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Abstract:

This study investigates the taxonomic status of Erigeron lackschewitzii Nesom and Weber
(Asteraceae), a narrow Montana endemic restricted to windy, exposed ridgelines and calcareous
substrates in the Bob Marshall and Scapegoat Wildernesses of northwestern Montana. By means of
morphological and molecular techniques, the relationships of E. lackschewitzii to four other Erigeron
(E. grandiflorus, E. simplex, E. ochroleucus var. scribneri, E. radicatus) were investigated in order to
ascertain parentage and determine whether populations of this taxon were sufficiently distinct to
warrant specific status. A total of 307 individuals comprising the five species were examined. In
addition, six other species were included as outgroups in genetic analyses in order to estimate the
direction of evolution of genetic markers. Lack of success in obtaining chromosome counts from root
tips prompted an analysis of the number of stomates per unit area and estimates of mean stomate sizes
of populations of each of the five species. Results suggest that plants belonging to E. lackschewitzii are
tetraploid. Chloroplast DNA (cpDNA) restriction site analysis with ten restriction endonucleases
revealed two mutations unique to E. lackschewitzii and further supported a relationship of E.
lackschewitzii to E. ochroleucus var. scribneri. A phenetic analysis of Random Amplified Polymorphic
DNA (RAPD) markers likewise revealed that E. lackschewitzii is distinct from other Erigeron and most
closely related to E. ochroleucus var. scribneri. Individuals from populations of E. lackschewitzii were
found to be genetically uniform, suggesting recency of origin from a single progenitor individual or
population. Results from genetic studies corroborate findings from geographic and population phenetic
analyses of morphological data, suggesting that populations of E. lackschewitzii, although closely
related to E. ochroleucus var. scribneri, are sufficiently distinct to warrant species status. The persistent
lack of pollen in individual E. lackschewitzii examined, coupled with the presence of fully formed
achenes at a very early state of floret development, suggest some form of apomixis. Populations of E.
lackschewitzii most likely resulted from selection for traits often found in other polyploid derivatives
that colonize areas left barren after glaciation, with maintenance of the adaptive genotype through
apomixis.
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ABSTRACT

This study investigates the taxonomic status of Erigeron lackschewitzii Nesom and
Weber (Asteraceae), a narrow Montana endemic restricted to windy, exposed-ridgelines
and calcareous substrates in the Bob Marshall and Scapegoat Wildernesses of
northwestern Montana. By means of morphological and molecular techniques, the
relationships of E. lackschewitzii to four other Erigeron (E. grandiflorus, E. simplex, E.
ochroleucus var. scribneri, E. radicatus) were investigated in order to ascertain parentage
and determine whether populations of this taxon were sufficiently distinct to warrant
specific status. A total of 307 individuals comprising the five species were examined. In
addition, six other species were included as outgroups in genetic analyses in order to
estimate the direction of evolution of genetic markers. Lack of success in obtaining
chromosome counts from root tips prompted an analysis of the number of stomates per
unit area and estimates of mean stomate sizes of populations of each of the five species.
Results suggest that plants belonging to E. lackschewitzii are tetraploid. Chloroplast
DNA (cpDNA) restriction site analysis with ten restriction endonucleases revealed two
mutations unique to E. lackschewitzii and further supported a relationship of E.
lackschewitzii to E. ochroleucus var. scribneri. A phenetic analysis of Random Amplified
Polymorphic DNA (RAPD) markers likewise revealed that E. lackschewitzii is distinct
from other Erigeron and most closely related to E. ochroleucus var. scribneri. Individuals
from populations of E. lackschewitzii were found to be genetically uniform, suggesting
recency of origin from a single progenitor individual or population. Results from genetic
studies corroborate findings from geographic and population phenetic analyses of '
morphological data, suggesting that populations of E. lackschewitzii, although closely
related to E. ochroleucus var. scribneri, are sufficiently distinct to warrant species status.
The persistent lack of pollen in individual E. lackschewitzii examined, coupled with the
presence of fully formed achenes at a very early state of floret development, suggest some .
form of apomixis. Populations of E. lackschewitzii most likely resulted from selection for
traits often found in other polyploid derivatives that colonize areas left barren after
glaciation, with maintenance of the adaptive genotype through apomixis.




CHAPTER 1
INTRODUCTION

Erigeron lackschewitzii Nesom and Weber (Figure 1) is described as a narrow
endemic from the Bob Marshall and Scépegoét Wildemeéses of northwestern Mor;téna
(Nesom and Weber, 1983). The species description is based on 18 individual plants in two
collections from the Flathead Range and named for its collector, Klaus Lackschewitz, of
Missoula. Judging from the very few and highly abortive pollen grains produced by plants
of this taxon, the species is believed by its authors to be apomictic and probably polyploid.

Erigeron lackschewitzii is currently.included i_n Category 2 of the U.S. Fish and
Wildlizfe Service Notice of Review under consideration for federal listing as a threatened or
endangered plant species and has been tracked by the Lewis and Clark National Forest as
a species of concern (Heidel, 1993). It is currently ranked as “threatened throughout its .
range, but having taxonomic questions associated with it.” ’i‘he Montana Natural Heritagg '
Program lists E. lackschewitzii as “imperiled” at both the global and state lev'el, and the
taxon was previously listed ‘as “rare in Mont‘a;la” by the Montana Rare Plant Project,
according to Heidel.

Erigeron lackschewitzii is one of the few endemics in Montana (Heidel, 1993). It

is found in exposed alpine settings on limestone substrates of the Madison group and

Devonian formations containing dolomite. The species is known from 12 sites in four
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octopetala occupy exposed, snow-free sites on calcareous parent material- where the soil is
tﬁin, rocky and ﬁnstable, acting as stable microsites in which other species of plants are
able to exist (Bamberg, 1964). |
The species is most ﬁequently l'found on exposed alpine slopés with a southwest
aspect, with smaller alpine and subalpine populations facing northwest (Heidel, 1993).
Elevation ranges from 1951m to 2500m. Erigeron lackschewitzii is not a dominant
community type, anci populations range from 5 to 500 individuals in about 10 acres for
denser populations to a mile for mére scattered groupé, according to Heidel. The largest
.populations (over 200 individuals) are found at Headquarters Creek Pass, Sock Lake,
- Crown Mountain, and Our Lake (Figure 2).
. According to Nesom and Weber (1983), E. lackschewitzii is most closely related
to E. simplex: Greene and the southern alpine race of E. grandiflorus Hooker sensu
Spongberg (1971).  This relatioﬁship is inferred by the shared occurrence of
‘ mqnocephalous stems with entire leaves, involucral bracts with lanate-villous indumentum,
blue-rayed outer florets, and an outer pai)pus of conspicuous squamellae. Additionally,
cross walls of involucre trichomes are often pigmented red-purple, particularly near the
base, in all three taxa. Erigeron lackschewitzii diﬂ‘eré from both E. Simp{ex a;nd the
southern alpine race of E. grandiflorus in tﬁe folléWing features, as quoted from Nesdml
and Weber (1983):
1. Basal leaves linear-oblanceolate to nanole éblanceolate without a
well-demarcated blade versus spatulate in E. simplex and E. grandifiorus.
2. Ray flowers equal 30-68 versus 50-125 in E. simplex and 56-123 in E.
grandiflorus. :

3. Stem pubescence woolly-villous with glandularity lacking or not evident
versus spreading but not villous or woolly, with erect, stipitate-glandular
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trichomes usually conspicuous in E. simplex and E. grandiflorus.

4. Presence of a long thick taproot versus a short length of thick unbranched root
with a fibrous system below (E. grandiflorus) or fibrous roots from a slender
branching caudex (E. simplex).

5. More pappus bristles (15-24) than E. grandiflorus (9-14) but comparable to
E. simplex.

Subsequent to describing E. lackschewitzii, Nesom (1989 and personal
communication) synonymized it with another sp‘ecies, E. ochroleucus vér. scribneri. Dom
(1984 and personal communication) concurs, delimiting E. lackschewitzii as a variation
within the more widespread E. ochroleucus var. scribneri.  Lesica (personal
communication) 'suggeAsts E. lackschewitzii and E. ochroleucus var. scribneri are‘ quite
close, proposing that the former may be a subset of the latter. | j

Erigeron ‘la'ckschewitzii (“Front Range ﬂéabane”) is one of approximately 200
species of cosmopoli‘;an Erigeron L. (Astgraceae/Comf)ositae). The genus is composed of
mostly low perennial herbs with narrow or chiefly basal lez.a,ves and commonly naked
peduncles (Cronquist, 1947). The flowering headé ar'e subtended by relatively long and
narrow phyllaries usuaily subequal or sometimes regularly imbricate. Ray florets range in
color from white to pink and purple and are commonly narrow and numerous, although
.occasidnally broad and few. Style appendages are short, commonly obtuse or acute. In
most species achenes are two-nerved and often surmounted by a doublelpappus of bristles »
and setae/squamellae. The name is an ancient one, used by Theophrastus for a plant with
early developing, grayish-white hairs or pappus (Polunin, 1959). Erigeron usually bl;>om

in spring and early summer, and nearly all species are of temperate or boreal regions or

'tropical mountainous areas. In South America, however, Section Leptostelma has
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diverged into humid swampy openings of tropicai and subtropical forests, and other
species of the genus have spread to the oceanic islands of Galapagos, Juan Fernandez, and
the Falklands (Solbrig, 1962).

