 1 7 2 3.10II 222 10 4 3 3 2.90II 224 10 6 4 3.40
E. clokeyi 208 10 2 6 2 3.00II 209 10 5 5 3.50II 210 10 4 6 3.60II 211 10 4 6 2.60II 212 10 3 7 2.70II 217 10 7 3 3.30
E. pygmaeus 213 10 3 7 2.70II 214 10 3 5 2 2.90II 215 10 1 3 6 3.50II 216 10 2 8 3.80II 219 10 1 9 3.90
E. cronquistii 234 9 3 6 2.67II 235 9 3 5 1 2.78
E. tener 237 10 7 3 2.30II 240 8 4 1 3 2.88II 245 10 4 6 3.60II 246 10 2 4 4 3.20
E. tweedyi 242 10 8 2 1.20II 243 10 8 2 1.20II 244 10 8 2 1.20II 247 10 8 2 1.20 rokOro



Ta ble  88. Frequency table for outer phyllary two relative gland density for the six species
(refer to APPENDIX A for an explanation of code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 Mean

E. asperugineus 50 6 32 12 3.12
E. clokeyi 60 9 35 16 3.12
E. pygmaeus 50 7 18 25 3.36
E. cronquistii IB 6 11 1 2.72
E. tener 38 13 12 13 3.00
E. tweedyi 40 32 8 1.20

COLLECTIVE HERBARIUM SPECIES;
Species n 1 2 3 4 Mean

E. aspergineus 53 1 50 2 3.02
E. clokeyi 93 1 3 86 3 2.97
E. pygmaeus 93 8 80 5 2.97
E, cronquistii • 16 16 3.00
E. tener 87 5 79 3 2.98
E. tweedyi 39 4 14 21 2.45 roVOU)



Table 89. Inner phyllary one length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. cy{%)
asperugineus 203 10 6.11 .175 .526 5.58 7.38 8.6II 204 10 5.64 .213 .672 4.68 6.93 6.6II 220 10 5.42 .268 .848 4.28 7.02 15.7II 222 10 5.53 .161 .508 4.86 6.57 9.2II 224 10 5.27 .239 .757 3.96 6.39 14.4
clokeyi 208 10 4.39 .127 .402 3.87 5.13 9.2II 209 10 4.46 .142 .449 3.87 5.31 10.1II 210 10 4.20 .127 .403 3.78 5.04 9.6II 211 10 4.29 .171 .450 3.51 5.22 10.5II 212 10 3.70 .095 .301 3.15 4.23 8.1II 217 10 4.01 .157 .495 3.51 4.68 12.3
pygmaeus 213 10 4.64 .158 .499 3.78 5.49 10.8II 214 10 4.46 .228 .722 3.51 5.31 16.2II 215 10 5.60 .202 .638 4.68 6.39 11.4II 216 10 5.27 .142 .449 4.32 5.94 8.5II 219 10 5.88 .177 .560 4.77 6.66 9.5
cronguistii 234 9 4.21 .125 .376 3.69 4.77 8.9II 235 9 4.25 .096 .287 3.69 4.50 6.8
tener 237 10 4.14 .098 .306 3.69 4.59 7.4II 240 8 3.70 .089 .252 3.33 3.96 6.8II 245 10 3.95 .088 .280 3.42 4.50 7.1II 246 10 3.59 .043 .137 3.42 3.87 3.8
tweedyi * 242 10 3.88 .090 .268 3.33 4.23 7.4II 243 10 3.79 .126 .399 3.33 4.50 10.5II 244 10 3.72 .110 .347 3.42 4.41 9.3II 247 10 3.88 .116 .367 3.15 4.32 9.5 ro



T a bl e  90. Inner phyllary one length in mm for the six species

COLLECTIVE POPULATION SPECIES;
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 49 5.59 .101 .707 3.96 7.38 12.7
E. clokeyi 60 4.18 .064 .494 3.15 5.31 11.8
E, pygmaeus 50 5.17 .111 .784 3.51 6.66 15.2
E. cronguistii 18 4.23 .077 .325 3.69 4.77 7.7
E. tener 38 3.85 .053 .327 3.33 4.59 8.5
E. tweedyi 40 3.82 .055 .345 3.15 4.50 9.0

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 5.93 .112 .818 3.51 8.19 13.8
E. clokeyi 92 4.41 .067 .641 3.02 6.57 14.5
E. pygmaeus 93 5,04 .078 .748 2.79 6.75 14.8
E. cronguistii 16 3.90 .070 .281 3.51 4.77 7.2
E. tener 87 3.80 .064 .600 2.70 6.75 15.8
E. tweedyi 39 4.17 .088 .547 3.15 5.31 13.1
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Table 91. Inner phyllary two length in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 9 6.07 .207 .620 5.40 7.56 10.2II 204 10 5.35 .270 .855 3.78 6.84 16.0II 220 10 5.34 .258 .817 4.14 6.93 15.3II 222 10 5.65 .146 .460 4.77 6.57 8.1II 224 9 5.28 .347 1.041 3.87 6.75 19.7
E. clokeyi 208 10 4.43 .137 .432 3.87 5.27 9.8II 209 10 4.50 .110 .347 3.87 4.95 7.7II 210 10 4.20 .114 .360 3.60 4.77 8.6II 211 10 4.26 .155 .489 3.42 5.04 11.5II 212 10 3.83 .084 .266 3.42 4.23 7.0II 217 10 4.04 .168 .531 3.42 4.77 11.4
E. pygmaeus 213 10 4.66 .168 .531 3.78 5.49 11.4II 214 10 4.45 .302 .957 2.61 5.76 21.5II 215 10 5.68 .193 .609 4.68 6.57 10.7II 216 10 5.20 .112 .354 4.50 5.67 6.8II 219 10 5.91 .157 .496 5.13 6.71 8.4
E. cronquistii 234 9 4.27 .100 .300 3.96 4.86 7.0II 235 9 4.43 .075 .224 3.96 4.68 5.1
E. tener 237 10 4.11 .194 .613 3.20 5.13 14.9II 240 8 3.51 .110 .312 3.06 3.96 8.9II 245 10 3.88 .097 .305 3.51 4.32 7.9II 246 10 3.54 .048 .153 3.33 3.69 4.3
E. tweedyi * 242 10 3.89 .124 .391 3.24 4.59 10.1II 243 10 3.84 .133 .420 3.33 4.50 10.9II 244 10 3.79 .085 .270 3.24 4.05 7.1II 247 9 3.66 .133 .400 2.87 4.14 10.9 roVO



Ta ble 9Z Inner phyllary two length in mm  for the six species

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 48 5.53 .116 .803 3.78 7.56 14.5
E. clokeyi 60 4.21 .059 .458 3.42 5.27 10.9
E. pygmaeus 50 5.18 .117 .823 2.61 6.71 15.9
E. cronquistii 18 4.34 .064 .271 3.96 4.86 6.2
E. tener 38 3.77 .073 .450 3.06 5.13 11.9
E. tweedyi 39 3.80 .059 .368 2.87 4.59 9.7

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 5.76 .118 .858 3.51 8.37 14.9
E. clokeyi 92 4.41 .063 .600 3.24 6.30 13.6
E. pygmaeus 93 5.11 .080 .767 2.61 7.65 15.5
E. cronquistii 16 3.90 .125 .500 3.14 4.95 12.8
E. tener 87 3.81 .061 .569 2.78 6.84 14.9
E. tweedyi 39 4.17 .073 .453 2.87 5.40 10.9

roVD



Table 93. Inner phyllary one width in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 .99 .044 .132 .72 1.17 13.3II 204 10 .86 .056 .176 .63 1.17 20.5II 220 10 .97 .055 .174 .77 1.31 17.9II 222 10 .98 .048 .153 .63 1.17 15.6II 224 10 1.01 .036 .113 .81 1.13 11.2
E. clokeyi 20Ô 10 .79 .062 .196 .54 .99 24.8II 209 10 .83 .047 .147 .63 1.08 17.7II 210 10 .77 .036 .114 .63 .99 14.8It 211 10 .80 .037 .116 .54 .99 14.5II 212 10 .71 .045 .144 .54 .90 20.3II 217 10 .79 .041 .130 .59 1.08 16.5
E. pygmaeus 213 10 .69 .054 .172 .45 1.08 24.9II 214 10 .60 .028 .088 .49 .72 14.7II 215 10 .59 .020 .063 .54 .72 10.7II 216 10 .71 .031 .099 .63 .90 13.9II 219 10 .77 .051 .160 .54 .99 20.8
E. cronquistii 234 9 .80 .049 .148 .63 1.08 18.5II 235 9 .88 .024 .072 .81 .99 8.2
E, tener 237 10 .88 .042 .133 .63 1.08 15.111 240 8 .58 .043 .122 .45 .72 21.0II 245 10 .80 .031 .099 .65 .90 12.4II 246 10 .77 .031 .097 .63 .90 12.6
E. tweedyi 242 10 .79 .049 .154 .54 .99 19.5II 243 10 .84 .036 .113 .63 .99 13.5II 244 10 .81 .056 .185 .54 1.17 22,8II 247 10 .87 .048 .152 .63 1.17 17.5 ro
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Table 94. Inner phyllary one width in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 49 .96 .022 .154 .63 1.31 16.0
E. clokeyi 60 .78 .018 .142 .54 1.08 18.2
E. pygmaeus 50 .67 .019 .136 .45 1.08 20.3
E. cronquistii 18 .84 .029 .121 .63 1.08 14.4
E. tener 38 .77 .025 .152 .45 1.08 19.7
E. tweedyi 40 .83 .024 .151 .54 1.17 18.2

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 52 .96 .028 .204 .36 1.44 21.3
E. clokeyi 91 .77 .017 .161 .45 1.26 20.9
E. pygmaeus 93 .71 .015 .139 .45 1.08 19.6
E. cronquistii 16 .81 .032 .128 .63 1.08 15.8
E. tener 86 .76 .018 .162 .45 1.08 21.3
E. tweedyi 39 .80 .024 .147 .54 1.26 18.4
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Table 95. Inner phyllary two width in mm for each population.

Species Pop. # J1 Mean SE of X Std, Dev. Min. Max. CV(%)
asperugineus 203 9 .96 .053 .159 .77 1.22 16.6II 204 10 .86 .043 .137 .72 1.17 15.911 220 10 .97 .089 .282 .63 1.53 29.1II 222 10 .97 .047 .147 .81 1.17 15.2II 224 9 .91 .060 .179 .63 1.17 19.7
clokeyi 208 10 .84 .063 .199 .54 1.26 23.7It 209 10 .89 .047 .147 .63 1.08 16.5II 210 10 .84 .038 .119 .63 1.03 14.2II 211 10 .75 .033 .104 .63 .99 13.9II 212 10 .70 .039 .123 .59 .99 17.6II 217 10 .76 .036 .114 .63 .95 15.0
pygmaeus 213 10 .72 .039 .124 .59 .90 17.2II 214 9 .59 .038 .113 .45 .72 19.2II 215 10 .60 .045 .144 .36 .81 24.0II 216 10 .80 .039 .123 .63 .99 15.4II 219 10 .76 .036 .113 .54 .90 14.9
cronquistii 234 9 .78 .022 .066 .68 .90 8.5II 235 9 .91 .030 .091 .81 1.08 10.0
tener 237 10 .88 .038 .121 .68 1.04 13.8II 240 8 .59 .031 .087 .50 .72 14.8II 245 10 .75 .028 .089 .54 .86 11.9II 246 10 .78 .040 .128 .63 .99 16.4
tweedyi 242 10 .75 .061 .194 .54 1.08 25.9II 243 10 .80 .024 .077 .72 .90 9.6II 244 10 .72 .044 .139 .54 .95 19.3II 247 10 .88 .049 .147 .63 .99 16.7 COoo



Table 96. Inner phyllary two width in

COLLECTIVE POPULATION SPECIES:
Species n Mean

mm for the six species. 

SE of X Std. Dev. Min. Max. a { % )

E. asperugineus 48 .94 .027 .186 . 63 1.53 19.8
E. clokeyi 60 .80 .019 .147 .54 1,26 18.4
E. pygmaeus 49 .70 .021 .147 .36 .99 21.0
E. cronquistii 18 .85 .024 .102 .68 1,08 12.0
E. tener 38 .75 .024 .145 .50 1.04 19.3
E. tweedyi 39 .76 .024 .152 .54 1.08 20.0

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 52 .98 .029 .210 .54 1.71 21.4
E. clokeyi 89 .78 .018 .168 .50 1.26 21.5
E. pygmaeus 93 .71 .013 .128 .36 1.04 18.0
E. cronquistii 16 .78 .034 .137 .54 1.08 17.6
E. tener • 86 .77 .015 .138 .45 1.08 17.9
E. tweedyi 39 .81 .024 .148 .54 1.08 18.3
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T a ble  97. Freque ncy  table on inner phyllary one apex shape for each population (refer to APPENDIX A
for an explanation of code values).

Species Pop. # n
E. asperugineus 203 9M 204 10II 220 1011 222 1011 224 10
E. clokeyi 208 1011 209 1011 210 10II 211 1011 212 1011 217 10
E. pygmaeus 213 1011 214 10II 215 1011 216 10II 219 10
E. cronquistii 234 9II 235 9
E. tener 237 10II 240 8II 245 10II 246. 10
E. tweedyi 242 10II 243 10II 244 10II 247 10

2 3 4 5 6 Mean
1.00

1 1.10
3 2 1.90
2 1 1.50
3 3 2.20
1 3 2.00
2 1 1.50
3 3 2.20
1 7 3.20
2 6 3.00
4 4 2.60
1 8 3.50

5 2.50
2 1.60

2 8 3.60
1 1 1.40
3 2 2.00
4 2 2.11
5 5 3.00
2 5 3.13
1 8 3.50

10 4.00
7 3.108 3.40
10 4.00

1 B 3.50 COoho



Table 98. Frequency table for inner phyllary one apex shape for the APPENDIX A for an explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4

six species 

5 6

(refer to 

Mean
E. asperugineus 49 34 9 6 1.55
E. clokeyi 60 23 13 24 2.42
E. pygmaeus 50 22 4 24 2.52
E. cronquistii 18 7 7 4 2.06
E. tener 38 2 8 28 3.42
E. tweedyi 40 6 1 33 3.50

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 47 3 3 1.23
E. clokeyi 93 70 9 14 1.55
E. pygmaeus 93 61 3 29 1.97
E. cronquistii • 16 12 1 3 1.63
E. tener 87 28 5 54 2.92
E. tweedyi 39 13 6 20 2.69 Uiou>



Table 99. F r equ enc y table of inner phyllary two apex shape for each population (refer to APPE NDI X A
for an explanation of code values).

Species Pop. # n 1 2 3 4 5 6 Mean
E. asperugineus 203 9 9 1.00II 204 10 9 1 1.10II 220 10 5 3 2 1.90II 222 10 7 2 1 1.50II 224 9 4 3 2 2.00
E. clokeyi 208 10 6 1 3 2.00II 209 10 7 2 1 1.50II 210 10 4 3 3 2.20II 211 10 2 1 7 3.20II 212 10 2 2 6 3.00II 217 10 2 4 4 2.60
E. pygmaeus 213 10 1 1 8 3.50II 214 10 5 5 2.50II 215 10 8 2 1.60II 216 10 2 8 3.60II 219 10 8 1 1 1.40
E. cronquistii 234 9 4 3 2 2.00II 235 9 3 4 2 2.11
E. tener 237 10 5 5 3.00II 240 8 1 2 5 3.13II 245 10 1 1 8 3.50II 246. 10 10 4.00
E. tweedyi 242 10 5 5 2.50II 243 10 2 8 3.40II 244 10 2 8 3.40II 247 9 1 1 7 3.44 COo



T a ble  lüû. Frequency table on inner phyllary two apex shape for the six species (refer to APPENDIX
A for an explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 48 34 9 5 1.50
E. clokeyi 60 23 13 24 2.42
E. pygmaeus 50 22 4 24 2.52
E. cronquistii 18 7 7 4 2.06
E. tener 38 2 8 28 3.42
E. tweedyi 39 10 1 28 3.18

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 46 3 4 1.28
E. clokeyi 93 69 9 15 1.58
E. pygmaeus 93 62 3 28 1.97
E. cronquistii • 16 12 1 3 1.63
E. tener 87 28 6 53 2.90
E. tweedyi 39 13 6 20 2.69
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T a ble  101. Freque ncy  table on inner phyllary one pubescence for each population (refer to APPENDIX A
for an expla nat ion  of code values).

Species Pop. # n 1 2 3 4 5 6 7 8 9 10
E. asperugineus 203 9 9II 204 10 10II 220 10 9 1II 222 10 10II 224 10 10
E. clokeyi 208 10 10II 209 10 7 1II 210 10 8II 211 10 10II 212 10 10II 217 10 8 2
E. pygniaeus 213 10 7 3II 214 10 8 2II 215 10 6 4II 216 10 9 1II 219 10 6 4
E. cronquistii 234 9 9II 235 9 7 2
E. tener 237 10 6 1 3II 240 8 8II 245 10 10II 246 ‘ 10 10
E. tweedyi 242 10 7II 243 10 3II 244 10 6II 247 10 2

10 11 12 13 14 15 16 17

COo



Table 102. Frequency table on inner p hyllary one pubescence for the six species (refer to APPENDIX
A for an e x pl ana tio n of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

E. asperugineus 49 48 1
E. clokeyi 60 53 3 4
E. pygmaeus 50 36 14
E. cronquistii 18 16 2
E. tener 38 28 6 1 3
E. tweedyi 40 18 18 2 2

COLLECTIVE HERBARIUM SPECIES:
Species n _1 J- _3 _A A  A  J .  A _9 10 11 12 13 U  15, 16 11

E, asperugineus 53 44 1 1 7
E. clokeyi 93 73 2 14 4
E. pygmaeus 93 43 21 8 12 9
E. cronquistii 16 15 1
E. tener 87 69 2 1 11 4
E. tweedyi 39 1 1 1 2 12 1 21 OJo



Table  103. Freq uen cy table on inner phyllary two pubescence for each population (refer to APPEN DIX  A
for an expla nat ion  of code values).

Species Pop. # n J, _2 _1
E. asperugineus 203 9 9H 204 10 10II 220 10 10II 222 10 9 1II 224 10 9
E. clokeyi 208 10 10II 209 10 7 1II 210 10 9II 211 10 10II 212 10 10II 217 10 9 1
_E. pygmaeus 213 10 7 3II 214 10 7 3II 215 10 7 3II 216 10 10II 219 10 7 3
E. cronquistii 234 9 9II 235 9 8 1
E. tener 237 10 3 5II 240 8 8II 245 10 10II 246 ‘ 10 10
E. tweedyi 242 10II 243 10II 244 10II 247 9

7 8 9 10 11 12 13 14 15 16 17

ooc



Table 104. Freque ncy  table on inner p hyllary two pubescence for the six species (refer to APPENDIX
A for an explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n J, -1 _1 _4 _6 Jl j . 10 11 12 13. 14 15 16 17

E. asperugineus 49 47 1 1
E. clokeyi 60 55 2 3
E. pygmaeus 50 38 12
E. cronquistii 18 17 1
E, tener 38 31 5 2
E. tweedyi 39 17 18 2 2

COLLECTIVE HERBARIUM SPECIES
Species n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

E. asperugineus 53 41 2 1 8 1
E. clokeyi 93 74 2 13 4
E. pygmaeus 93 44 23 8 10 9
E. cronquistii 16 14 1 1
E. tener 87 70 2 1 12 2
E. tweedyi 39 1 1 1 2 12 1 21 CJoLO



T a ble  105. Frequency table for inner phyllary one relative gland density for each population (refer
to APPE NDI X A for an explanation of code values).

