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ABSTRACT : : ’

The Minuartia rossti (R. Br. .x_Richards.) Graebn, complex
is composed of three morphdlogically distinet taxa which, for thé most
part, correspond to the three subspecies recognized previously as ssp.
rossti, elegans and columbiana. Cytological, chemical; breeding system
and phytqgeogfaphical evidence also support the recognition of three
taxa. The basic chromosome number of the compiex, x=15, has been
confirmed, with spp. rogsii having 2n=60, ssp. colunbiana 2n=30 and
SSp. eZegdns bothv2n=30 and 2n=60. With the exception of guard cell
;ize, no differences were observed between the diploid and éetraploid
races of ssp. eZeggns. The tetraploid of this taxon %as probably been
derived from the diploid by autopolyploidy.. The flévonoid Apigenin
6—C—ayabinosy1g;ucosyl—7—0 glucoside was Eound to bg téxon specific,
being.preseh: in ssp. rossii and elegans and absent in ‘ssp. CPZMMbiana.
The complex as a whole exhibits pronounced protandry and is gynodiocecious,
however ssp. rossii rarely flowers and relies almost exclusively on
vegetative reproduction via bulbilg.' The three taxa'have distinct
geogréphical distributions; ssp. rossit océupies high arctic North-

America and Greenland, ssp. elegans is restricted to Alaska, the Yukon

[

‘and_north—eastern British Columbig and ssp. columbiana is confined to
the front ranges of the nofthern and central Rocky Mountains. This
disgribufion pattern is probably the result of the Pleistocene isolation
of the taxa in three major areas: Beringia, the Canadian Arctic
Afchipelago aﬁd sodﬁh of the ice. VIhe three taxa are récognizeﬁ at the
specific level and ssp. rossii and elegans are t}eated as Minuartia

rossii (R. Br. ex Richards,) Graebn. and Minuartia elegans (Cham; and

iv
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schlecht.)Schischk. respectively. Fxami the type specimen

>
ias revealed that the epithet columbidna is synogymous with elegans

and the name Minuartia austromontara is proposefl for this taxon.

s
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CHAPTER T
© «TRODUCTION

The genus Minﬂ&rti&l is a member ot th- sub-family AZSinoidcaa
Pax and Hoffmén (1934) of the Cnryophylla;oae. The membors of tﬁe
Alsinoideac are distinguished from the Paronychioideac by their
possession of true petals (not petaloid staminoidés) andFekstibulate
lecaves, ,and from the Silenoideae by Fheir free sepals. IWirhin Lhe o

Alsinoideae, the largest group, In both number$ of species and'géne%ic

¢

diversity, is the Arenaria sensu latissimo complex (McNelll, 1962) .

Generic delimitation within the Arenaria complex has always been a'matter

of considerable dispute between North American and Furopean taxdnomists.

N

European taxonomists have long recognized three main genera: - Minuartiq“_

L., Arenaria L., and Mbehfingia«L. (plus a-numﬁer of smaller genefd

including: Hohkenya Ehrh., Wilhelmsia Reichb., Cherlia L. and Queria

L

Loefl.), distinguished by the presence'or absence of a seed strophiole
and the number of capsﬁle valvés. 'Méehringia\species éossess:a»séeﬁ (
strophiole whileﬂArenafid and Minuartid do qo&. The chief distihction‘
getween Minuartia and Arenaria is thé dehiscence of the gapsﬁle of¢€ﬁei;

O T
former by three valves and of the latter by six valves. North American

N S , _ o
taxonomists, largely influenced by, Fernald (1919), have considered this

. character too trivial to delimit the two genera .and hence treat Minuartia-

Q

as section Alsine Benth. and Hook. of Arenaria.

lnamed for Minuart, prdféssor at Madrid (169341768)..
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In his "Genera Plantarum", Linnaecus (1737) recognized only
Arenaria sensu lato, but by 1753 he recognized five genera: Minuartia,
Arenarta, Moehringia, Queria and Cherleria. Gaertner (1791) was the

- .

first to emphasize the importance of capsule dehiscence in the class-
ification of Arenaria sensu lato and placed the 3-valved members in the
genus Alsine L. Schischkin (1936) and McNeill (1962) have discussed the
displacement of the name Alsine with‘the coming of the tvpe concept.
According to Schischkin (l.c.) a ruling of the Brussels International
‘Congress of 1905 stipulated the retention of the name Alsine for Minuartia
as a nomen conscrvandum. However, the two\species referred to thé geﬁus
Alsine by Linnaeus (1.753), 272, namely A. media L. and A. segetalis L.,
are Stellafia media (L.) Cyrillfland Delia segetalis Dum. regpcctiVely.
Since Linnaeus also described five species of Stellaria L. and Delia
segetalis does not fit into the concept of Stellaria,-Schischkinv(1936)‘;
répained the name Alsine for the monotypic Delia an; referred Aiéine
media to Stellaria. Linnaeus (1753), 89, referred three species to the
genus_Minuariia: namely M. dichotoma L., M.'campestris L. and M.
montana L.; all of which have 3-valved capsular dehiscence. According
to Schischkin (1936) and Mquill (1962) the correct name according to
the ruleé of priority sﬁoﬁia;fherefore be Minuartia.

W2 . t. exception of Bentham and Hooker (1862), most
European ‘ta: nnorists héve.gccepted Fenzl's (1833, 1847, 1842) separatioﬁ
of Minuartia s £ Jiﬁe)'from Areraria. The name Minuartia became
firmly established in Europebwith the publication of Mattfeldt's (1922)
monograph of this genus. - Méftfeldt (1.c.) has shown thaﬁbtﬁe lines of

dehiscence of the capsule are determined at an early stage of development

by the distribution of vascular tissue in the ovary wall. He concluded



?hat this is a fundqmental difference between the loculicidal c&psule of
Minuartia and ;he'loculicidal and septicidal capsule of'Aranaéia and

i
justifies recognition of the two:genera.

North American taxonomists have objected to the splitting of
the genus Arenaria because when this is done, plants of similar habitats
are generically separated (Fernald, 1919; Maguire, 1951). McNeill (1962)
notes several examples of generic separations within the Cagyophyllaceae
which ignore simiiﬁr hab%tat parallels. Most notgble is the sepafattgn
of Stellaria L. and Cerastium L. In addition to capsule dehiscence,
McNeill (l.c.) maintains that Minuartia and Arenaria can be distinguished
by characters of the sepals and seeds. Minqartia species have very
prominent sepal nerves and brown seeds thle Arenaria specieﬁ have
indistinct sepal nerves and either red or biack seedé. In addition to
morphological char;bters, cytological evidence further strengthens the
case Eor maintaining two genera. It has been shown‘that the\predom;nant
basic chromosome numbers of Ar¢-:aria are x=10 and 11 (Favarggr,vL962;
Baad, 1969). McNeill (1962) has noted that Miﬁuartia has a very hetero-
geneous assemblage of basié chromosoméJnﬁmbefs with x=12 and 13 being
the most common, but also including x=10 and 11.

McNeill:(1962), who has done the most recent monographié work
on these two genera, has suggested that the view taken by North American
taxonomists i; a result of the relative paucity of the Arenaria sensu
lato flora of North America. There are 30-35 species of Are;aria in
Nortﬁ America whilé there are about 200 world wide. McNeill (1l.c.)
maintains that ;hen the group is studied on a world wide basis, two

distinct "natural" groups can be recognized, these being the 3-valved

and 6-valved taxa. More recently, North American taxonomists h:ve begur



to adopt a narrower generic concept within this group and have begun to
recognize Minuartia as a separate genus. Most notable are McNeill (1962),
Johnson and Packer (1968) and Porsild (1975), This view is not only more

practi it recogﬁizes more natural groups (Davis and Heywood, 1963)),

but ides for ich needed worldwide uniformity. Based upon
. Syl ) : - _
cytological data,\Love and Love (1975), have split the genus Minuartia

into six smaller genmera including Alsinanthe (Fenzl) Rchb., Lidia Love
and Love and Wierzbickia Rchb.' This philosophical difference between the
generic concepts of Narth American and European taxonomists is evident

éenerg&ly.

A MINUARTIA L.?
Minuartia Linnaeus Sp. pl. (1753) 89; Hiern. Journ. of Bot. XXXVII (1899)
_ 321.

¢

Alsine Gaertner. De Fruct. II (1791) 223; non L.
Arenaria L. Sp. pl. (1753) 432, ex parte.
Sagina Duce. Proc. Linn. Soc. " (1907) 77, non L.
Alsinopsis Small. Fl. S.E. U.S. (1903) 419.

Annual to perennial herbs with opposite, sessile, linear

to broad (sometimes fleshy), exstipulate leaves; flowers
usually in open and diffuse—to contracted or capitate

many to few flowered cymes, occasionally single and terminal,
small, usually complete or apetalous, sometimes functionally
imperfect; sepals free or connate only_at the base, 1-3
nerved; petals 5, white, from 2 or 3 times as long as the
calyx to greatly reduced or wanting, entire to slightly
emarginate stamens u5ually 10, inserted with the petals

at the edge of a very slightly developed to fairly promin-
-~ ent, glandular, perigynous disc surrounding the ovary,

often alternate with small glandlike protuberances;

styles usually 3; capsule 1 celled, few to several seeded,
dehiscing by 3 valves, membranous to firm or moderately
indurate; seeds reniform, unappendaged, buff or dark brown
(Schischkln, 1936; Fernald, 1950; Hitchcock et al. , 1964).

A genus of about 130 .species distributed throughout the -
Northern Hemisphere (McNeill, 1962) with about 20 species
in North America (Maguire, 1951). .

2Synonymy based on Schischkin (1936), 482.

~



Biosystematic work within the genus Minuartia has been confined
largely to reports of chromosome numbers. Basic numbers of x=8,9,10,11,
12,15 and 23 have been found with x=12 and 13 being the most commoun (Love
and Love, 1975; McNeill, 1962). Love and LBQe (l.c.) have carried out
the most recent review of the genus. Based on chromosome. number,
karyomorphology and pollen and seed coat morphology they splif the genus
into several smaller genera. McNeill and Bassett (1974) studied pollen
morphology and its use in the infrageneric qlassification of the genus
and concluded that differences in pollen size apd pore number are of
greatest systematic value at the spegies'level.

) Within the geﬁﬁs’MinuaPtia no studies of flavonoids and: their
glycosides have been made, héwever two.studies have been conducted within
the closely reléted genus Arenaﬁid. of cons;derable interest 1s the
reported absence of Quercetin and Kaempferol, the two most wigely
distributed of the flavonols (Harborne, 1967), in the two species of N
Arenaria investigated by Bate-Smith (1962). Baad (1969) compared
phénolic spot patterns of the North American species of Arenaria subgenus
Eremogone Fenzl but found them of little taxonomic value. Hartman (1974)

o

found leaf flavonoids to be .especially useful in solving taxonomic

‘problems at the specific and subspecific levels in -Paronychia L. Also

of barticular interest is the occurrence of C-glycoflavones in several
members of the Caryophyllaceae (Hegnauer, 1964), since these flavonoids
have been referfed to as being indicators éf primitive taxa (Harborne,
1972) . | | '
This inveéﬁigation{is cohéetned with threé taxa of the
Alsinanthe sensu Love and Love (1975) which possess a basic chromosome

numﬁer of x=15 and which have been referred to as Minuartia rossii



(Richards.) Gracgn. by Mattfeldt (1922). Minuartia resstt is restricted
primarily to arctic and alpine North America. More specifically 1t 1is
cohfined to calcareous regions of the central and northern Rocky
Mountains (principally'in the front r;nges); throughout arctic and
alpine Alaska, the Yukon; and th'oughout the Canadian Arctic Archipelago.
A few locations have alsa becn recorded from extreme eastern Siberia, |
Greenland ;nd Spitzbergen. The species forms small dense tufts in the
arctic and in high alpine habitats in the Rock§ ﬁounggins, and. loose

S
tufted  to large mats throughout Alaska and the Yukon.

Minuartia rossii (R. Br. ex Richards.) Graebn?

Arenaria rossii R. Br. ex Richards. App. Frankl. Journ. 738. 1823.

Arenaria elegans Cham. and Schlecht. Linnaea. 1: 57. 1826.

Alsine rossii (Richards.) Fenzl. Verbreit. Alsin. 18. 1833.