The largest number and least specialized species of Erigeron are concentratéd in
the cordillera of western North America (Cronquist, 1947). In most groups of Erigeron,
species tend to be fairly well defined with relatively limited ranges, and numerous
endemics occur. More than 40 of the 133 North American species (ca. 30%) occupy
ranges either entirely confined to a single state or not more than 250 miles long, according
to Cronquist. Flowering heads and vegetative plant bodies of Erigeron are almost
monotonously uniform, which may havé prompted Cronquist ‘to 'cbnclude in his revision
that indumentum was the single-most important taxonomic criterion (Spongberg,ﬂ 1971). -
Geographical and ecological isolation of montane populations, comparable to insular
isolation, promote genetic. drift and result in populations with sliéht morphological
.diﬁ‘erences, according to Spongberg. With many variations on a few themes, a large
degree of morphological parallelism may occur in the genus and require molecular
techniques to discover patterns of common ancestry (Nesom, 1989).

| According to Cronquist (1947) Erigeron is closely related to Aster and C’onyza, \
and derives as an early offshoot of the Aster lineage. Embryological data (Harling, 195)1)
and chloroplast DNA restriction site studies (Jansen et al., 1992) support a close

relationship between Erigeron and Aster. Other workers (e.g., Bremer, 1994) have found

a closer relationship of Erigeron to Vittadinia — a relatively small genus of perennial
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herbs and shrubs from Australia, New Zealand, and Néw Guinea — based on cladistic
analysis of 26 binary morphological characters.of the tribe Astereae.

Most species of Erigeron are diploid, although rﬁany triploids, tetraploids, a few
hexaploids, and several apomicts have been reported (McDonald 1927, Harling 1951;
Spongberg, 1971; Nesom and Weber, 1983). Very few hybﬁdé have been well-
circumscribed, probably due to similarity of morphology between parent species
(Spongberg, 1971). Hybridization, polyploidy and apomixis, combined with genetic drift
due to geographic isolation, ma); serve as speciation mechanisms in the genus, according

to Spongberg.




CHAPTER 2 ,
'MATERIALS AND METHODS

This study addresseé the taxq;nomic status of Erigeron lackschewitzii. By means
of morphological and molecular techniques, the relationships of E. lackschewitzii to four
other Erigeron were investigated. Three analyses based on morphology (phenetic cluster
analysis, canonical variatesﬂ analysis, unpaired t—te;ts), and three molecular studies
(chloroplast DN:A;, ribosomal DNA Random Amplified Polymoxiphic DNA) were
performed on the five species of interest. In addition, mitotic chromosome coﬁnts from
root tips were attempted for E. lackschewitzii. The four species investigated as possible
progenitors of E. lackschewitzii include the ‘southern alpine race of E. grandiflorus
Hooker (hereinafter E. grqndiﬂoru.sj, E. simplené Greene, E. ochroleucus var. scribneri
(Canby) Cronquist, and E. radicatus Hooker. Although E. radicatus was not originally
perceixlled as a putative relative, it was included in reponse t(; preliminary findings that
suggested a very close relationship to E. ochroleucus var. scribneri. Also, proper
identification of taxa sympatric with E. lacksche‘t;litzii prompted inclusion of E. radicatus.

Ex‘amined were 79 individuals from herbarium specimens including type specimens’
for all five species, and 228 plants ﬁeld-coliected from Montana and Wyoming during the

summers of 1992-1994. Thirty-one quantitative and 51 qualitative characters were scored

for 307 individuals as follows: E. grandiflorus, 63 specimens; E. lackschewitzii, 56




specimens; E. ochroleucus var scribneri, 78 specimens; E. radicatus, 56 specimens; and

E. simplex, 54 specimens.

Discussion of Characters

Characters were -selecfed in response to ‘preliminary visual examination of
specimens and review of diagnostic\ keys delimiting speciés (e.g., Cronquist, 1947,
Hitchcock, et al., 1955; Spongberg, 1971; Nesom and Weber, 1953; Do, 1984; Dom,
1992). Characters were also chosen in accordance with phenetic analysis techniques of
Sokal and Sneath (1963) and Sneath and Sokal (1973), thaf is, from all parts of the plant
and.thos'e which varied within the groups studied, not merely conventional diagnostic '
characters. The 31 quantitative and 51 qualitative characters were grouped according to
root system, flowering stem, cauline leaves, basal leaves, involucre, ray florets, disc

florets, and achenes.

Quantitative Characters

~ Root System. Nesom and Weber (1983) cite the long thick taprobt of E.
lackschewitzii as distinctive of the species. Preliminary e;(amination of specimens
bel.onging to E. ochroleucus var. scribneri disclosed a possible distinction between this
species and E. lackschewitzii in that the taproot of E. lackschewitzii seemed to be
consistently thicker and more robﬁst. Erigeron radicatus is distinguished from E.
ochroleucus var. scribneri in diagnostic keys by presence of a well-developed and

branched caudex as opposed to the slightly branched caudex of E. ochroleucus var.
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scribneri (Cronquist, 1947). Root system characters include: (1) caudex width at ground
level, (2) width below caudex branches, and (3) width below caudex.
) Length of the perennating organ was initially included in the analysis but eliminated

when it became obvious that many taproots were cut during collection.

Flowering Stem. Erigeron lackschewitzii is described as having a woolly-villous

stem indumentum (Nesom and Weber, 1983). Plants belonging to E. simplex possess
smaller trichomes which are rﬁore variable in density, ‘and the glandular trichomes in
particular may be less abundant than in E. grandiflorus, according to Nesom aﬁd Weber.
The authors state that, unlike E. lackschewitzii, neither E. grandiflorus nor E. \simplex
possess trichomes so long and dense as ‘;o obscure completely the other types of vestiture.
In contrast, Spongberg (1971) found differences in stem trichomes to be slight betweeﬁ
monocephalous arctic and ali)ine species. For example, Spongberg found ‘that variation m
trichome density of plaﬁts belonging to E. simplex ranged from nearly glabrous to densely
woolly-villous.

Information regarding stem tn'chomé density of E. radic;ztus ;1nd E. bch‘roleucus_
var. scribheri is lacking, althoﬁgh preliminary examination revealed‘t_hat a combinaﬁon of
density and type may distinguish these species from each other and from E. lackschewitzii;
Because trichome type and length | can effect the appearance of density, data were
collected on type (see under qualitat{Qe characters) as well as number per unit area and
length.

Within broad limits, stem height is often useful, although any of the iarger species

may have occasional depauperate low forms Cronquist (1947). Since longer stems tend to
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cor;elatcj, w1th lower altitude, exposure at a particular habitat and/or light intensity in arctic -
and alpine species (Spongﬁerg, 19l71), “consistency in stem length within species may
indigate habitat preferences and, by extension, ecological isolation.

Flowering stem characters include: (4) number of stems, (5) height of tallest stem,
(6) width 5 mm below involucre, (7) number of trichomes per unit, and (8) trichome
length. | |

Cauline Ieaf Number. Diagnostic keys state that plants belonging to E.

lackschewitzii have five to ten cauline leaves (Nesom and Weber; 1983). Erigeron
ochroleucus var. scribneri ’dispvlay “a féw” leaves on the stem,.and E. radicatus typically
have two or three or none (Cronquist, 1947). Although cauline leaf 'numbgrs in
arctic/alpihe Erigeron species appear to correlate with" stem length, number of leaves were
“&isproportionately greater” in E grandiflorus (Spongberg, 1971).

Basal Leaves. Cronquist (1947) states that the size and shape of the leaves and
their comparative development from base to top of stem are more importar‘lt‘ diagnostic
tools than stem height, although in most species of the genus there is considerable
variation in abéolute size of the leaves. Basal leaf sizes reported for E. lackschewitzii and
E. radicatus are a subset of sizes reported for E. ochroleucus var. scribneri, while leaf
dimensions for plants belonging to ‘E. grandiﬂoru; and E. simpléx afe several-fold wider.
Therefore, basal leaf dimensions are diagnostic in delimiting the latter two taxa from the
former three. Basal leaf characters include: (10) length of longest leaf, (11) width of

lonigest leaf, (12) length of widest leaf, and (13) width of widest leaf.
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Involucre. Characters of the involucre are diagnostically important, but there are
many slight and overlapping differences between species (Cronquist, 1947). Although
involucre sizes for the five taxa _stlidied do overlap, rélatively consistent size rangesvwere
noted for each species (cf. Cronquist, 1947; Hitchcock, et al., 1955; S;;ongberg, 1971).
Involucre characters include: (14) width, (15) height, (16) gumber of phyilary rowé, a7
outer phyllary width, (18) outer phyllary height, (19) number of trichomes/mm, and (20)
trichome length.