Species Pop. # n 1 2 3 4 Mean
E. asperugineus 203 9 1 7 1 3.00

II 204 10 1 7 2 3.10
II 220 10 2 5 3 3.10
II 222 10 6 1 3 2.70
II 224 10 4 3 3 2.90

E. clokeyi 208 10 4 4 2 2.80
II 209 10 7 3 3.30
II 210 10 2 5 3 3.10
II 211 10 7 3 2.30
II 212 10 4 6 2.60
II 217 10 1 5 4 3.30

E. pygmaeus 213 10 2 8 2.80
II 214 10 3 6 1 2.80
II 215 10 3 7 3.40
II 216 10 1 9 3.90
II 219 10 1 9 3.90

E. cronquistii 234 9 5 4 2.44235 9 7 2 2.22
E. tener 237 10 9 1 2.10

II 240 8 4 2 2 2.75
II 245 10 4 6 3.60
II 246 10 1 6 3 3.20

E. tweedyi 242 10 7 3 1.30
M 243 10 6 3 1 1.50II 244 10 5 3 2 1.70
II 247 10 8 2 1.20 COI—>o



Table 106. Frequency table for inner phyllary one relative gland density for the six species
(refer to A PPENDIX A for an explanation of code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 Mean

E. asperugineus 49 14 23 12 2.96
E. clokeyi 60 18 30 12 2.90
E. pygmaeus 50 8 16 26 3.36
E. cronquistii 18 12 6 2.33
E. tener 38 14 13 • 11 2.92
E. tweedyi 40 26 11 3 1.43

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 Mean

E. asperugineus 53 4 46 3 2.98
E. clokeyi 93 3 88 2 2.99
E. pygmaeus 93 8 80 5 2.97
E. cronquistii * 16 2 14 2.88
E. tener 87 5 79 3 2.98
E. tweedyi 39 4 11 24 2.51

to



Table 107. Frequency table for inner phyllary two relative gland density for each population (refer)
to APPENDIX A for an explanation of code values).

Species Pop. # n 1 2 3 4 Mean
E. asperugineus 203 9 1 7 1 3.00II 204 10 1 7 2 3.10II 220 10 2 5 3 3.10II 222 10 6 1 3 2.70II 224 9 4 3 2 2.78
E, clokeyi 208 10 4 4 2 2.80II 209 10 7 3 3.30II 210 10 2 5 3 3.10II 211 10 7 3 2.30II 212 10 4 6 2.6011 217 10 1 5 4 3.30
E. pygmaeus 213 10 2 8 2.80II 214 10 3 6 1 2.80II 215 10 3 7 3.40II 216 10 1 9 3.90II 219 10 1 9 3.90
E. cronquistii 234 9 5 4 2.44II 235 9 7 2 2.22
E. tener 237 10 9 1 2.10II 240 8 4 2 2 2.75II 245 10 4 6 3.60II 246 10 1 6 3 3.20
E. tweedy1 242 10 8 2 1.20It 243 10 5 4 1 1.60II 244 10 4 4 2 1.80II 247 9 7 2 1.22 Co
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Table 108. Frequency table for i n n e r 'phyllary two relative gland density for the six species
(refer to APPENDIX A for an explanation of code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 Mean

E. asperugineus 48 14 23 11 2.94
E. clokeyi 60 18 30 12 2.90
E. pygmaeus 50 8 16 26 3.36
E. cronquistii 18 12 6 2.33
E. tener 38 14 13 11 2.92
E. tweedyi 39 24 12 3 1.46

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 Mean

E. asperugineus 53 4 46 3 2,98
E, clokeyi 93 3 88 2 2.99
E. pygmaeus 93 8 80 5 2.97
E. cronquistii 16 2 14 2.88
E. tener 87 5 79 3 2.98
E. tweedyi 39 3 12 24 2.54 CJ
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Table 309. Ligule length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. CV(%)
asperugineus 203 10 8.18 .143 .430 7.61 8.82 5.3II 204 10 7.98 .298 .943 6.89 9.62 11.8II 220 10 7.85 .340 1.076 6.48 9.32 13.7II 222 10 9.03 .219 .693 8.08 10.04 7.7II 224 10 7.55 .254 .805 6.19 8.56 10.7
clokeyi 208 10 6.78 .297 .938 5.70 8.74 13.8II 209 10 6.48 .309 .978 4.69 7.91 15.1II 210 10 5.82 .206 .651 4.64 6.88 11.2II 211 10 6.99 .345 1.090 5.14 8.50 15.6II 212 10 7.35 .302 .954 6.12 9.38 13.0II 217 10 7.40 .289 .913 5.82 9.02 12.3
pygmaeus 213 10 6.65 .211 .667 5.46 7.70 10.0II 214 10 5.90 .179 .567 4.86 6.60 9.6II 215 10 6.94 .341 1.078 4.77 3.14 15.5II 216 10 7.68 .374 1.183 5.66 9.43 15.4M 219 10 6.97 .248 .784 6.03 8.80 11.3
cronquistii 234 8 6.31 .175 .495 5.32 6.92 7.8II 235 6 , 6.65 .239 .585 6.03 7.57 8.8
tener 237 10 6.66 .208 .659 5.46 7.43 9.911 240 5 5.59 .130 .290 5.09 5.80 5.2II 245 10 6.70 .099 .312 6.19 7.13 4.7II 246 8 6.07 .234 .662 4.77 7.13 10.9
tweedyi * 242 10 6.53 .171 .540 5.31 7.38 8.3II 243 10 6.26 .395 1.251 4.43 9.29 20.0II 244 10 7.29 .279 .882 6.26 8.75 12.1II 247 10 6.54 .261 .826 5.26 7.79 12.6 CO



Table 110. Ligule length in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 8.12 .132 .936 6.19 10.04 11.5
E. clokeyi 60 6.80 .135 1.045 4.64 9.38 15.4
E. pygmaeus 50 6.83 .146 1.029 4.77 9.43 15.1
E. cronquistii 14 6.46 .145 .542 5.32 7.57 8.4
E. tener 33 6.37 .115 .658 4.77 7.43 10.3
E. tweedyi 40 6.65 .151 .957 4.43 9.29 14.4

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 8.76 .197 1.434 4.95 13.14 16.4
E. clokeyi 85 8.05 .178 1.637 4.64 12.60 20.3
E. pygmaeus 88 6.99 .104 .973 4.77 9.81 13.9
E. cronquistii 16 6.19 .194 .774 3.92 7.57 12.5
E. tener * 82 6.02 .154 1.400 2.88 13.41 23.3
E. tweedyi 39 6.71 .162 1.010 4.37 9.29 15.1
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Table 111. Limb width in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 1.81 .076 .240 1.48 2.18 13.3II 204 10 1.66 .103 .326 1.25 2.11 19.6II 220 10 1.44 .064 .204 1.16 1.71 14.2II 222 10 1.53 .074 .233 1.19 1.94 15.1II 224 10 1.53 .078 .246 1.25 2.14 16.1
E. clokeyi 208 10 1.49 .051 .160 1.27 1.80 10.7II 209 10 1.21 .069 .219 .90 1.58 18.1II 210 10 1.36 .037 .117 1.22 1.58 8.6II 211 10 1.19 .037 .116 1.03 1.35 9.8II 212 10 1.17 .058 .184 .91 1.50 15.7II 217 10 1.40 .071 .224 1.15 1.85 16.0
E. pygmaeus 213 10 1.35 .055 .175 1.15 1.58 13.0II 214 10 1.19 .051 .160 .98 1.44 13.5II 215 10 1.05 .046 .147 .87 1.32 14.0II 216 10 1.32 .070 .222 1.07 1.80 16.8II 219 10 1.19 .064 .203 .90 1.55 17.1
E. cronquistii 234 8 1.32 .099 .281 1.01 1.85 21.3II 235 6 1.50 .070 .170 1.24 1.77 11.3
E. tener 237 10 1.45 .054 .170 1.29 1.80 11.7II 240 5 1.16 .026 .059 1.10 1.24 5.1II 245 10 1.06 .048 .151 .85 1.24 14.3II 246 8 1.06 .059 .166 .70 1.20 15.7
E. tweedyi 242 10 1.17 .053 .167 .99 1.47 14.3II 243 10 1.34 .047 .148 1.15 1.58 11.0II 244 10 1.40 .111 .351 .95 2.00 25.1II 247 10 1.38 .080 .251 1.04 1.71 18.2 w}—>CTt



Table 112. Limb width in inm for the six species.

COLLECTIVE POPULATION SPECIES .

Species n Mean SE of X
E. asperugineus 50 1.59 .039
E. clokeyi 60 1.30 .027
E. pygmaeus 50 1.22 .029
E. cronquistii 14 1.39 .067
E. tener 33 1.19 .040
E. tweedyi 40 1.32 .040

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X

E. asperugineus 53 1.37 .044
E. clokeyi 90 1.15 .030
E. pygmaeus 89 1.21 .026
E. cronquistii 16 1.18 .048
E. tener 82 1.15 .028
E. tweedyi 39 1.38 .058

Std. Dev
.275
.208
.206
.249
.227
.252

Std. Dev.
.319
.287
.244
.190
.255
.359

Min. Max. CV(%)
1.16 2.18 17.3
.90 1.85 16.0
.87 1.80 16.9

1.01 1.85 17.9
.70 1.80 19.1
.95 2.00 19.1

Min. Max. CV(%)
.72 2.34 23.3
.36 2.07 25.0
.63 1.80 20.2
.90 1.85 16.1
.70 2.25 22.2
.95 2.52 26.0
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Tabl e 113. Frequency table for ligule apex shape for each population (refer to APPENDIX A for an
explanation of code values).

Species Pop. # n 1 2 3 4 5 6 Mean
E. asperugineus 203 10 1 9 1

4.90II 204 10 9 5.1011 220 10 1 8 1 5.00II 222 10 1 8 1 5.00II 224 10 5 4 1 4.60
E. clokeyi 208 10 3 7 4.70II 209 10 5 5 4.50II 210 10 2 8 4.80II 211 10 3 7 4.70II 212 10 2 8 4.80II 217 10 2 8 4.80
E. pygmaeus 213 10 9 1 4.10It 214 10 7 3 4.30II 215 10 3 7 4.70II 216 10 4 6 4.60II 219 10 7 3 4.30
E. cronquistii 234 8 2 1 6 3.25II 235 6 1 1 1 2 3.33
E. tener 237 10 7 3 4.30II 240 5 4 1 4.20II 245 10 10 5.00II 246 8 3 5 4.63
E. tweedyi 242* 10 3 7 4.70II 243 10 1 2 7 4.60II 244 10 1 3 6 4.50II 247 10 10 5.00 w
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Table 114. Frequency table for ligule apex shape for the six species (refer to A P PEN DI X  A for
an explanation of  code values).

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 5 6 Mean

E. asperugineus 50 8 38 4 4.92
E. clokeyi 60 17 43 4.72
E. pygmaeus 50 30 20 4.40
E. cronquistii 14 3 1 1 7 2 3.29
E. tener 33 14 19 4.58
E. tweedyi 40 2 8 30 4.70

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 1 16 33 3 4.68
E. clokeyi 84 1 27 55 1 4.67
E. pygmaeus . B5 3 48 33 1 4.38
E. cronquistii 16 4 1 1 7 3 3.25
E. tener 79 1 1 3 49 25 4.22
E. tweedyi 38 1 16 25 4.50 to
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Table 115. Frequency table for ligule color for each population (refer to A PPENDIX A for an
explanation of code values)

Species Pop. # n 1 2 3 4 5 6 7 8 Mean
asperugineus 203 9 1 1 5 2 4.89II 204 10 3 4 3 5.00II 220 10 1 6 3 5.20II 222 9 4 5 5.56II 224 7 5 2 5.29
clokeyi 208 5 1 2 1 1 4.60II 209 10 5 1 3.7011 210 0II 211 8 1 2 4 1 4.88II 212 8 4 3.50II 217 10 1 5 4 4.30
pygmaeus 213 10 3 7 4.70II 214 10 4 6 4.60II 215 10 1 5 4 4.30II 216 10 1 3 5 1 4.60II 219 10 3 5 2 6.10
cronquistii 234 8 7 1 1.13II 235 6 6 1.00
tener 237 10 2 5 3 4.10II 240 5 2 3 4.60II 245 10 4 5 1 4.90II 246 . 8 1 7 4.88
tweedyi 242 10 1 8 1 5.00II 243 10 3 6 1 4.80II 244 10 1 3 5 1 5.70II 247 10 3 7 5.70 wl\)o



Table 116. Frequency table for. ligule color for the six species (refer to APPENDIX A for an
explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species

E. asperugineus 45
E. clokeyi 41
E. pygmaeus 50
E. cronquistii 14
E. tener 33
E. tweedyi 40

COLLECTIVE HEk BARIUM SPECIES:
Species n

E. asperugineus 49
E. clokeyi 80
E. pygmaeus 73
E. cronquistii • 16
E. tener 70
E. tweedyi 25

13

10

3 4 5
1 5 24

11 18 10
2 15 25

2 12 18
5 20

3 4 5
3 2 31
19 23 24
2 8 49

19 15 26
14

lb

6

14

6
12

4 
6

5 
3

Mean
5.18
4.15
4.86
1.07
4.61
5.30

Mean
5.12
4.64
5.21
1.69
4.51
5.28 LO
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Table 117. Pappus bristle number for ray flowers for each population

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 26.8 1.76 5.57 21 40 20.8II 204 10 26.1 1.14 3.60 21 32 13.8II 220 10 24.4 .65 2.07 20 27 8.5II 222 10 27.1 .71 2.23 24 31 8.2II 224 10 30.1 1.35 4.25 24 38 14.1
E. clokeyi 208 10 15.1 .61 1.91 12 18 12.7II 209 9 17.8 .78 2.33 13 21 13.1II 210 9 17.9 .68 2.03 15 22 11.3II 211 10 16.8 .70 2.20 14 21 28.8II 212 10 16.7 .78 2.45 12 20 14.7II 217 10 17.7 .34 1.06 16 19 6.0
E. pygmaeus 213 10 20.1 ,31 .99 18 22 4.9II 214 10 19.7 .62 1.95 17 22 9.9II 215 10 17.7 .54 1.70 15 21 9.6II 216 10 20.9 .66 2.08 17 24 10.0II 219 10 24.3 .75 2.36 21 29 9.7
E. cronquistii 234 8 17.4 .26 .74 16 18 4.3II 245 6 16.0 .93 2.28 13 18 14.3
E. tener 237 10 16.0 .49 1.56 14 18 9.8II 240 5 15.4 .87 1.95 13 18 12.7II 245 10 21.3 .42 1.38 19 23 6.5II 246 8 18.4 .73 2.07 14 20 11.3
E. tweedyi 242 10 17.0 .96 3.02 14 23 53.6II 243 10 17.9 .82 2.60 14 21 37.8II 244 10 21.0 .68 2.16 18 25 10.3II 247 10 23.3 .75 2.36 20 26 24.0 wroro



Table 118. Pappus bristle number for ray flowers for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%]

E. asperugineus 50 26.9 .57 4.08 20 40 15.2
E. clokeyi 58 17.0 .29 2.18 12 22 12.8
E. pygmaeus 50 20.5 .40 2.82 15 29 13.8
E. cronquistii 14 16.8 .45 1.67 13 18 9.9
E. tener 33 18.1 .50 2.89 13 23 16.0
E. tweedyi 40 19.8 .56 3.53 14 26 17.8

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 35 25.2 .67 3.94 16 40 15.6
E. clokeyi 55 17.7 .45 3.36 10 27 19.0
E. pygmaeus 86 19.8 .44 4.07 7 31 20.6
E. cronquistii 11 16.6 .80 2.66 12 21 16.0
E. tener 63 19.1 .45 3.60 10 27 18.9
E. tweedyi 29 22.3 .77 4.13 14 30 18.5
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Table 119. Pappus bristle length on ray flowers in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 9 3.92 .074 .223 3.55 4.23 5.7II 204 10 3.52 .162 .513 2.86 4.34 14.6II 220 10 3.45 .113 .357 3.04 3.99 10.3II 222 10 3.94 .127 .400 3.22 4.28 10.2II 224 10 3.30 .082 .259 2.95 3.71 7.9
E. clokeyi 208 10 2.07 .106 .335 1.53 2.61 16.2II 209 9 1.99 .076 .229 1.60 2.33 11.5II 210 10 2.02 .077 .243 1.58 2.44 12.0II 211 10 2.26 .072 .228 1.94 2.52 10.1II 212 10 2.06 .092 .291 1.46 2.39 14.1II 217 10 2.23 .052 .163 1.98 2.47 7.3
E. pygmaeus 213 10 2.38 .129 .407 1.71 2.97 17.1II 214 10 1.92 .075 .237 1.55 2.29 12.3II 215 10 2.79 .105 .332 2.25 3.28 11.9II 216 10 2.40 .066 .209 2.07 2.71 8.7II 219 10 2.21 .066 .208 1.80 2.48 9.4
E. cronquistii 234 8 1.85 .104 .294 1.31 2.33 15.9II 235 6 1.61 .063 .155 1.36 1.84 9.6
E. tener 237 10 2.13 .064 .202 1.85 2.52 9.5II 240 5 2.53 .058 .131 2.34 2.70 5.2II 245 10 2.38 .032 .100 2.26 2.57 4.2II 246 8 2.60 .053 .149 2.43 2.86 5.7
E. tweedyi 242 10 2.11 .086 .273 1.41 2.36 12.9II 243 10 2.08 .091 .289 1.60 2.50 13.9II 244 10 2.17 .063 .199 1.82 2.43 9.2II 247 10 2.32 .063 .198 2.01 2.63 8.5 w
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Table 120. Pappus bristle length on ray flowers in mm for the six species

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev, Min. Max. CV(%)

E. asperugineus 49 3.62 .063 .437 2.86 4.34 12.1
E. clokeyi 59 2.11 .035 .265 1.46 2.61 12.6
E. pygmaeus 50 2.34 .056 .399 1.55 3.28 17.1
E. cronquistii 14 1.74 .071 .266 1.31 2.33 15.3
E. tener 33 2.38 .042 .239 1.85 2.86 10.0
E, tweedyi 40 2.17 .040 .253 1.41 2.63 11.7

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 31 3.55 .120 .670 1.80 4.95 18.9
E. clokeyi 54 2.21 .050 .366 1.44 3.15 16.6
E. pygmaeus 84 2.50 .046 .421 1.55 3.78 16.8
E. cronquistii 11 1.89 .123 .408 1.31 2.70 21.6
E. tener 66 2.31 .048 .388 1.62 3.87 16.8
E. tweedyi 30 2.39 .061 .336 1.41 3.06 14.1
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Table 121, Disk flower corolla length In mm f o r  each population.