Alsine elegans (Richards.) Fetzl. Verbreit. Alsin. 18. 1833.

Alsinopsis rossii (Richards.) Rydb. Bull. Tor. Bot. Club. 33: 140. 1906.

Minuartia rossii. (Richards.) Graebn. in Asch. and Graebn. Syn. Mitteleur.
F1. 5: 772. 1918. v

Arenaria rossii -Richards var. colwmbiana Raup. Contr. Arnold Arb. 6:
157. 1934, : .

Minuartia elegans (Cham. and Schlecht.) Schischk. Fl. U.R.S.S. 6: 508.
1936. ’ : ‘

Minuartia orthotrichoides Schischk. Fl. U.R.S.S. 6: 507. 1936.°

Arenaria rossiisRichards var. daethiana Polunin. Bot. Can. E. Arct. 201.
1940. '

Arenaria rossii Richards var. apetalq Maguire. Am. Md. Nat. 46(2): 510.
1951. '

Minuartia rolfii Nann. Nytt. Mag. Bot. 3: 161, 1954,

Arenaria rossii Richards. ssp. elegans (Cham. and Schlecht.) Maguire.
Rhodora. 60(710): 47. 1958.

Arenaria rossii Richards. ssp. columbiana (Raup) Maguire. Rhodora. 60
(710) : 48. 1958.

Minuartia rossii (Richards.) Graebn. var. elegans (Cham and Schlecht.)
Hult. Ark. Bot. 7: 52. 1968. '

3named for Lieutenant James C. Ross, a member of the first Parry voyage-

in search lof a northwest passage.
\ >

“type specimen not seen.

only photograph of type seen,
e :
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g

Minuartia rossii (Richards.) Graebn. var, orthotrichoidcs (Schischk.)
Hult., Ark. Bot. 7: 52. 1968.

Arenaria rossii Richards. var. elegans (Cham. and Schlecht.) Welsh.
Great Basin Natur. 28: 148. 1968.

Minuartia rossii (Richards.) Graebn. ssp. elegans (Cham. and Schlecht.).
Rebr. Flora Arctica U.R:S5.S. 6: 64. 1971,

Alsinanthe rossii (Richards.) Love and Love. Bot. Not., 128: 509. 1975.

Alsinanthe elegans (Cham. and Schlecht.) Love and Love. Bot. Not. 128:

‘ - 509, 1975.

REAN

Description of Mﬂnuaﬁtid rossii

Densely pulvinate to loosely tufted perennial, forming
cushions 5-20 cm broad; glabrous throughout; stems
profusely branched at base, densely leafy; leaves 2-10 mm
long, linear to trigonous, fleshy, obtuse, 1 nerved, with
small leaved fascicles in the axils; flowers solitary at
the ends of stems; pedicels filiform, 2-50 mm long,
ebracteate; sepals ovate to lanceolate, 1.5-3.5"mm long,
actue to obtuse, 3(l) nerved, sometimes scarious margined;
petals white, from twice as long as sepals to rudimentary

- or lacking, oblong to obovate, obtuse or emarginate; capsule
ovoid-globular, about as long as the calyx; seeds dark
brown, reniform, 0.5-1 mm long, rugose (Schischkin, 1936;
Maguire, 1958; Hitchcock et al., 1964).

‘}ﬁn artia rossit was first described as‘Arenaria rossiti from
"Melville Island in 1823 bler. Richardson, a naturalist on the Parry
voyages of‘l8l§—22 in search of a northwest paésage{ Both Richardson
and Robert Brbwn (1824) had collected the plant and published a
description of it attributing the specific epithet to the other. How-
ever,\since Richardson's report was published first, his name prevailé
as the authority for the. description and type specimen (Article 11,
Internatlonal Botanical Code) while ﬁrown is given credit for the
eplthEt rossti (Article 46C)

Chamisso and Schlechtendal (1826) described Arenaria elegans
from the Chukchi peninsula ‘of Siberlia. Fenfl (1840)Arecogn1zed that

Arenaria elegans and Arenaria rossii weré closely related and placed

them in the same section, Alsinanthe, of the genus Alsine. Fenzl (1842)



also recognized that Arenaria rossit sensd Lato possessed both petalous
and apetaléus forms, he designated thése as formas coroll?na and apetala
respectively. Mattfeldt (1922) Qas the first to suggest that the Rocky
Mountain members of Minuartia rossii were different from the arctic.and
Alaskan plants, however lack of materiai did not permit any firmrﬂ
conclusions to be drawn. Rauﬁ (1934) describéd a Rocky Mountain variety
from northern British Coldmbia,as varieﬁy colunbiana of Arénaria roésii;
Nannfeldt (1954) reported that the epithet rossii was illegitimate

®

-because Richardson's description was based on a dwarf form of Minuartia
stricta (S.W.) Hiern. which lacked vegetative propagulesl ‘However,
Porsild (1955) has shown that the type sheet contains six specimens all
of which possess veééta e propagules and are referrable;to the species
Minuartia rossii. This has been confirmed in ﬁhe pfesent study.

- Maguire, in his 1958 monograph of this complex, reéognized‘
that these three taxa were vefy clpsely related and he treated them as
Subspécies rossit, eiegaé; and coZumbiana'of~Arenaria rossti. Today
this is the.most widely ACCepted treatment of this complex. Maguire
(I.c.) recognized that tﬁese three subspecies have very distinct allo-.
patric distributions: ssp. fossii is restricted to Arctic North America
east of ﬁhe Richardson Mountains; N.W.T., 'ssp. elegans is restricted to
the Alaska-Yukon regiont&nd Ssp. coZumbi&na is found in the northern and
cenc tel Roqkerountains. The‘type specimens of these three taxa are
show in Figures 1, 2 and 3.

:feldt (1922) suggested that Minuartia rossit senéu Lato

IS

was =7t ~oup of plants from northeast Asia that migrated to North

America du- ~e Tertiary. He hypothééized that Minuartia elegans and

Minuc tia . .. e-ame _ffere-tiated as they spread out to the arctic
y sp , :






FIGURE 1. Type specimen of Minuartia rossii (R. Br. ex Richards.)

Gracbn. ssp. rossit.
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'IGURE 2. Type -specimen of Minuartia rossii (R. Br. ex Richards.)

Graebn; SSp. eZegans‘(Cham. and Schlecht.) Rebr.
r/] : .
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FIGURE 3. Type specimen of Arcnaria rossii (R. Br. ex Richards.)

ssp. columbiana (Raup) Maguire.
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and Rocky Mountains, Hultén (1937) proposed two hypotheses to explgin
the principally Norkk-American distributionﬂﬂfiﬂﬁnuartia POSSii.V-He
proposed that either it was once widespread over the arctic and northern
mountains, includikg the alpiﬁe of eastern Asia and then had its range
much reduced by the Pleisfocene glaciations, or that it never had a very
wide distribution at all. Hultén (L.c.) concluded that because of a
lack of evidenceAﬁo support either hypothesis, the question wogld have to "
remain unresolved. Gelting (1934) considered Minuartia rossii a pre-
Pleistocene relict which had survived in situy in small unglaciated areas
éf.Greenland.

Hultén.<l969) considere: N uartia rossii a key indicator of
the Kodiak Islaﬁq refugium because of its widely disjunct distribqtion

Il ~E
[

between the island and continental Alaska. Yurtsev (1972) considered
the spéc1es presence on the Wrirgel Islands of Slberia as an indicator
of flOf;Sth mlgratloné bétwaen eastern Asia and Alaska via the B;ring
land bridge during the Pleistocene.

Biosystemat£c studies of Minuartiq rossiﬁ.have been confined
to cytological'examinationé by a j;y/ﬁérkers, their published chroﬁosome ”
counts are summarized in Table 1., The basic’chromoéome number of’the
spec1es was shown by Packer ¢ 64) to be x=15. Subspecies columbiana
has 2n=30" (Packer, l§€§7j/;sp rosszz 2n=60 (A. Love, 1975) and ssp.
eZegans has both 2n 30 (Packer 1964) and 2n=60 (Johnson and Packer,
1968) . Zukhova (1966) has reported 2n=58 for ssp. rossit ffom Wrangel
Island. However, Johnson and Packer (l.c.) noted that ssp. rossii ig )
restricted to the eastern North Americgn Arctic and Zukhova's repert
requires further invéstigation.

The presence of two chromosome races in Minuartia rogsti, itg
4
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principallyKNorth American distribution and the possibility that it is
composed of three morphologiéally and geographically distinctvtaxa
suggests that further investigation is requirved in order toiclarify its
taxonomy.‘ The present study was initiated to investigate the morpho-
logical, cytological, chemical and_phytogeographicdl aspects of Minuartia
rossii as they relate to the Pleistocene history of the complex and its
infra-specific classification as prOposéd by Maguire (1958).

Since no previous investigations of flavonoids within the

e

genus Minuartia have been cond ed, the present investigation could

)

serve as a starting point for é pqr;tive flavonoiﬁ studies within

the genus. Denfortd (1973) ha; suggeéted that biochemical markers could

ﬁe of use in establishing the existance of giacial refugia. Identification
of the flavonoid constituents of.Minuartia rossii would not only provide

much needed chemical data for this genus, but may also be of .use in

interpreting the history df the épecies comp lex.
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CHAPTER 2

MATERIALS AND METHODS

' o ' S Collections

Collections of Minuartia POSSLL were made throughout as much
of its range as‘possible. This 1ncluded most of its continental North
| Ame;icén distribution . In addition, material was collected by Mr. P.A.
Addison from Cornwallis Island N W.T. Collections from each locality

includéd, where possible,pressed spec1mens, a quantity of air dried

-

unpressed material for use in chemical studies and live plants. The
latter were transplanted into 4 inch pots and brought back to the green—

house facilities of the University of Alberta.. )

Herbarium Studies
Morphological and dlstributional studies were based on'living:
material and herbarium.spec1mens from the follow1ng herbaria: :ﬁniversity
of Alaska (ALA); University of Alberta (ALTA) ; Brigham Young University
(BRY) ; National:Museum of’ Canada, Ottawa (CAN) University of Colorado ¢
(COLOS; The Gray Herbarium of'Harvard University (GH) ; Herbarium of the
Komarov Botanical Institute, Leninérad (LE); University of Montana
- (MONTU) ; The New York Botanical Garden (NY) ; Botanical Museum, Oslo (O);
Oregon State University (OSC), Rocky Mountain Herbarium at the University
of Wyoming (RM) ; Swedish Museum of Natural History, Stockholm (S);

University of British Columbia (UBC) ; University of California at

Rerkeley (UC). (Abbreviations as used in Index Herbariorum 1974).

18



Cultivatioﬁ

Plants in the greenhouse were maintained under a diurﬁal
temperature range of 10-16°C with a relative humidity o£‘6OZ. During
the summer only natural lighting was used, however, at other times of
the year this was supplemented with artificial lightiﬁg to produce a
16 hour photoperiod. "

In an attgmpt,té induce flower1ng in érétic specimens, sevéral
plants were placed in a growth chamber which was "programmed té simulate"
diurnal fluctuations in ;emperature énd light intensities of the a{ctic.
Temperatures ranged from 0-10°C and light intensitie’s were lowered with
temperature to simulate ar;tic summer conditions.

Inducement of flowering in both arctic and alpine specimens
was attemp;ed by freezihg planﬁs for three weeks at -5°C. Prior to

freezing, dormancy was induced by keeping the plants in the dark at 5°C

for one week.

Bulbil Germinations

Porsild (1955) and Nannfeldt (1954) have noted that arctic
populations.of Minuartia rossii rarely flower and reproduce largely
vegetatively by the producfion of buibils in the axils of the primary
léaves. Bulbil germination experiﬁéﬁts were conducﬁéd to test.the
effecti?ehess of this type of reproduction in both arcfic and alpine

plants of this species.

.Fifty to one hundred buibils pér plant were detached from

healthy plants and tossed (this was to simulate their dispersal in

‘nature) into flower pots containing a standard mixture of greenhouse

soil. These cultures were maintalned at the greenhouse temperature and
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light conditions previousqy outlined for plant cultivat.on. Time of
) L . i_ . . :
establishment, 7.e. rooting, and percent establishment were then noted

_ : ’
ver a six week period.