Ray Florets. The taxonomically importént variations in the rays are in color,
length, wid"ch, and number, all being occ_asionally useful \within broad limits (Cronquist,
1947). Length and width of rays areA val;iable in monocephalous ‘arctic/alpine species
(Spongberg,. 1971). Polyploids possess the longest rays and diploids the shortest, except
at higher altitudes, according to Spongberg. Additionally, increased disc diameter
correlates with narrower more numerous florets, with smaller discs having fewer but wider
rays. Ray horet numbers overlap in E. lackschewitzii, E. oc%;roleucus var. sc;ibneri, and
E. radicatus, but are well below the range found in plants belonging to E. grandiflorus
and E. simplex. ‘Ray floret characters include: (21) length of rays, (22) width of rays, (23)
number, and (24) number of apex notches. |

Number of apex notches was added based on preliminary examination of E.
lackschewitzii specimens. Plants belonging to E. lackschewitzii possess consistently

prominent two- and three-notched apices which differ from the more variable tip types of

the other taxa.
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Disc Florets. The disc florets furnish few taxonomic characters, although
occasionally gross differencés in length facilitate " differentiation of related species
(Cronquist, 1947). Length of the style appendages are frequently helpful as secondary
characters, although some species show a surprising amount of variation, according to
Cronquist. - Within arctic/alpine -mor')ocephalous taxa, length of stylé branches is relatively
consistent (Spongberg, 1971). Disc floret characters include: (25) length of corolla, (26)
width of corolla, and (27) style branch le.ngth. |

Achenes. Important variations in the pappus are 1n number, texture, and
occasional‘ly length and color of the bristles, with number of bristles helpful within broad
limits (Cronquist, 1947). Spongberg (1971) disagrees in part, maintaining that one of the
most overused characters is number of pappus bristles, \‘Nhich can vary between plants of
the same species, between heads on the same plaﬁt, and are frequently broken off of
herbarium specimens. Pappus height, rather than number of bristles, remains consistent
within arctic/alpine monocephalous Erigeron 'taxa,j according to épongberg.

Curiously, achene sizes are rarely found in the literature. The only important
variation in achenes, aécording to Cronquist (1947), is nervaﬁc_m. -Acheng nervation was
originally included as a character but abandoned before final analysis due to lack of ’
consistent variation among thg five taxa studied. Achene size, however, w‘as. included,
.based on preliminary examination of the five speéies which suggested achene sizes may bé
species specEﬁc and suggestive of ploidy level. .Achene characters include: (28) pappus -

height, (29) number of pappus bristles, (30) length, and (31) width.
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Qualitative Characters:

Root System: Taproot. Despite evidence of some environmental modifications,

Erigeron species comprisin_g the arctic/alpine complex can be separated into loosely
defined groups on the basis of similar morphology and parallel variation in pereﬁnating
organs (Spongberg, 1971). Erigeron simplex plants produce fibrous roots, often with
branched caudices, while E. grahdiﬂorus individuals possess weil-developed vértical
caudices surmounting definite taproots. Other workers (Cronc;ﬁist, 1947; Dorn, personai
communication) assert that individual sbecies of long-lived perennials sometimes display
more than one fype of root system, i.e., a-stout rh\izomé with_ﬁbrous roots, a‘faproot and
well-developed branching caudex, or merely a taproot and crown. Plants belonginé to E.
lacksghewitzii, E. ochroleucus var. scribneri, and E. radicatus uniformly possess a vertical
taproot surmountiﬁg a caudex. Taproot (character 3'2) is coded as present (1) or absent

(0).

Root System: Secondary Roots. In their species description of E. lackschewitzii,

Nesom and Webér (1983) indicate that probably the most conspicuous unique feature is a
long, thick taproot lacking any obvious secondary branéhes. The absence of numerous
secondary/fibrous roots would bglof diagnostic value if it were a consist.en; and persistent
_feature of plants belonging to E. lackschmitzi. Presence éf secondary roots (character )
33) is classified as less than 10 secondary/fibrous roots (1), or more than 10

" secondary/fibrous roots (2).

Root System: Caudex Branching Pattern. One of the ‘dist‘inguishin‘g features

separating E. radicatus from E. ochroleucus var. scribneri is the caudex, being only
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slightly branched in E. ochroleucus var. scribneri, and well developed, with primary
branches usually again branched, in E. radicatus (Cronquist, 1947). Hooker (1834)
includes with his specie; description of E. rac‘z'icatus a drawing of a highly .branbiled
caudex which undoubtedly prompted the specific epithet “radicatus.” Spc;ngberg (1971)
maintains that caudex size is a function of age, along with soil conditions (moisture, soil
depth, etc.). Since E. radicatus has been rarely collected (Hitchcock, et al., 1955), this
feature is of interest as a possible diagnostic trait, inasmuch as the separation of E.
radicatus from E. ochroleucus var. scribneri has been problematic. Caudex branching
pattern (character 34) is classified as primary (1), secondary (2), or tertiary (3).

~ Root System:  Caudex Habit. A perpendicular caudex is present in E.

grandiﬂ&us, as opposed to the decumbent, thinner caudéx of E. simplex, (Spongberg,
1971). Since E. lackschewitzii, E. ochroleucus var. scribneri and E. radicatus pc;ésess
erect caudices surmounting definite taproots, this character was included specifically for
separation of E. simplex from E. grandiflorus. Habit of the caude); (character 35) is

classified as decumbent (0) or erect (1).

Flowering Stem: Monocephalous. Hitchcock et al. (1955) delimit E. ochroleucus

var. scribneri with solitary or a few heads per stem, while solitary heads are found in
plants belonging to E. lackschewitzii (Nesom and Weber, 1983) and E. radicatus
’(Hooker, 1834). Tt is relevant here that more than one head per flowering stem in the
Erigeron andicola complex of South America tended to be more frequent if the plants
wefe over 10 cm tall (Solbrig, 1962). Clonal plants of E. grandiflorus grown under alpine

conditions in a growth chamber produced branched flowering stems when moved to a
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greenhouse (Spongberg, 1971). Spongberg suggests that one of the parents of this
triploid may have been branched, and/or environmental change resulting from a warmer
temperature regime and different photoperiod may have induced branching.  This
character (36) is coded according to whether all stems are monocephalous (0) or possess
more than one head (1).

Flowering Stem: _Growth Pattern. This character and the following two

characters are included because they are commonly found in species descriptions and
diagnostic keys. Growth pattern of the stem (character 37) is classified as decumbent (1),
ascending (2), or strict (3).

Flowering Stem: Base Color. See above. Stem-base color (character 38) is -

classified as red/purple (1) or green/white (2).

Flowering: Stem: Stem Color. See above. Color of the stem as a whole differs in
many cases from the color of the stem base. Stem color (character 39) is classified as
red/purple (1), partially red/purple (2) or wholly green (3).

" Flowering Stem: Trichomes. Stem pubescence in E. lackschewilzii consists of

lanate-villous, loosely ascending to appressed flattened and twisted trichomes, (Nesom
and Weber, 1983). In'contrast, E ochroleucus var. scribneri trichomes are described as
short, white, appressed hairs (Canby, 1890); not at all hirsute (Rydberg, 1900); closely
hirsute-strigose, often loosely spreading (Cronquist, 1947), or appressed and ascending
.(Domn, 1984). Stem indumentum in E. radicatus consists of finely hirsute or villous
spreading or appressed hairs (Cronquist, 1947). According to Spongberg (1971), stem

indumentum differences are slight in monocephalous arctic/alpine Erigeron, although E. .




17

grandiﬂorus and E. simplex are easily separatéd from the above-described taxa by the
presence of cc:>nspicuous glandular and tiny appressed Type A trichomes sensu Nesom
(1976). Trichome characters of the flowering stem includé: (40) presence of villous
trichomes (1) or not (0), (41) presence of strigose trichomes (1) or not (0), (42) presence
of glandular trichomes (1) or not (0), and (43) presence of other types of trichomes (1) or

not (0).

Cauline Leaves: Position on Stem. | Aécording to Nesom and Weber (1983),
plants belonging to E. lackschewitzii possess leaves which extend halfway up the stem‘. If
leaf placement were consistently and persistently halfway up the stem in individuals
belonging to E lackschewitzii, this character would be diagnostic of the species. Leaf
position on the stem (character 44) is classified as extending greater than halfway up the

stem (1) or less than halfway (0).

‘Cauline Leaves: Margin Undulation. Spongberg (1971) found a tendency of leaf
margins to undulate in plants belonging to E. simplex. Leaf margin undulation (character
45) is coded according to whether leaf margins undulate (1) or not (0).

Cauline Leaves: ILeaf Types. More important than stem height are the size and

shape of leaves and their coniparative devefopment from base to top of stem, that is,
reduced or unreduced in size as they are positioned from stem base to flowering head
(Cronquist, 1947). Because cauline leaves were reduced upward in all five species
studied, comparative development was omitted from the analysis. Several plants of all
species displayed leaf dimorphism which correlated with location of insertién on the stem.