Species Pop. # jn Mean SE of X Std. Dev. Min. Max. CV(%)

asperugineus 203 10 4.58 .115 .363 4.01 5.11 7.9It 204 10 4.22 .109 .344 3.67 4.95 8.2II 220 10 4.45 .074 .233 4.03 4.80 5.2II 222 10 4.49 .074 .235 4.12 4.89 5.2II 224 10 4.42 .100 .315 3.78 4.86 7.1
clokeyi 208 10 3.25 .099 .314 2.70 3.59 9.7It 209 10 3.06 .135 .426 2.61 3.92 13.9II 210 10 3.06 .094 .298 2.71 3.65 9.7II 211 10 2.98 .096 .303 2.55 3.45 10.2II 212 10 2.96 .076 .241 2.36 3,27 8.1II 217 10 2.00 .070 .221 2.68 3.48 7.3
pygmaeus 213 10 3.60 .142 .450 2.76 4.43 12.5II 214 10 3.32 .075 .238 3.00 3.72 7.2II 215 10 3.57 .090 .284 3.22 3.97 8.0II 215 10 3.64 .096 .303 3.05 3.93 8.3II 219 10 3.77 .091 .286 3.33 4.33 7.6
cronquistii 234 8 2.49 .046 .129 2.35 2.68 5.2II 235 6 2.55 .064 .156 2.34 2.72 6.1
tener 237 10 3.26 .076 .240 2.97 3.73 7.411 240 5 2.89 .043 .095 2.79 3.00 3.3II 245 10 2.98 .029 .092 2.78 3.10 3.1II 246 6 3.30 .044 .107 3.19 3.49 3.2
tweedyi * 242 10 3.02 .095 .299 2.54 3.53 9.9II 243 10 2.88 .094 .296 2.54 3.60 10.3II 244 10 3.27 .053 .168 3.02 3.64 5.1II 247 10 3.24 .080 .254 2.92 3.69 7.8 wPOcrt



Table 122. Disk flower corolla length in mm for the six species

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 4.43 .045 .315 3.67 5.11 7.1
E. clokeyi 60 3.05 .040 .310 2.36 3.92 10.2
E. pygmaeus 50 3.58 .048 .341 2.76 4.43 9.5
E. cronquistii 14 2.51 .037 .139 2.33 2.72 5.5
E. tener 31 3.11 .041 .226 2.78 3.73 7.3
E. tweedyi 40 3.10 .047 .300 2.54 3.69 9.7

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 4.58 .083 .605 2.88 5.85 13.2
E. clokeyi 92 3.27 .049 .471 2.36 5.87 14.4
E. pygmaeus 90 3.69 .044 .416 2.70 5.13 11.3
E. cronquistii 16 2.66 .108 .433 2.07 3.78 16.3
E. tener 82 3.07 .048 .435 2.07 4.14 14.2
E. tweedyi 39 3.29 .062 .386 2.54 4.14 11.7
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Table 123. Disk flower corolla lobe length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 .53 .012 .038 .47 .58 7.2II 204 10 .51 .013 .041 .46 .58 8.0II 220 10 .50 .013 .042 .42 .57 8.4II 222 10 .61 .021 .068 .55 .73 11.2II 224 10 .58 .017 .055 .47 .66 9.5
E. clokeyi 208 10 .52 .012 .038 .45 .60 7.3II 209 10 .49 .014 .043 .40 .54 8.8II 210 10 .49 .017 '.054 .43 .57 11.0II 211 10 .39 .011 .035 .31 .43 9.0II 212 10 .41 .007 .021 .38 .45 5.1II 217 10 .42 .009 .027 .38 .45 6.4
E. pygmaeus 213 10 .52 .024 .074 .43 .67 14.2II 214 10 .48 .015 .048 .43 .58 10.0II 215 10 .46 .021 .065 .38 .57 14.1II 216 10 .49 .015 .047 .42 .57 9.6II 219 10 .50 .022 .069 .40 .63 13.8
E. cronquistii 234 8 .46 .021 .060 .36 .54 13.0II 235 6 .48 .020 .050 .42 .54 10.4
E. tener 237 10 .53 .022 .070 .45 .66 13.2II 240 5 .44 .018 .041 .39 .48 9.3II 245 10 .41 .008 .027 .36 .44 6.6II 246 6 .41 .018 .045 .35 .47 11.0
E. tweedyi 242 10 .43 .011 .035 .39 .51 8.1II 243 10 .39 .010 .031 .35 .44 8.0II 244 10 .46 .017 .055 .39 .55 12.0II 247 10 .45 .009 .029 .39 .48 6.4 Coro00



Table 124. Disk flower corolla lobe length in m  for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 .54 .009 .064 .41 .73 11.9
E. clokeyi 60 .45 .008 .060 .31 .60 13.3
E. pygmaeus 50 .49 .009 .063 .38 .67 12.9
E. cronquistii 14 .47 .015 .055 .36 .54 11.7
E. tener 31 .45 .013 .072 .35 .66 16.0
E. tweedyi 40 .43 .007 .044 .35 .55 10.2

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 .55 .015 .106 .27 .81 19.3
E. clokeyi 92 .45 .011 .101 .23 .81 22.4
E. pygmaeus 90 .53 .009 .087 .36 .81 16.4
E. cronquistii 16 .43 .020 .081 .27 .63 18.8
E. tener ‘ 81 .46 .008 .071 .27 .72 15.4
E. tweedyi 39 .47 .014 .084 .32 .63 17.9
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Table 125. Frequency table for disk corolla lobe apex shape for each population (refer to APPENDIX A
for an explanation of code values).

Species Pop. # n 1 2 3 4 5 6 Mean
E. asperugineus 203 10 8 1 1 4.30II 204 10 9 1 4.10II 220 10 6 4 4.40II 222 10 9 1 4.10II 224 10 6 4 4.40
E. clokeyi 208 10 2 8 4.80II 209 10 5 5 4.50II 210 10 4 6 4.60II 211 10 5 5 4.50II 212 10 8 2 4.20II 217 10 2 8 4.80
E. pygmaeus 213 10 8 2 4.20II 214 10 4 6 4.60II 215 10 7 3 4.30II 216 10 4 6 4.60II 219 10 6 4 4.40
E. cronquistii 234 8 7 1 5.13II 235 6 1 5 4.83
E. tener 237 10 2 8 4.80II 240 5 1 4 4.80II 245 10 3 7 4.70II 246 . 6 1 5 4.83
E. tweedyi 242 10 3 7 4.70II 243 10 3 6 1 4.80It 244 10 2 8 4.80II 247 10 3 7 4.70 COCOo



Table 126. Frequency table for disk corolla lobe apex shape for the six species (refer to APPENDIX
A for an explanation of code values).

COLLECTIVE POPULATION SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus bO 38 11 1 4.26
E. clokeyi 60 26 34 4.57
E. pygmaeus 60 29 21 4.42
E. cronquistii 14 1 12 1 5.00
E. tener 61 7 24 4.77
E. tweedyi 40 11 28 1 4.75

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 Mean

E. asperugineus 53 39 11 3 4.32
E. clokeyi 92 62 25 5 4.38
E. pygmaeus 90 64 20 6 4.36
E. cronquistii • 16 3 9 4 5.06
E. tener 62 35 34 13 4.73
E. tweedyi 39 24 13 3 4.44 w
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Table 127. Anther length in mm for each population.

Species Pop. # n Mean SE of X Std, Dev. Min. Max. CV(%)
E. asperugineus 203 10 1.46 .061 .192 1.18 1.85 13.2II 204 10 1.42 .061 .194 1.12 1.87 13.7II 220 10 1.48 .029 .093 1.36 1.64 6.3II 222 10 1.42 .029 .092 1.27 1,59 6.5II 224 10 1.39 .027 .086 1.18 1.47 6.2
E. clokeyi 208 10 1.21 .043 .137 1.02 1.39 11.3II 209 10 1.10 .061 .192 .81 1.44 17.5II 210 10 1.13 .051 .160 .94 1.49 14.2II 211 10 1.10 .029 .090 .90 1.23 8.2II 212 10 1.13 .025 .080 .99 1.23 7.1II 217 10 1.12 .030 .096 .97 1.30 8.6
E. pygmaeus 213 10 1.26 .058 .183 .91 1.59 14.5II 214 10 1.21 .042 .133 .99 1.35 11.0II 215 10 1.21 .035 .110 1.06 1.38 9.1II 216 10 1.36 .029 .092 1.19 1.49 6.8II 219 10 1.38 .036 .115 1.19 1.53 8.3
E. cronquistii 234 8 .89 .016 .046 .81 .95 5.2II 235 6 .85 .033 .080 .74 .94 9.4
E. tener 237 10 1.26 .038 .121 1.07 1.43 9.6II 240 5 1.00 .050 .112 .83 1.12 11.2II 245 10 1.05 .017 .052 .97 1.13 5.0II 246 6 1.22 .022 .054 1.17 1.32 4.4
E. tweedyi * 242 10 .98 .045 .143 .77 1.19 14.6II 243 10 .95 .035 .110 .74 1.06 11.6II 244 10 1.08 .025 .080 .98 1.22 7.4II 247 10 1.09 .033 .104 .88 1.28 9.5 OJwIN3



Table 128. Anther length in mm for the six species.

COLLECTIVE POPULATION SPECIES :
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 1.43 .020 .139 1.12 1.87 9.7
E. clokeyi 60 1.13 .017 .132 .81 1.49 11.7
E. pygmaeus 50 1.28 .021 .146 .91 1.59 11.4
E. cronquistii 14 .87 .017 .064 .74 .95 7.4
E. tener 31 1.14 .025 .138 .83 1.43 12.1
E. tweedyi 40 1.02 .020 .124 .74 1.28 12.2

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 1.45 .039 .284 .90 2.34 19.6
E. clokeyi 91 1.15 .021 .200 .63 1.62 17.4
E. pygmaeus 90 1.24 .020 .185 .54 1.62 14.9
E. cronquistii 16 .84 .048 .194 .45 1.17 23.1
E. tener ‘ 79 1.08 .027 .238 .36 1.85 22.0
E. tweedyi 37 1.12 .037 .223 .63 1.89 19.9
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Table 129. Anther tip appendage length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev, Min. Max. CV(%)
E. asperugineus 203 10 .35 .019 .060 .27 .44 17.1II 204 10 .30 .011 .034 .24 .35 11.311 220 10 .31 .013 .040 .26 .38 12.9II 222 10 .37 .008 .026 .32 .40 7.0II 224 10 .35 .016 .050 .27 .42 14.3
E. clokeyi 208 10 .21 .008 .025 .16 .24 11.9II 209 10 .23 .011 .035 .18 .29 15.2II 210 10 .21 .011 .035 .16 .25 16.7II 211 10 .18 .008 .024 .15 .22 13,3II 212 10 .18 .012 .038 .10 .23 21.1II 217 10 .18 .007 .022 .16 .22 12.2
E. pygmaeus 213 10 .29 .013 .041 .22 .37 14.1II 214 10 .29 .010 .033 .24 .34 11.4II 215 10 .25 .006 .019 .22 .28 7.6II 216 10 .31 .013 .042 .25 .40 13.5II 219 10 .27 .014 .045 .19 .32 16.7
E. cronquistii 234 8 .16 .009 .026 .13 .21 16.3II 235 6 ■ .20 .009 .022 .16 .22 11.0
E. tener 237 10 .25 .010 .030 .20 .29 12.0II 240 5 .22 .012 .026 .19 .25 11.8II 245 10 .20 .008 .026 .15 .23 13,0II 246 4 .27 .015 .038 .22 .32 14.1
E. tweedyi 242 10 .24 .009 .030 .20 .31 12.5II 243 10 .21 .006 .019 .19 .24 9.1II 244 10 .24 .008 .025 .21 .29 10.4II 247 10 .25 .007 .021 .23 .29 8.4 COCO4̂



Table 130. Anther tip appendage length in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. a { % )

E, asperugineus 50 .33 .007 .049 .24 .44 14.9
E. clokeyi 60 .20 .004 .034 .10 .29 17.0
E. pygmaeus 50 .28 .006 .042 .19 .40 15.0
E. cronquistii 14 .18 .008 .029 .13 .22 16.1
E. tener 31 .23 .007 .039 .15 .32 17.0
E. tweedyi 40 .23 .004 .027 .19 .31 11.7

COLLECTIVE HERBARIUM SPECIES;
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 .35 .013 .092 .18 .54 26.3
E. clokeyi 91 .21 .006 .061 .09 .36 29.1
E. pygmaeus 89 .29 .008 .078 .14 .68 26.9
E. cronquistii 16 .16 .008 .030 .09 .22 18,8
E. tener 79 .22 .007 .061 .09 .36 27.7
E. tweedyi 37 .26 .010 .063 .14 .41 24.3
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Table 131. Anther collar length in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV{%)
E. asperugineus 203 10 .31 .027 .084 .09 .38 27.111 204 10 .33 .013 .041 .27 .38 12.4II 220 10 .30 .009 .029 .28 .36 9.4II 222 10 .31 .009 .029 .25 .35 9.7II 224 10 .37 .017 .052 .31 .45 14.1
E. clokeyi 208 10 .28 .015 .047 .20 .35 16.8II 209 10 .26 .017 .053 .18 .35 20.4II 210 10 .27 .014 .044 .22 .37 16.3II 211 10 .26 .009 .028 .23 .32 10.8II 212 10 .25 .009 .030 .18 .29 12.0II 217 10 .24 .005 .015 .22 .27 6.3
E. pygmaeus 213 10 .31 .007 .024 .27 .35 7.7II 214 10 .33 .011 .034 .27 .38 10.3II 215 10 .31 .011 .033 .27 .35 10.7II 216 10 .31 .010 .031 .26 .35 10.0II 219 10 .31 .011 .036 .25 .35 11.6
E. cronquistii 234 8 .26 .014 .039 .23 .35 15.0II 235 6 .27 .005 .013 .25 .29 4.8
E. tener 237 10 .30 .010 .031 .25 .34 10.3II 240 5 .24 .009 .019 .22 .27 7.9II 245 10 .28 .008 .026 .25 .33 9.3II 246 6 .29 .008 .019 .27 .32 6.6
E. tweedyi * 242 10 .30 .011 .036 .27 .39 12.0it 243 10 .25 .014 .043 .20 .35 17.2II 244 10 .28 .009 .028 .25 .32 10.0II 247 10 .30 .012 .039 .24 .35 13.0 COCO



Table 132. Anther collar length in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 .32 .008 .054 .09 .45 16.9
E. clokeyi 60 .26 .005 .039 .18 .37 15.0
E. pygmaeus 50 .31 .005 .032 .25 .38 10.3
E. cronguistii 14 .27 .008 .030 .23 .35 11.1
E. tener 31 .28 .006 .032 .22 .34 11.4
E. tweedyi 40 .28 .006 .040 .20 .39 14.3

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 53 .33 .011 .081 .09 .63 24.6
E, clokeyi 92 .24 .007 .065 .09 .41 27.1
E. pygmaeus 90 .32 .007 .062 .18 .45 19.4
E. cronguistii 16 .24 .019 .076 .14 .41 31.7
E. tener 78 .26 .007 .062 .14 .45 23.9
E. tweedyi 37 .30 .009 .056 .18 .45 18.7
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Table 133. Filament length in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 1.49 .139 .440 .48 2.21 29.511 204 10 1.53 .090 .286 1.15 1.98 18.7II 220 10 1.15 .058 .185 .77 1.39 7.4n 222 10 1.20 .088 .278 .87 1.80 23.2II 224 10 1.23 .059 .186 .85 1.55 15.1
E. clokeyi 208 10 .98 .076 .240 .70 1.39 24.5II 209 10 .79 .067 .212 .45 1.18 26.8II 210 10 .64 .027 .084 .53 .77 13.1II 211 10 .70 .033 .105 .53 .81 15.0II 212 10 .59 .015 .046 .51 .66 7.8II 217 10 .75 .043 .135 .60 .97 18.0
E. pygmaeus 213 10 1.14 .067 .212 .86 1.50 18.6II 214 10 1.07 .043 .137 .85 1.26 12.8II 215 10 1.08 .059 .188 .87 1.33 17.4II 216 10 1.06 .036 .114 .85 1.24 10.8II 219 10 1.10 .060 .189 .86 1.44 17.2
E. cronquistii 234 8 .56 .027 .077 .45 .70 13.8II 235 6 .68 .056 .136 .50 .85 20.0
E. tener 237 10 .87 .052 .164 .66 1.16 18.9II 240 5 .88 .051 .115 .69 .99 13.1II 245 10 .61 .033 .105 .47 .83 17.2II 246 6 .82 .043 .106 .74 1.01 12.9
E. tweedyi 242 10 .69 .042 .133 .47 .88 19.3II 243 10 .57 .029 .092 .46 .73 16.1II 244 10 .96 .058 .182 .77 1.22 19.0II 247 10 .89 .040 .126 .67 1.04 14.2 ww00



Table 134. Filament length in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 1.32 .046 .322 .48 2.21 24.4
E. clokeyi 50 .74 .025 .193 .45 1.39 26.1
E, pygmaeus 50 1.09 .024 .168 .85 1.50 15.4
E. cronquistii 14 .61 .032 .119 .45 .85 19.5
E. tener 31 .78 .031 .170 .47 1.16 21.8
E. tweedyi 40 .78 .033 .207 .46 1.22 26.6

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 52 1.33 .059 .425 .48 2.70 32.0
E. clokeyi 92 .76 .030 .286 .36 1.80 37.6
E. pygmaeus 89 1.23 .050 .473 .45 3.42 38.5
E. cronquistii 16 .68 .056 .223 .36 1.17 32.8
E. tener 79 .75 .023 .204 .36 1.26 27.2
E. tweedyi 37 .86 .040 .246 .45 1.44 28.6
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Table 135. Style length in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV(%)
asperugineus 203 10 4.77 .212 .670 3.82 5.99 14.1

II 204 10 4.37 .123 .387 3.96 4.92 8.9
II 220 10 4.25 .167 .527 3.55 5.27 12.4
II 222 10 4.59 .142 .451 4.03 5.66 9.8
II 224 10 4.37 .123 .388 3.61 4.93 8.9

clokeyi 208 10 3.02 .116 .366 2.47 3.64 12.1
II 209 10 2.66 .079 .250 2.34 3.17 9.4
II 210 10 2.46 .050 .158 2.20 2.66 6.4
II 211 10 2.44 .086 .272 2.04 2.89 11.2
It 212 10 2.54 .043 .136 2.40 2.78 5.4
II 217 10 2.56 .110 .348 2.09 3.36 13.6

pygmaeus 213 10 3.48 .118 .372 2.91 4.13 10.7
II 214 10 3.23 .088 .278 2.93 3.74 8.6
II 215 10 3.46 .132 .418 2.79 3.95 12.1
II 216 10 3.34 .119 .377 2.93 3.89 11.3
II 219 10 3.49 .136 .430 2.98 4.34 12.3

cronquistii 234 7 2.10 .113 .300 1.80 2.62 14.3
II 235 6 2.17 .173 .424 1.64 2.87 19.5

tener 237 10 2.77 .087 .274 2.41 3.30 9.9
II 240 5 2.72 .092 .205 2.49 3.01 7.5
II 245 10 2.87 .109 .345 2.39 3.53 12.0
II 246 6 3.10 .166 .407 2.63 3.56 13.1

tweedyi * 242 10 2.75 .099 .313 2.34 3.29 11.4
II 243 10 3.04 .119 .376 2.67 3.99 12.4
II 244 10 3.47 .107 .339 2.93 4.28 9,8
II 247 10 3.26 .097 .307 2.66 3.72 9.4 CO
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Table 136. Style length in mm for the six species

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E, asperugineus 50 4.47 .072 .511 3.55 5.99 11.4
E, clokeyi 60 2.61 .042 .323 2.04 3.64 12.4
E. pygmaeus 50 3.40 .053 .377 2.79 4.34 11.1
E. cronquistii 13 2.13 .097 .349 1.64 2.87 16.4
E. tener 31 2.86 .059 .330 2.39 3.56 11.5
E. tweedyi 40 3.13 .066 .419 2.34 4.28 13.4

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 51 4.70 .121 .860 2.30 6.66 18.3
E. clokeyi 84 2.77 .058 .547 1.71 4.23 19.7
E. pygmaeus 87 3.79 .068 .633 2.39 6.39 16.7
E. cronquistii 16 2.48 .100 .399 1.64 3.38 16.1
E. tener * 83 2.81 .061 .551 1.65 4.19 19.6
E. tweedyi 37 2.95 .073 .445 1.67 4.28 15.1

CO



Table 137. Style branch length in mm for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 1.07 .038 .120 .86 1.24 11.2

II 204 10 1.07 .042 .134 .89 1.32 12.5
II 220 10 .96 .022 .070 .85 1.07 7.3
II 222 10 1.07 .036 .115 .87 1.25 10.7
II 224 10 1.07 .036 .115 .91 1.24 10.7

E. clokeyi 208 10 .65 .033 .105 .55 .85 16.2
II 209 10 .61 .013 .042 .55 .69 6.9
II 210 10 .60 .019 .060 .52 ,72 10.0
II 211 10 .52 .010 .032 .45 .56 6.2
II 212 10 .56 .011 .034 .51 .61 6.0
II 217 10 .58 .028 .089 .47 .76 15.3

E. pygmaeus 213 10 .95 .030 .096 .78 1.11 10.1
II 214 10 .82 .036 .113 .68 1.07 13.8
II 215 10 .89 .041 .130 .74 1.21 14.6
II 216 10 .88 .039 .123 .72 1.12 14.0
11 219 10 .98 .032 .101 .78 1.09 10.3

E. cronquistii 234 7 .49 .023 .060 .41 .57 12.2
II 235 6 ■ .55 .016 .040 .48 .60 7.3

E. tener 237 10 .63 .031 .099 .49 .81 15.7
II 240 5 .67 .018 .040 .63 .72 6.0
II 245 10 .73 .012 .036 .67 .81 4.9
II 246 6 .75 .030 .073 .69 .87 9.7

E. tweedyi 242 10 .67 .025 .078 .54 .78 11.6
II 243 10 .68 .022 .069 .57 .77 10.1
II 244 10 .70 .023 .073 .57 .83 10.4
II 247 10 .83 .029 .092 .68 .93 11.1 OJ
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Table 138. Style branch length in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 1.05 .017 .117 .85 1.32 11.1
E. clokeyi 60 .59 .010 .076 .45 .85 12.9
E. pygmaeus 50 .90 .017 .123 .68 1.21 13.7
E. cronquistii 13 .52 .016 .058 .41 .60 11.2
E. tener 31 .69 .015 .083 .49 .87 12.0
E. tweedyi 40 .72 .016 .099 .54 .93 13.8

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 51 .98 .036 .257 .45 1.62 26.2
E. clokeyi 89 .60 .013 .122 .36 1.13 20.3
E. pygmaeus 87 .96 .017 .157 .54 1.53 16.4
E. cronquistii 16 .50 .019 .076 .36 .63 15.2
E. tener 83 .62 .013 .121 .36 .99 19.5
E. tweedyi 37 .76 .020 .122 .50 1.08 16.1

CO45»CO



Table 139. style branch width in mm for each population.