3 Ty
Cytology

Mitotic chromosome counts were made from activeiy dividing
- root tips using the proéedures of Tijo and Levan (1950) with slighé
modifications. Roof tips were treated with a 0.002 molar solution of
8-hydroxyquinoline (0.116 gm in 400 ml of water) for 2-2% hours at 13-.
16°C. The tips were then washed in distilled wafer for 5 minuteé,
transferred to a watch glass énd stained for 30 minutes in a solﬁtion of ¢
acetic orcein and 1N HCIL (ié:l). This solution was warmed over a bunsen
burner 8-10 times during a thir;y’minute period. The tips were then
placed on a slide in:a drdp of 45% acetic acid and a cove?slip applied.
The tips wvere then sduashed aﬁd made semi—perﬁanent by ringing the
coverlsip with a mixture of gum mastic aﬁd péraffin wax (4:1). Chromo-

3

some counts were made under the oil immersion objective of an American

Optical microscope with a green filter..

. Guard Cells
It has long been noted'(Sax'and_Sax, 1937; Mﬁntzing, 1936)
ljﬁhét polyploidy is often accompanied by an increasé in cell volume.
vIn‘anleffort to distinguish diploid and tetraploid races of Minuartiaq
rossti by cell éize, ﬁeasurements of epidérmal guard cells were made.
' Leaves>were soéked4in boiling wa;er for 5 minutes, the lower eﬁ{aermis
‘was then peeléd off and placed on a microscope slide ip a drop of water.
.Measurements were made using a micrometer eyepiece on an American

Optical microscope.
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Identification of the flavonolds of eight populations ofl
Minuartia rossii was ctrried out. In addition to the ideﬁtification of .
compounds in thesékeight populations, chromatographic profiles of
sixteen populations were compared. ' : o

Prior to chemical analysis the.plants to be‘used.were sorted
to remove any contaminants. Flavonolds were extracted u;ing a blender,
20 gm (dry Weight) of plant material beigg ground fdr 15 minutes - in 250
ml tf 80% ethanol, fhe extract was filtered through cheesecloth follow-
ed by Whatman #1 filter paper. The extraét was then‘redutgd in a roto-
evaporator ﬁndgr vacuum to 20 ml. Chlorophyll anc r photosynthetic
pigments were temoved by partitioning'with an equal - of petroleum
ether (B;P. 60+64°C).l This extract wiil hereéfter be ‘afer-~d to as the
stock solution. | -

To identify the flavonoid aglycones; lO_ml of the L-ov
solution was-combined with an‘eq;al volume of 2N HCl and refluxed uat
llO°Cifor A hours. The aglycones were then partitioned‘againstfgther,
allowed to evaporate to dryne;é, andithen redissolved in a minimum
volume of'spectrograde methatol. Subsequently they were spotted in
varying.cdncentrations on half sheets of Whatman 1 MM chrom;tography
paper. Descending chromatogtAphy was carried Out,using two solvgnt
systems: BAW.(n—butanol—acetic acid—water,'éfl:S upper - phase) and
Fotestal (acetic acid-water-HC1l, 30:10:3). Identifications were made bj
/\.

comparison of Rg's with those reported by Harborne (1967) and‘Ribéreau—

Gayon (1972). ' , .
Seikel et al. (1966) have reported that C-glycoflavones remain

in the aqueous sugar layer after acid hydrolysis and ether extractton of
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o«
‘the aglycones. To cheék for poséible C-glycoflavones 1n the sfock
solution the sugar layer was evapdfated‘to dryness, fedissolved in
minimum methanol and spotted on hélf sheetg éf Whétman 1 MM paper.
Desccnding chromatdgfaphy of these sPeetégwas-then carried out in BAW \

Y

as well as 15% acetic acid. Rf's werg'then'cgmpared with those reported
by Harborne (1967). | D

Separation of the flavonoids of the stock solution was carried
out on Whatman 3 bnichromatography‘paper. Tp detefmine tﬁe optimum
concentration for sepatration, varying volumes of the stock solution weré
spottgd on 3 MM.paper and chromatographed descendingly in BAW fpr 16-19
‘hours. The sheets weré then air dried, rotated 90° and then run in 157
acetic acid fo£,6—8 hours. fhe chromatoérams-were then viewed undérluv
- light (3660R) to:determine cfficiency-of separation. .Tﬁe concentratibn
which yielded the Eest;separation waé.then-used in the further isolation
>procedurés.

Five to nine drops of thé étock solution were spotted oﬁ
thirty two sheets of Whatman 3 MM paperband chromatographed in BAW and
157 acetic acid according Eo ﬂu?iincedures oﬁtlined apove. The chroma-
tdgrams were then viewed under uv light‘(36603) in the‘presence and
absen;é of fuming Nﬁa. Spotsfresolved-gnder either of theseAconditioﬁs
were then circléd and thei; coiours héted. To test. for the prgsence of
flavonoids, one sﬁee;‘was sprayed with Benedict's reagent (positive
yéllo&‘réaction). Another sheet, used for the detection of phenolics,

was treated with a 3% aqueous solution of ferric chloride-ferricyanide

\l(positive blue reaction)®. Spots whicﬁ gave both of the above reactions

:SChromatograms weré'dibpe&-in_a solution containing equal amounts of
ferric chloride and ferricyanide stains diluted 1:10 with water, then
" cipped in a 107 solution of HC1 and washed with water.
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were cut out frpm‘the remaining sheets and eiuted in 80% ethanol. These
solutions were ;hen evaporated to dryness.

To ensure that the isolated flavoqpidé were pure, they were
~redissolved in minimum methanql and spotted on full shéeté of Whatman
1 MM paper. The sheets were then run in the usual manner in BAW and 157
acetic'acid. Those solutions which were found to tonsisﬁ of more than
one compouﬁd as indicdted by this'technique were then streaged on Whatman-
3 MM paper in the solveﬁt system which gave the bést separation;

‘The isolated flavonoids were idéntified using the procedures
of Mébry et al. (1369), The compounds were redissolved in minimum

. X ST

absolute methanol and spotted on half sheets of Whatman 1 MM paper until

% m solution

a yéliow colour was visible. Approximately 10 ul of a 10~
of Rutin (Quercetin 3—0—rhamnoglucoside) in methanolic solution was
spotted on each sheet to ser?e aé a reference. Descending chromafography
of these sheets was carrieé out in'fouf solvent systems: BAW, 15%
acetic acid, watef andAsaturated phendi (phenol—wéter! 4:1). Rf‘s in
each of the.fouf solvent systems were then calcuiated fof each of the
unknowns and gomparéd wit£ those féportéd in Harborne (1967) and
: Ribéreau—Gayon (1972). |

Ul;ra—viblet épectral analysis usiﬁg a Unicam'SPISOO spectro-~
photometer was carried out on eaéh unknown using the procedufes of |
Mabry et aZ; (1969); These procedures iﬁclude the comparison of
methanol scans with those obtained after the addition of several
diagnostic agents. Solutions gsédvinclude sodium methoxide, aluﬁinum
trichloride, aluﬁinum trichloride plus hydrochlbrig acid, sodium
acétate and sodium acetate plus bdric acid;

5

Aglycones of . the unknowns were separated by ether extraction
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after refluxing methanolic solutions with an équal amount of 2N HCL at
100°C £ "0 -dnutes to 2 HOurs depending upon the nature of the (
glycoside linkage (Ribéreau-Gu,mg, 1972, p. 124). The ether fraction.
was tﬂcn evaporated to dryness, redissolved in miniﬁum‘methanol and
chromatographed on Whatﬁan 1 MM paper in boﬁh BAW and Forestal. The
aglyéones were also chromatographed in 15% acetic acid to insure that -
the sugdr had béen liberated Cﬁglycones have a yellow colour in UV light
and &éry:low mobiiity’ia‘this solvent);

Identification of flayonoid sugars was carried out using the
procedures of Ribéreau—Gayon (1972) . After refluxing and separation of
the églycone by ether extraction, the sugars remain in the acidic
aqueous fraction. Neutralization of this solution was carried out using
a 10% solution of di-n-octylmethylamine v/v in chloroform. Twenty—fiQe
‘ m;.of this solution was shaken in a separatory funnel for two minutes
éﬁd the aqﬁeous phase containiné the sugars was evaporated to dryness.
| The sugars were then redissolQed in a minimum amount of water and

spotted (two spots side by sidé) on half sheets of Whatman 1 MM paper
with the lower edge serrated. Five ul of a 0.5% solution of D-glucose
©in 10% isopropanol was added to one of these spots. The sheets were then
descéﬁdingly run in 807 isopropanol for.36 hours,.air dried, dipped in.
- .aniline hydrogen—phthélate reagent and heated in am oven at 55°C for
20 minute;. ’Rg'siwere calculated for‘e;ch sugar By dividing the
distance the sﬁgar moved by phe'distancg the glucose marker moved.
Identification of the sugar.was then made"by comparison of its Rg and
colour with thsse repbrted By Zweig and Shgrma (1972).
The,éboveApfoceduFes were found to be sufficieht for the

-identification of the more common types of flavonoids in the populations ~



5urveyed. However, the presence of two less common types of‘fTﬁVGEBiés,
acylated flavonoids and C—glycofievones, required additional procedures
ifor their identification. Acylated flavonoids were iéentified using
the procedures of Herborne (1964). The compound to be identifed was
diesolved in~minimum4methanel and refluxed in 2N HC1l far 20 minutes at
' iOO°C. The, aglycones and sngers were identified uéiné the procedures
already.outlined. In order te identify the ac$lated sugar, a portion of
the sugar layer was chromatographed on Whatman 1 MM paper in BAW and
saturated phenol, Rf's and colours in UV light in the presence and -
absence of NH3 were then compared with those reported by Harborne (1964) .

Beacuse oflthe very similar structuree and low mobilities in
BAW of the several C-glycoflavones, they showed little separétion using
standard chrematograpnic proceduree and.required slight modifications

o . AN

) in ehromatographie>techniquest Sheets of'Whetman 3 MM paper were spotted
with stock solution in the usual manner but the chromatograms were run
"in BAW for 40 hours in the '"short' direction of the eheet with the lower
edge serrated. The sheets were then run in the "long" direction’ for
9-10 hours. In most cases this procedure yielded fairly distinct spots

-

which were then cut out, eluted and streaked on 3 MM paper in both BAW
and 15% acetic acid.

C—glycoflavones’are isomerized via pyran ring openings in acid
medium and yield two compounds upon acid hydrolysis-(Seikel et al.,
1966). Identifieetion of the C-glycoflavones was carried out on both

of the isomers extract&d in the sugar layer after 2-4 hours of refluxing

in 2N HClL. In addition to the identification of sugars by normal

.
¢

procedures, a large amount of the sugar layer was streaked on.Whatman

3-MM paper and chromatographed in 15% acetic acid. The resulting two



”aglycqnes" were then identified using normal chromatographic and
spectral procedures. Once the basic C-glycoflavone "aglycone"‘was
’idcntified, it was used as a standard in co-chromatography of the
remaining C-glycoflavones and their "Aglycones",
| After the identification of the compounds of the eight
o ’
selected populations was completed, a chromatograpiric analysis of the
‘'spot patterns of the sixteen populations was conducted. ‘Populations
'used in flavonoid analysis are listed in Table 6 (page 70). About
. 2 .
10 gm dry weight of material was ground up in 50 ml of 80% ethanol.
As little as 2 gm was found to be sufficient when the amount of material
was limited. Fach of these solutions were chromatographed on Whatman
.3 MM paper in two ways, Solutions were chromatographed using the
standard procedures for flavonoids and also in the manner previously
outlined for C-glycoflavones. Spot patterns and colour reactions

in'NH3 were then compared with those of the master chromatograms from

populations in which compounds were identified,



CHAPTER 3

RESULTS

Morbhology

Struct it analysis'revéaled three morphblogically and
geographically distinct taxa which, to a large extent, correspond to
the three subspecies of Maguire (1958). For purposes of discussion;
the three taxﬁ shall therefore be referred to as subspecies rossit,

" elegans and colwmbiana as treated by Maguire (1.c.). The three taxa
were found to differ‘in.general habit, habitat and several characters of
the leaves, gepals and ﬁétals. These differences are summarized in
Table 2. Distributiog éf the three subspecles are given in Maps 1, 2
ana 3;

Maguire (1958) recognized both apetalous ¢ petalous varieties
of ssp. columbfand which, he noted, férmed disfinct populatipns through-
out the RSZE; Mountains. Results of this investigation indicate that
ssp. columbiana is predomiqately apetalous, bu; that individual plants
}Qithin thg’same populatién and even indiyidual floyers on the same
plant can be either petalous or apetaloﬁs. Petal development.in this.
subgpecies is probaBly affected by environmental factors. One specimen
collected aﬁ Beartooth Pass, Montana by the author, which had well
. developed petals in the field, flowered twice in the greenhouse and both =

times the flowers were apetalous.