Basal-like leaf shapes were observed near stem bases, with linear to lanceolate shapes
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(depending on the species) near flowering heads. Cauline leaf characters include: (46) -
presence of basal-like leaves (1) or not (0), (47) presence of linear leaves (1) or not (0),

and (48) presence of lanceolate leaves (1) or not (0).

Cauline Lez}ves: Trichomes. Indumentum types are noted in all species
descriptions. Trichome characters of cauline leaves include: (49) presence of villous
trichomes (1) or not (0), (50) presence of strigose trichomes (1) or ﬁot (0), and (51)
presence of glandular trichomes (1) or not (0).

Basal Leaves: Leaf Types. In his study of the Erigerbn andicola complex of

South America, Solbrig (1962) found leaf fypes and éhapes to be highly variable and
independent, with no correlation to other characters. Preliminary examination of plants
belonging to E. lackschewitzii and E. ;)chroleucus var. scribneri indicated striking
similiarity in leaf shapes, although basal leaves of E. ochroleucus var. scribneri appeared
to be consistently narrower. A search.of the literature has substantiatéd personal
observa"tion that E. radicatus individuz;ls produce narrowly, spatulate to linear-spatulate
basal leaves in addition to the narrowly oblanceolate leaf shape of E. lqckschev;;'tzii and E.
ochroleucus var. scribneri. Plants belonging to E. grandiflorus display lanceolate and
broadly lanceolate to ellipticél or subovate basal leaves, in contrast to the narrowly to
broadly spatulate shape generally found in E. simplex ‘(Spongberg, 1971). Diﬁwrphic leaf
types were noted for several specimens of all species.

Basal leaf characters include: (52) presence of Ilinear leaves (1) or not (0), (53)

presence of narrowly oblanceolate leaves (1) or not (2), (54) presence of
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oblanceolate/obovate leaves (1) or not (0), and (55) presence of spatulate leaves (1) or not

(0).

Basal Leaves: Longest Leaf Tip Type. Because immature leaves are extremely

variable, and mature aspects of leaf apices and shapes are often disguised in juvenile forms
(Spongberg, 1971), tip types of the longest and widest leaves were included as characters.
Spaf-ulate leaves usually have obtuse or rounded apif:és, whereas lanceolate leaves most
often terminate in acute apices (Harrington and Durréll, 1957, Spongberg, 1971).
Longest leaf tip type (charécter‘56) is classified as acute (1), obtuse (2), or other (3).

Basal Leaves: Longest Leaf Trichomes. Leaf indumentum is included in all

diagnostic keys found in the literature. Trichome characters of the longest leaf include:
(57) presence of ciliate trichomes (1) or not (0), (58) presence of laminar trichomes (1) or

not (0), and (59) presence of glandular trichomes (1) or not (0).

Basal Leaves: Widest Leaf Tip Type. This character (60) is discussed and coded
according to that found under “Basal Leaves: Longest Leaf Tip Type.”

Basal Leaves: Widest Leaf Trichomes. These characters (61-63) are discussed

and coded according to those found under “Basal Leaves: Longest Leaf Trichomes.”

Involucre: _Shape. A hemispherical involucre is characteristic of E. grandiflorus

and E. simplex (Spongberg, 1971), with plants of E. lackschewitzii deséribed as shalloxévly
hemispheric (Nesom and Weber, 1953). The turbinate shape is described only for E.
radicatus (Hitchcock et al, 1955), although prélirhinary examination of field specimens
failed t(.) corroborate this attribute. The; presence of turbinate involucres was noted on a

few E. lackschewitzii spécimens. No descriptions of involucre type are noted for E.
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ochroleucus var. scribneri in the literature. Involucre shape (character 64) is classified as
turbinate (1) or hemispheric (0).

Involucre: Tip Reflexion. Reflexion of phyllary tips was enhanced in clones of E.

grandiflorus placed. in a growth chaxﬁber_ simulating arctic conditions (24-hour
photoperiod) over those in alpine growth 'conditi.ons with a 14-hour photoperiod
(Spongberg, 1971). Although no plants of the five species collected were grown under
arctfc conditions, differences in reﬂexioﬁ of phyllary tips were noted. Tip reflexion

(character 65) is classified as reflexed (1) or not (0).

Involucre: Tip Color. _The character of the involucre is highly significant, but
there are so many slight and overlapping differences between various species that no broad
clearcut divisions are possible (Cronquist, 1947). Pigmentation in trichomes was found to
be hjghi); variable in E. grandiflorus and E. simplex- (Spongberg, 1971), although
preliminary examination of field-collected E. grandifiorus specimens from Montana and
Wyoming suggests that these plants may be more exfensively pigmented than E. simplex
individuals. Because pigment concentration in trichome cells can effect the appearance of
color in the involucre, this character only pertains to the pigmentation of epidermal cells of
the phyllaries. Tip color‘ (character 66) is classified as herbaceous (0), slightly red/purple
(1), or mostly red/purple (2). |

Involuecre: Trichomes. Possibly because of invariance in flowering heads and

vegetative plant bodies, indumentum has assumed some importance in floral keys and
species descriptions (Spongberg, 1971). Identification of trichomes is inexact and at times

obtuse, leading to difficulty in objectifying what is visualized. For example, the involucre
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of E. ochroleucus var. scribneri has been variously described as pubescent with short
white appressed hairs ‘becomin'g more copious and Spréading on the involucre (Canby,
1890), not at all hirsute (Rydberg, 1900), more or less densely hirsute-villous with slender,
usually loose hairs, often also somewhat viscid (Cronquist, 1947), and woolly-villous with
tangled glassy or blackish multicellular hairs (Dorn, 1984). Involucre trichome charactérs ‘
include: (67) presence of woolly appearance (1) or not (0), (68) presence of villous
-trichomes (1) or not (0), (69) presence of strigose trichomes (1) or not (0), and (70)

presence of glandular trichomes (1) or not (0).

A woolly appearance is defined as covered with dense, long, soft, entangled,
curled hairs, not appressed close to the surface (Harrington and Durrell, 1957). If floral
bracts (phyllaries) looked white to the naked eye, in_dicating that trichomes were either
very dense, very long and tangled, or both, the involucre was designated as woolly.

Ray Florets: Angle to Involucre. Studies of E. grandiflorus clones in arctic and

alping growth chambers suggest thqt the angle of ' ray florets to the involucre is
environmentally influenced (Spongberg, 1971). Personal observation in the field when
comparing sympatric species did not completely corroborate this finding. Nesom and
Weber (1983) describe the ray flowers- of E. lackschewitzii as ‘somewhat erect, an
observation similar to that noted by Spongberg for the southern alpine race of E.
grandiflorus. Species descriptions of the other three taxa of interest fail to mention this
character. Angle to involucre (character 71) is ;:laséiﬁed as oblique (1) or not (0).

Ray Florets: Trichomes. It is unknown whether trichome lengths on ray florets

correlate with trichome lengths elsewhere on the plant because ray floret trichomes have
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only been described in the literature for E. lackschewiizii (Nesom and Weber, 1983). The
most evident correlation in the Erigeron andicola complex of South America is that of
pubescence of leaves, scapes, and involucre; no plant with a glabrous scape had pubescent
phyllaries or leaves (Solbrig, 1962). Ray floret trichomes (character 72) are classified as

short (1), medium (2), or long (3).

Ray Florets: Color Dried. Herbarium specimens of E. grandiflorus are often

described as having a deep cobalt blue color when in actuality the true fresh color is
lavender to pink. Nesom and Weber (1983) describe ray floret color of E. lackschewitzii
as light lilac to purple when dried, while field 'col_lections indicate that fresh ray floret color
is a consistent pink which dries to a deep blue. Because colors are no't coded from a color
chart, ray color other than white can be subjective apd, consequently, confusing. Due to
the possibility of more than one color on individﬁal ray florets, each color was coded as a
separate character. Characters include: (73) color dried blue/lavender (1) or not (0), (74)

. color dried pink (1) or not (0), and (75) color dried white (1) or not (0).

Ray Florets: Color Fresh. This suite of characters was determined after rays were
immersed in hot'deionized water. Ray floret color after immersion was compared, where
possible, to label descriptions and found to consistently match the natural fresh color. Due
to the possibility of more than one color on iﬁdividual ray florets, each color was coded as
a separate character. Characters include: (76) color fresh blue/lavender (1) or not (0),
(77) color fresh pink (1) or not (0), and (78) color fresh white (1) or not (0)'.

Rav Florets: Apex Notches. Preliminary examination of plants belonging to E.

lackschewitzii revealed that apex notches were relatively invariable and might be




23
diagnostic of the taxon. Although most Erigeron possess rays which are bi- or trifurcated,
the degree of cleft formation is more varied in the other four species. Apex notches
(character 79) are classified as microscopic (1) or macroscopic (2) under 15X power.