Species Pop. # n Mean SE of X Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 .21 .008 .026 .18 .26 12.4

II 204 10 .20 .006 .019 .18 .24 9.5
II 220 10 .17 .004 .014 .14 .18 8.2
II 222 10 .20 .008 .026 .14 .23 4.0
II 224 10 .20 .007 .022 .16 .23 11.0

E. clokeyi 208 10 .18 .004 .014 .16 .21 7.8
II 209 10 .16 .004 .012 .15 .19 7.5
II 210 10 .16 .005 .015 .13 .18 9.4
II 211 10 .17 .004 .013 .15 .18 7.6
II 212 10 .17 .004 .013 .15 .19 7.6
II 217 10 .15 .003 .009 .14 .16 6.0

E. pygmaeus 213 10 .17 .005 .015 .15 .20 8.8
II 214 10 .17 .003 .011 .15 .18 6.5
II 215 10 .14 .006 .018 .10 .16 12.9
II 216 10 .16 .005 .015 .13 .18 9.4
II 219 10 .16 .012 .038 .10 .22 23.8

E. cronquistii 234 7 .15 .015 .040 .09 .20 26.7
II 235 6 .16 .005 .013 .14 .18 8.1

E. tener 237 10 .17 .003 .009 .15 .18 5.3
II 240 5 .15 .002 .005 .15 .18 3.3
II 245 10 .17 .005 .016 .14 .19 9.4
II 246 6 .19 .003 .008 .18 .20 4.2

E. tweedyi 242 10 .16 .004 .013 .13 .18 8.1
II 243 10 .19 .008 .026 .15 .22 13.7
II 244 10 .18 .007 .021 .14 .21 11.7
II 247 10 .19 .006 .020 .16 .22 10.5 w.P:*45»



Table 140. Style branch width in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 .19 .004 .025 .14 .26 13.2
E. clokeyi 60 .17 .002 .015 .13 .21 8.8
E. pygmaeus 50 .16 .003 .023 .10 .22 14.4
E. cronquistii 13 .15 .009 .031 .09 .20 20.7
E. tener 31 .17 .003 .015 .14 .20 8.8
E. tweedyi 40 .18 .004 .023 .13 .22 12.8

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 51 .21 .006 .043 .09 .27 20.5
E. clokeyi 88 .17 .003 .031 .09 .27 18.2
i* pygmaeus 89 .18 .002 .021 .10 .23 11.7
E. cronquistii 16 .19 .009 .036 .09 .27 18.9
E, tener ‘ 83 .19 .004 .035 .09 .27 18.4
E. tweedyi 37 .18 .005 .032 .12 .27 17.8

OJ
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Table 141. Stigma shape for 
code values).

Species Pop. #

each population 

n 1

(refer

2

to APPENDIX A for 

3 4

an explanation of 

5 6 7 Mean
E. asperugineus 203 10 2 5 3 4.10

II 204 10 1 8 1 4.00
II 220 10 8 2 4.20
It 222 10 1 3 6 3.50
II 224 10 1 3 3 3 2.80

E. clokeyi 208 10 10 2.00
II 209 10 1 6 2 1 2.30
II 210 10 1 5 2 2 2.50
II 211 10 6 3 1 1.50
II 212 10 5 5 1.50
II 217 10 5 4 1 1.60

E. pygmaeus 213 10 1 9 6.70
II 214 10 3 7 6.40
II 215 10 10 7.00
II 216 10 1 2 7 6.30
II 219 10 2 2 6 6.00

E. cronquistii 234 7 3 4 3.57
11 235 6 1 5 3.83

E. tener 237 10 3 3 4 3.10
II 240 5 1 4 3.60
II 245 10 2 4 4 4.20
II 246. 6 4 2 2.33

E. tweedyi 242 10 1 7 2 4.00
11 243 10 1 5 3 1 4.50
II 244 10 1 4 5 3.40
II 247 10 2 5 2 1 3.20 CO-fi»



Tabl e 142. Stigma shape for the six species (refer to APPENDIX A for an e xplanation of
code v a l u e s ) ,

COLLECTIVE POPULATION SPECIES
Species n 1 2 3 4 5 6 7 Mean

E. asperugineus 50 1 4 9 30 6 3.72
E. clokeyi 60 18 33 6 3 1.90
E. pygmaeus 50 4 7 39 6.48
E. cronquistii 13 4 9 3.69
E. tener 31 8 7 12 4 3.39
E. tweedyi 40 4 10 19 6 1 3.78

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 3 4 5 6 7 Mean

E. asperugineus 51 9 6 19 13 4 4.02
E. clokeyi 66 29 29 7 21 2 2.30
E. pygmaeus 66 3 2 3 6 8 64 6.34
E. cronquistii • 15 9 3 2 1 3.13
E. tener 83 7 28 4 23 14 2 5 3.42
E. tweedyi 36 1 2 3 10 9 3 8 4.81

CO4̂
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Table 143. Pappus bristle number for disk flowers for each population.

Species Pop. # _n Mean SE of X Std. Dev. Min. Max. C]}{%)

asperugineus 203 10 29.2 2.09 6.63 23 45 22.7
II 204 10 26.9 1.10 3.48 23 34 12.9
11 220 10 25.8 1.11 3.52 22 32 13.6
11 222 10 31.3 1.41 4.45 21 35 14.2
II 224 10 30.4 1.57 4.95 24 42 15.8

clokeyi 208 10 19.3 .60 1.89 17 22 9.8
II 209 10 19.4 .88 2.80 16 25 14.4
II 210 10 19.8 .74 2.35 16 23 11.9
II 211 10 18.3 .50 1.57 16 21 8.6
II 212 10 17.9 .97 3.07 12 22 17.2
I I 217 10 18.1 .53 1.66 16 22 9.2

pygmaeus 213 10 20.6 .93 2.95 16 26 14.3
II 214 10 20.5 .52 1.65 17 22 8.1
11 215 10 19.4 .34 1.08 18 21 5.6
II 216 10 21.4 .67 2.12 17 24 9.9
II 219 10 25.3 .98 3.09 21 30 12.2

cronquistii 234 8 15.8 .53 1.49 13 18 9.4
II 235 6 15.5 .89 2.17 13 19 9.4

tener 237 10 16.4 .43 1.35 15 19 8.2
II 240 5 15.6 .75 1.67 13 17 10.7
II 245 10 21.7 .21 .68 21 23 3.1
II 246 6 21.2 .31 .75 20 22 3.5

tweedyi 242 10 20.4 .81 2.55 18 26 12.5
II 243 10 19.7 .97 3.06 16 27 15.5
II 244 10 23.5 .40 1.27 22 26 5.4
II 247 10 25.0 .83 2.63 21 29 10.5 OJ

00



Table  144. Pappus bristle number for disk flowers for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 28.7 .71 5.01 21 45 17.5
E. clokeyi 60 18.8 .30 2.31 12 25 12.3
E. pygmaeus 50 21.4 .43 3.02 16 30 14.1
E. cronquistii 14 15.6 .46 1.74 13 19 11.2
E. tener 31 18.9 .53 2.95 13 23 15.6
E. tweedyi 40 22.2 .51 3.24 16 29 14.6

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 42 27.6 .84 5.46 14 45 19.8
E. clokeyi 69 19.2 .44 3.64 11 29 19.0
E. pygmaeus 89 21.0 .44 4.17 11 32 20.0
E. cronquistii 11 15.6 .91 3.01 13 24 19.3
E. tener 74 20.1 .46 3.98 8 31 19.8
E. tweedyi 35 23.3 .83 4.93 15 34 21.2

GO
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Table 145. Pappus bristle length for disk 

Species Pop. # n Mean

flowers 

SE

in mm 

of X

for each population. 

Std. Dev. Min. Max. CV(%)
E. asperugineus 203 10 4.32 .116 .367 3.96 5.02 8.5

II 204 10 3.79 .137 .433 3.24 4.57 11.4
II 220 10 4.01 .113 .358 3.44 4.63 8.9
I I 222 10 4.41 .107 .339 3.87 4.87 7.7
II 224 10 3.83 .110 .349 3.22 4.39 8.9

E. clokeyi 208 10 2.61 .099 .312 2.16 3.13 12.011 209 10 2.51 .129 .409 2.03 3.26 16.3
II 210 10 2.53 .068 .215 2.20 2.95 8.5
II 211 10 2.70 .075 .237 2.29 3.04 8.8
II 212 10 2.63 .085 .268 1.98 2.90 10.2
II 217 10 2.64 .049 .156 2.47 2.97 5.9

E. pygmaeus 213 10 2.86 .126 .398 2.20 3.64 13.9
II 214 10 2.51 .086 .272 2.06 2.93 10.8
II 215 10 3.21 .091 .286 2.79 3.59 8.9
II 216 10 2.97 .090 .284 2.32 3.25 9.6
II 219 10 2.78 .107 .337 2.21 3.17 12.1

E. cronquistii 234 8 2.03 .089 .252 1.63 2.37 12.4
II 235 6 1.87 .081 .199 1.66 2.19 10.6

E. tener 237 10 2.58 .068 .216 2.30 2.92 8.4
II 240 5 2.71 .068 .153 2.56 2.93 5.6
II 245 10 2.65 .034 .109 2.54 2.84 4.1
II 246 6 2.91 .040 .097 2.79 3.02 3.3

E. tweedyi • 242 10 2.45 .084 .265 2.02 2.79 10.8
II 243 10 2.32 .089 .281 1.96 2.92 12.1
I I 244 10 2.47 .054 .170 2.25 2.74 6.9
II 247 10 2.67 .078 .248 2.21 2.93 9.3 COeno



T a b l e  146. Pappus bristle length for disk flowers in mm for the six species.

COLLECTIVE POPULATION SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 50 4.07 .062 .437 3.22 5.02 10.7
E. clokeyi 60 2.60 .035 .274 1.98 3.26 10.5
E. pygmaeus 50 2.87 .054 .345 2.06 3.64 12.0
E. cronquistii 14 1.97 .063 .237 1.63 3.27 12.0
E. tener 31 2.69 .034 .190 2.30 3.02 7.1
E. tweedyi 40 2.48 .042 .266 1.96 2.93 10.7

COLLECTIVE HERBARIUM SPECIES:
Species n Mean SE of X Std. Dev. Min. Max. CV(%)

E. asperugineus 42 4.19 .103 .665 2.25 5.58 15.9
E. clokeyi 71 2.72 .046 .385 1.71 3.87 14.2
E. pyganieus 88 3.02 .045 .422 1.98 3.87 14.1
E. cronquistii 14 1.87 .059 .220 1.62 3.27 11.8
E. tener ‘ 75 2.66 .040 .349 1.98 3.87 13.1
E. tweedyi 35 2.71 .062 .369 1.89 3.24 13.6

COcn



T a bl e  147. Presence of outer pappus for the six species (refer to AP PENDIX A for an explanation
of  code v a l u e s ) .

COLLECTIVE POPULATION SPECIES:
Species n 1 2 Mean

E. asperugineus bO 50 1.00
E. clokeyi 60 60 1.00
E. pygmaeus 50 50 1.00
E. cronquistii 14 14 1.00
E. tener 31 31 1.00
E. tweedyi 40 40 1.00

COLLECTIVE HERBARIUM SPECIES:
Species n 1 2 Mean

E. asperugineus 42 41 1 1.02
E. clokeyi 72 70 2 1.03
E. pygmaeus 89 86 3 1.03
E. cronquistii 14 14 1.00
E. tener 75 73 2 1.03
E. tweedyi 35 35 1.00

COCJlro



3 5 3
A P P ENDI X E

DISTRIBUTION OF SPOTS IN CHROMATOGRAMS

The following matrix depicts spot incidence on chromatograms for 
the six species. For each species, two to six populations were ana
lyzed. In each population, three plants were examined, one plant per 
chromatogram. Thus, three chromatograms (A,B,C) were developed for 
each population.

The asterisk denotes the presence of a particular spot in a 
chromatogram. No asterisk denotes absence of the spot. At column 
headings, spot numbers with a preceding apostrophe are interpreted as 
having the number "1" in front, i.e., '01 is 101.

Species abbreviatons are as follows:
asp = E, asperugineus 
d o  = clokeyi 
pyg = £. pygmaeus 
cro = cronquistii 
ten = £. tener 
twe = E. tweedyi



354
APPENDIX E. D i s t r i b u t i o n  o f  spots in  chromatograms.

SPECIES POPULATION CHROMA- SPOT
NUtlBER IP.GRAM_ 1 2 3 4 5 6 7 8 II 36 37 39 49 50 51 52 53 54 56 58 59 60 27 18 10 62 12 13

asp 203 A
;; ;; b

204 A
;; ;; b

220 A 
8 
C

221 A
222 A: ?
224 A

Bn " C
d o  208 A

" 8
209 A 

B 
C

210 A 
B 
C

211 A 
B 
C

217 A
B
Cpyg 213 A
Bc

214 A 
B 
C

215 A 
B

" " C216 A 
B 
C

219 A
B 
C

cro 234 A
;; ;; b

235 A
B 
C

ten 240 A
" " B

245 A 
B 
C

246 A
" " B

twe 242 A
B 
C

243 A
" " B

244 A 
B

247 A 
B 
C



3 5 5
APPENDIX E ( c o n t . ) .  D i s t r i b u t i o n  o f  spots i n chromatograms

SPECIES POPULATION
NUMBER

CHR O M A 
TOGRAM 29 14 20 26 31 33 32 48 21

SPOT 
22 23 15 16 17 19 34 30 35 28 40 41 42 43 45 46 47 44 80

asp 203 A" 8 *" C Hr
204 A

B * *" C * *
220 A *" B" C *
221 A * *
222 A

B * *" C *
224 A * *" B *•I C

d o 208 A *
" B *" C *

209 A" 8 *
■1 C

210 A *" B
C *

211 A
B•• C *

217 A" B *
II C *

pyg 213 A * *II B * *II c *
214 AII BII c
215 A *

B
» c * *

216 A * * * *
B * *

M c * * *
219 A *

BII c * * *
cro 234 AIt B * *II c * * *

235 A * * * + *
B * *II c * *

ten 240 A *

B * *

II c .* * * * *

245 A * * * *

B * * *II c * *

246 A
BII c * *

twe 242 A
B

H c +

243 A *
8 * *II c * * * *

244 A •k * * * *
B *II c * *

247 A *
B * *
c * * * *
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APPENDIX E ( c o n t . ) .  D i s t r i b u t i o n  o f  spots i n chromatograms.

POPULATION CHROMA- 
NUMBER

SPOT
SPECIES TOGRAM 81 82 83 84 85 86 24 87 88 89^90 91 92 93 98 99 *00 '01 55 57 '02 *03 '04 '05 *06 38 ‘07 '08

asp

cl(

py«

ten

twe

203

204

220

221
222

2 2 /

206

20<

21(

!34

235

240

245

246

242

243

244

247

* * *
* * ★ *



3 5 7
APPENDIX E ( c o n t . ) .  D i s t r i b u t i o n  o f  spots i n chromatograms.

SPECIES POPULATION
NUMBER

C H R O M A 
TOGRAM '09 SPOT

'10 '11 '12 '16 '17 '18 '19 *20 '21 '22 '23 *24 *25 '26 * 2 1 *28 '29 *30 *31 '32 *33 *34
asp 203 A

B
C204 A
B
C

220 A
B
C221 A222 A
B *" C

224 A
B
C

d o 208 A
B
C

209 A" B
C

210 A *
B
C

211 A
“ B" C

217 A
B
C

pyg 213 A * * * *
B
C

214 A" B
C

215 A
" B" C

216 A
B
C

219 A" B * *
" C

cro 234 A *
B
C

235 A" B" C
ten 240 A

B
C

245 A
B" C

246 A *
B *
C

twe 242 A
B
C

243 A" B
C

244 A *
8
C

247 A
B
C



APPENDIX F. Characteristics of the spots,

Key fo r  co lo r abbreviations in  tab le :

f t  = fa in t

It = light
f l  = fluorescent

grays = co lor takes on grayish
tinge under ammonia fumes

und. = spot undetected under these 
conditions

Explanation o f values given in  ta b le :

Each spot has three numbers fo r  each R,̂  value, 
upper number = mean Rf value, X 
middle number = standard deviation o f mean R  ̂ value 
lower number = number o f spots, or N

For example, R,-TBA fo r  spot 1 l is t s :  .37
^ .032

70

This is  in te rp re ted  as: mean R̂  value is  .32 w ith a
standard devia tion o f .032, and N = 70 spots.

SPOT # Rf-TBA Rf-HOAc COLOR 
UV lig h t

COLOR 
UV l ig h t  + NH4 OH SPOT # Rf-TBA Rf-HOAc COLOR 

UV lig h t
COLOR 

UV lig h t  + NĤ OH

1 .37 .63 I t  pink I t  white-pink 7 ,83 ,80 und., or f t  blue-green
.032 .043 ,034 ,052 f t  blue
70 70 28 28

2 .64 .41 blue f l  green 8 .60 84 I t  blue or I t  f l  green or
.029 .048 .051 ,021 I t  blue-white I t  green-white
73 73 59 59

3 .66 .58 I t  blue or I t  f l  green 11 .32 .83 und., f t  blue. I t  blue or
.051 .039 I t  blue-gray .036 .029 f t  blue-green I t  blue-green
73 73 55 55

4 .58 .75 blue f l  green 36 .36 ,11 und., or ye llow , green-gold,
.049 .032 .014 .040 f t  purple I t  green-gray
73 73 8 8

5 .42 .77 I t  blue or I t  f l  green or 37 .76 .39 I t  purple I t  green-gray
.040 .036 I t  blue-green I t  blue-green .033 ,041
63 63 9 9

6 .75 .83 f t  blue or I t  blue-green 39 .13 .10 green-gold or green-gold or
.069 .030 f t  blue-purple .021 .010 I t  green-gray I t  green-gray
51 51 14 14

COtn00



APPENDIX F(cont.). Characteristics of the spots,

SPOT # Rf-TBA Rf-HOAc COLOR 
UV l ig h t

COLOR 
UV l ig h t  + NH^OH SPOT # Rf-TBA Rf-HOAc COLOR 

UV lig h t
COLOR 

UV l ig h t  + NHaOH

49 .13 .18 f t  yellow f t  yellow 18 .78 66 I t  blue or I t  f l  green or
.022 .014 .043 .053 I t  blue-gray I t  blue-green
6 6 47 47

50 .13 .41 f t  purple f t  green-gray 10 .30 .68 I t  blue or I t  f l  green or
.017 .021 .033 .029 I t  blue-green I t  blue-green
7 7 45 45

51 .43 .41 und. blue 62 .57 .66 I t  blue I t  f l  green or
.038 .031 .038 .030 I t  blue-green
6 6 10 10

52 .23 .71 und. f t  orange 12 .35 .82 I t  blue or I t  blue-green
.026 .027 .039 .027 I t  blue-green
6 6 26 26

53 .46 .65 f t  purple f t  purple or 13 .40 .84 I t  blue-green or I t  blue-green
.020 .016 fades out .035 .022 I t  blue-purple
4 4 32 32

54 .31 .24 I t  purple I t  yellow 29 .49 .77 f t  blue or I t  f l  green
.011 .016 .044 .040 f t  blue-green
9 9 26 26

56 .24 .88 und., f t  blue or I t  green or 14 .28 .19 purple green-gold
.018 .025 f t  blue-purple I t  f l  green .031 .027
5 5 52 52

58 .29 .65 I t  purple grays 20 .38 .52 und., or I t  blue-green
.012 .032 .028 .057 f t  blue
9 9 33 33

59 .35 .46 und. f t  orange 26 .13 .33 purple purple-gray or
.019 .032 .020 .025 green-gold
9 9 49 49

60 .57 .84 und., or blue or 31 .24 .25 I t  yellow I t  yellow or
.026 .027 blue grayish .027 .028 yellow-white
9 9 29 29

27 .19 .44 I t  purple I t  green-gray or 33 .08 .23 I t  gold or I t  gold or
.021 .038 or grays .010 .022 I t  yellow-brown I t  yellow-brown
46 46 28 28

GJtnto



APPENDIX F(cont.). Characteristics of the spots.