Cytology

Cytological investigation confirmed Packer's (1964) observgfioﬁ

that the basic chromosome number of Minuartia rossii 1s -x=15.° Mitotic

27
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MAP 1. Distribution of Minuartia rossii (R. Br. ex Richards.) Graebn.

ssp. rossii ’ based on the author's collections and selected

herbarium material.

7Range also includes Spitzbergen.
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MAP 2. Distribution of Minuartia rossii (R. Br. exr Richards.) Graebn.

ssp. elegans (Cham. and Schlecht.) Rebr. based on the author's

collections and selécted herbarium material.
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MAP 3. Distribution of Arenaria rossii (R. Br. ex Richards.) ssp.

columbianc (Raup) Maguire based on the author's collections

and selected herbarium material,
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" immature buds.
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chfomosome counts revealed ssp. roséii has a chromosome number of 2n=60,
ssp. columbiana has 2n=30, and ssp. eZegaﬁs has both 2n=Bd and'2n=60.
Specimens From which chromosome counts wereyﬁédé/;réiiigiéémzﬁ‘Tables-

3 and 4. A map showing the Aistribution of the two chromosome racesS

of ssp. elegans is presented in Map 4, This map includesvéublishgd
chromosome counts (Table 4, page 37),.the a&tﬁor's chromosome counts and
also chromosome numbers inferred>b§ guard cell measurements. Information
on. guard cell measureﬁents will be discussed in the next section.

Because of the small size of thé chromosomes after treatment
with 8-hydroxyquinoline, no karyotype analysis was conducted; A photo~
graph of a diploid cell and a camera lucida dra&ing of a'tetraploid
cel]l are presented in Figurés 4 and S.réspectively.

Attempts at obtaining meiotic chromosome counts by fixing
imﬁatﬁre fiowar buds‘in'acgtic alcohol (acetic acid-absolute ethanol,
1:3) yielded no satisfactory results for two reasoms. Minaartia rossti
is gynodioecious and det. .mination of the sex of the immature flower
buds proved difficult. It was also found that anthérs and pollen

matured very early in the development of the buds. This was evident in

many cases in which fully developed anthers protruded out from small

Guard Cells
Guard cell.meaéureﬁentstshowed a positive correlation between
guard cell length and ploidy ievel in subspeéieé elegans, The mean cell
length for the diploid (2n=3b) was 23;2 microns (N=872) while the meép
for the tetraploid (2n=60) was 27.9 microns (N=686)% A student's t test

(s=0.84, t=7.61) showed a significant difference bétween‘the two means



-,

TABLE 3. Collections on which Diploid (2n=30) chromosome counts are

“_based.

© Alaska: SJW #139, 146, 147, 151 McKinley Park, July IAKZ?; SJlW #243,

244, 245 Mi. 12.5, Denali Highway, June 25/76; SJW #254, 2555725 7A

Mi. 108, Steese Highway, June 297765 SJW #279, 280 Atigun Pass, Brooks

Range, July 4/76.

Alberta:. WﬁJ' Elisens #77 Hailstone Butte, Kananaskis Forestry Rd;,
July 16/75; SJW #117A, 117B Grave Flats, Mt; Park, June 21/75; SJW

#119, 127; 128, 129 Cardinal Rivef Divide, Mt- Park,:June 23/75; SJW
#223, 224 Carthew Mt., Waterton Park, Aug. 16/75; SJIW #23é, 233, 234

Highwood Pass, Kananaséﬁl Forestry Rd., Aug. 18/75; SJW #237 Sunshine

. Village, Banff Park, Aug. 20/75; SJW #241 Signal Mt., Jasper Park,

Aug. 28/75.

Montana: SJW #197, 198, 199, 200, 203, 207 Beartooth Pass, Aug. 12/75;

SJW #216, 217 Goat Flats, Deerlodge Cty., Aug. 14/75; SJW #219 Choteau

Mt., Teton Cty., Aug.'15/75,

Yukon: SJW #156, 165, 169, 170, 171 Southern Ogilvie Mcs., 64°18'N,

137°20'W, July 19-20/75.
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TABLE 4. Coljéctions on which tetraplold (2n=60) chromosome counts are

hased.

N \
Alaska: SJW #260, 262 Mi. 307 TAPS Highway, T 3/765 STV #1266 Prudhoe

Bay, July 4/76.

t

Alberta: J. Tande, Adam's Creek, Willmore, Wilderness Park,

British Columbia: 5Ji #194, 195 Summit Lake, July 27/75. s

3

Northwest Territqries: p.A. Addison #R5, R8 Resolute Bay, Cornwallis

Island, July 5/75. .

Yukon :® SJW #183, 185, 186, 187, 188, 189 Mi. 95.6, Dempster Highway,

July 25/75; SJW #285 Mi. 57, Dempster Highway.
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MAP 4, Distribution of the chromosome races of ssp. elegans based
on the author's collections, published chomosome counts and

quard cell measurements of herbarium material.

A - diploid (2n=30)

B- tetraploid (2n=60)

.






@

\\\

'FIGURE 4. Photograph of a diploid (2n=30)

cell of ssp. “columbiana.
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at the 1% level. A graph showing the range of variation between the
two ploidy levels is éresented in Figure 6. The significant difference
between the mean cell lengths made possible the determination ogiploidy
levels from herbarium.sheets. Only those specimens in which the average
cell length was within 1.5 microns of the predicted mean were used.
Herbarium specimens examined are listed in Table 5 and thelr distribution
is included in Map 4 (page~39), Te;réploids were found to occur
primarily in coastal.Alaska; the Brooks Range- and Northeastern British
Columbia, while diploids were found to be restricted to the central
Alaska-Yukon region.

Mean guard cell length for the tetraploid ssp. rossii‘and

‘diploid ssp. columbiana were found to be 28.4 microns and 25 microns

respectively.

Reproductive Biology

Both subspecies elegans and subspecies columbiana were found
togbe gynodioecious. Female flowers of Ghese subspecies have very short
undeveloped'stamens (Figure 7). Insufficiént:flowering material of ésp:
rossii'prévented any direct obéervation of‘its sexual condition, ho@éver
it is also probably gynodioec1ous Judging from Kurtz's (1894) observa-
‘separate plants-of this taxon.

Several ﬁlants flowered abundantly in the greenhoﬁse, howeyef
no seed was set. Outbreeding in Minuartia fossiﬁ is reinforced by
ptpnounced protandri (Figure 8). Béad\(l969) found that all of the
North American species of Arenaria subgenus.Eremogone -4exhibitecf pro-
tandr&. Baad (l.c.) also noted that the unspecialized flowers of

Eremogone arenaris attracted indiscriminate insect pollinaﬁors. This
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FIGURE 7. Female flower of ssp. columbiana.
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' FIGURE 8. Protandry in ssp. columbiana. [
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was :lso found to be the case in Minuartia ressii, numerous types of
insects were observed visiting the flowersﬁ All three subspecies possess
a pair of nectar glands at the base of each stamen whiéh secrete large
amounts of nectar. This is ﬁndoubcably the major insect attractant

since insects showad‘no.preferences for petalous’flowers over apetalous
ones and the petals showed no UV patterns. under either short or long wéve
UV light. |

It.has long been noted that ssp. rossiil rarely flowers but

reprod etatively by bulbils (Soreﬁsen, 1933) . These bulbils are

D ‘
of leaves produced in the axils of the primary leaves and

_ ﬁfeef€ub55ecies. Bulbil germination tests for each of
(th?' ﬁ .,7“yiesged\982 establishment fo? SSp. fossii in three Qeeks,
iQZ estgﬁligﬁmént for ssp. elegans in six weeks, and 14% establishment
for ssp. colwnbiana in six weeké.. B&lbils from'ssp. Possiﬁ were easily
detached (in the fieid wil-  would probably be suff%ciént) while those
?rom SSp. ei%gans and columbiana had to be forcibly deéached. Establish-
ment times fogissp. elegans and colwnbiana were twice’that of ssp. rossii

and the bulbils required very moist conditions for germination. However,

these moist conditions would rarely be available in-the relatively dry

habitats of ssp. elegans and columbiana. It appears that ssp. rossii is
well adapted for and relies primarily upon vegetative reproduction While
this type of reproduction probably plays a very insignificant role, if

any, in ssp. columbiana and elegans.

Chemistry

A master chromatogram showing the flavonoid.profile 2!

Minuartia rossii is presented in Figuie 9. Rg values, UV spectral data

+ and-colour reactions of the nine compounds identified are presented in
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FIGURE 9.

Master chromatogram of flavonoids in Mimwartia rossit sensu

Zato;

1. Kaempferol 3-p-Courmaroylglucoside
2.'Apigenin Q—C—glucoside

3. Quércefin 3—O-giﬁcosidé

4., Xaempferol 3—O—sopﬂbroside

5. Que;getig 3—07s§phoros%dc

6. Apigenin 6—C—arabiHOSylglucosyl~7—0*glucoside

7. Apigenin 6—C—arabinosyldiglucosidév

‘8. Apigenin 6rC—triglucosi&é

9. Quercetin 3-0-glucosylgalactoside -




49,

>YOH

<f

"03BT NsussS TTISSOX1 BTIABNUT UT

MYa

-
7/

A




Figures 10-18. A total ot Lwany—four populations were surveyed.

Collections used iﬁ chromdtograpﬁic analysis are’listed in Table 6.
Minuartia rossii was found to possess both flavonolg and

flavones. Flavones are distinguished from flavonols by the absence of a

- .
hydroxyl group or glycoside at the 3 position.

FLAVONE FLAVONOL

.‘J’

Five flavonbl glycosides weré found to be pregent in all
populations of Minuartia ~ssi kaémpferol 3—0;sophoroside, kaempferol
3—p—Co§mafoylglucoside,Hqu:r;etig 3-0-glucoside, quercetin 3—O-Sophor9%v
side and quércetin~3—0—glu asyleslactoside. AAc’g hydrolysis of kagmp:.
ferol 3—§1C0umaroylglucoside yielded’kaempferoi and’ p-Coumaroylglucose
(Re 57 in BAW, 77-1in saturated phenol, colour blue in UVHiH) & Acid
' hydrol§sis_9f thé:femaininggglycosides.yielded the aglycoqéé 6uercétin or
kaempferol plus the glycosi&é.reéidue.

. ‘A total of four flavones were found in thevpopulacions surveyed.

The four flavones were all of>the G-glycoflavone type, tT.e. with the

sugar mblecule attached. to the'flavonbid'molegﬁle via a direct carbon to

) r - RO o

" carbon bond.. Three of the flavones were fo&nd-to.be present in all
; populations surveyed: apigenin 6—C—glpcﬁgide (isovitexin), apigenin 6—C-
trigiucoside and apigenin 6-C—arabinq§y1diglucoside. The fourth flavone,

api énin 6-C-arabinosyl lucosfi;750—glucoside, was found to be of limited
pig ylg _
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distribution, being prescat in ssp. Slezons and oo w27 and absent
in ssp. coliﬁlfxﬁa. Acid‘ﬂydrolysis of the C-glycorlavones vielded
aplgenin 6-C-glucoside (isovitexin), i{ts 8 carbon {somer apigenin 8-C-
glucoside (vitexin) and tl Jxveen beund SUgﬁr molecules.

In their study of isovitexin (apigenin 6—C—g1u¢o$kdéi gl@co—

r

sides 1in Mol i 200 o Garckes van Brederode and van Nigrovecht (1972)

found petal development to be correl  od -4 7 position glycosvlation.,
.J

They found plunts which possessed an o ooctexdin 7-glycoside had well

developed. petals while those that lacked a 7 position sucar * -7 poorly

’ 3 - 0N

.
-

" develsped narrower petals. Thd presence of an ifsovitexin 7-0-plvcoside

' . : ) : ,

. RSN ~ : %t : . .