Disc Florets: Style Branch Shape. This character was included in order to

ascertain whether style branch shape, like style branch length (character 27), is relatively
consistent within plants of a given taxon. Style branch shapve (character 80) is ;:lassiﬁed as
deltoid (1), deltoid-lanceolate (2), or lanceolate (3). | /

Disc Florets; Pollen. The consistent and persistent absence of pollen in E.

lackschewitzii is a diagnostic feature of the taxon and- may indicate reproductive isolation
resulting from obligate apomixis. Erigeron grandiflorus is a facultative apomict, while -
style presentation in several plants belonging to E. simplex may be indicative of sélf-'
compatibility (Spongberg, 197&). . Preliminary exa’mination of several E. radicatus
specimens revealed a high degree of variability in pollen production and style presentationi
at anthesis when compared to sexual taxa. Disc floret pollen (character 81) is coded as

present (1) or absent (0).

Achenes: Trichome Density. Density of tﬁchomgs in arctic/alpine monocephalous
Erigeron proved too variable to be of diagnostic value except in combination with other
characters (Sponéberg, 1971)‘. Cronquist (1947) maintains that occasionally indumentum
is an impoftant variable; while. Solbrig (1962) states thaf achene trichome de‘nsity is a
character completely independent of indumentum as a whole in the South American
Erigeron andicola complex. A review 'of the literature and personal observation indicafe

that trichome density of the achenes might be diagnostic in delimiting E. lackschewitzii
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from E. ochroleucus var. scribneri and E. radicatus. Achene trichome density (character

82) is classified as dense (1) or sparse (2).

Species Examined
Originally described as occurring only in northern Moﬁtana and Canada, E
grdndiﬂori:s has been separated by Spongberg (1971) into three widely disjunct northern
alpine, southern alpine, and arctic races. The southern alpine race of E. grandifiorus
Hooker (Figure 3) is a triploid facult;ative apomict with a discontinuous distribution in the
western United States. It is found in exposed, dry areas and unstable locations (e. g along
roadcuts, mine dumps, fou‘n'st overlooks, trails)‘from thé Beartoéfh Plateau south into .
New Mexico and west into the Great Basin. Wﬁere sympatric with E simplex, it occurs
in drier, more exposed sites. Other workers (Dorn, 1984, an(i personal communication;
Hartman, personal communication) synonymize the southern alpiné race of E.
grandiflorus w;th E. simplex Greene, maintaining that E. grandiflorus does not occur in
the contiguous 48 states outside of ‘nofthwestefn Montana. Synonomy of the southern
alpine race of E. grandiﬂor.'us with E. simplex in Montana and Wyoming is ‘discussed in
the Results chapter of this study. No races of E. grandiflorus are sympatric with E.
lackschewitzii. )
In contrast, E. simplex Greene (Figure 4) is a widespread diploid species of alpine
and subalpine mesic sites, preferring a Geum-meadow habitat in the southern part of its
range, and‘rarely'found on exposed ridge tops (Spongberg, 1971). Above 12,000 feet in

the southern Rockies, E. simplex is found in more sheltered patches near boulder bases
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and on south- and east-facing slopes. It occurs in thé northern Rockies west to Olympic
Mountains, east to the Medicine Bow Range of Wyoming, and south to Colorado’s
Sangre de Cristo Range. The species is less common in the northern part of its -range and
is not found north of continental glaciaﬁon, according to Spongberg. Erigeron simplex is
sympatric with E. lackschewitzii.

Erigeron ochroleucus var. scribneri (Canby) Cronquist is a diploid herb not
known to occur west of the continental divide (Cronquist, 1947). It is a relatively low and
slender plant, with few small cauline leaves. The variety is found from southern Alberta to
s.outheastern Wyoming, occasionally as far east as Cypress Hills, Saskatchewz;n, the Black
Hills of South Dakota, and northwestern Nebraska (_Cr'onquist, 1947, }ﬁtchcock, et al.,

.1955). Originally described as Erigeron scribneri by Canby (1890) from Scribner’s 1883
collection of the anhem Transcontineqtal Survey of Montana’s Little Belt Mountains, it
assumed variety status in Cronquist’s (1947) revision of North American Erigeron. '
Erigeron ochroleucus var. scribneri is known to occur in dry plains and barren places in
the mountains of Montana (Dorn, 1984). In Wyoming, where it appears in greatest
abundance and variation (personal observation), the taxon inhabits rocky places in the
north, central, south-central, and eastern part of the state (Dorn, 1992). Erigeron
ochroleucus var. ochroleucus (Figure 5) differs from var. scribneri only in its larger size,
presence of moderately well-developed cauline leaves, and habitat preference for ilills,
slopes ‘and meadows at lower elevations (Cronqliist, 1947, Dom, 1992; personal
obsefvation). Resulté of this study indicate that, with one or two exceptions, E.

ochroleucus var. scribneri is not sympatric with E. lackschewitzii.
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Population Variation

Canonical variates analysis (CVA) was performed on a limited set of populations
of the five species of interest to assess the within-population variability versus that
between populations. CVA establishes population distinctions based on relationships
between groups explored in muitidimensional space (Sokal and Sneath, _1963). The object
of CVA is to determine functions whose applicatiqn to original data maximizes observed
differences between groups. (Each entity is assigned a score which is the summation of
each attribute score. Summation scores are then weighted by a correlation matrix
established a priori. The procedure has been used for studying infraspecific hybridization
and incipient speciation in various taxa, accqrding to Sokal and Sneath.

Fér the first of two CVA analyses, data from 20 individuals representing the most
northern and 20 individuals representing the most southern populations collected of E.
ochroleucus var. scribneri, E. radicatus, E. simplex, and E. grandiflorus were used to
establish population parameters. Acces.sions uﬁderlined in Table 1 identify these
populations. Twenty individuals each from the most 1\10rthem and most southern
populations collected of E. lackschewitzii (underlined in Table 1) were added as a test
group of “unknowns” in order to determine which of the aforementioned species this
taxon most resembled.

The most northern and most southern populations of E. lackschewitzii ‘were
included in the second CVA to test species identification. One hundred and twelve of the
147 individuals iI;cluded in phenetic cluster analysis of geographic variation were placed in

a test group of “unknowns.” The test group individuals include representatives of all five
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characters differed significantly between, the two species. Computations were performed

using the computer program E-Z Stat (Towner, 1990).

Uniparental Molecular Variation

Specimens for cﬁDNA restriction site analysis of the five species of interest were
obtained from 27 sifes in Wyoming, Montana, and Oregon (Table 2). Whole plants were
either pressed and dried or placed in plastic bags on ice la.nd later stored in a -80°C freezer
prior to DNA isolation. Leaves were ground in CTAB DNA extraction buffer following
Doyle and Doyle (1987). | For a preliminary report to the Montana Natural Hen'tag“e
Program, nine specimens representing six species were digésted‘ witﬁ 12 restriction
endonucleases having six-base nucleotide recognition sequences. These included Asel,
BamHI, Bcll, Dral, EcoRI, EcoRV, Nsil, Sacl, Scal, Sl‘l.lI, Xbc_zI, and Xhol. Fragments’
were separated on 0.9% agarose/TBE gels.

For thé final analysisz total DNA from 43 specimens representing 11 speci;es was
digested with ten restriction endonucleases having six-base nucleotide recbgnitibn
sequences: Asel, BamHI, Bcll, BstBI, Dral, EcoRI, EcoRV, ‘Ec_'001091, HindIll, and Stul.
Restriction endonucleases Nsil, Sacl, Scal, Xbal and Xhol Were discontinued after
completion of the preliminary repbrt dge to lack of informative sités. In order to make a
tentative assessment of the direction of evolution, the five study taxa were compared
against Erigeron éaeséitosz)s Nutt., E. filifolius Nutt., E. formosissimus Greene, E.
pumilus Nutt., E. speciosus (Lindl) DC, and E. ursinus DC. Restriction site analysis,

including Southern blotting, nick-translation, hybridization to radioactive probes, and
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autoradiography essentially followed Sytsma and Gottiiéb (1986). Cloned fragments from

the large single copy regioh of the cpDNA library of Petunia (provided by J. Palmer)

were used in the hybridizqtion experiments. Figure 7 illustrates location of cpDNA probe

regions.

Table 2. Specimens of Erigeron species utilized for molecular variation studies. Labels
refer to those shown in Figs.12, 13, and Tables 4-7. Vouchers are deposited at MONT.