SPOT # Rf-TBA Rf-HOAc COLOR 
UV l ig h t

COLOR 
UV l ig h t  + NHdOH SPOT # Rf-TBA Rf-HOAc COLOR 

UV lig h t
COLOR 

UV l ig h t  + NH/iOH
32 .18 .12 I t  green-gray I t  yellow-brown 35 .36 .22 I t  purple f t  purple or

.032 .016 .024 .025 green-gray
25 25 22 22

48 .06 .09 f t  yellow  or I t  yellow or 28 .75 .77 und., f t  blue, I t  f l  green
.011 .019 f t  yellow-brown I t  yellow-brown .060 .028 or f t  blue-gray
19 19 15 15

21 .14 .11 I t  purple or green-gray 40 .26 .57 purple green-gray
.029 .012 I t  purple-gray .016 .027
25 25 15 15

22 .41 .39 I t  purple f t  purple or 41 .30 .18 yellow , gold, or gold
.043 .020 f t  green-gray .013 .012 yellow-brown
20 20 15 15

23 .78 .12 I t  purple f t  purple or 42 .21 .16 yellow-gold yellow-gold
.044 .047 f t  green-gray .014 .011
12 12 14 14

15 .34 .46 und., or I t  blue-green 43 .27 .17 I t  purple or green-gray
.028 .039 f t  blue .009 .018 I t  green-gray
19 19 21 21

16 .37 .69 I t  purple I t  green-gray 45 .13 .23 f t  yellow  or I t  gold
.045 .026 .013 .015 f t  gold
17 17 14 14

17 .37 .28 I t  purple green-gold or 46 .28 .75 und. I t  green or
.031 .022 green-gray .017 .029 I t  f l  green
35 35 16 16

19 .53 .26 I t  purple green-gray or 47 .25 .55 I t  purple f t  purple or
.029 .031 grays .017 .035 grays
25 25 17 17

34 .26 .14 I t  green-gray or I t  green-gray or 44 .14 .05 I t  yellow I t  yellow-white
.022 .016 green-gold green-gold .015 .004
22 22 15 15

30 .08 .68 I t  purple I t  purple or 80 .89 .55 b righ t blue I t  blue
.020 .026 grays .050 .059
27 27 56 56 U)crto



APPENDIX F{cont.). Characteristics of the spots,

SPOT # Rf-TBA Rf-HOAc COLOR 
UV l ig h t

COLOR 
UV l ig h t  + NHdOH SPOT # Rf-TBA Rf-HOAc COLOR 

UV l ig h t
COLOR 

UV l ig h t  + NHaOH

81 .98 .53 b rig h t blue I t  blue 91 .31 .64 f t  purple grays
.050 .062 .009 .017
13 13 4 4

82 .31 .66 f t  blue-purple f t  blue-purple 92 .56 .53 f t  purple f t  purple-brown
.028 .013 .024 .011
4 4 4 4

83 1 . 0 0 .58 I t  blue I t  blue 93 .48 .41 f t  purple f t  purple
.023 .047 .020 .006
3 3 3 3

84 .91 .40 I t  blue I t  blue 98 .04 .72 f t  purple f t  purple or
.024 .018 .008 .014 grays
a' 8 3 3

85 .81 .46 I t  blue or I t  blue or 99 .08 .82 f t  purple f t  purple or
.071 .044 f t  blue-purple f t  blue-purple .011 .020 grays
6 6 3 3

8 6 .31 .21 und., or I t  yellow or 1 0 0 .34 .89 und. I t  blue
.027 .034 f t  purple I t  green-gold .031 .026
6 6 3 3

24 .82 .58 f t  blue or I t  blue or 101 .22 .63 f t  blue or f t  blue or
.060 .025 f t  blue-purple I t  blue-purple .004 .001 f t  blue-purple f t  blue-purple
12 12 2 2

87 .47 .71 f t  orange ■ und. 55 .31 .19 purple green-gray or
.056 .013 .008 .003 gray
3. 3 4 4

88 .55 .81 blue or blue or green 57 .19 .32 und. f t  yellow
.035 .074 blue-purple .009 .018
7 7 4 4

89 .82 .24 f t  blue or f t  blue 102 .53 .83 und. grayish
.047 .058 f t  blue-green .042 .024
7 7 3 3

90 .82 .55 und. f t  green 103 .90 .55 und. purple
.019 .022 .050 .061
5 5 3 3 oo

cr>



APPENDIX F{cont.). Characteristics of the spots,

SPOT # Rf-TBA Rf-HOAc COLOR 
UV l ig h t

COLOR 
UV l ig h t  + NH4OH SPOT # Rf-TBA Rf-HOAc COLOR 

UV l ig h t
COLOR 

UV l ig h t  + NHaOH

104 .92 .69 und. purple 117 .78 .04 f t  purple f t  purple
.017 .011 .000 .000
2 2 1 1

105 .92 .75 und. purple 118 .84 .77 und. f t  blue
.003 .003 .000 .000
2 2 1 1

106 .93 .81 und. purple 119 .13 .67 und. green
.006 .007 .000 .000
2 2 1 1

38 .62 .11 f t  purple grays 1 2 0 .50 .81 b righ t blue I t  blue
.011 .033 .000 .000
6 6 1 1

107 .78 .45 und. I t  purple 121 .54 .76 blue-purple I t  blue
.000 .000 .000 .000
1 1 1 1

108 .24 .45 f t  blue f t  green 122 .47 .77 blue-purple I t  blue
.000 .000 .000 .000
1 1 1 1

109 .43 .35 f t  blue I t  f l  green 123 ,37 .90 und. blue
.000 .000 .000 .000
1 1 1 1

1 1 0 .85 .27 f t  green f t  green 124 .63 .09 f t  yellow-brown f t  yellow-brown
.000 .000 .000 .000
1 1 1 1

111 .85 .79 blue I t  blue 125 .32 .31 f t  blue-green f t  blue-green
.000 .000 .000 .000
1 1 1 1

112 .75 .30 f t  blue f t  blue 126 .51 .86 und. grayish
.000 .000 .000 .000
1 1 1 1

116 .56 .55 f t  blue f t  f l  green 127 .44 .64 f t  orange f t  orange
.000 .000 .000 .000
1 1 1 1 CO

ro



APPENDIX F(cont.). Characteristics of the spots.

S W T j  Rf-TBA Rf-HOAc U V I i o U ^ H . O H  5 % ^ ,  Rf-TBA Rf-HOAc UV

128 .79 .37 f t  blue f t  blue 132 .12 .37 f t  yellow und..002 .005 .000 .0002 2 1 1
129 .21 .80 und., or f t  blue or 133 .29 .34 und. f t  orange-yellow

.007 .010 f t  blue f t  green .004 .023
3 3 2 2

130 .22 .80 und. f t  green or 134 .37 .24 f t  purple grays.021 .002 f t  blue-green .000 .0002 2 1 1
131 .49 .78 und., or I t  f l  green

.059 .018 f t  blue
2 2

COCTiCO
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APPENDIX G 
VOUCHER SPECIMENS

Erigeron apserugineus (D. C# Eaton in Watson) A, Gray
IDAHO: BLAINE CO.: Open areas on dry, rocky ridge, on south side of 
Galena Summit, Smoky Mtns,, ca. 31 miles north of Ketchum, ID on US 
Hwy 75, T.6N, R.15E, Sec.7 or 18, ca. 2830 m, 6 August 1981, Ake 222 
(MONTU, C, G)• CUSTER CO.: On dry, rocky slopes and ridges, 
northeast of Double Springs Pass, vicinity of Mt. Dickey, Pahsimeroi 

Mtns., 7.5 miles from US Hwy 93, T.ION, R.22E, Sec.3, ca. 2700 m, 7 
August 1981, Ake 224 (MONTU, JEPS, MO). NEVADA: ELKO CO.: Open, dry, 
rocky hillside, southeast exposure, above Lamoille Lake, Ruby Mtns., 
T.31N, R.58E, ca. Sec.2, ca. 2890 m, 23 July 1981, Ake 203 (MONTU,
NY, RY); Dry, compacted soil, semi— open area along trail around 

Island Lake, Ruby Mtns., T.32N, R.58E, Sec.36, ca. 2950 m, 23 July 
1981, Ake 204 (MONTU, US, UTC); On dry rocky slope between Jack and 
McAfee Peaks, above Mill Creek, Independence Mtns., T.42N, R.53E,
Sec.28, ca. 2800 m, 5 August 1981, Ake 220 (MONTU, RY, UTC).

Erigeron clokevi Cronquist
CALIFORNIA: INYO CO.: In dry, rocky flat, along White Mountain Road, 
near Sheep Mtn., White Mtns., 23.2 miles from CA Hwy 168, T.5S,
R.34E, Sec.11, ca. 3660 m, 2 August 1981, Ake 217 (MONTU, C, G). 
NEVADA: CLARK CO.: On dry, rocky ridge among open bristlecone pine 
forest, south loop of trail to Charleston Peak, Charleston Mtns.,



3 6 5

T.20S, R.56E, Sec.2, ca. 3230 m, 28 July 1981, 208 (MONTU, JEPS,
MO); On dry, rocky hillside In open bristlecone pine forest, along 
switchback up to ridge, south loop of trail to Charleston Peak, 
Charleston Mtns., T.20S, R.56E, Sec.l, ca. 3130 m, 28 July 1981, Ake 
209 (MONTU, NY, RY); On dry, rocky soil in open bristlecone pine 
forest, at fork in north loop of trail to Charleston Peak, 3 miles 
from Deer Creek Road, Charleston Mtns., T.19S, R.57E, ca. Sec.18, 
ca. 2870 m, 29 July 1981, Ake 210 (MONTU, US, UTC). NYE CO.: On 
windswept, dry, rocky ridge, south of the headwaters of the South 
Fork Pine Creek, Toquima Range, T.llN, R.43E, ca. 2970 m, 30 July 
1981, Ake 211 (MONTU, C, NY); Open sagebrush areas on trail along 

Pine Creek, Toquima Range, T.llN, R.45E, ca. 2100 m, 30 July 1981, 
Ake 212 (MONTU, RY, UTC).

Erigeron cronquistii Maguire
UTAH: CACHE CO.: Crevices of rock outcrops above Wood Camp Hollow, 

west side of Logan Canyon, Bear River Range, 12 miles northeast of 
Logan, UT on Hwy 89, T.21N, R.41E, Sec.7 northeast 1/4, ca. 1707 m, 
21 May 1982, Ake 234 (MONTU, US, RY); Crevices of rock outcrops 
above road, at fork between Right Fork of Logan River and Logan 
River, Bear River Range, 11 miles northeast of Logan, UT on Hwy 89, 
T.12N, R.41E, Sec.18 northeast 1/4, ca. 1707 m, 21 May 1982, Ake 235 

(MONTU, NY, UTC).
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Erigeron pygmaeus (A. Gray) Greene
CALIFORNIA: INYO CO.: In dry, rocky soil among rocks/bouXders, on 
switchbacks above Consultation Lake and below Mt. Whitney Pass, 6.5 
miles on Mt. Whitney trail from Mt. Whitney Portal, Sierra Nevada 
Mtns., T.16S, R.34E, Sec.9, ca. 3840 m, 2 August 1981, Ake 215 
(MONTU, C, G); In dry, rocky talus, east— facing slope. Sheep 
Mountain, above White Mountain Road, White Mtns., 23.2 miles from CA 
Hwy 168, T.5S, R.34E, Sec.11, ca. 3750 m, 2 August 1981, Ake 216 
(MONTU, JEPS, MO). MONO CO.: In dry, rocky soil among rock outcrops, 
just on west side of Mono Pass, 3.7 miles on trail from Tioga Road, 
Sierra Nevada Mtns., T.IS, R.25E, Sec.15, 3231 m, 1 August 1981, Ake 
213 (MONTU, NY, RY); In dry, rocky soil, Parker Pass, ca. 5.3 miles 

on trail from Tioga Road, Sierra Nevada Mtns., T.IS, R.25E, Sec.22, 
3383 m, 1 August 1981, Ake 214 (MONTU, US, UTC), NEVADA: WASHOE 
CO.: Dry, rocky soil, windswept areas above timberline, west— facing 
slope on trail to summit of Mt. Rose, ca. 6 miles from trail head at 
NV Hwy 431, northern Sierra Nevada Mtns., T.17N, R.18E, Sec.11, 
ca. 3170 m, 4 August 1981, Ake 219 (MONTU, C, JEPS).

Erigeron tener A. Gray
IDAHO: BLAINE CO.: In crevices of rock outcrop, south— facing slopes 
above Oregon Gulch, ca. 8 miles north of Ketchum, ID, on ID Hwy 75, 
T.5N, R.17E, Sec.9, ca. 1950 m, 21 July 1982, A ^  245 (MONTU, C, G). 
CUSTER CO.: In crevices of rock outcrop, along ID Hwy 75, 23 miles 
north of Galena Summit and 9 miles south of Stanley, ID, T.9N, R.14E, 
Sec.7, ca. 2033 m, 4 July 1982, Ake 2 ^  (MONTU, JEPS, MO); In
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crevices of rock outcrops. Antelope Pass, 24 miles south of Trail 
Creek Road up the East Fork of the Big Lost River, T.3N, R*23E,
Sec.7, ca. 2743 m, 22 July 1982, Ake 246 (MONTU, NY, RY). NEVADA: 
WHITE PINE CO.: Rocky soil, roadside of scenic overlook, 11 miles 
from Baker, NY on Wheeler Peak Road, Wheeler Peak Scenic Area, Snake 
Range, T.13N, R.69E, Sec.6, ca. 2804 m, 1 July 1982, Ake 237 (MONTU, 
US, UTC).

Erigeron tweedyi Canby
IDAHO: CUSTER CO.: Rocky soil. Antelope Pass, 24 miles south of Trail 
Creek Road up the East Fork of the Big Lost River, T.5N, R.23E,
Sec.7, ca. 2743 m, 22 July 1982, 2 ^  (MONTU, C, G, JEPS, MO).
MONTANA: BEAVERHEAD CO.; Dry, rocky hillside above Clark Canyon 
Reservoir on MT Hwy 324, 3.7 miles west of junction of 1—15 and MT 
Hwy 324, T.IOS, R.llW, Sec.l, ca. 1737 m, 5 July 1982, Ake 242 
(MONTU, JEPS, MO, NY, RY); Rocky slopes, west side of 1-15, 3.5 
miles south of Red Rock, MT and 19 miles north of Lima, MT, T.llS, 
R.lOW, ca. Sec.27, ca. 1753 m, 5 July 1982, Ake (MONTU, NY, RY, 
US, UTC); Patches of rocky soil amongst sagebrush/grassland slopes, 
ca. 2 miles southwest of Lima, MT, T.14S, R.33E, ca. Sec.20, 1951 m,
5 July 1982, Ake 244 (MONTU, C, G, US, UTC).
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APPENDIX H 
EXSICCATAE

Erigeron asperugineus (D.C. Eaton in Watson) A. Gray
IDAHO: BLAINE CO.: Dry, rocky ridge, on south side of Galena Summit> 
Smoky Mtns., ca. 31 miles north of Ketchum, ID on ID Hwy 75, T.6N, 
R.15E, Sec.7 or 18, ca. 2830 m, 6 August 1981, Ake 222 (MONTU, C, G); 
Dry gravelly slopes, high mountain ridges above Galena Summit, 8752 

ft., 25 July 1953, Baker 10725 (NY); On dry grassy slopes of knob to 
east of saddle. Galena Summit, 24 miles northwest of Ketchum 25 July 
1946, Christ. J.H. 15815 (NY); Dry gravelly hillside at Galena 

Summit, 8750 ft*, 31 July 1941, Cronquist 3531 (G, MO, NY); Small 

Peak above Divide, 6 miles from Sawtooth [Sawtooth is now Sawtooth 
City Historical Site], 10,200 ft., 26 July 1895, Henderson 3524 (US); 
In loose limestone rocks, divide slightly to west of Norton Peak, 
Smoky Mtns. , 3 August 1944, Hitchcock. C.L. Muhlick 10684 (C, NY, 
RY); Gravelly slopes. Smoky Mtns., 9500 ft., 13 August 1916,
Macbride & Pavson. E.B. 3779 (C, G, MO, NY, RY, US); Steep slopes. 
Galena Summit, 8752 ft., 1 August 1962, Mosquin 4788 (UTC); Rocky 
slopes of Mt. Hyndman, Sawtooth Range, 9000 ft., 30 July 1936, 
Thompson 13605. (MO, NY); Alpine slopes at head of Boulder Creek, 
Sawtooth Mtns., Sawtooth Nat"l, Forest, 9000 ft., 6 August 1937, 
Thompson 14 116 (C, G, MO, NY, US). CASSIA CO.: Top of Mt. 
Independences, Cache Peak Range, T.14S, R.24E, Sec.20, 9850 ft., 12
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July 1972, Holmgren> N.H. 6203 (NY). CUSTER CO.; On dry, rocky 
slopes and ridges, northeast of Double Springs Pass, vicinity of 
Mt. Dickey, Pahsimeroi Mtns., 7.5 miles from US Hwy 93, T.ION, R.22E, 
Sec.3, ca. 2890 m, 23 July 1981, (MONTU, JEPS, MO); On open
gravelly slopes, Mt. Jordan, on divide of Salmon River Mtns., north 
of Bonanza, ID, 24 July 1946, Christ. J.H. 15750 (NY); Cracks in 

rock at base of Mill Creek Guardian, 14 miles west of Challis, 8800 
ft., 9 July 1941, Cronquist 3012 (G, MO, UTC); Gravelly draw 
southeast of Double Springs Summit, 8 miles northeast of Dickey 8400 
ft., 17 July 1941, Cronquist 3184 (G, MO, UTC); Granitic rocky 
hillside along Wildhorse Creek, 25 miles southwest of Chilly, 7700 
ft., 23 July 1941, Cronquist 3343 (G, MO, UTC); Lost River Mtns., 

10,300 ft., 14 August 1895, Henderson 3852 (G, US); Summit of saddle 
between Rock Creek and Mahogany Creek, 1 mile west of Mt. Borah, Lost 
River Mtns., 10,000 ft., 12 August 1944, Hitchcock. C.L. & Muhlick 
10970 (C, NY, RY); On dry gravelly ridge of alpine meadow, head of 
West Fork Pahsimeroi River, Leatherman Pass, Lost River Mtns., 
ca. 10,800 ft., 16 August 1944, Hitchcock. C.L. & Muhlick 11167 (C, 
NY, RY); On timbered knoll in cirque at west base of Mt. Mogg, Lemhi 
Range, ca. 10,000 ft., 18 August 1944, Hitchcock. C.L. & Muhlick 
11230 (MO, NY, UTC); Near Plat 42K— SAP— WBP, Loon Creek Summit, 
Challis Nat'l. Forest, 8500 ft., 10 July 1973, Lewis. M.E. 2746 
(UTC); Alpine slopes and mountain summit, Parker Mt., 9000 ft., 17 

July 1916, Macbride & Pavson. E.B. 3246 (G, MO, NY, US); In the 
rocks, Mackay (Bear Canyon), 8000 ft., 31 July 1911, Nelson &
Macbride 1499 (RY). LEMHI CO.: On outlying ridge at timberline.
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Liberty Mt., Lemhi Range west of Gilmore, ID, 15 July 1945, Christ. 
J.H. & Ward 14884 (NY); Southest slope of peak, west of Gunsight 
Peak, southeast side of Big Eightmile Creek Canyon, east slope Lemhi 
Range, Salmon Nat"l. Forest, ca. 10,000 ft., 6 July 1973, Henderson 
& Jackson 988 (NY). MONTANA: RAVALLI CO.: Dry, rocky ledges, 
southeast slope, north above Chaffin Lake, Chaffin Lakes Basin, 
Bitterroot Mtns,, 8300 ft., 1 August 1971, Lackschewitz 3165 (NY). 
NEVADA: ELKO CO.: Dry, rocky hillside, southeast exposure, above 
Lamoille Lake, Ruby Mtns., T.31N, R.58E, Sec.2, ca. 2890 m, 23 July 
1981, Ake 203 (MONTU, NY, RY); Dry, compacted soil, semi— open area 
along trail around Island Lake, Ruby Mtns., T.32N, R.58E, Sec.36, 

ca. 2950 m, 23 July 1981, Ake 204 (MONTU, US, UTC); Dry, rocky slope 
between Jack and McAfee Peaks, above Mill Creek, Independence Mtns., 
T.42N, R.53E, Sec.28, ca. 2800 m, 5 August 1981, Ake 220 (MONTU, RY, 
UTC); In seppage from spring, south of Harrison Pass, Ruby Mtns., 
T.28N R.57E, ca. Sec.35, 9000 ft., 7 August 1967, Gentry & Davidse 
1830 (C, RY, UTC); Clover Mountain Range, near Deeth, 9300 ft., 24 
July 1908, Heller 9173 (C, NY, US); Canyon at the head of South Fork 
of the Humboldt, East Humboldt or Ruby Mtns., 9550 ft., 11 August 
1908, Heller 9417 (C, NY, US); Dry gravelly soil, north exposure. 
Spruce Mt., 10,500 ft., 22 July 1941, Holmgren. A.H. 1509A (UTC);
Dry gravelly soil, Lamiolle Lake, Ruby Mtns., 9700 ft., 27 August 
1941, Holmgren. A.H. 1918 (C); On gravelly slope, north end of 