-.Qﬁplgcnin-ch—nrabLnosylgluco§F1—7—0-glucos1de) in the predominately
petaleus ssp. 22215 and 1ts absence In the apetalous ssp. ~2lwnbiana

v : . . ) Ay .
suggests that this compound may also be correlat. ! with pctal development

in Mnuartia rcssii. To test whether this com ound was subsrvecies -
PR p I

3

specific or confin&d‘only to apetalous .individuals, the flavonoids of a

known apetalous plant of ssp. elegarns (SJV #243, Denali Highway, Alaska)

: i)
were isolated and identified. It was found to possess the isovitexin

7-O-glucoside and it can therefore be concluded, that this compound is
subsp-. specific, being found in ssp. roesii and ssp. elejans and
lacking iIn ssp. columbiang.

No differences in flavonoid profiles of diploid and tetra- =~

ploid populations of ssp. elggans were noted.
< . .

‘ - S “

The chemical amd spectfal characteristics of the flavonoid

glycosides of the Minuartia rossii complex are summarized in Table 8

(page 107).
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FIGURE 10.

"Chromatog

‘Courmaroylglucoside.

LS

raphic' and spectralrdata for Kéémpferol 3-p-

<



. Kacnpferol J«p{ourmroquluco-(v
, s

H

| .
'\bu 0k~o—<_ooc(»—®au

CHROMATOGRAPHIC DATA
Spot Appearancet (tv} deceo vurple

(Uv,) yellow-green
Il Values: 0.80(RAW) 0.10(“2(\] 0.39 (Hoxc) 0.7s (phod)

TV SPLLTRAL DATA (nr)

HeoK 260,277, 3013, 338 .
NaUite 286, 326, 17153, 408 R
ACY 2765 306, 15), 408s
Mc1¥/mcy 276, 06, 351, 408s

. na0nd 276, loks, 378

HAO»\C/HJBO) 269, 282s, 152

AIC1, —_—
AlC1I/HCLl- — — -

3

-~

53
\

MeOH

NaOMe-— - —

NaOAc

—_—

NaOAc/HBBo _——

3
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FIGURE 11. Chromatographic and spectral data for Apigéﬂin 6-C-

glucoside.
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MeOHl

NaOMe—— — -

e
Aplgenin €-C-glucoside
(Isovitexin)
o
CHROMATOGRAPEIC DATA
Spot Appcarancer (Uv) Aeep vurple

{UV/NH ) yellow-green
R{Valucll 0.61(BAN) 0.1;(}‘10) 0.42 (HoAc) 0.77(PhOR)

OV SPECTRAL DATA{nm}

neon 274, 1065, N4
NaOMs 2848, 326, 199

Alct, 2623, 281, 305, 354, 383
alcid/mcl  202s, 282, Jod, 343, 384
Naoad 231, 3125, 394 .

NIOAC/H’MJ 275, 310, 348

b

St

Ve

pl

© NaOAC
n——‘_—
NanAc/H4BO, ,

-AlCl, A
.2\_1C13/HC1— - -

‘o '
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- FIGURE 12, Chromatogréphic and spectral data for Apigenin 6-C-

arabinosyldiglucoside.
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MeOH ———r
NanMe—-— — —

Apigenin €-C-avabinosyldiglucoside

. &
"J/ ,
C-Arab-O-Cle-O-Gle H
CHROMAT‘OCR_APHIC DATA
Bpot Appearanca: (UV) .~  deep purple

{UV/NH,} vellow-qreen
Rf Values: 0.26(BAW) 0. 6()(20) 0.66 (HcAc) 0.62(rhoH)

OV SPECTRAL DATA ‘(nn)

MeoH 274, MN12s, IN ~
NaO!‘e 286, 323, 402
Alc1 219, 30, 350
AICIS/ZECY 278, 305, 346, 394y
NaoA 282, 303s, -380 . ,‘\‘ -
NaOAc/K BO, 274, 308s, 346 ;S\
, \
F Y
R
[}
v
A Y
|
4
NaOAc —_—

) T BO,— - — —
AlCl NaOhc/H4BO g |

A1c13/H614—~-~

3

R
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FIGURE 13. Chromatographic and spectral.data for Apigenin 6-C-

triglucoside.



Aplgenin 6-C-triglucoside

C-ClemO-G "1 0-—Gh

CHROMATOGRAPHIC DATA

Epot Appearance:r (UV) deep purole
: (UV/NR.) yellow-qgreen
lfVJIUES| 0.24(RAW)O0.51 HJO) 0. Hae) 0.53(Phov)

« UV SPECTRAL DATA (nm)

MHcOH 259, 274,310

NaOlie 259s, 280, 128, 402

AlCl) 259, 233s, 304s, )46, 1390s
AlC1 /ECL 260, 231s, 301s, 344, 1901

NaOA 260, 282, 196
NnOAC/HJM) 258, 2748, J58e

PEURSEEEEDE

/BCl—- - — —

| alci,
AlCl

3

McOH

NaOMe— — — —

NaOAc

‘ T
NaO c/P3BO3
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.
. Aplgenin €. Tiaradinosylglucosyl-
: . 7~0-9lucoside
n o
C—Arb—c "
. L4
CUNOMATOCRAPHIC DATA N
Spot Appearance: (LV) deep purple
(tv/NR Y yellovw—green
X, Valuesy 0.23(nsw) 0.12(401 0.€6{HoAc) 0.68(PhON)
TV SPICTRAL DATA (na)
MeOH 216, 316
NaOtla “R82, 29¢s, 378 -
Alct, 262, rn, 100, 343, J4sa
aclymcl 262, W, 300, 340, .282a
xa0ad 1282 299s, )76 o N
WAGAC/HBOy 276, 3073, Ml Yy
~-¢
Lo
3
_‘}1‘.}“
s, -
"
Lo o
i )
ot -
\:{ l\ '\Vs
g
‘ - A
AlCl ————

*ALgL)/HCL- -~ -

s

.% ot

=Y

61.

MeOH i
NaOMe — - — —
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»*y
NaO~Ac ., .
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FIGURE 15. Chromatographic and spectral data‘

’

e A ) . . )

for Quercetin 3-0- a
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Quercetin )-o—qluco-qunlnctolld-

="
i o—Ced
CERCMATOGRAPHIC DATA '
spot Appearances {wv) deep purple
(UV/NH ) yellov-crean
R, Valoess 0.27(EAX) 0.38(n,0) 0.68irorc) 5.37(PH0R)
UV SPECTRAL DATA (na}
YeOR 260, 273, 352
NaOHe 285, 413
alci, 277, J023, 360, 400
Alctd/mcy 262, 276, 3003, 358
HaOAZ 212, 406
NaOAc/R B0y 273, 378, 416e ¥
N ~
¥
i &‘/?, ’
23 . ;»‘,“ - : v
. - .
: * 3+
*
Alcl o o )
N R - .
. Pl

A1C12/HCL - — =% o

3

\Y 63.

MeQll
NaOMe — = — —

NaOAC —_—

NéOAc/H3BO3—f—-—
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Quercetin 3-O-sophoroside

CHROMATOGRAPHIC DATA @
- -

Spot Appearance: {(YV deep purple
(UV/NH,) yellow-green
X, Valuéss 0.42(maK) R 180,00 0.64(HoAC) 0.50% hOR)
OV SPECTRAL DATA .
HeON 271, 347
NaOMe 282, 340s, 406
Alc1 278, 304s, 132, 422
AlCly/ucl 230, 300s, 352, 390a
NaOAc 276, 400

¥aOAc/H BO; 270, 3103, 364, 4303

e

AlC;I_3

p
AlCl, —_
/HCL -~ — - Lesy

€ -

65.

MeOll ——
NaOlle —— —— .

NaOAc -

NaOAc/H3803'—— —_——
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RE 17. Chromatographic and spectraﬁ

‘.-

data for Quercetin 3-0-

glucoside. e
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Quercetin 3}-0-glucosida

CHROMATOGRAPRIC DATA

gpot Appearancer (UV deep purple
vy yellovw-qreen
X, Valuoar 0.60¢BaM) 0.38(1,0) 0.32(HoAc) 0.57(PhON)

UV SPICTRAL DATA (nm)

reon 259, 274, 350
NaOHe 285, 336s, 414
Acl, 279, 338s, 423
aictdsuey | 278, 364
raoad 274, 10§ .
MaOAC/H D0y 210, 378, 414s

o Al_Cil3
a AlCl

3/HCL=-— - - .

[

67.

MeNH
NaOMe ,- — — —

NanDAc

MNaO
la A;?/HBBOB

.
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Kaempferol 3I-O-sophoroside

CAROMATOGRAPRIC DATA

Spot Appearance: {U'V)

I3
v

deep purvle”
yellow—ycaen

{(uv/nn
R, Valuess 0.31(arw o.h(nzo) 0.70(Koac) 0.67 (Phow)

OV SFOCTRAL DATA
neln 27, Q2

MaOMe 282, 3315, 402

Alct, 282, 305, 333, 94 .
ALC1)/sCY 282, 306, 348, 2 o
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TABLE 6. Collections used 'in flavonoid analysis of the three.sybspecies

of Miruartia rossit.

Sufspecies columbiana:

o

Alberta: W.J. Ellsc» #79 Hailstone Butte, Kananaskis Forestry Rd.,

July 16/75; SJK #106 Prospect Mt., Mt. Park, June 20/75; SJW {124

Cardinal River Divide, Mt. Park, June 23/75; &7  #22& “theQ Mt,,
Watdrton Park, Aug. 16/75; SJW #229 Goat ‘Lak " - ark, Aug.
17/75; SJiW #230 Nanton-Kananaskls Forestry Rd  Ter. . ., 18/75;

#231 Highwood Pass, Kananaskis Forestry Rd., Aug. 18/75; SJi #235

Sunshine'Villnge, Banff Park, Aug. 20/75; SJF #240 Signal Mt., Jasper

Park, Aug. 28/75.

“ontana: SJK #200 Beartooth Pass, Aug. 12/75; SJ/W #213 Goat Flats,
¥

Deerlodge Cty., Aug. 14/75; SJi¥ #219 Choteau Mt., Teton Cty., Aug. 15/75

Subspecies elaga g

\laska: MJi° 50 Mcilinley Park, Julv 14/75; SJW. #250 Mi. 12,5Denali
Highway} dJune 25/76; S #253 Mi. 108 Steese Highway, June "29/76; SJ¥

#263 Mi.\}QlATAPS Highway, July 3/76; SJ¥ #282 Atigum Pass, Brooks

Range, July 4/76,
Alberta: J. Tandé Adam's Creek, Willmore Wilderness Park.
British Columbia: &J¥ #191 Summit Lake, July 27/75

Yukon: SJW {#163 Southern Ogilvie Mts., 64 18'N, 137 20'W, July 20/75;

SJW #183.M1. 95.6, Dempster Highway, July 25/75; SJW #287 Mi. 57,

T
N

Demster Highway.

-



Subspecies rossii:

71.