Species Label Procedures Locality

E. caespitosus EC cpDNA, rtDNA Montana: Gallatin County

E. filifolius EF cpDNA, tDNA Oregon: Deschutes County

E. formosissimus EFO cpDNA, tDNA Oregon: Crook County

E. grandifiorus EG28 cpDNA, rDNA, RAPD - Wyoming: Johnson County
EG30 cpDNA, tDNA Montana: Carbon County
EG32 cpDNA, rDNA, RAPD Montana: Carbon County
EG34 c¢pDNA, rDNA, RAPD Montana: Carbon County

E. lackschewitzii EL1 cpDNA, tDNA Montana: Flathead County
EL2 RAPD , ‘Montana: Flathead County
EL7 cpDNA, tDNA, RAPD Montana: Teton County
EL10 cpDNA, tDNA, RAPD Montana: Teton County
EL11  cpDNA, rDNA, RAPD Montana: Teton County
EL12 cpDNA, tDNA Montana: Flathead County
EL13  cpDNA, tDNA, RAPD Montana: Flathead County
EL14  cpDNA, rDNA Montana: Teton County

E. ochroleucus . EOsla cpDNA, rDNA Montana: Gallatin County

var. scribneri EO14N cpDNA, tDNA, RAPD  Montana: Teton County
E020 cpDNA, rDNA, RAPD .  Wyoming:Sheridan County
EO21 cpDNA, rDNA Wyoming: Sheridan County
EO23 cpDNA, rDNA Wyoming: Big Horn County
EO25 cpDNA, tDNA, RAPD Wyoming: Johnson County
EO28 cpDNA, tDNA Wyoming: Johnson County
EO34 cpDNA, tDNA, RAPD Montana: Carbon County
EO37 RAPD - Montana: Lewis & Clark Co.

E. ochroleucus EO17 cpDNA, itDNA Montana: Sweetgrass County

var. ochroleucus ;

E. pumilus EP cpDNA, tDNA Montana: Gallatin County

E. radicatus ER10 c¢pDNA, rDNA, RAPD Montana: Teton County
ER35 ¢pDNA, tDNA, RAPD Montana: Madison County

E. simplex ES2 RAPD

Montana: Teton County

!
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ES10 cpDNA, rDNA Montana: Teton County
ES11  cpDNA, tDNA, RAPD Montana: Flathead County
ES13  cpDNA, rDNA, RAPD Montana: Flathead County

ES24 RAPD Wyoming: Big Horn County
ES27  cpDNA, rDNA, RAPD Wyoming: Johnson County
ES28  cpDNA, tDNA Wyoming: Johnson County
E. speciosus ESP cpDNA, rDNA Montana: Gallatin County
E. ursinus EU1 cpDNA, rDNA Montana: Gallatin County
EU26  cpDNA, rDNA, RAPD Wyoming: Johnson County
EU33 c¢pDNA, rDNA Wyoming: Park County

Biparental Molecular Variation

Biparental molecular variation was assessed for nuclear ribosomal DNA (rDNA)
and Random Amplified Polymorphic DNA (RAPD). ‘For tDNA single digests were
performed with the same endonucleases and DNAs used for cpDNA restriction site
analysis. Cloned fragments from the nuclear ribosomal repeat of Glycine max (PGMR1,
provided by L. Zimmer) were used in the hybridization experiments.

RAPDs were used in place of allozymes due to recent studies of aipine Erigeron in
Europe which suggested that interspecific allozyme variation was low and did not exceed
intras;)eciﬁc variation, due possibly to rgcent speciation during glaciation epochs and
retention of ancestral polymorphisms (Huber and Leuchtmann, 1992). .RAPDS have also
been found to be of value where previous ‘allozym.ic studies have failed to reveal any
variation (Brauner, Crawford and Stuessy, 1992; Heidel, personal communication).

Additionally, a genetic study using RAPDs has been used to determine the relationship of

an endangered endemic species of Ranunculus (Ranunculaceae) to its close congeners and
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400mM primer, 2.5U Taq DNA polymerase (Gibco BRL, Life Technologies, Inc., or

Perkin Elmer Roche Molecular Systems, Inc) and 150 ng DNA from dried spec1mens
Primers consrsted of random ten-base sequences from the ‘A’ kit obtained from Operon
Technologies (A-01, A-02, A-03, A-04, A-05, A-07, A-09, A-11, and A-13). Each
amplification was performed using a single primer with two replicates where possible
within time censtraints. Amplifications were carried out in either a Temp.Tronic
thermocycler (Barnstead/Thermolyne Corp.) or PTC-100 Programmable Thermal
Controller (MJ Research, Inc.) programmed for 40 cycles of 1 minpte at 94°C, 1 minute at
36°C, and 2 minutes at 72°C, followmg Williams et al. (1990), with a postdwell extension
time of 5 minutes at 72°é. Amplification products were separated on 1.5% agarose/TBE
gels and photographed on a UV illuminator. Data were analyzed using phenetic
procedures on fragments scored by slmple presence or abserlce. Jaccard’s coefficient of

similarity was utilized to obtain estimates of genetic similarity for phenetic analysis.

\

‘ Determination of Ploidy Level

Immature capitula of Erigeron lackschewitzii gathered in order to obtain meiotic
chromosome counts were found to lack pollen. Several specimens of E. lackschewr'tzii, E.
simplex and E. ochroleucus var. scribneri were sent to Western State College in

) , :
Gunnison, Colorado, for scanning electron microscopy. A single pollen grain of E.

lackschewitzii was photomicrographed by Wayne Warnken and found to be abnormal

(Figure 8a). Pollen grains of E. simplex (Figure 8b) and E. ochroleucus var. scribneri
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‘ (Figure 8c) were typical of the Astereae tribe of Asteraceae (cf. Skvarla, et al., 1977).
Pollen of E. radicatus and E. grandiflorus were not available for SEM.

Due to absence of pollen in plants belonging to E. ldckschewz‘tzii,_ seed
germinations for mitotic counts were attenipted using root tips. The procedure involved
sﬁrface sterilizing disc floret achenes in a mixture of &ouble-dc_aionized water (840 pl/ml),
‘dilute clorox (150 pl/ml) and 20% SDS (10 w/ml) followed by a wash of Captan
fungicide. The achenes were then placed in Petri dishes on filter paper for germination.
Each filter paper was moistened with'double-deiopized water, to which was added 10°M
gibberellic acid to stimulate germination. The Petri dishes were sealed with Parafilm and
placed under GTE/Sylvania Gro-Lux fluorescent lights with 24-hour illumination until
germination. Germlings were traﬁsferred into 8-hydroxyquinoline for two to four hburs,
then killed and fixed in Farmer’s Fluid (3:1 95% EtOH:glacial acetic acid) 6-24 hours,
then stored i‘n 70% EtOH. |

Because of reported correlations between polyploidy and increased cell -size
| (Babcock and Stebbins, 1938, Crpnquist, 1988), counts of the number of stomates filling
the viewing area under 200X magnification and measuréments of st(;mate size under 100X
magnification were undertaken. Counts and méasurements were taken from three to five
populations of each of the five species of interest. Pairwise comparisons of diploid E.
simplex and E. ochroleucus var. scribneri with triploid E. grandiflorus and tetraploid E.
radicatus were subjected to unpaired t-tests in orderl to ascertain whether stomate counts
and sizes differed significantly among the different ploidy levels and. to estimate ploidy

level of E. lackschewitzii individuals. Calculations were performed using the computer
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program E-Z Stat (Towner, 1990). Stomate studies were undertaken in response to lack

of success in obtaining chromosome counts.
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CHAPTER THREE
RESULTS

Geographical Variation

Ciuster analysis of phenetic _distances.c‘alculated between all paiMse comparisons
of individuals belonging to E. grandiflorus, E. simplex, E. laékschewitzii, E. ochroleucus
var. scribneri, and E. radicatus revealed a dis(tinction‘between a group ‘containi;‘lg E.
grandiflorus and E. simplex and a group with E. lackschewitzii, E. ochroleucus var.
scribneri, and E. radicatus (Figure 9). Herbarium specimens EGmO85UR  and
EGm924LR from the University of Mon.tana clustered with E. lackschewitzii, reflecting .
their clear resemblance to E. l&ckschewitzfi and misidentification as E. grandiflorus.

The majority of plants confirmed as E. ochroleucus var. scribneri ‘through visual
examination (“a” on Figure 9) clustered near E. lackschewitzii (“b” on Figure 9). All of
these E. ochroleucus var. scribneri specime.ns' are from Montana and Wyonﬁng. A
smaller group of E. ochroleucus var. scribneri (“c” on Figure 9) that clustered with E.
radicatus are from Wyoming, likewise a third groui) of E. ochroleucus var. scribneri
clustering near E. lackschewitzii (“d” on Figure 9). Specimens E03702 and EO3703 (“¢” |

‘on Figure 9), clustering near E. lackschewitzii, are sympatric with E. lackschewitzii.
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Erigeron ochroleucus var. scribneri is morpholégically more distinct from F.
lackschewitzii than it is from E.'radica-tus. Eighteen specimens labeled as E. ochroleucus
var. scribneri ch'lstered‘ wi;ch E. radicatus (Figure 9). Among these weré several
specirﬁens from the Bob Marshall and Scapegoat Wilderness areas (“f” on Figure 9).'
Tﬁése results confirm ‘the confusion surroﬁndihg identity of specimens lébeled as E.
ochroleucus var. scribneri in northwestern Montana.