McAfee Peak ridge. Independence Mtns., T.24N, R.53E, Sec.14, 10,000 
ft., 6 August 1972, Holmgren. N.H. & P.K. Holmgren 6285 (NY, UTC); 
East Humboldt Mtns., 9000 ft., 8 August 1881, Jones 2198 (US, UTC);
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East Humboldt Mtns., 2 August 1901, Jones s.n. (NY); Dry slope, east 
face of Copper Mt., Humboldt Nat^l. Forest, 8500 ft., 18 August 1975, 
Lewis. M.E.. Sr. M.E. Lewis. Jr. 3631 (UTC); Dry gravelly soil, 
above the loop in Lamoille Canyon, on the Harrison—Lamoille Trail, 
9100 ft., 22 July 1943, Maguire & A.H. Holmgren 22097 (G, NY, UTC); 
Dry gravelly east slopes near summit. Copper Mtns., 7 August 1943, 
Maguire 6̂ A.H. HoImgren 22335 (C, MO, NY); Ridge along summit Copper 
Mt., 7 August 1943, Maguire & A.H. Holmgren 22356 (NY, UTC); Base of 
cliffs on east-facing slopes, Hayes Creek, headwaters of Jack Creek, 
Independence Mt., 11 August 1943, Maguire & A.H. Holmgren 22437 (C, 
NY); Rocky places on slopes south of basin, above Island Lake, Ruby 
Range, 16 August 1943, Maguire A.H. HoImgren 22579 (NY); Liberty 
Lake, Ruby Mtns., 10,200 ft., 13— 18 August 1941, Mills & Beach 1327 
(C); Head of unnamed creek opposite Terrace Guard Station, Ruby 
Mtns., 9500 ft., 13— 18 August 1941, Mills & Beach 1492 (C); Near
Verdi Lake, Ruby Mtns,, 10,450 ft., 13— 18 August 1941, Mills & Beach
1578a (C); Open pebbly slopes, Pole Creek, Burnt Timber Mtns., 7500 
ft., 15 July 1912, Nelson & Macbride 2068 (G, MO, NY, RY, UTC);
Steep, loose talus slopes, McAfee Peak area. Independence Mtns., 
T.42N, R.53E, Sec.23, 10,000 ft., 31 August 1980, Tiehm 6320 (NY, 
UTC); Meadows and ridges, Lamoille Lake region and Furlong Lake 
meadow, west side Ruby Mtns., 10,000 ft., 20 July 1936, Train 382 
(us); Dry slope, east rim of Coon Creek Basin, Jarbridge Mtns.,
9000— 10,000 ft., 11 August 1937, Train 735 (NY); East Humboldt 
Mtns., 9000 ft., August 1869, Watson 510 (HOLOTYPE: G, ISOTYPE; NY);
Angel Lake, 30 July 1978, Williams & Tiehm 78— 261— 22 (NY).
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HUMBOLDT CO.: Gravelly soil, open hillside, west of Hinkey Summit, 
Santa Rosa Range, Humboldt Nat^l. Forest, T.44N, R.39E, Sec.22, 8360 
ft., 12 August 1967, Gentry & Davidse 1874 (C, G, NY, RY, UTC).
WHITE FINE CO.: South side Sherman Ridge, south end of Ruby Range, 
ca. 10,000 ft., 4 August 1939, Hitckcock. C.L. Mart in 5646 (C, G, 
NY); Ward Mtn., above Ward Mtn. Mining District, T.14N, R.63E,
Sec.16, 700 ft., 2 August 1978, Williams & Tiehm 78— 292— 10 (NY).

Erigeron clokevi Cronquist
CALIFORNIA: INYO CO.: In dry, rocky flat, along White mountain Road, 
near Sheep Mtn. , White Mtns., 23.2 miles from CA Hwy 168, T.5S,

R.34E, Sec.2, 2 August 1981, Ake 217 (MONTU, C, G); Just below 
foxtail pine belt, east slope Waucoba Peak, 10 July 1941, Alexander & 
Kellogg 2516 (C, G, UTC); One and one-half miles north of New York 
Butte, 9200 ft., 11 July 1942, Alexander & Kellogg 3081 (C, MO, RY, 
US, UTC); Telescope Peak, Panamint Mtns., 23 June 1891, Bailey. 
Coville & Funston 2026 (US); Along east slope of Wild Rose Summit, 
Panamint Mtns., ca. 8500 ft., 15 September 1931, Coville & Gilman 29 
(US); Bishop, CA, 1 July 1911, Davidson 2597 (C); Limestone ridge, 
Grandview Campground at south end of White Mtns., T.7S, R.34E,
Sec.13/14, ca. 8500 ft., 2 July 1979, Ertter & Strachan 3025 (NY); 
Summit Trail, Silver Canyon to Big Prospector Meadow, White Mtns.,
10,000 ft., 23 July 1917, Jenson 7236 (JEPS); Rocky soil, Wyman 
Canyon, 5.7 miles east of White Mountain Road, 8200 ft., 17 July 
1963, Lloyd 3046 (C, NY); Gravelly sagebrush intervale, 11 miles up 
Wyman Creek, White Mtns., Inyo Nat"l. Forest, 1 August 1945, Maguire
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& A.H, Holmgren 26038a (C, G, US, UTC); Dry flats on trail from Wild 
Rose Canyon to Telescope Peak, Panamint Mtns., 10,000 ft., 8 July 
1937, Munz 14795 (C, G, MO); Dry rocky limestone ridge in sagebrush 
scrub, Reed Flat, White Mtns., 10,300 ft., 18 July 1955, Munz 21008 
(C, NY); Rocky ridge. Rock Creek Lake Basin, 10,800 ft., 5 August 
1933, Perison 10787 (C); Rocky ridge along one of the lakes of the 
east chain. Rock Creek Lake Basin, 10,500 ft., 15 August 1933,
Perison 10802 (C); Table Mtn., above Schober^s Pack Station, near 
Lake Sabrina, 10,000 ft., 29 July 1950, Raven & Stebbins 35 (C); On 
dry rocky northslope, near head of Tamarack Canyon, Inyo Mtns.,
10,000 ft., 9 August 1953, Roos. J.C. & A.R.. Roos 5933 (NY); Along 
edge of dry sandy wash, rocky slopes and flats, 2 miles east of Blue 
Bell Mine, Inyo Mtns., 9400 ft., 11 August 1953, Roos. J.C. &
A.R. Roos 5989 (NY); Limestone rock and gravel slides. North Face 

Whitetop Peak, summit Last Chance Mtns., 21 July 1955, Roos.
J.C. 6482 (C); Dry rocky slopes above South Fork Bishop Creek, along 
road to South Lake, southwest of Biship, ca. 8500 ft., 5 October 
1975, Tilforth. C.W. & Tilforth, D. 169 (C). MONO CO.: Stony slope, 
trail, Sweetwater Canyon, 9400 ft., 13 July 1944, Alexander & Kellogg 
3864 (C, UTC); Rocky ridge, west side of Sweetwater Canyon, 9500 
ft., 20 July 1944, Alexander & Kellogg 3944 (C); Sandy gully on 
station grounds. High Altitude Research Station at the head of North 
Fork Crooked Creek, White Mtns., 10,120 ft., 29 July 1961, Bacigalupi 
& Heckard 8063 (JEPS); Hill west of High Altitude Research Station 
at the head of Crooked Creek, White Mtns., ca. 10,300 ft., 29 July 
1961, Bacigalupi & Hutchison 8057 (JEPS); Ridgetop above Bright Dot
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Lake, Convict Creek Basin, Sierra Nevada, 10,800 ft*, 18 August 1963, 
Bamberg Ma ior 863 (C); Mono Pass, 1866, Bolander 6154 (C, MO);
Open gravelly rhyolitic ridge crest between Silverado and Sweetwater 
Canyon, Sweetwater Mtns., ca. 75 km wesat of Hawthorne, NV, ca. T.7N, 
R.24E, ca. 3000 m, 19 July 1973, Cronquist 11070 (NY); On pumice and 
obsidion ridge, northeast base of Glass Mtn., an isolated mountain 
between the Sierra Nevada and north end of the White Mtns., ca. T.2S, 
R.29E, ca. 2900 m, 26 July 1973, Cronquist 11092 (NY); Near and 
above timberline, south of Bright Dot Lake, Convict Creek drainage. 
Sierra Nevada, 10,600 ft., 1 August 1978, DePecker 4772 (C); Crooked 
Creek Ranger Station, T.5S, R.35E, Sec.23, U.S.G.S. White Mtn. Quad, 
9500 ft., 24 June 1926, Duran 1561 (C); Dry open flats, Chiatovitch 
Flats, T.3S, R.34E, Sec.5, U.S.G.S, White Mtn. Quad, 10,300 ft., 13 
July 1929, Duran 2556 (C); McAfee Meadow, just east of the crest of 

the White Mtns., 12,000 ft., 30 July 1030, Duran 2835 (C, JEPS, UTC); 
Bloody Canyon, 1 August 1898, Gibbs s.n. (C); One mile west of lower 
end of Lower Twin Lake, T.4N, R.24E, Sec.28, Bridgeport(Mono) 
Quadrangle, 8700 ft., 10 July 1937, Hendrix 310 (C); Ancient 
Bristlecone Pine Forest, just south of (above) Campito Meadow, White 
Mtns., T.5S, R.34E, Sec.24, 10,800 ft., 18 July 1972, Holmgren.
N.H. P.K. Holmgren 6245 (NY); Bloody Canyon, on Walker Creek 

between Walker Lake and Sardine Lake, south of Gibbs Mt., 19 July 
1911, Jenson 4471 (JEPS); Rocky slope. County Line Hill, White 
Mtns., 11,150 ft., 1 August 1917, Jenson 7366 (JEPS); Meadow ca. 
half mile west southwest of Crooked Creek Lab, 10,200 ft., 7 August 
1963, Lloyd 3144 (C); Southeast slope of Sheep Mtn., White Mountain
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Road, 11,450 ft*, 8 August 1963, Lloyd 3180 (C); Rocky areas, 
subapline area in immediate vicinity of Crooked Creek Cave, Crooked 
Creek Canyon, 10,000 ft*, 1963, Lloyd 3191 (C); South-facing 
sagebrush slopes, head of Crooked Creek, White Mtns*, Inyo Nat^l. 
Forest, 7 August 1945, Maguire & A.H. Holmgren 26125 (C, US, UTC);
Dry stony flat. Tamarack Lake, 15 miles southwest of Bridgeport, 9000 
ft*, 18 August 1940, Munz 16024 (C); Open rocky south slopes. Big 
Prospector Meadow, White Mtns., 10,500 ft., 8 August 1951, Roos. J. & 
L. Roos 5100 (C); In metamorphics, east slope Dunderberg Peak,
10,800 ft., 2 August 1937, Sharsmith. C.W. 2914 (C); Mono Pass,
10,000 ft*, 23 July 1907, Ware 2723c (G); South-facing slope, 
vicinity of Crooked Creek Res. Station, White Mtns., Inyo 
Nat'l. Forest, 10,400 ft., 11 August 1969, Zufelt & Gierisch 70 (C). 
NEVADA: CLARK CO.: Dry, rocky ridge among open bristlecone pine 

forest, south loop of trail to Charleston Peak, Charleston Mtns*, 
T.20S, R.56E, Sec.2, ca* 3230 m, 28 July 1981, A ^  208 (MONTU, JEPS, 
MO); Dry, rocky hillside in open bristlecone pine forest, along 
switchback up to ridge, south loop of trail to Charleston Peak, 
Charleston Mtns., T.20S, R.56E, Sec.l, ca. 3150 m, 28 July 1981, Ake 
209 (MONTU, NY, RY); Dry, rocky soil in open bristlecone pine 
forest, at fork in north loop of trail to Charleston Peak, 3 miles 
from Deer Creek Road, Charleston Mtns., T.19S, R.57E, Sec*18, 
ca * 2870 m, 29 July 1981, Ake 210 (MONTU, US, UTC); Summit Cathedral 

Rock, Charleston Mtns*, 8600 ft*, 12 June 1939, Alexander 762a (C); 
Rocky ridge. Deer Creek drainage. Charleston Mtns., 9000 ft., 14 Just 
1939, Alexander 762b (C); On flat, Lee Canyon, Charleston Mtns.,
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8650 ft., 16 June 1939, Alexander 762c (C); Ridge below Mummy Rock, 
between Deer Creek and Kyler Canyons, Charleston Mtns., 9850 ft., 17 
June 1939, Alexander 762d (C); Hidden Forest, Sheep Mtns., 7700 ft., 
24 May 1940, Alexander & Kellogg 1545 (C); Limestone ridges facing 
south. Hidden Forest, Sheep Mtns., 7700 ft., 3 June 1940, Alexander & 
Kellogg 1646 (C); Summit Hayford Peak, Sheep Mtns., 9730 ft., 7 June 
1940, Alexander & Kellogg 1679 (C, G); Canyon branching northwest 
from aspen grove. Hidden Forest, Sheep Mtns., 7600 ft., 10 June 1940, 
Alexander & Kellogg 1698 (C, US); By small stream in canyon, 8000 

ft., 9 August 1928, Burt & Dawson 4 (C); Rocky soil at timberline. 
Charleston Peak, 3300 m, 8 August 1935, Clokev. I.W. 5627 (C); Bed 
of Lee Canyon, 2530 m, 1 August 1935, Clokev. I.W. 5630 (C, G, RY,

US, UTC); Brushy meadow, yellow pine belt, Lee Canyon, Charleston 
Mtns., 2700 m, 12 July 1937, Clokev. I.W. 7742 (HOLOTYPE: NY, 
ISOTYPES: C, G, MO, RY, US); Grassy meadow, ridge to Charleston 
Peak, 3300 m, 3 August 1938, Clokev. I.W. 8166 (C, G, MO, RY, US, 
UTC); Limestone cliffs. Big Falls, 2750 m, 3 August 1935, Clokev. 
I.W. & Anderson 5628 (C); Rocky grassy bank. Rainbow Falls, 2670 m, 
24 July 1936, Clokev. I.W. C.B. Clokev 7359 (C); Grassy bank. Peak 
Trail, 2800 m, 24 July 1936, Clokev. I.W. & C.B. Clokev 7360 (C); 
Grayish limestone ridge near head of Lee Canyon, ca. 5 miles north of 
Charleston Peak, Spring Mtns., T.19S, R.56E, ca. 9000 ft., 19 June 
1979, Ertter & Strachan 2845 (NY); In limestone, meadow, head of Lee 
Canyon, Charleston, Mtns., 8200 ft., 30 July 1913, Heller 11033 (C,

G, MO US); In limestone, ridge north side of Lee Canyon, Charleston 
Mtns., 8700 ft., 2 August 1913, Heller 11049 (C, G, MO, US); Exposed
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ridges, head of Lee Canyon, Charleston Mtns., 11,000 ft., 7 September 
1927, Jaeger 2208 (C); In rocky flats. Charleston Mtns.,

9500— 10,500 ft., 12 September 1925, Jaeger s.n. (C); Lee Canyon 
meadow. Charleston Mtns., 8400 ft., 9 July 1938 Train 2139 (C); 
Charleston Peak Trail, 2 miles north on timbered ridge toward peak. 
Charleston Mtns., 9500 ft., 4 August 1938, Train 2277 (C). ESMERALDA 
CO.: Drained hillsides and canyon floor, Chiatovitch Creek, White 
Mtns., 8500 ft., 11 July 1931, Duran 3112 (C, G, JEPS, MO, UTC);
Stony north slopes, Magruder Mtn., south end of Silver Peak Range, 5 
July 1945, Maguire & A.H. Holmgren 25646 (C, G, MO, US, UTC). LANDER 
CO.: Silver Creek, North Toiyabe Range, 12 airline miles north of 
Austin, T.21N, R.44E, Sec.28, 6800 ft., 17 July 1970, Holmgren.
H.H. & P.K. Holmgren 4470 (C, US, UTC). MINERAL CO.: Summit of 
Mt. Grant, Wassuk Range, 11,300 ft., 26 August 1938, Archer 6773 (C, 
MO); Dry rocky soil, base of Big Indian Mtn., east slope of Wassuk 
Range, 9500 ft.. Archer 7027 (C, NY); Dry sagebrush canyon slopes,
7— 8 miles above foot of Cottonwood Creek Canyon, road to Mt. Grant, 

Wassuk Range, 8000 ft., 24 June 1940, Train 4133 (C, NY, UTC). NYE 
CO.: On windswept, dry, rocky ridge, south of the headwaters of the 
South Fork Pine Creek, Toquima Range, T.llN, R.45E, ca. 2970 m, 30 
July 1981, Ake 211 (MONTU, C, NY); Open sagerush areas on trail 
along Pine Creek, Toquima Range, T.llN, R.45E, ca. 2100 m, 30 July 
1981, Ake 212 (MONTU, RY, UTC); Steep mountain slopes southeast of 
Kawich Peak, southeast of Eden Creek mining camp, northwest Reveille 
drainage basin, east face of north Kawich Range, 8200— 9100 ft., 31 
July 1970, Beatley 11557 (NY, US); Open slopes toward the headwaters
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of the Middle Fork of Pine Creek, Toquima Mtns., T.llN, R.45E,
Sec.21, ca. 3000 m, 13 July 1973, Cronquist 11026 (C, US); At edge 
of mahogany woodland, Dobbins Pass, Monitor Mtns., ca. 90 km 
southeast of Austin, T.13N, R.49E, Sec.30, ca. 2400 m, 14 July 1973, 
Cronquist 11037 (NY); Granitic ridge crest between South Fork Pine 
Creek and more southerly drainage, ca. 1 km or less northeast of 

South Summit of Mt. Jefferson, Toquima Mtns., T.llN, R.45E, 
ca. Sec.33, ca. 3300 m, 15 July 1973, Cronquist 11043 (NY); Rocky 
soil, 1.7 miles 226 from Barley triangulation station, 48 miles and 
40 from Tonopah, N38 36'^8” W116 40^4", Monitor Range, Toiyabe 
Nat'l. Forest, 8400 ft., 27 June 1979, Goodrich 12951 (NY); Top of 
Spanish Peak, N38 39^30" W116 58"52", Toquima Range, Toiyabe 
Nat'l. Forest, 10,700 ft., 7 July 1979, Goodrich 13250 (NY); In 
saddle on south ridge of the south fork. Pine Creek Canyon; Toquima 
Range, Toiyabe Nat"l. Forest, T.llN, R.45E, 11,000 ft., 24 July 1964, 
Holmgren. N.H. J.L. Reveal 655 (UTC); Stony sagebrush ridge above 
the Middle Fork of Mosquito Creek, Table Mtn., Monitor Range, Toiyabe 

Nat'l. Forest, 13 July 1945, Maguire & A.H. Holmgren 25740 (C, G, US, 
UTC); Pine Creek Canyon, Toquima Range, Toiyabe Nat^l. Forest, 15 
July 1945, Maguire & A.H. Holmgren 25783 (C, G, NY, US, UTC);
Monitor Range, 10,000 ft., September— October 1978, Phillips &

Sargent s.n. (G); Rocky soil, Morey Peak, 7000— 8000 ft..
May— October 1898, Purpus 6362 (C, US); In rocky areas, ridge south 

of South Jefferson Peak, Toquima Range, 7 August 1976, Tiehm ^  
Williams 2739 (NY). UTAH: BEAVER CO.: Frisco, 8000 ft., 25 June 
1880, Jones 13151 (MO).
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Erigeron cronquist11 Maguire
UTAH: CACHE CO.: Crevices of rock outcrops above Wood Camp Hollow, 
west side of Logan Canyon, Bear River Range, 12 miles northeast of 
Logan, UT on Hwy 89, T.21N, R.41E, Sec.7 northeast 1/4, ca. 1707 m,
21 May 1982, Ake 234 (MONTU, US, RY); Crevices of rock outcrops
above road, at fork between Right Fork of Logan River and Logan 