Alaska: SJW #272 Prudhoe Bay, July 4/76; Northwest Territories:

P.A. Addison, Resolute Bay, Cornwallis Island.
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CHAPTER 4

DISCUSSION
Results of the p.osent investigation of Minuartia rossii
support the recognition of (trer ~losely related yet morphologically

~ .

diétinct faxa. Cytoiogical, vho§l511, phyrmgeographiéél and breeding
system data also corroborate -the recog:}tiaf of three taxa. The
calciphilous’habit and uniflorous infloresgence shared by the three taxa
indicates thaﬁ they are closély related,

Maguire (1958) dgscriSéd clinal modifications in Minuartia
rossii which, he noted, Léke place in Eoth westerly and. southerly
direé:ions, and that proceeding from eastern to western populations, the
sepals become acute; the petals.nargower and shorter, and the leaves
become less fleshy. ‘Maguire (l.c.j also noted that southward the sepals

"become smaller and broader; the petals are inconspicuous or lacking, and

Sy, Subspecies rossii is a densely pulvinate plant occupying moist

habitats _ throughout the North American arctic. It is distinguished by

its small, purple, ovate, one nerved sepals; very small, fleshy,

-

imbricate leaves; its rather long obovate petals ana its largély sterile
condition, Subspecies elegans 1is é;loosely tufted plant of arctic and
alpine Alaska, the Yukon and norcneéstern British Columbia. It is
digginguished by 1its purple, ovate-lanceolate, weakly three nerved g

sepals; long, linear, ascending leaves and oblong petals which are as

' 72
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long as the sepals. Subspecies columbiana is a cacspitose plant of xeric
albine habitats of the front ranges of the northe%n and central Rocky
Mountgins. It has green, lanceolate, erongly‘Fhree nerved sepals;
somewhat fleshy, spreading leaves and 1is commonly apetalous.

| Cytological evidence-also 5uppbrts the view that the Minuirtia-
rossii complex is composed of three closely related taxa. All three téxa
were fbund to possess é‘bésic chromosome number of x=15. Subspecies
columbiana has a chromdsome\number of 2n=30, subspecies rossiz has 2n=60
and subspecies elegans has bth 2n=30 and 2n=66. Alth0ugﬂ>Briggs and
Walters (1969) have noted that strict autopolyploids are relatively rare
in nature, the tetraploid ssp. eiegans is‘almost certainly derived from
the diploid since no morphologicaltﬁifferences between the two cyto-
types Qere observed. Neither‘Favapger (1960, 1965) nor Baad (1969)
observed any morphological differences between cytotypes of several
"species of Arenaria. Further evidence to support the autoploid
s@(derivation of the tetraploid from the diploid is that bath cytotypes

| were found to possess identical flavonoid profiles. Flavonoids have been
\ : .
Lused extensively in detecting hybridization (Harborne, 1975) and if the
~~
tetraploid were an allopolyploid, one would efpect some chemical differ-

{

ences to be evident. ‘ : : \

A B

The cﬂromosome number of 2n=58 reported by Zukhova (1966) and
confirmed in a latef‘paper, Zukhova et al. (1973), for subspecies rossii
f;om Hrangel Island is presumed to be derived via aneuploid reductionA
from £he tetraploid 2n=60. Solbrig.(l9705 reports that reduction in
chromosome number by ‘usion of chromosomes is the most common cype of \
aneuploidy. Alternatively, the tetraploid could have lost two chromo-

somes, this phenomenon has been referred to as polyploidy drop by Grant
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(1971) . Since the tetraploid/already posgtssed a double complement of

chromosomes, the loss of twd chromosomes uld easily be tolerated.

The flavonoid profile of Minuari¥ rossit is unusual, being

. characterized by a combinatio flavonols, acylated flavonols and
C-glycoflavones. The kaempferol and‘duercétin glycosid~s of the species

are relatively common being found in numerous unrelated taxa (Harborne

and w11liams,\l975). Jn fact, quercetin and kaempferol glycosides are so

widely/pistributed in owériﬁg plants that Harborne (1975) conside?s
thel ;bsence in a taxon to} be of great éignificance: Since Bate-Smith
(1962) found neither quercetin nor kaempferol in the species of Arenaria
surveyed, the presence of these compounds in Minuartia rossii may be
further justification for separating Minuartia from Arenaria. Howsyer,
‘further chemical {nvest gatiSns of Ehése two genera would be needed
before making such a distinction solely on chemical grounds.

The acylated flavonol kaempfefol 3—p—cqumaroylglucoside is a
relatively rare compound, being reported from Tilia argentia (Horhammer
et al., 1961) and Pteridium aquilinum (Wang et al., 1973). This compound
consists of a phenolic acid-(p-courmaric acid) bound via an oxygen atom
“to the glucose mélecule’of kaempferol 3-O-glucoside. The presence of

this compound in all three subspecies of Minuartia rossii indicates that

J

// they are very closely related because of shared enzyme systems and
pathways involwved inﬁits synthesis. ) _
Hegnauer (1964), Maﬂfy et al. (19725 and Chopin.and”Bouilléhf
(1975) have shown that many members of the Caryophyllaceae contain'. -
C—glycoflavones, particularly as glyéosides.of apigenin, Harborﬁe (1972)

has suggested that the distribution of C-glycoflavones supports the idea

that they are primitive relicts, since they are Present more in woody
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families than herbaceous ones. Harborne (l.c.) suggested the possible
evolutionary series: flanoanol +'C*glycoflanqne -+ flavone. Swain (19%5)
however; considers flavonols and C-glycoflavones to be derived from the

p
more simpler flavorfes. Chopin and Boulllant (1975) have shown thaé large
numbers of C-giYcoflavones are found in the more advanced angiosperm
families, e.g. Legﬁminosae, Compositae and Umbelliferae. Swain (1975)
“has concluded: that biochenlcally, the Caryophylidae is the moét recently .
evolved sub-class of the angiosperms. The presence of many C-glyco-
flavones in the'Caryophyllaceac may indecd.be evidence that it is more
advanced than previously thought.

The four C-glycoflavones found in Minuartia ressii have proved
to be of greaé taxonomic interest. All four com90unds were found to be
isovitexin (apigenin 6-C-glucoside) deri?atzges. Several isovitexin
derivatives have been reporfed in other members of the Caryophyllaceae
(Hegnauer, 1964). Of particular interest are the studies of van
Brederode and van Nigtevecht (1972, 1973, 1974) on the genetics of
isovitexin glycosylaﬁion. These~studies provide a passible mechénism
for the production'of the isovitexin gLycosides found in Minuartiq'
rossii. Glycosylation is controlled by several genes: gene G controls
fhe transfer of glucose to the 7 position, gene A controls the transfer
of arabinose to the 6-carbon bound glucose and gene Fg controls.fhe,

transfer of glucose to the 6;carbon“bound.gluqose. Several other genes

were also shown to transfer other sugars to the 6 and 7 positions on

the molecule.

The genes A and Fg however,'would not be adequate to produce

the triglucosides found in Minuartia rossii. If these two' genes

'
i

produced the triglycosides in a sequential manner, then one would expect
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to find the intermediate diglycosides in the leaves also. A more
plausible explanation would be that two other genes may be present
which transfer glucose-glucose and arabinose-glucose complexes to the
6 position )

The flavone apigenin 6&C—arabinosylglucosyl—7—0—glucoside hag
been shown to be a taxonomic marker in Minuartia rossit, being present
in ssp. rossii and elegans an. absent 1in ssp. columbiana. Van Brederode

and van Nigtevecht (1973) have shown that the formation of this compound

from apigenin 6-C-glucoside  is controried by two genes. Gene A binds

It can, therefore, be postulated rhat ssp. columbiana lac%s gene G since »
it does not possess the 7-substituted flavone. .ﬂi\

Van Brederode and'wn Nigtevecht (1972) reported thet petal
development in Melandrium album was correlated with 7 positiqﬁ glyco-
sylation; They_fdund that plants.which possess an isovitexin 7-0-
glucoside'had Qell déveloped petils while those that lackeq the. 7
position sugar had very reduced éetals. Reéults of the present
investigation show no such correlation, since members of subspeciesg -
elegans with reduced or absent petals possess the 7-0 glyc031de It can,
therefore be concluded. that the 7—O—glucoside is taxon specific, being
present in ssp. rossit aﬁd elegans and absent in ssﬁ. colunbiana. Thus
the presence of the flavone apigenin 6—C—arabiﬂosylglucosyl—?io—glueoside
correleres well with: the cytological and morphological recognition of
subspecies columbianag as 4 taxonomically distinct taxon. .

The breeding systems of Minuartia rossii provide further

evidence that this species is composed of more than one taxon.~ All

three subspecies were found to be gynodioecious,rhowever Radford et al.
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(1974) have noted that this is a very common condition withins the
Caryo(g;ilaceae. Likewise all three subspecies exhibit pronounced
protaddry, but as Baad (1969) noted this is also common in arenarias.

Both the-gynodioecious condition and brotandry may be taxonomically
\

without significance.

The production of bulbils is, howevér, taxonomically éignific—
an£ in Minuariia rossit. Simmons (1906) observed that arc’ ic specimens
of Minuartia PO?Sii rarely floger and that he had not seen any fruits

or sceds. He supposed that the plants must flower. and ripen seed in

some years, "....as it has no other means of propagation'. Sorensen

(1933) however, noted that the species propagates vegetatively by easily
detached bulbils which, he noted, were probably carried along by streams®

of meltwater in the spring. Schischkin (1936) noted that subspecies

3

elegans also possess small faséicles of leaves in the axils of the
N S
primary leaves. . .

Results of the present investigation have shown that all

oY

three subspecies of Minuartia rossii possess smali fascicles of leaves

in the axils of Fhe,primarylleaves. I; haé been further shown that

these fascicles of le#ves function as'vegetative prépagules only in
subspecies rossii. The 'propaguleé' of both ssp. eZegans and columbiana
Qere shéwn to be an ineffective means of vegetative reproduction, Z.e,
thezﬁdo not detach readily in nature and they show very limite&
viability even under very advantageous artificial conditions. Sﬁbspecies
rossii, on the othér haﬁd,‘exhibiﬁs almost total reliance on vegetative-
reproduction. It very rarely flowers and virtually never develops

fruits or seeds. The pPresence of bulbils is, therefore, a good taxonomic

character which can be used, along with morphological, cytological and

i
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. . /. . .. .
chemical characters, to g}ﬁtlnguish ssp. resstt from ssp. o’2gans and ssp.

columbiana. —‘-s_.////

)

Nannfeldt (1954) notcd that the type pr@lan ot MLnuartza

s
rossii did not possess bulbils, but instead had ﬁumer us WLll develOped

flowers. He thcrefore concluded that Richardson (19 33 had based his

S .

description of Minuartia rossii on a dwarf ;éecimen of mznuartla strzcta
(SW) Hiern. and thercfgﬁ\\proposed\%he name lhnwartLa Poéfht for this
species., However, the type sheet of Mtnuartza rossii from RlchardSon s
herbarium (Arenaria rossii R. Brown, Coast, BM) contains si; specimens
all of whibh are abundantly flowefing, possess nuaquUS vegetative
propagules and are referable to this species. Examinagioq of the type
spécimen of Minuartia rolfii(Simmons 2390, E&lesmerel§nd, 0) has Tevealed

“

that it also is Minuartia rossii and the name Minuartia rolfii is there-

]
fore synonymous with Minuartia rossit.

The distributioﬁ of Minuart;q,rossii has been a subject of
mﬁch misinterpretation. Its distribution has usually included
Washington (Hitchcock et al., 1964), California (Munz, 1968) and
) Colérado“(Hitchcock et aZ.,{l964;vRydberg, 1906) . Ekamination'of

8

herbgrium material has revealed that Minuartia rossii does not occur

. o~ . .
in ‘either Californ;a, Washington or Colorado. The specimens Munz (1968)
repérts from Meno Mesa and Tulare Countie;, California (V. Duran 2829,
. UC, WIU and C. Sharsmith 3391B, Ué) are Minuartia stricta and can be
recognizé; by their long, bracteate, branching inflorescence. These
specimens were also collected on granite rather than the limestone
habitat Minuartia rossii normally occupies.

R 4 .

It is evident from herbarium specimens (e.g. J.W. Thqmpson

7433, Olympic Mounfains, UC, WIU; W. Muenschen 10281, Whatcom County,
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‘.yu

WTU) and from Hitchcock et al. (1964) illustration of Minuartia rossii
Lhat the reports of this species from Washington are erroncous. No
reports of Minuartia rossii occurring 'n Washington have been

sub:* intiated by the present author. Likewise, no reports of Minuartia
rossii from Colorado have been confirmed, such specimens as Hultég_?nd
Weber 11054A, Hoosier Ridge, COLO are also Minuartia stricta. /

Minuartia rossii is a pronounced calciphile and its present

b
/

range appears to be the result of this very specific habitat preference.
The .species' occurrence in calcareous areas is well documented, e.g.