Visual examination of many spécimens correctly identified as E. radicatus
revealed gross abnormalities in floret morphology. Abnormalities of disc florets included
wide variation in shape and size, highly irregular pappus of twisted uneven bristles, lack of
discrete corolla limbs, and tiny anthers. Also observed were a wide range of acﬁene
trichome densities and occasional fusing of acheﬁes. Ray florets disblayed wide variation
in shape, from flat and wide to i;lrolled and narrc;;;v. These abnormalities were especially
évident from sites in the Gravelly Range of gou'thwestem Montana.

Erigeron radicatus ray florets were oc':casione.llly tubular and filiform, unlike most
species of Erigeron. This variation in ray florets was observed in E. radicatus plants lfrom .
Sock Lake in the Bob Marshall Wildemess and also in individuals tentatively identified as.
E. o‘chroleut;‘us var. scribneri from‘Crown'Mountain in the Scapegoat Wilderness (See
Figure 2 for site locations). Tubular ray florets are knO\;vn to occur in E. acris, a diploid
biemﬂal or perennial of rocky places in the mountains of Montana. Since plants belonging
to E. radicatus are tetraploids, the species may have been formed by hybridization

between E. acris and E. ochroleucus var. scribneri and/or an as-yet unknown taxon.
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Molecular analysis of E. -acris and other possible progenitors may reveal whether E.
rédicatus arose through one or more hybﬁdization events. |

Specimens labeled as E. ochroleucus var. scribneri from Crown Mountain .
(EO3701-E03703) require special mention since Crown Mountain is one of" only two sites
wher_e E. lackschewitzii may be sympatric with E. ochroleucus var. scribnér}'. Two other
sites (Mount Wright and Mount Patrick Gass on Figure 2) where sympatric populations of ]
E. ochroleucus var. scribneri have been reported are looations more accuratoly‘ described
as containing E. radicatus. Crown Mountain, however, is unusual in that the specimens
identified ao E. ochroleucus var. scribneri occasionally possess the tubular filiform ray
florets observed in some E. radicatus. The number of ray florets is high1y~vayria‘b1e, from
42 in one specimen to 78 in another and 102 in a third, with the numbor of pappus brisfcles
at 6, 7 and 9 respectively. Pappus bristles for these specimens are closer in range to that
.fo'und for E. radicatus (5-13) than E. ochroleucus var. scribneri (10-17), although the
number of ray florets is higher than observed in E. radicatus (12-50) and more consistent.
with E. ochroleucus var. scribneri (30-88). |

In addition to the presence of tubular ray florets in Crown Mountain plants, there
are abnormalities in floret morphology and groso differences in achene sizes similar to
those found in E. radicatus. For example, specimen EO3702 possesses two‘type.s of ray
florets: “normal” laminar rays about 8 mm long and 2 mm wide, and long narrow tubular

rays about 10.2 mm long and 0.7 mm wide. The tubular ray florets displayed long narrow

achenes (unmeaéured) while the shorter “normal” ray florets displayed large achenes more
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characteristic of E. lackschewitzii and E. radicatus than E. ochroleucus var. scribne;'i. In
addition, disc florets contained very little pollen.

Solbrig (1962) encountered a similar type of situation -in achenes of the southém
South American Erigeron andicola complex. In some plants achenes were shrunken and
aborted, while in others fully formed achenes were present at a very early stage of floret
development, suggesting somé sort of precocious fertility. If étaining is taken as a
measure of pollen fertility, Solbrig’s resulis suggested that all degrees from complete
fertility to almost complete ;teﬂlity were present.” Solbrig concluded that since apomixis is
not rare in Erigeron, its presence may have caused tHe observed patterns of variation in
achene deveiopment. By extension, hybridization followed by some degree of apomixis
may be present in populations of E. ochroleucus var. scribneri and E. radicatus in
Montana, coﬁfounding species boundaries. Genetic analyses beyond the scope of this

study may be required to delimit the two species.

Population Variation '

The initial CVA (with E. grandiﬂoru.s'*, E. sfmplex, E. ochroleucus var. scribneri
and E. radicatus populations only) resulted in all E. lackschewitzii “unknowns” grouping
with E. ochroleucus var. scribneri, corroborating the -obvious morphological resemblance
of the two species. In the second CVA (With north and south populations of E.
lackschewitzii included) all but one E. lackschewitzii specimen (ELm490) were assigned
to E. lackschewitzii. ELm490 has shorter stem and involucre trichomes and shorter outer

phyllaries than other E. lackschewitzii plants examined, with a considerably greater

~
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number of narrovs} rays. These attributes could more closely align this specimen with E.
ochroleucus var. scribneri in a -computer analysis. However, phenetic clustering placed
ELm490 close to the type specimen for E. lackschewitzii, verifying its strong resemblance
to E. lackschewitzii.

A cluster anafysis of CVA-generated generalizéd distances of the ten populationsl
mirrored results from geographic analysis, i.e., a cluster contziining E. grandz‘ﬂorus and E.
simpléx and a cluster with E. lackschewitzii, 'E. ochroleucus var. scribneri, and E.
radicatus (Figure 10); Within these two major groups were smaller clusters séparating
each species into its two populations.

Using the teﬁ population‘ samples described above to .establish p.opulation
parameters for each of the five species, a CVA “qlassiﬁcation test” was performed on a
selected set of specimens. Of 21 specimens assigned to E. grandiflorus, CVA placed two
with E. lackschewitzii and three with E. simplex. Twelv'e of 39 gpecimens identified as E.
ochroleucus var. scribneri were consigned to E. radicatus, while seven of eight specimens
identified as E. radicatus were retained with E. radicatus. All 22 specimens ideqtiﬁed as
E. simplex remained within E. simplex in the CVA ciassiﬁcation test.

Comparison of the CVA classification test results with geographic cluster analysis
results in conflicting placement of some of the above-listed specimens. Visual re-
examination of the specimens in question confirms placements as follows. The three
specimens identified as E. grandiflorus and placed with E. simplex should be retained
within E grandiflorus.  E. grandiflorus specimens placed with E. lackschewitzii

(previously discussed) were simply ‘misidentified and properly belong with E.
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Achenes:
28. Pappus height 3.305 2.563 0.067 0.071
29 No. of pappus bristles 16.275 13.550 7.128  5.023
30 Length 2.060 1.180 0.096  0.034
31 Width 0.595 0.380 0.019  0.005

Further observatiqns regarding quantitative “characters are as follows. First,
although the avefage involucre on E. lackschewi;zii is about as large as those found in E.
simplex and E. grandiflorus (14.04 mm versus 13.19 mm and 14.57 mm, respectively), the
number of ray florets: averaged about half as many (34.98 versus 61.49 and 80.30
respectively). Therefore, the correlation of increased involucre diameter with more and
narrower ray_ﬂorets found in m'onocephalous arctic/alpine Erigeron discusséd previously
fails to hold for E. lackschewirtzii. Secondly, Spongberg’s (1971) contention that
involucre height is correlated with stem length was léss pronounced in E. lackschewitzii
and E. ochroleucus var. scribneri. The southern population of E. lackschewitzii is
composed of low individuals with stems averagiﬂg 2.6.7 cm versus 6.46 cm in the northern
population, yet involucre heights for both populations were not significantly different (p =
0.156). Likewise, stem lengths of plants belonging t6 E. ochroleucus var.. scribneri
differed significantly between populations (p < 0.001) yet involucre heights were
practically identical (p = 6.81.4)._ Visual observation of population habitats suggests that
stem length for both E. ochroleucus var. scribneri and E. lackschewitzii may be in partl
inversely correlated with windy conditions. |

| Concerning qualitative characters, the following nonstatistical -observations

between E. lackschewitzii and E. ochroleucus var. scribneri were noted. Plants belonging
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to E. lackschewitzii exhibit&ess tendency toward multiple flower stems, mofe often
pbssess turbinate involucres, and.display fewe'r strigose trichomes on phyllaries than
- E.ochroleucus var. scribneri. Additionally,-E. lackschewitzii ray ﬂore?s are usually held at
an angle oblique to the involucre (versus at right a’ns.gles), aré consistently pink in color
(versus white to pink andilavender), and are relatively deeply notched at éhe apex (versus
varied). Finally, E. lackschewitzii individuals were uﬂiversally lacking normal pollen and
- were consistently and persistently sparse in achene pubescence when compared with plants

belonging to E. ochroleucus var. scribneri.

Uniparental Molecular Variation

A total of approximately 305 cpDNA }e§tﬂction sites were surveyed, of which 19
sites were informative (Table 4). Probe regions P6 and P3 of the Petunia chloroplast
genome displa)‘led the greatest variation, each with seven restriction site mutations. Probe
- regions S6 and S8 contained t\;vo site mutations each, while P8/ 10‘contained a single site.
Smaller fragments associated with the loss of the larger molecular weight bands may have
gone undetected, either because they were too small or they lie outside the probe regions
_ (e.g., Doebley, et al, 1992; Fenster and Ritland, 1992), but were inferred to be present due
to a lack of length mutations (e.g., Soltis, et al., 1988)'.