River, Bear River Range, 11 miles northeast of Logan, UT on Hwy 89, 
T.21N, R.41E, Sec.18 northeast 1/4, ca. 1707 m, 21 May 1982, Ake 235
(MONTU, NY, UTC); Cliffs near Tony Grove Lake, 20 miles northeast of
Logan, UT, 8200 ft., 3 July 1938, Cronquist 975 (MO); Dry soil in 
high rock crevices, 11 miles up Smithfield Canyon, Bear River Range, 

7500 ft., 14 May 1936, Maguire 13812 (NY); Cliffs, north side Longan 

Canyon, 1/4 miles below forks. Bear River Range, 5800 ft., 20 May 
1939, Maguire 16681 (C, G, MO, NY, UTC); In mountains near Logan,
UT, May 1940, Maguire s.n. (G); Rocks near summit of Mt. Magog, Bear 

River Range, 9700 ft., 17 July 1936, Maguire B., D.A. Hobson. &
R.R. Maguire 14063 (G, NY, UTC); Crevices in cliffs, northwest 

slopes of Mt. Magog, Bear River Range, 8800 ft., 17 July 1936,
Maguire. B.. D.A. Hobson. R.R. Maguire 14077 (G, NY, UTC); High 
cliff crevices bordering White Pine Lake, 8700— 8800 ft.; 19 July 
1936, Maguire. B.. D.A. Hobson. R.R. Maguire 14122 (G, NY, US,
UTC); On rock crevices, summit Mt. Naomi, 9880 ft., 20 July 1936, 
Maguire. B.. D.A. Hobson. R.R. Maguire 14173 (NY, UTC); Crevices
in cliffs, summit of Mt. Naomi, 9980 ft., 20 July 1936, Maguire. B..
D.A. Hobson. R.R. Maguire 14207 (UTC); South— facing ledges of 
limestone, above Wood Camp, T.12N, R.3E, southeast 1/4 Sec.6, Logan
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Canyon, Bear River Range, 23 May 1979, Shultz. S_hu_l_tz_,_ §t_
H.B. Cammon 3181 (UTC); Above the Forks, Logan Canyon, 10 May 1909, 
Smith. C.P. 1566 (UTC); On rock faces along ridge to south of 
Mt. Naomi, 9500 ft., 23 July 1953, Tillett 277 (NY, UTC); On cliffs, 
northeast side of Mt. Magog, White Pine Canyon, 8800 ft., 19 July 
1954, Tillett 359 (C, NY, UTC); On rock of steep cliffs, west side 
of Tony Grove Lake, 2 July 1953, Tillett & Crockett 213 (UTC);

Erigeron pygmaeus (A. Gray) Greene
CALIFORNIA:ALPINE— EL DORADO COUNTY BOUNDARY: High saddle near top of 
Job's Sister, 28 July 1918, Evans s.n. (C). EL DORADO CO.: Rocky 

slopes near summit of Freel Peak, 10,900 ft., 12 August 1945, Robbins 
2120 (C); On north slope Freel Peak, south of Lake Tahoe, 10,800 
ft., 30 August 1937, Sharsmith. C.W. 3475 (C); Steep, dry, granite
screes, summit area Freel Peak, 9500— 10,881 ft., 26 August 1970,
Smith. G.L. Alasdair 2703 (jEPS). FRESNO CO.: On slope above and 

west of Duck Lake, west side of Mammoth Crest, Sierra Nevada, 11,000
ft., 17 August 1952, Bacigalupi 3939 (JEPS); At top of
Hell— For— Sure Pass, 11,297 ft., 27 July 1958, Dempster 1167 (JEPS); 
Darwin Lakes, Sierra Nevada Mtns., Summer 1934, Evans s.n. (C); 

Hillside, Piute Pass, 3360 m, 22 August 1935, Frey s.n. (C); Silver 
Pass, 18 August 1918, Grant 1546 (JEPS); Steep hillside below 
southwest side of Lamarck Col, King Canyon Nat'l. Park, Lat• 37 12'N, 
Long. 118 40'W, ca. 12,500 ft., 20 September 1960, Porter 713 (G); 
Rocky jumbled moraines below Lower Desolation Lake, Humphreys Basin, 
headwaters Piute Creek, tributary South Fork San Joaquin River,
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ca. 11,000 ft., 24 July 1955 Quibell 5108 (NY); In rock crevices 
along trail to Piute Pass, below Summit Lake, Humphreys Basin, 
headwaters Piute Creek, tributary South Fork San Joaquin River, 
ca. 11,200 ft., 28 July 1955, Quibell 5247 (C); West— facing slope 
of a high point on Sierran Crest, northeast of Desolation Lake, 
Humphreys Basin, headwaters Piute Creek, tributary South Fork San 
Joaquin River, 12,720 ft*, 30 July 1955, Quibell 5317 (JEPS); On 
outcrops just west northwest of pond below Moon Lake, lowest bench on 
south side of Upper French Canyon Basin, tributary Piute Creek and 
South Fork San Joaquin River, 10,988 ft., 8 August 1955, Quibell 5407 
(C); Steep west— facing outer slope of moraine below lake close 
under Mt. Haeckel, and east and west— facing over glacial lake basin 
between Mt. Spence and Mt. Huxley, 5 August 1957, Quibell 6656 (C). 
FRESNO— INYO COUNTY BOUNDARY: Summit or ridge just north of 
Mt. Humphreys, 12,500 ft., 10 August 1937, Sharsmith. C.W. 3100 (C). 
INYO CO.: In dry, rocky soil among roçks/boulders, on switchbacks 
above Consultation Lake and below Mt. Whitney Pass, 6.5 miles on 
Mt. Whitney trail from Mt. Whitney Portal, Sierra Nevada Mtns.,
T.16S, R.34E, Sec.9, ca. 3840 m, 2 August 1981, Ake 215 (MONTU, C,
G); In dry, rocky talus, east— facing slope. Sheep Mountain, above 
White Mountain Road, White Mtns., 23.2 miles from CA Hwy 168, T.5S, 
R.34E, Sec.11, ca. 3750 m, 2 August 1981, Ake 216 (MONTU, JEPS, MO); 
On flat below summit, Kearsarge Pass trail, west of Independence, CA, 
6 August 1942, Alexander & Kellogg 3248 (C); Piute Pass, Great 
Western Divide, 11,300— 11,409 ft., 22 July 1934, Ferris 8886 (C,
NY); South— facing, dry slopes, 1/4 mile south of Mono Pass,
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ca. 12,000 ft., 12 August 1957, Powell 82 (C); Small peak west of 
Singleberry Lake, above Lake Sabrina, 11,100 ft., 1 August 1950, 
Raven Stebbins 100 (C); In divide leading to Mt. Mills from Mono 
Pass, above Rock Creek Lake Basin, 12,500 ft., 8 August 1938, 
Sharsmith. C.W. 3038 (C); East slope Mt. Muir, head of Lone Pine 
Canyon, vicinity of Mt. Whitney, 12,200 ft., 19 August 1937, 
Sharsmith. C.W. 3281 (C, US). MADERA CO.: Mt. Florence, 10,500 ft., 
July 1931, Blasdale s.n. (C); High summit ridge east of Minerats, 
August 1899, Congdon s.n. (C); Plateau area. Volcanic Ridge near 
western summit region, Ritter Range, Sierra Nevada, 11,000— 11,200 
ft., 20 July 1955, Sharsmith. H.K. 4539 A (C, RY, UTC); Plateau 
area. Volcanic Ridge near western summit region, 11,000— 11,200 ft., 
25 July 1955, Sharsmith. H.K. 4549 (C). MARIPOSA CO.: Mt. Warren, 
August 1896, Congdon s.n. (C); Dry sandy slope, Donohue Pass, 

Yosemite Nat^l. Park, 23 July 1935, Schreiber 1782 (0). MONO CO.: In 
dry, rocky soil among rock outcrops, just on west side of Mono Pass, 
3.7 miles on trail from Tioga Road, Sierra Nevada Mtns., T.IS, R.25E, 
Sec.15, 3231 m, 1 August 1981, Ake 213 (MONTU, NY, RY); In dry, 
rocky soil, Parker Pass, ca. 5.3 miles on trail from Tioga Road, 
Sierra Nevada Mtns., T.IS, R.25E, Sec.22, 3383 m, 1 August 1981, Ake 

214 (MONTU, US, UTC); Slope south of creek, head of Sweetwater 
Canyon, 10,000 ft., 23 July 1944, Alexander & Kellogg 3970 (C, NY, 
UTC): Stony ground near top of ridge south of Deep Creek, Sweetwater
Mtns., 10,400 ft., 4 August 1944, Alexander & Kellogg 4008 (C, NY, 
UTC); Alpine fell— field, on high plateau, about 1/2 mile above and 
north of Barcroft High Altitude Research Laboratory, 3/4 mile above
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and northwest of McAfee Meadow, White Mtns., 12,500 ft., 30 July 
1961, Bacigalupi. Hutchison, Heckard 8102 (jEPS); Summit of Mono 

Pass, 27 June 1863, Brewer 1731 (HOLOTYPE: G, ISOTYPE: MO); Estey 
Plateau, end of jeep road to White Mt. Peak, 13,000 ft., 7 August 
1951, Cook s.n. (C); Ridge crest between Silverado Canyon and 
Sweetwater Canyon, Sweetwater Mtns., ca. T.7N, R.24E, ca. 3000 m, 19 

July 1973, Cronquist 11066 (C, NY); Open, rocky, rhyolite and pumice 
summit of Glass Mt., an isolated mountain between the Sierra Nevada 
and north end of the White Mtns., ca. T.2S, R.29E, ca. 3350 m, 26 
July 1973, Cronquist 11103 (NY); Dry rocky open areas, near White 
Peak, T.4S, R.34E, Sec.33, U.S.G.S. White Mt. Quad, 12,000 ft., 30 
July 1926, Duran 1665 (C); Mono Pass, 20 August 1907, Eastwood 525 
(C, G, NY, u s ) ;  One mile southwest of Black Mtn., T.2N, R.24E,
Sec.11, Bridgeport quadrangle, 11,300 ft., 11 August 1937, Hendrix 
521 (C); Open gravelly soil. Ancient Bristlecone Pine Forest, 
Patriarch Grove, White Mtns., T.5S, R.34E, Sec.12, 11,400 ft., 18 
July 1972, HoImgren. N.H. _& P.K. HoImgren 6233 (NY); Mono Pass, 
10,600 ft., 20 July 1966, Hood s.n. (G); Mono Pass, east of Tuolumne 
Meadows, Sierra Nevada, 10,600 ft., 17 July 1911, Jepson 4434 (JEPS); 
Harvey Monroe Hall Natural Area, Slate Creek basin, on north slope of 
White Mtns., ca. 3500 m, 17 August 1936, Keck 4378 (C); Koip Peak, 
Yosemite Nat"l. Park [Koip Peak is just outside the parkas east 
boundary], August 1916, Kennedy s.n. (C); In sedge swales, Dana 
Plateau, 2 miles east of Tioga Pass, Inyo Nat'l. Forest, 11,500 ft., 
27 July 1954, Kruckeberg 3605 (NY, RY); Southeast slope of Sheep 
Mountain, White Mountain Road, 11,450 ft., 8 August 1963, Lloyd 3181
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(C, G, NY); Large limestone sand flat along trail to Bright Dot 
Lake, Convict Creek Basin, Sierra Nevada, 10,450 ft,, 17 August 1962, 
Major & Bamberg 1281 (C); Dana Plateau, 11,500— 12,000 ft., 28 July 
1936, Mason 11411 (C); Tioga Crest, east of Saddlebag Lake, 11,400 
ft,, 31 July 1936, Mason 11467 (C); On south slope, Pellisier Flats, 
White Mtns,, 12,800 ft,, 21 July 1964, Mitchell 2214 (C, NY); On dry 
stony flats in alpine fell— field, head of Sweetwater Creek, 
Sweetwater Mtns., 10,600 ft,, 24 July 1955, Munz 21192 (NY); Exposed 
pumice slopes, Wheeler Peak area, Sweetwater Mtns,, T.7N, R.24E,
Sec,25, 11,500 ft., 21 July 1974, Reveal. J.L. & C.G. Reveal 3718 
(NY); Dana Plateau, vicinity of Mt. Dana, 12,000 ft., 13 July 1937, 
Sharsmith. C.W. 2432 (C); Dana Plataeu, vicinity of Mt, Dana, 12,100 

ft,, 15 July 1937, Sharsmith. C.W. 2488 (C); Dry bench on northwest 
slope Lee Vining Peak, Tioga Pass region, 11,000 ft., 28 July 1937, 
Sharsmith. C.W. 2804 (C); Northeast slope Dunderberg Peak, 12,100 
ft., 2 August 1937, Sharsmith. C.W. 2939 (C); Northeast slope 
Excelsoir Mountain, Lundy Canyon region, 11,500 ft., 5 August 1939, 
Sharsmith. C.W. 4143 (C, NY); Crest or ridge, 1 mile east of 

Arrowhead Lake, Mammoth Lakes Basin, 10,500— 11,300 ft,, 10 August 
1938, Stebbins 2592 (C, RY), MONO— TOULUMNE COUNTY BOUNDARY:

Mt. Dana, up to 12,200 ft., July 1902, Hall & Babock 3614 (C); North 
ridge Mt. Gibbs, 12,000 ft,, 17 July 1973, Sharsmith. C.W. 2557 (C); 
Just below summit of Mt, Gibbs, 12,000 ft., 17 July 1937, Sharsmith. 
C.W. 2585 (C); TULARE CO.: Golden Trout Creek, 9650 ft., 26 July 
1949, Howell 25803 (NY); Cirque Peak, ca. 12,250 ft,, 9 August 1949, 
Howell 26192 (NY); Olancha Peak, 10,800 ft., 22 July 1950, Howell
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27189 (G, NY); Among huge boulder in alpine fell— fields, Olancha 
Peak, southern Sierra Nevada, 11,600— 12,100 ft., 22 July 1950, Munz 
15296 (G); North slope Cirque Peak, above Army Pass, Mt. Langely 
region. Sierra Nevada, 12,250 ft., 26 August 1937, Sharsmith.
C.W. 3401 (C); Summit of Boreal Plateau, southwest of Siberian 
Outpost, Mt. Langley region, 11,400 ft., 27 August 1937, Sharsmith. 
C.W. 3417 (C); South slope Mt. Langley above Army Pass, 12,500 ft., 
28 August 1937, Sharsmith. C.W. 3450 (C); Gentle rise of the knoll 
west from Lake South America, headwaters of Kern River, 
ca. 11,900— 12,000 ft., 14 July 1966, Smith. C.N. 1474 (JEPS); 
Against foot of rocks along creek in Siberian Outpost near Siberian 
Pass Creek, ca. 10,400— 10,425 ft., 18 July 1966, Smith. C.N. 1507 

(JEPS); Occasionally around granite outcrops, Siberian Pass, 10,870 
ft., 30 July 1970, Twisselmann. McMillan. & Nathan 17334 (JEPS). 
TUOLUMNE CO.: Snow Lake Trail, near north boundary of Yosemite 
Nat'l. Park, 29 July 1934, Bartholomew s.n. (C): Slide Canyon west
of Finger Peak, near north boundary of Yosemite Nat^l. Park, 10,800 

ft., 30 July 1934, Bartholomew s.n. (C); Ridge east of Emigrant 
Meadow, 22 July 1941, Hoover 5523 (C, US); Moist granitic soil, 
meadow, west slopes of Mammoth Peak, 3 August 1936, Lee 2408 (JEPS); 
Granite gravel, steep slope near the summit. Mammoth Peak, 3 August 
1936, Lee 2416 (JEPS); Alpine slopes of Mt. Conness, Sierra Nevada, 
11,500 ft., 23 July 1936, Mason 11284 (C); White Mtn., Mt. Conness 

Range, Sierra Nevada, 11,500 ft., 24 July 1936, Mason 11346 (C); 
Southeast plateau of Mt. Conness, 12,200 ft., 6 August 1933, 
Sharsmith, C.W. 306 (C); Northwest slope Mt. Dana, 12,000 ft., 10
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July 1935, Sharsmith. C.W. 2064 (C); Vest slope North Peak,
Mt. Conness Range, 11,800 ft., 25 July 1936, Sharsmith. C.W. 2251 
(C); Near saddle between Mt. Dana and Mt. Gibbs, 11,500 ft., 17 July 
1937, Sharsmith. C.W. 2533 (C); Kuna Crest above Helen Lake, Parker 
Pass region, 12,000 ft., 20 July 1937, Sharsmith. C.W. 2647 (C); 
Plateau on south slope Kuna Peak, above Lyell Canyon, 12,500 ft., 21 
July 1937, Sharsmith, C.W. 2690 (C); South slope of Mt. Lewis, just 
north of Parker Pass, 11,500 ft., 22 July 1937, Sharsmith. C.W. 2721 
(C); Valley of Shepherds Crest, vicinity of Mt. Conness, 11,500 ft., 
1 August 1939, Sharsmith. C.W. 4107 (C); Northwest end of Shepherd 
Crest, Yosemite Nat^l. Park, T.2N, R.24E, Sec.16, 11,700 ft., 23 
August 1935, Thomas 385 (C). CALIFORNIA: UNKNOWN COUNTY: Sierra 
Nevada, 1875, Muir 4405 (MO). NEVADA; WASHOE CO.: Dry, rocky soil, 
windswpt areas above timberline, west— facing slope on trail to 
summit of Mt. Rose, ca, 6 miles from trailhead at NV Hwy 431, 
northern Sierra Nevada Mtns., T.17N, R.18E, Sec.11, ca. 3170 m, 4 
August 1981, Ake 219 (MONTH, C, JEPS); Toiyabe Nat'l. Forest, T.17N, 
R.18E., Sec.11— 14, 26 July 1978, Genz 8511 (UTC); Mt. Rose, 10,500 
ft., 26 August 1911, Heller 9867 (G, MO, NY); Summit Mt. Rose,
10,700 ft., 27 July 1939, Hitchcock. C.L. & Martin 5500 (C, MO, NY, 

UTC).