Alaska (Johnson and Packer, 1968; Jordal, 1951), the Canadian Arctic

Archipelago (Porsild, 1955),¢Greenland (Gelting, 1934) and Montana
(BémberA and Major, 1968). As éxpectéd, the species does not odcur in
the non-calcaredus mountains of Califorrnia or Washington. The only
calcareous reglon of either Washlngtqn/E;\Oregon is the Wallowa Mountalns
Oregon where there are occasional outcrops of limestone (Fragklln and
Dyrness, 1973). This is consispentiwith the few records of s;bspecies
coZumbianalfrom this region. Likewisé, tﬁe only subétéﬁtiated report of
Minuartia rossii from Utah (B. and K. Harrison 10926, Unité Mountains,
BRY) is attriﬁutable to the calcareous nature of this region, The
calciphilous h it s ared by the three subspecies of(Minuartid réssii
is therefore an indication of their close relationship and.accounté for‘
the restriction of subspecies colwmbiana to the calcaresus front ranges
of the Rocky Mountains. - |

The principally NorthiAmefican distributiog of Mirzualﬂt?:a.1
rossit as well as the allopatric distribution of 1ts three subspecies

has generated considerableiinterest.in the historical factors which may

have caused such distributional patterns (Mattfeldt, 1922; Hultén, 1937;
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)
Johnson and Packer, 1968). The present investigation has shown that
the Minyartia rossti complex is composed of three morphologically and
geograpﬁically distinct taxa which share certain cytological (x=15) and
chemical characters. This suggests that while the three taxa are
closely rélated they have had different histéries. Mattfeldt (1922)
suggested that Minuartia rossii was part of a group of plants from
‘ northeast Asia‘that migrated to North America during gﬁe Tetvtiary, He
hypothesized that ssp. elegans and rossii became differentiated as they
spread out to the arctic and Rocky Mounﬁains. The presént distribution
of the Minuartia rossii complex, as well as its cytological condition
suggests that the differeptiation of the three taxa is correlated with
the Pleistocene glaciations.

Stebbins (1971) has nqted.that polyploidy is a largely
irreversible process, it can therefore be assumed that the tetraploid
(2n=60) members of Minuartia rossii are derived from the diploids (2n=30).
The present invéstigation has shown that ssp. columbiana lacks a specific,
gene for‘thé glycosyla;ion of isovitéxin at the 7 position. Since the
loss of a single gene is much more probable than a gain (Davis and
Heywood, 1963), it can reasonably bé concludéd that the diploid ssp.
columbiana has pfobably been defived from a diploid ssp. elegans. Since
ssp. rossit and elegans share the-same flavonoid profiles and the former
is composed only of tetraploids, it can be concluded that ssp. roésii is

—
probably derived from ssp, elegang. It appears then,»thgt ssp.
colurbiana and ssp. rossii have been derived from the ancestral ssp.
elegans.

Stebbins (i97l) has concluded that the majority of polyploids

have distribution patterns which suggest Pleistocene or more recent
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origin., In North Americ. Rindnwn and Beamish (197’\ hn:\‘gﬁown that
the diploids of Saxi fraga fbrruginea arc restricted to areas south of
the Plcistocenc.glaciers, while pulyplnfde are cenfined to gldcilted
areas. This has been frtqutntly obsa ‘ved in Europe tor many other

taxa. Stebbins (1950), 1in Jtscussing the uistribution.of tlhiree: taxa

of a polyploid complex of Iris, has noted that the dlplo1db are reBtrict—
ed to unglaciated areas of Alaska. The resullts of these studtes indicate -
that the diploids tend to bt rcstrlctod to unglaciated areas,'eithet
south of the maximum extent of glac1ation or withinp ungiaoiatedhtefugié- A;
while polyPIOLds usually occupy glaciated areaa :The same. conclue;on‘
1s maintained by Stebbins (1971) in a more recent publication

A map deplctlng the nax1mum extent of the Wisconsin
glaciation,ln North America is presented in Maan .The‘preqent
distribution of the two cytotypes.ofassp eZegans (Wapié Page 39)
indicates that, in generai the dip101ds are restricted to the J';
unglaciated Berlngian»region whlle the polyp101ds are found prlmarily
in glaciated areas. The survival of large numbers of plants in- satu in :
the Alaska-Yukon region is well dOCumented (Hulten 1937; Joﬁnson‘and
Packer, 1967). The present southerly dletrlbutlon of the deloid ssp.-

coZumotana 1nd1cates that it probably existed south of the Pleistocene '

glaciers and possibly In known glacial refugia such as Mountain Park

-

Alberta (Packer and Vite, 1974),
Stebbins (1971) has noted that, in general poljploids are
more aggresslve than d1p101ds and as a result, as polyploid complexes
become older,'the diploids become more restricted in geographical dis;'
tribution. leewise Johnson and Packer (1965) have shown that poly—~

ploids are at a selectivn advantage in habitats which have been
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AP 5. Approximate maximum extent of Wisconsin glaciation in North
America and Greenland (Gelting, 1934; Can. Ccdol. Surv.s 1968

. Coulter et al., 1962).
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subjected to freqﬁcnt and drastic fluctuations in climatic and edaphlc
factors., The distribution o% the cytotypes of ésp. eZegaﬁs~abpears to
confirm this aggressiveness or selective advantage of polypléidsxover
diploids, the polyploids'have migrated out considerably from the central
Alaska—fegion while the diéloids scem to have egtended thcif.range only
very slighﬁly. Stebbin; (1971) has notéd that vegetative reproduction

is very often correlated with polyploidy. The appargnt lack of a diploid
race of ssp. rossit may be the result of the diploid ancestor being out
competed by the more aggressive tetrépléids and/or the super#ority of
vegetative reproduction in the short arctic growing season.

) The results of the present iﬁveétigatioq have suggested the
following historical sketch of the Minuartia rossii complex. Prior to
the Pleistocene glaciations, a sinéle éncéstor of the complex p?g%abky »
occupied much the same range in North America aé at present, This
hypothetical ancestor was probably most similar to subspecies elegans

and was diploid. As the ice.sheets éovéred Ndrth America, populations

of this ancestor became isolated in three mgjor areas: both norﬁh and
south of the.ice and in Beringia. The centér of the formation of the

ice was in the Kewatin District, N.W.T. (A. Love, 1959). .As the icé~
moved northward it isolated the precursor of ésp. rossii in the high
arctic. Known unglaciated areas of the arctic include a large part of
Baﬁks and Ellesmere Islands (Cani Geol. Surv., 1968), northern Greenland -~
(Gelting, 1934) and Spitzbergen‘(Nannfeldt, 1954) . Presumably the shoft
growing season of tgese high arctic refugia would cause a shift in
selection ;ressures to favor the vegetative reproduction charactériétic'

of subspecies rossii. The present distribution and reproductive strategy

of ssp. rossii indicate that it probably existed in refugia in the high

’
B
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arctic during the Pleistocene from where it then migrated dut upon
ret;cat of the ice. Indeed, several workers huve‘proﬁosed such high
arctic refugia (Porsild, 1955; A.YLGVe, 1959; D. Love, 1959).

The n situ survival of ssp. olegans in the Beringian reglion
is almost axiomatic. The presence of two chromosome races in this taxon
‘and the resﬁriction of the diploid race to unglaciated areas 1s strong
evidence for its SurviQal in Beringia during the Pleistoce?e. |

ThetPresent'southérly distribution df ssp. columbiana as well
as 1its uniform diploid condition;—indicates that it probably existgd
-south of the ice marginé and possibly in known glacial refﬁgia such as
Mountain Park, Alberta (Packer and Vitt, 1974) and Waterton Park, |

Alberta (Packer, 1971).



CHAPTER 5
CONCLUSIONS

The present investigation has demonstrated‘that the Miruartia
rosstt complex‘is composed of thfee morphologically distinct taxa.
Chemical, cytdlogical, breeding system and pﬂ}cogeographical data also
support this conclusion. The differentiation of thgse taxa has been
shown to be largely the result of isolation caused by the Pleistocene
glaciations. Characters which distinguish the three taga are summarized
in Table 7. Maguire (1958) referfed_to the taxa as subspecies of
Minuartia rossii; however, Davié and Heywood (1963) have noted that sub-
species are dlstinguished by several small and usually quantitative
différences, but these éharacters can break down individually. Davis
~ and Heywood (1.c.) have noted that the mérphological—geogréphical species
concept is the most pracfical égg-takes into account all available
>evidence including mofphology,'cheﬁistry,vcytol;gy, geography, etc.; but
Jinsists that the species gﬁ recogni;ed must be deliﬁitable by mqrphologi—
cal characters. Referencé to Table 7 shows that the three taxa of the
Minuartia rossii complex are égrphologically distinguishable on several
characters and that the chemical,»cytoibgical and geographical N
charactgrs corroborate the morphological data. Therefore, it seeas |

appropriate to recognize the three taxa at the specific level. -This,
practice has in the past been employed by several taxonomists who
recognize both Minuartia elegans and Minuartia rossii for ssp. elegans

and rossii (Schischkin, 1936; Nannfeldt, 1954; Hultén, 1958). It is

recommended by the present author therefore that ssp. rossii and ssp.

86
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elegans be treated as Minuartia rossiiy Richards.) Graebn,

and Minuartia elegans (Cham. and Schletht. Ischk. respectively.
HoweQer,_with respect to ssp. colwumbiana, this epithet cannot be used
for the Rocky Mountain taxon of Minuartia rossii when recognized as
a species. Examination of the type specimen of ssp. coZumbf&na (J.

. '
Norman Henry 262, pass north of Robb Lake, B 2., GH) has revealed that
it is Minuartia elegans! Thé sepals are 3 mm long, purple, ovate-
lanceolate, acute and weakly three nervéd; the petals are oblong and
equal to the secpals and the leaves are ascending. Subspecies'calumbiana
is therefore.a ;ynonym of Minuartia elegans. 1In fact, ssp. coZumbiana
has never been given formal taxonomic recognition. In view of this,
the use of iﬁé epithet at the species level for the Rocky Mountain
component of the Minuartia rossit coﬁple# would be extremely cénfusing.
The preseht author broposes the name Minuartia austromontana for this
'taxon (type_spéeimgn A.J. Breitung 16415, summit of Mt, Lineham, Alberta,
July 21, 1953, ALTA; Figure 195. | ~

The distributibnsrof the three recognized species of the

Minuartia rossii complex are presented in Map 6,
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MAP 6. Distribution of the three species of the Minuartia rossii

complek.

7 S . . .10
~ Minuartia rossii

| _
. | N :&\\\w - Minuart?a eiegang

- Minuartia austromontana

10range also includes Spitzbergen
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Synop;}S‘of the Muwartia rossit complex

Plants mostly sterile; leaves imbrfcate, 2-4 mm long; sepals oblong-
ovate, obtuse to acuminate, 1.5-2.5 mm long, /one nerved; petals
obovate to spatulate, consplcously surpassing the sepals; densely
pulvinate plants of Arctic North America, Greenland, Spitzbergen
and castern Siberfa........... v Mivuartia rossti

Plants rarely, if ever, sterile; leaves sprg1d1ng to ascending, 3-10
mm long; quals ovatc ~lanceolate to lincar, acute, 2-4 mm long,
three nerved; petﬁls oblong to linear, equaling or shorter than
the sepals or absent; caespitose to loogely tufted plants of
arctic-alpine eastern Siberia, Alaska-Yukon and southward 'in the
Rocky Mountains to Wyomirg. b

Sepals pdrple, ovate-lanceolate; petals oblong to obovate,
equaling the sepals; leaves linear, plane; loosely tufted
plants of arctic-alpine eastern Slborla, Alaska-Yukon and

' southward in the Rocky Mountains to central Alberta.
Alberta..... e e e e ettt e, Minuar tza elegans

A Sepals green, linear to lanceolate; petals mostly lacking,
linear to oblong, shorter than the sepals; leaves subulate,
fleshy; caespitose alpine plants of the front ranges of

. the Rocky Mountains, central Alberta through Wyoming;
"eastern Oregon; northern Utah......... Minuartia austrorontana

[N

Minuartia rossii (R. Br. ex Richards.) Graebn., Arenarta rossii R. Br:
ex Richards., Alstne rossii Richards. Fenzl, Alsincpsis rossii
(Richards.) Rydb., Arenaria rossit Richards. var. daethiana
Polunin, Minuartia rolfii Nann., Alsinanthe rossii (Richards.)
Love and Love. :

Plants densely pulvinate tozloosely tufted, 3-8(10) cm broad, often

purplish; sepals purple, 1.5-2.5 mm long, oblong¥ovate,‘obtuse to

acuminate, keeled, one nerved; petals obovate to spdtulate, obtuse,

from one and a half to twice as long as the sepals; pedicels 5-20 mm

long (almost lacking in densely pulvinate forms); leaves 2-4 mm long,

~ .
fleshy, trigonous, keeled, subulate, obtuse, imbricate; rarely flowering;

reproducing vegetatively by small globular fascicles of leaves in the

axils of the primary leaves; capsules as long as the sepals, very rare;



chromosome number 2n=60; inhabits moist depressions - high Arctic North

America, eastern Siberia, Greenland and Spitzbergen.