Unique cpDNA mutations were found for four of the five species of interest: E,
lackschewitzii (2), E. radicatus (1), E. simplex (2), and E grandiflorus (1). All restriction
sites noted for specimen EO17 of E. ochroleucus var. Vochroleucus were consistent wifh

those found in E. ochroleucus var. scribneri. Specimen EOI4N of E. ochroleucus var.
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scribneri shared restriction sites with E. radicatus, confirming morphological analyses

which grouped all specimens from this site (Mount Wright, Figure 2) with E. radicétus.

Polymorphisms were observed only among populations of E. simplex, possibly reflecting

the wider geographical range and considerable morphological variation known to exist in

3

this species (Spongberg, 1971).

Table 4. Restriction site mutations of cpDNA in ten species of Erigeron. The five species
of interest and unique sequences are listed first under “Mutation.” Labels with no number
designations indicate species. See Table 2 for label identification.

Enzyme Region Mutation (kb) Individuals/taxa with mutated DNAs

Asel S8 28+06°=34 EL

Asel P6 14+14=28 EL

Asel P6 44=38+0.6 EG, ES

BamHI P6 3.7=20+1.7 EO14N, ER

BamHI P6 22+12=34 EL, EO, ER, EF, EP

BamHI P6 3.1+03*=34 ES27, ES28

Bell S6 92=52+40 EL, EO, ER

Bell S8 58+1.6=74 EOI14N, ER, EP

BsBI P3 1.55+0.65=22" " ES28, EFO, ESP, EU

BsBI S6 - - 38=20+138 ES

BsfBI P8/10 44=35+09 : EL, EO (excluding EO14N)

Dral P3 . 6.7+1.4=8.1° EF, EFO, EU

Dral P6 . 344+05*=39 EG

Eco01091  P3 54=42+0.8+04" ES |

Eco01091 P3 46+08=42+08+04" EG,EL, EO (excluding
EO14N), EF

Eco01091 P3 14+04'=18 ES, EG

Eco01091 P3 26+20=46 EOI14N, ER, EP

EcoR1 P6 41=38+03° EL, EO14N*, ER

Hindlll P3 39+02°=4.1 ES, EG

}

“Fragments were not seen either because they were too small to detect or they lie outside
the probe regions. "Direction of evolution unable to.determine due to split in outgroup
(see text for discussion). *Unable to determlne fragment pattern for other populations of
E. ochroleucus var. scribneri.
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The presence of a cpDNA mutation unique to E. grandiflorus and two mutations
found in E. simplex but not shared with E, grandiflorus confirms geographic and
population cluster analyses based on morphology. These results support Spongberg’s
(1971) delimitation of E. grandiflorus and E. simplex as distinct species in Wyoming and
southern Montana. Morphological and genetic similarity of the two species suggests some
sort of hybrid origin of triploid E.. grandiflorus from diploid E. simplex. Genetic and
mqrphological analyses of other possible progenitors may reveal whether E. grandiflorus
originated from hybridization events involving E. simplei: and another species or from

fertilization of unreduced egg cells by reduced pollen within E. simplex.populations."
A genetic distance matrix (Table 5) incorporating restriction site mutatic;ns listed in
Table 4 was computed accdrding to Nei.(1987); computations were performed using the
computer program RESTSITE (Miller, 1990). Interspecific divergence values in Erigeron
speciés examined varied from 0.0004 to 0.0136 nucleotide substitutions per site, a range
comparable to values reported for other congeneric species. For example, values of
0.0000-0.0070 were found for Lycopersicon (Palmer and Zamir, 1982), and 0.0006-
0.0260 for Pisum (Palmer et al., 1985). A dendrogram resulting from c'iuster analys.is of
the genetic "distance matrix (Figure 12) was generatéd using the computer program

'RESTSITE (Miller, 1990).

| Variation in fragment patltems of the five outgroup species E. speciosus, E.
Jilifolius, E. formosissimus, E. pumilus, and E. ursinus confounded attempts to assess the
direction of evolution in several cases. However, because this study was essentially an

effort to delimit and circumscribe E. lackschewitzii and all potentially confusing species,
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‘size from about 8 to 15 kb (Hamby and Zimmer, 1992). Restriction enzymes which cut
repeat unifs in one or two pléces produce bands on a Southern blot, allowing size analysis .
of one unit. .
The sizes of the tandem repeats in the Erigeroq taxa studied are about 14 kb and
10.6 i(b (Table 6). Monomorphic fragment patterns were detected by two restriction
endonucleases, BsfBI and Stul. Although inconclusive, results paralleled £hose found in
cpDNA for E. lackschewitzii and E. ochro(eucus var.- scribneri, i.e., IDNA band patterns
were similar for the two species, with one exception. Erigeron ochroleucus var.
ochroleucus di§played two bands of 6.0 kb and 4.6 kb with HindIll while a single E.
lacksc.hewitzii specimen displayed a band ‘of 10.6 kb, which may ultimately prove to
~ denote a polymorphism within the E. lackschewitzii/E. ochroleucz;s complex. Lack of
resolution with other populations of E. lackschewitzii and E. ochroleiicus var. scribneri
did not allow for determination of consistency with respect to this mutation. As with
cpDNA restriction sites, no patterns emerged among the outgréup species so as to
estimate the direction of evolution. |
The use of randomly ampliﬁeci primers in RAPD analysis can detect
polymorphisms in the absence of specific nucleotide sequence information, and the
polymorphisms can function as~ genetic markers (Williams et al., 1990). Nearly all RAPD
markers are dominant, although it is not possible to distinguish whether a DNA segmeﬁt is
amplified from a locus that is heferozygous or homozygbus for a RAPD marker. It is also
unknown whether RAPDs represent a random sample from throughout the genome

" (Brauner, et al., 1992).
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Table 6. Taxa grouped by rDNA repeat units. See Table 2 for label identiﬁcation‘.
EO14N = ER, reflecting the proper identification of this population as E. radicatus.
Labels with no numbers indicate species.

Enzyme Fragment (kb) Taxa

BamHI 6.7+3.0+13 EL, ER, ES, EU, EC, ESP
Bcll .14.0 EL, EO, EG, EF, EU, EFO
' 7.0+7.0 ER, ES, EC, ESP
BstBI 14.0 All species
Dral \ 90+1.6 EL, EO, EU, EP, ESP
6.0+30+16 ES,EC
Ec001091 " 11.0+16+14 EL, EO, ER, EG, EU, ESP, EP
EcoRI 6.7+38+34 EL, EO28, ES, ESP
Hindlll 10.6 EL13B, EF
6.0 +4.6 EO17
Stul 14.0 All species

Nine decanucleotide RAPD primers of the ‘A’ kit produced 122 bands that could
be repeatably scored. Only fragments with molecular sizes between 200-1000 base pairs
w;re scored due to inconsistency in resolution above and below this range. Application of
1;he UPGMA clustering algorithm of the SAHN and TREE optiqns of NTSYS-pc (Rohlf,
1993) to a matrix of Jaccard similarity coefficients derived from the presencé/absence of
RAPD fragments (Table 7) produced the dendrogram illustrated in Figure 13.

RAPD markers revealed no genetic‘ diversity among individuals from three
populations of E. lackschewitzii. The lack of variation in RAPDs among E. lackschewitzii
populations probably reﬂ-e'cts recent ancestry from a single or a few ancc;stral popule;tions

of its presumed progenitor (e.g., Fenster and Ritland, 1992), and maintenance of the

genotype through apomictic rebro_duction.
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Spongberg (1971) notes that each i)opulation of E. grandiflorus sensu lato is unique and
more similar to sympatric populations of other species than to other races of E.
grandifiorus. Within a given race, population individuality might be- interpreted as
evidence of a unique origin, and each population may cbnstitute é separate biotype,

according to Spongberg.

Determination of Ploidy Level -

Results from stomate counts .reveal a significant difference (p < I(I).OOI) befween
diploids and polyploids with reference to number of stomates contained within the 'vjéwing
field under 200X magnification. A significant difference also exists between diploid and
triploid populations and between ériploid and tetraploid populatidns. No significant
difference (p = 0.054) was noted between populétions of the two diploid species.
Tetraploid E. radicatus and triploid E. grandiflorus had fewer stomates per unit area (X =
19.5 and 18.3 respectively) than diploids E. ochroleucus var. scribnéri X=26.2) and_E. :
simplex (X = 24.4). Mear:l number of stomates for E. l.ackschewz"'tzii was 19.7. Unpaired t-'
tests of sets of stomate counts revealed a signiﬁcant difference (p < 0.001) between E.
lackschewitzii and both diploids/. Although no significant difference (p = 0.139) was noted
between ,E lackschewitzii populations and tr‘iploid E. grandiflorus populations, stomate
counts Hwere,essentially identical (p’= 0.873) when E. lackschewitzii and tetraploid E.

radicatus populations were compared. These results suggest that populations of E.

lackschewitzii are more likely to be tetraploid than triploid.
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