Erigeron tener A. Cray
CALIFORNIA: ALPINE CO.: Summit of Silver Mt., near Ebbett's Pass, 5 
August 1863, Brewer 2043 (HOLOTYPE: G, ISOTYPES: JEPS, US). LASSEN 
CO.: Crevices in volcanic rock summit Thompson Peak, south of
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Janesville, 7700 ft., 10 July 1937, Stebbins & Jenkins 2285 (C)* 
MODOC CO.: Summit Emerson Peak, Warner Mtns., 9020 ft., 23 July 1946, 
Alexander & Kellogg 5045 (C, UTC). MONO CO.: In scraped ground of 
red, caked adobe above road and meadow. Mormon Ranch, 8.3 miles 
southwest of Bodie, 7375 ft., 30 June 1945, Alexander & Kellogg 4347 
(C); Dry ledges and talus slopes on west slope of ridge just east of 
Arrowhead Lake, Mammoth Lakes Basin, 10,000— 10,500 ft., 10 August 
1938, Stebbins 2582 (C). SHASTA CO.: Mountains at headwaters of the 

Sacramento River, 8000 ft., 19 August 1891, Pringle 9 (G). SISKIYOU 
CO.: Mount Eddy, 30 August 1912, Eastwood 2011 (G, US); On scree of 
south— facing slope, near the summit of Mt. Eddy, ca. 8900 ft., 13 
August 1967, Hedkard 1689 (JEPS). IDAHO: BLAINE CO.: In crevices of 
rock outcrop, south— facing slopes above Oregon Gulch, ca. 8 miles 
north of Ketchum, ID on ID Hwy 75, T.5N, R.17E, Sec.9, ca. 1950 m, 21 
July 1982, Ake 245 (1K)NTU, C, G); Cracks in granite outcrop on south 
exposure overlooking Oregon Gulch, 10 miles north of Ketchum, 6400 
ft., 19 June 1941, Cronquist 2536 (UTC); East side of small peak 
west of Cobb Peak, and southwest of Hyndman Peak, Pioneer Mtns.,
T.5N, R.19E, 9400 ft., 6 August 1977, Ertter & Lockwood 2170 (NY); 
Shallow soil on crumb ley rock outcrop on US Hwy 93 along* Big Wood 
River, two miles south of Galena, Sawtooth Nat"l. Forest, 8000 ft.,
22 July 1965, Hermann 20124 (NY); Sunny crevices on rock cliff. 
Antelope Mtns., near Martin, 7000 ft., 6 July 1916, Macbride &
E.B. Payson 3068 (C, G, NY, RY, US); Rock crevices. Smoky Mtns.,
9000 ft., 13 August 1916 ,  Macbride & E.B. Payson 3757 (G, NY, RY, 
u s ) ;  On vertical granite cliffs, Ketchum, ID, 5887 ft., 21 July
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1911, Nelson & Macbride 1252 (C, G, NY, RY, US). CASSIA CO.:
City— of— Rocks, 15 July 1939, Davis 1385 (UTC); Silent City of 
Rocks, just southwest of roads summit, T.15S, R.23E, Sec.26, Cache 
Peak Range (Albion Mtns.), 15 June 1972, Holmgren, N.H. &
P.K. Holmgren 5931 (NY). CUSTER CO.: In crevices of rock outcrop, 
along ID Hwy 75, 23 miles north of Galena Summit and 9 miles south of 
Stanley, ID, T.9N, R.14E, Sec.7, ca. 2033 m, 4 July 1982, Ake 240 
(MONTU, JEPS, MO); In crevices of rock outcrops. Antelope Pass, 24 
miles south of Trail Creek Road up the East Fork of the Big Lost 
River, T.5N, R.23E, Sec.7, ca. 2343 m, 22 July 1982, Ake 246 (MONTU, 
NY, RY); On rhyolitic ridges on west side of Antelope Pass, 35 miles 
west of Darlington, ID, 7 July 1948, Christ, J.H. ^  C.B. Christ 17845 
(NY); Talus slope under granite outcrop along roadside, 9 miles 
south of Stanley, 6600 ft., 25 June 1941, Cronquist 2693 (G, UTC); 

Cracks in rock above Bounder Creek, 25 miles southwest of Chilly, ID, 
7900 ft., 22 July 1941, Cronquist 3337 (G, UTC). FRANKLIN CO.: On 
cliffs, 2 miles southwest of Franklin Ranger Station, 11 July 1942, 

Maguire 21641 (NY, UTC). OWYHEE CO.: Rock cracks. Current Creek, 
T.9S, R.4W, Sec.2, 27 July 1977, Richards SJR— 77— CCK (NY);
NEVADA: ELKO CO.: Whitish clay loam, roadside, ca. 1 mile west of 
Boies Reservoir, T.43N, R.62E, Sec.24, 5800 ft., 21 June 1979, Foster 
8009 (NY); In gravel near granite boulders, 2 miles south of 
Harrison Pass, Ruby Mtns., T.28N, R.57E, ca. Sec.14, 7750 ft.. Gentry 
& Davidse 1813 (C, G, NY, RY); Dry ground. Pine Mountain, vicinity 
of Gold Creek, 7 August 1913, Hitchcock. A.E. 1140 (US); Dry rocky 
soil, top of Spruce Mt,, 22 July 1941, Holmgren. A.H. 1511 (C, G,
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UTC); Dry gravelly soil, north exposure Spruce Mt., 22 July 1941, 
Holmgren. A.H. 1524 (C, G); East Humboldt Mtns., 9000 ft., 8 August 
1881. Jones 2198 (NY); On rocks by ranger station, Martin Creek, 
Humboldt Reserve, 7150 ft., 8 August 1913, Kennedy 4273 (C, MO); Dry 
rocky soil, Thomas Creek, Lamoille Canyon, Ruby Range, 9000 ft., 21 
July 1943, Maguire A.H. HoImgren 22074 (C, G, NY); In rock 
outcrops. Stump Creek, Independence Mtns., T.40N, R.33E, Sec.12, 7900 
ft., 18 July 1979, Tiehm 5397 (NY). EUREKA CO.: In cracks of 

outcrop, wind— swept rhyolite ridge on Wallace— Allison Creek divide, 
headwaters of Wallace Canyon, southwest of Summit Peak, north end of 
Monitor Range, T.17N, R.49E, Sec.20(?), ca. 9000 ft., 16 June 1979, 

Ertter Strachan 2807 (NY); Around rock outcrop, slopes west of 
Diamond Peak, Cottonwood Creek drainage. Diamond Mtns., T.20N, R.55E, 
Sec.19, 9500 ft., 16 July 1970, Holmgren. N.H. & P.K. Holmgren 4448 
(NY, UTC). HUMBOLDT CO.: On open gentle slope near the crest of the 
Pine Forest Mtns., not far from Blue Lake, 75 miles northwest of 
Winnemucca, NV, ca. 8500 ft., 7 July 1959, Cronquist 8642 (NY, UTC); 
Rock walls, Martin Creek, Santa Rosa Mtns., 7500 ft., 25 July 1940, 

Munz 16159 (C). LANDER CO.: Crack in rocks on west side of granite 
outcrop just east of Austin Summit, ca. 6 km southeast of Austin, 
T.19N, R.44E, ca. Sec.29, ca. 2300 m, 1 July 1973, Cronquist. 10976 

(NY); Bunker Hill Canyon, Toiyabe Range, 8000 ft., 29 July 1913, 
Kennedy 4229 (C). NYE CO.: Crevices in limestone cliffs just 
northwest of Cottonwood Summit, Quinn Canyon Mtns., ca. 165 km 
southwest of Ely, NY, T.2N, R.55 or 56 ca. 2300 m, 28 July 1973, 
Cronquist 11113 (NY); Gravelly soil on a narrow ridge, Ophir Divide,
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Toiyabe Range, Toiyabe Nat^l* Forest, 10,000 ft., 31 August 1977, 
Goodrich 7561 (NY); Gravelly soil on a narrow ridge, Ophir Divide, 
Toiyabe Range, Toiyabe Nat^l. Forest, 10,200 ft., 31 August 1977, 
Goodrich 10468 (NY); In rock clefts (granite porphyry) east slope 
and 2 miles north of Toiyabe Dome, ca. 10,200 ft., 1 August 1939, 
Hitckcock. C.L. Martin 5611 (C, MO, NY, UTC); Steep south— facing 
slope, left middle fork of Pine Creek Canyon, Toquima Range, Toiyabe 
Nat^l. Forest, T.llN, R.43E, Sec.28, ca. 11,000 ft., 4 August 1964,

HoImgren. N.H. ^  J.L. Reveal 15%5 (NY); White Peak, White Pine 
Range, T.12N, R.38E, 10,162 ft., 2 July 1966, Holmgren. N.H. &
J.L. Reveal 2791 (NY, RY): Crevices of rocks on ridge north of
Cherry Creek Pass, Quinn Canyon Range, 20 June 1943, Maguire ^
A.H. HoImgren 23369 (NY); Talus slopes and limestone ridges, upper 
Cherry Creek, Quinn Canyon Range, 23 July 1943, Maguire 
A.H. Holmgren 23393 (C, G, NY); Rocks, Pine Creek Canyon, Toquima 
Range, Toiyabe Nat'l. Forest, 7300 ft., 13 July 1943, Maguire &
A.H. Holmgren 23791 (NY); Stony soil, ridge west of Stewart Creek 
near head of drainage, Toiyabe Range, Toiyabe Nat^l. Forest, 9000 
ft., 23 July 1943, Maguire & A.H. Holmgren 25908 (C, G, NY, US, UTC); 

Monitor Range, NV, 10,000 ft., September— October 1878, Phillips & 
Sargent s.n. (G); In loose limestone gravel along ridgetop. West 
Garden Valley drainage basin, divide between Pine Creek drainage and 
Sawmill Canyon, Quinn Canyon Range, T.3N, R.36E, 8600 ft., 20 August 

1968, Revea1. J.L. ^  N.H. HoImgren 1872 (NY); In rocky outcrops. 

Broom Canyon on the west side of White Pine Range, T.12N, R.58E, 
ca. 8600 ft., 26 June 1979, Tiehm. Birdsev. & Williams 3328 (NY); On
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limestone rock outcrops, ridge between Timber Mt. and Troy Peak,
Grant Range, T.6N, R.57E, 10,800 ft., 27 June 1979, Tiehm. Birdsev. & 
Williams 5343 (NY, UTC). PERSHING CO.: Crevices in high cliffs. West 
Humboldt Mtns., 1 August 1895, Greene s.n. (C); Star Peak, 9000 ft., 
September 1867, Watson 550 (US). WHITE PINE CO.: Rocky soil, 
roadside of scenic overlook, 11 miles from Baker, NV on Wheeler Peak 
road, Wheeler Peak Scenic Area, Snake Range T.13N, R.69E, Sec.6, 
ca. 2804 m, 1 July 1982, Ake 237 (MONTU, US, UTC); Dry open woods, 7 
miles east of Ely, NV, 2400— 3000 m, 13 August 1913, Hitchcock.
A.E. 1299 ( u s ) ;  On gravel knoll, south side Sherman Ridge, south end 
of Ruby Range, ca. 1 0 ,00 0  ft., 4 August 1939,  Hitchcock. C.L. &
Martin 5661 (C, G, MO, NY, US); On steep limestone gravelly slope, 
east slope Sherman Mountain, southern Ruby Mtns., T.26N, R.57E,
10,250 ft., 12 August 1969, Holmgren. N.H. & Bethers 3898 (NY, UTC); 

Ridge top between Pyramid Peak and Baker Peak, Snake Range, Humboldt 
Nat^l. Forest, ca. 11,320 ft., 10 August 1964, Holmgren. N.H. &
J.L. Reveal 1578 (C, G, NY, UTC); In crack of limestone rock and 

sometimes rooted in loose fragments, south end of ridge,
Mt. Hamilton, White Pine Range, T.16N, R.57E, Sec.27, 10,000 ft., 30 
June 1966, Ho Imgren. N.H. &. J.L. Reveal 2773 (NY, RY, UTC) ; Ward 
Mountain Ridge, Egan Range, T.15N, R.63E, Sec.30, 10,600 ft., 3 July 
1966, Holmgren. N.H. & J.L. Reveal 2799 (NY, RY); In cracks of 
limestone rock, ridge leading east from Currant Mountain, White Pine 

Mtns., T.12N, R.58E, Sec.11, 9200 ft., 17 July 1965, Holmgren. N.H.. 
J.L. Reveal. ha France 2187 (NY); Stony pocket, Lehman Creek, 
Wheeler Peak, Snake Range, 10,500 ft., 2 August 1941, Maguire 21093
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(c. G, UTC); Limestone gravels, loamy .matrix, roadside below Wheeler 
Peak Campground, T.13N, R.69E, 9500 ft., 3 July 1980, Neese & White 
9116A (NY); Open stony land, along Lehman Creek, below Mt. Wheeler, 
9500— 9700 ft., 15— 18 July 1938, Pennell & Schaeffer 23130 (NY); 
Rocky summit, northwestern ridge of Mt. Wheeler, 10,500— 11,100 ft., 
16 July 1938, Pennell & Schaeffer 23181(b) (NY); Calcareous talus. 
White Pine Mtns., northeast of Hamilton, NV, 7200 ft., 21 June 1948, 
Ripley & Barneby 9296 (US); In gravel below limestone cliffs. White 
Pine Mtns., north of Hamilton, NV, 6800 ft., 18 July 1948, Ripley & 
Barneby 9935 (NY); Open hillside, marble rock, sandy soil, east on 
dirt road. Marble Wash, Mt. Moriah, T.18N, R.68E, Sec.36, 7 July 
1980. Thorne 1105 (NY); Sandy loam, limestone talus, mountain north 

of road at summit, Schell Bourne Pass, Schell Creek Range, T.23N, 
R.65E, Sec.31, 18 July 1979, Thorn & Harrison 668 (NY); Sandy clay 
soil, limestone ridge outcrop, Sixmile Wash, 0.2 miles east of Indian 
Garden Spring, T.14N, R.58E, Sec.l, 7800 ft., 26 June 1980, Thorn, & 
Welsh 1079 (NY). NEVADA: UNKNOWN COUNTY: Muncy, NV, 4 July 1891, 
Jones s.n. (G). OREGON: BAKER CO.: Cliffs of Snake River, 30 May 
1901, Cusick 3230a (US). HARNEY CO.: Cliff crevices along the south 
tributary to Alvord Creek, well up on the east side of the Steen 
Mtns., 100 miles southeast of Burns, T.33S, R.34E, Sec.31, ca. 8000 
ft., 30 June 1959, Cronquist 8586 (NY); Rocky places on summit of 
mountain above Blitzer Canyon, Steen Mtns., 1 August 1946, Maguire & 
A.H. Holmgren 26779 (NY, UTC). UTAH: BEAVER CO.; In gravelly 
limestone soil, hike to mountain top north of road summit, 11 airline 
miles south of Wah Wah Pass (UT Hwy 21), Wah Wah Mtns., T.28S, R.16W,
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Sec.25, 8500 ft., 14 July 1969, Holmgren, N.H. & P.M. Kern 3733 (C, 
NY, US, UTC); Rocky slopes. Timid Springs, Tushar Mtns., 10,000 ft., 
14 August 1961, Warnock 37 (UTC). CACHE CO.: Limestone outcrop, west 
exposure, ca. 1.5 miles up dry Curtis Creek, Blacksmith Fork Canyon, 
Bear River Range, T.ION, R.4E, June 1978, Smith. F . & Schimpf 1108 
(NY UTC). JUAB CO.: In shallow granitic soil on granite shelves, 

Thomas Creek drainage. Deep Creek Mtns., 7800 ft., 18 June 1977, 
Holmgren, A.H., L. Shultz, ^  Shultz 16453 (NY, RY, UTC); On south 
rim of Granite Creek, 8500 ft., 25 June 1947, McMillan 742 (UTC); 
Mount Nebo, 15 August 1905, Rvdberg & Carlton 7733 (NY, RY). UTAH 
CO.: Southeast exposure, located at North Fork of American Fork 
Canyon, Granite Flat Pass, 9400 ft., 12 July 1961, Cottarn 16876 
(UTC). UTAH: UNKNOWN COUNTY : Sine loc. 1875, Parry 46 (NY).
WYOMING: FREMONT CO.: Rocky barren slope, T.42N, R.105W, Sec.22, 6900 
ft., 26 June 1980, Dorn 3478 (RY). SUBLETTE CO.: Piney Mountain, 25 
miles west of Big Piney, WY, 12 July 1922, Payson, E.B. ^  L.B. Payson 
2695 (RY); Southeast exposure, dry rocky hillside, Wyoming Range, 
T.29N, R.115W, Sec.8, 9400 ft., 16 August 1978, Smith, F. 1165 (UTC). 
UNITED STATES: UNKNOWN STATE; Sine loc., Torrey & Gray s.n. (G);
Sine loc., Pringle 9 (G);

Erigeron tweedyi Canby
IDAHO : CLARK CO.: Side Canyon of Irvin Creek, below Red Conglomerate 
Peaks, northeast of Argora, 8500 ft., 17 August 1939, Cronquist 1958 
(UTC). CUSTER CO.: Rocky soil. Antelope Pass, 24 miles south of 
Trail Creek Road up the East Fork of the Big Lost River, T.5N, R.23E,
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Sec.7, ca. 2743 m, 22 July 1982, 2^^ (MONTU, C, G, JEPS, MO);
Gravelly soil. Antelope Pass, above Copper Basin, 8934 ft., 13 August 
1953, Baker 11024 (NY); On open rhyolitic slopes of Antelope Pass at 
head of Copper Basin, 29 July 1946, Christ. J.H. 15985 (NY); On edge 
of blue clay point, where dry creek enters river on the east side, 13 
miles southwest of Challis, ID, on road up Salmon River, 5 July 1945, 
Christ. J.H. ^  C.B. Christ 17741 (NY); On rocky slopes on south side 
of Antelope Pass, 35 miles west of Darlington, ID, 7 July 1948,
Christ. J.H. ^  C.B. Christ 17847 (NY); In tundra, on upper slopes 
Mt. Borah, Chilly, ID, 23 June 1939, Christ. J.H. & Ward 10415 (NY); 
Compact limestone talus, southeast of Double Springs Summit, 8 miles 

northeast of Dickey, 8600 ft., 17 July 1941, Cronquist 3185 (G, UTC); 
Head of Copper Basin, 7 July 1939, Davis 1190 (C); Bare windswept 
ridge. Antelope Pass, southeast of Copper Basin, Challis Nat^l* 
Forest, T.5N, R.23E, ca. 9000 ft., 13 August 1978, Ertter & Strachan 
2530 (NY); Gravelly bottoms. Big Lost River near Houston, 8 August 
1896, Henderson s.n. (US); Alpine ridge along southwest side of Buck 

Creek drainage, vicinity of Double Spring Pass, east slope of Lost 
River Range, Challis Nat^l. Forest, 29 July 1978, Henderson ^
Brunsfeld 4815 (NY); On clay hills. Spar Canyon, 20 miles east of 
Clayton, ID, 22 June 1947, Hitchcock. C.L. 15670 (C, NY); On 
limestone cliffs, top of ridge, northwest slope, ca. 5 miles 
northwest of Mt. Borah, ca. 9500 ft., 15 August 1939, Hitchcock.
C.L. & Martin 5795 (C, NY); Cobblestone flats (somewhat alkaline),
13 miles south of Dickey, 22 June 1947, Riplev & Barneby 8813 (NY); 
LEMHI CO.; White shale outcrop, Salmon, ID, 4500 ft., 3 July 1920,
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Payson. E.B. & L.B* Payson 1881 (C, G, NY, RY) • IDAHO: UNKNOWN 
COUNTY: Beaver Canyon, 27 June 1895, Rvdberg s.n. (NY); Mt. Chauvet, 
10,000 ft., 29 July 1897, Rvdberg & Bessev 5082 (G, NY, RY, US). 
MONTANA: BEAVERHEAD CO.: Dry, rocky hillside above Clark Canyon 
Reservoir on MT Hwy 324, 3.7 miles west of junction of 1-15 and MT 
Hwy 324, T.IOS, R.llW, Sec.l, ca. 1737 m, 5 July 1982, Ake 242 
(MONTU, JPES, MO, NY, RY); Rocky slopes, west side of 1-15, 3.5 
miles south of Red Rock, MT and 19 miles north of Lima, MT, T.llS, 
R.lOW, ca. Sec.27, ca. 1753 m, 5 July 1982, A ^  2 «  (MONTU, NY, RY, 
US, UTC); In patches of rocky soil amongst sagebrush/grassland 
slopes, ca. 2 miles southwest of Lima, MT, T.14S, R.33E, ca. Sec.20, 
1951 m, 5 July 1982, Ake 244 (MONTU, US, UTC, C, G); Rocky bank of 
arroyo, Armstead [Armstead has been flooded by the Clark Canyon 
Reservoir], 5500 ft., 6 July 1920, Payson. E.B. & L.B. Payson 1904 

(MO, RY); Clay bank of calcareous hillside, 5 miles north of 

Armstead [Armstead has been flooded by the Clark Canyon Reservoir],
22 June 1946, Riplev & Barneby 8140 (NY); Lima, MT, 29 June 1895, 
Rvdberg 2827 (NY); Red Rock, MT, 2 July 1895, Shear 5044 (NY); Dry 

hills, Beaver Head Rock, 5500 ft., 17 June 1888, Tweedy 17 
CHOLOTYPE; G, ISOTYPE: NY); Red Rock Creek Bottom, southwest 
Montana, 16 July 1880, Watson 201 (US). GALLATIN CO.: Bridger Mtns., 
29 August 1902, Jones s.n. (C); Mt. Bridger, Gallatin Valley, 7500 
ft., 10 August 1905, Jones s.n. (NY). LEWIS & CLARK CO.: Helena, MT, 
Kelsey s.n. (NY). SILVERBOW CO.: Melrose, MT, 6 July 1895, Shear 
5024 (NY). MONTANA: UNKNOWN COUNTY; Mt. Luria, MT, 30 June 1895, 
Shear 3356 (NY); WYOMING: PARK CO.: Mammoth Hot Springs, July 1904,
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pleson 141 (RY)* TETON CO*; Teton Forest Reservation, July & August 
1897* Brandagee s.n. (C); Fountain Geyser, Yellowstone Nat^l* Park, 
July 1922 ,  Hawkins 422 (US); Gros Ventre River, 7000 ft., August 
1897 ,  Tweedy 537 (NY); Fountain Geyser, Yellowstone Nat^l. Park, 24 

August 1 888 ,  Williams. R.S. s.n. (NY). WYOMING: UNKNOWN COUNTY: In 
marshy ground. Wind River Valley, 9 July 1881— 1882,  Forwood 
s.n. ( u s ) ;  On dry clayey hillside, Gardiner River, 19 July 1899,  

Nelson. A. §t_ E_j_ Nelson 6155 (NY);
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