Holotype: Arenaria rossii R. Brown, Coast, Richandson (BMj.

Minuartia elegans (Cham. and Schlecht.) Schischk., Arenaria clegans
Cham. and Schlecht., Alsine elegane (Cham.. and Schlecht.) Fenzl,
Arcnaria rossii Richards. var. colwilana Raup, Avenaria rossti
Richards. ssp. e¢legarns (Cham. and Schlecht.) Maguire, Arenaria
rossii Richards. 'ssp: colwnbTaia (Raup) Maguire, :Alsinanthe
elegans (Cham, and Schlecht.) Love and Love. '

Plants loosely tufted, 5-20(30) cm broad, often purplish; sepals purple,
2-4 mm long, ovate-lanceolate, acute, somewhat keeled, weakly .three
nerved; petals oblong to obovate, obtuse to cmirginate, equal to or

shorter than calyx, sometimes rudimentary or lacking; pedice 1-4 cm

long; leaves 3-10 mm long, linear, obtuse; gqending, small leafy

fascicles present in the axils of wpPimarv/leavesi\capsule as long as

y ; i
calyx; chromosome number 2n=30 and 2n=60; inhabits mesic arctic and
alpine areas of eastern Siberié, Alaska, the Yukon and central Alberta.

Holotype: St. Lawrence Bay, Chuckchi Pensinsula Chamisso and

Schlechtendal (LE).

t

Minuartia austromontana nov. sp.’

£7 .
Plants caespitose, 3-15 cm broad; sepals green, 2-3 mm long, linear to
: ' ' [

lanceolate, acute, strongly 3-nerved, sometimes scarious margined; petals

usually lacking or rudimentary, linear -to oblong, shorter t - sepalé;

N

pédicels»S—lS mm long; leaves 3-6 mm long, somewhat fleshy and keeled,

%to be validly published at a later date.



subulate, obtuse, spreading to ascepding; small leafy fascicles some-
times present in axils of primary lcavos,,aapsn%e as long as catyx, '
chromosome number 2n=30; inhablts xeric alpine areas érincipally in the
frént ranges of the Rocky Mountains, central Alberta’ through Wyoming;
northern Utah and northeastern Oregon.

Holotype: Mt. Lincham, Alberta, July 21, 1953, A.J. Breitung 16415 (ALTA).
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REPRESENTATIVE SPECIMENS

Minuartia rossii (R. Br. ex Richards.) Graebn.

N

Alaska: Prudhoe Bay,'E. Schofield and M. Williams P-G16 (ALA); Kurupa

River, A.R. Hodgdon 8510 (GH).

Creenland: Dragon Point, T. Fulff (CAN, GH); Kong Oscars Fjord, H.M. and

> \

L.G. Raup and T. Washburn 693 (GH); Ymer Island, T. Sorensen 3312 (CAN).
Northwest- Territories: Resolute Bay, Cornwallis Island,'BescheZ 10695
(GH, NY); Hazard Iﬁlet,‘Somerset Island, D.B;O. Savile 3616 (GH, NY);
Arctic Bay, Baffin Island, N.‘PoZuniﬁA2587'(GH); South Bay, Southaﬁpton
Island, N. Polunin 2282 (GH); Bernard River, Banks Island, W.J. Maker and
S. MacLean 82 (RM); Albert Sound, A.E. Porsild 17384 (CAN); Isortog

River, Baffin Island, P.J. Webber 635 (CAN) ; Hall Beach, Melville
Peninsula, P.J. Webbef‘666 (CAN); Foxe;Basin, Prince Charles Island, V.
K.W, Baldwin 1939 (CAN) ; Ward Hunt Island, F.L. Chéistie 50 (CAN); Axel
Heiberg Island, Beschel 11194 (CAN); andas'HarBour, Devon Island, N.

' Polunin 2554 (CAN); Craig Harbour, Ellesmere Island N. Polunzn 872 (CAN),
Coral Harbour, Southampton Island, D,B.0. Savile and I. Kukkouen 24234 ™ ]
<ch0); Devon Island, P. Barrett 710 (UBC); Ellesmere Island, 4.G.
'Smmmons 2390 (O)

Spitzbergen: Northern Svalbard det P.F, Scholander (S); E. Anderson
(S); Wahlenbergsbay, A.J. Malmgren (S); Lommibay, A.d. Malmgren-(s).
Wrangel Island; ~Zhukova (L§3; Zhukova and Pétrovsky (LE).

Yukon: Shingle Point, 68°56'N, 137°12'W, J.A. Parmelee 2775A (UBC).

103 -
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Minuartia elegans (Cham. and Schlecht.) Schischk.

Al;ska: 'uppéf Kéﬁgarok River, C.B. Atwater 1909 (GH); Anvil il, Nome,
A.E. and R.T. Porsild 1335 (GH); Norton Sound, A.E. and RUT. Porsild 984
(GH, CAN); Teller, Port Clarence, E. Scamman 5481 (GI); Mi. 105 Steese
Highway, J. Trent 96 (GH);.Mastadonésome, Miller Hoﬁse, E. Seamman 4824
(GH) ; Wiseman, E. Scammin 2247 (GH); Meade River, 45 Mi. S. of Pt,
Barrow, I.L. Wiggins 12658 (GH, CAN);'Mi. 12.5 Denali Highway, M.

.WiZZiamé”1644 (BRY); Sable Pass, McKinley Park, 4. and R. Nélson 4080
“(RM); Polych?ome Pass, McKiﬁley Park, A. éndvR. Nelson‘3777 (RM) ; Marsh-~
fork River, 46 Mi, N.N.W._Arctic'Village; L: Hettinger 824 (CAN); Eagle
Summif, E. LaPage‘23277 (CAN); Sheep z}eek,.White Mts., O. Gjagreuoll
456 (CAN); 5 Mi. S. of Eagle, G. Smith 2413 (CAN); Muldrow Clacier,
Anderson Pass, L.A. Viereck 1400 (ALA, COLO); Ogotoruk Creek, J.G. Packer
2053 (COLO) ; Ukiﬁy%k Creek, Bering S;rait, L. Viereck and A. Bucknell
4357 (COLO) ; Amara Lake, Kodiak Island, E. Hultén (8); Ogotoruk Creek,
’ J.G. PaCker.2329, 2178, 1284{ 1963 (ALTA).
Alberta: Persimm0n>Range, Wildefness Provincial Park, J.G. Paéker 3380,
3231B (ALTA). |
British Co%upbia: Summit Pass, H.M. ané D;S, Correll 10683 (GH); Mt.
Selwyn;’H.M. Raup and E.C. Abbe 3951 (GH, NY); Good Hope Lake, 7 Mi. ﬁ.
of Cassia?, X.I. Beamish, K.HWade and J. Pojar 730376 (ﬁBC)I

. Northwest Térfitories: Mi. 44E, Canol Rd., W.J. Cody and R.L. Gutteridge
7719A(ALTA, NY, GH, UBC); West Cache Creek, 68°15'N, 136°24'W, S.L. Welsh
and J.K. Rigby 12073 (BR&); Brintell Léke, Mackenzie Mts., H.M. Raup and
J.H. Soper 9655 (ALTA, GH, RM, NY, UBC); Richardson Mts., 68°N, 136°W,

A.E. Porsild 6792 (CAN), Mi. 82E Canol Rd., A.E. Porsild and A.J. Breitung



105.

11804 (CAN); R;Chardson Mts., 68°08'N, 136°28'W, V.J; Krajina 63071282
(UBC) . |

éiberié: St. Lawrence Bay, Chukchi PeninSUla, Chamisso and Schlectendal
(LE) ; Chﬁkchi Peninsuia, Petrovsky (LE).

Yukqn} KluaAe Lake, H.M, and L.G. Raup lé;92y(GH); Mi, 57, Demster
Highway, R,T. PorsiZQXZZA'(GH); Sam Lake, 68 34'N, 139 23'W, S.L. Welsh
and J.K. Rigby 10397 (BRY); Mi. 105 Canol Rd., A.FE. Porsild and A.J.
éreitung 10891 (CAN); Mi..83 Dempster Highway, R.T. Porsild 1523 (CAN);
Herschel . Island, R. Wood 146 (CAN); Mi. 1022 Alaska Highway, W.B.

%)

Schofield and H.A. Crum 7941 (UBC); Summit Lake, 67°42'N,“136°28'W,

J.G; Packer (NY).

Minuartia austromontana nov. Sp.

A

Alberta: Medicine Lake; Jasper Park, E.’Scammaﬁ 2528 (GH); Crow's Nest
Pass, J. Mbcoun ;8270 (GH) ; Watefton'Lakeé, A.S. Peg§e 22570 (éH); Sulphur
Mt,, Banff Park, 5. Brown 146 (Gﬁ, NY) ; Avicon Ridge; waterton Park, 5.B.
fwuite.l78 (BRY); Highwood Pass, A.E. Porsild ané J. Lid 19351 (CAN);
Sunshine Lodge, Banff, A.E. Porsild and J. Lid 19464 (CAN); Mt. Saskatch-
ewan, Banff, A.E. Porsild and A.J. Breitung 16056 (CAN); Mt. Brett,
Banff, AE, P0r3i22>and A.J. Breitung 13802 (CAN); Carthew Mt., Waterton
Park, T.M.C. Taylor. 8634 (UBC); quthéw Pass, Waterton Park, A.J.- Brettung
16689 (NY); Whitehorse Creek, J.G. Padker 2802 (ALTA); Mountain Park,
J.G. Packer‘3049b (ALTA) ; ‘Highwood fass,’J.G; Packer 1969-436 (ALTA);
Mi. 89.Kananaskis Forestry Rd., J.G. Packer 1969-475 (ALTA); Avion Ridge,
Waterton Park,. J.G. Packer 3735 (ALTA); 10 Mi. S.W. of Cadomin, M.é.
‘Dumais.AZBSA (ALfA); Norﬁh Kootenay Mt., J.G. Packer and G. Silberhorn

" 1971-35 (ALTA).

°
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Idaho: Mt, Borah, Custer Co., C.L. Hifchcock;and C.V. Mdlick 10951
(WTU) .

Montana: Piegan Pass, Glacier Park, 4.S. P;ase and V.S, grew 132 (GH) ;
uéper Mafias Pass, J. Wauby 43 (GH); Beartooth Pass, Cérbon Co., A.
Cronquist 8003 (NY uc, G, COLO); Siyeh Pass, Glacfer Park, L.H.’Haﬁuey
. and R. H Pemble 7146 (WIU), Black Lion Mt., Pioneer Range,‘C.L{ Hi teheock
and C.V. Amh110m 12908 (WIU), Pintlar Peak, C L. Hitchcoék and C.V.
Muhlick 12860 (WTU); Shale. Mt., Flathead National TForest, C.[. Hitehcock
18624 (WTU) Queener Peak, Granite Co , K.H. Eackschewtt‘ 618 (MONTU);
Mt. Baldy,. Powell Co., K.H.. Lackochew1t7 6181 (MO&QU) Choteau Mt.

Teton Co., X.H. Lackschewit; 4428 (MONTU, NY); Goat Flats, Deerlodge
Co., K.H. Lackschewitz 3043 (MONTU); Scapegoat Mt.l Lewis and Clark

Co., J. Craighead 50 (Md&TU); E. Flattop Mt.,.Gl;ciér Park, S. Bamberg
71 (COLO); Mt. Henry, Glac&er-Park, R.H. Pemble qnd%Harvey 178 (MONTU) ;

Black Lion Mt., Beaverhead Co., C.L. Hitcheock and C.V. Muhlick 12908

(NY) . \ » o

4

Oregon: Wallowa Mts., W.C. Cusick 2299 (UC, GH); Hurricane Creek,
Wallowa Mts., M.E. Peck 22576 (uc, 0SC). B

Utah: Black Fork, ijinta Mts., ?umitrCo., B.F. and K. Harrison 10926
(BRY) . N

‘Wyoming: Beartooth Rénge, Park Co., P. Johnson 131E (RM); Green River

Lakes, Sublette Co., E.B. and L.B. Payson 4494 (RM).
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