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synonymlzed ‘with the Iatter A. /onchophy/ /a subsp..afnog/ossa |s mamtalned Studles on

A

N ST o ‘Abstre'ct“ : a ‘ .
y , : , .
Evaluatlon of systematuc relatlonshlps of Arn/ca subgenos Arcuca show that the

complex as crrcumscrlbed in the presant study, consnsts of seven specnes No new taxa

‘ have been proposed; howeverr/names of seven taxa prevnously recognnzed are treated

t+

 as synonyms Arnica angust/{ol/a A. fﬁ/gida and A /onchophyl{a each consus g of
. 0t ff '
two subSpecnes re’ polymorphlc and varleﬁ in plondy level and f ar flavonold ,

chemistry. Cluster T AXMAP and UPGMA) and prnncrpal comroonent analyses of A.

angust/fo//a (s.1.) revealed this cnrcumpolar aggregate to be best represented as two .-

{

subspecles A. angust/felra subsp angust/fo//e fa comblnatlort of. the prevaously

\
.

: recognlzed subspecnes angust/fol/a altenuata, snrnborger/ /ntermed/a, il/lnll a/plna

]

~and A. p/antag/nea) “and A angust/fo//a subsp tomentosa. Subspecoes /outseana and

fr/g/da of A. /oulseana are now ranked as spemes and a new comblnatron A fr/gida

. .'subsp. gr/scoml/ is presented The subspecres name ch/onopappa of A /onchophylla is ,

the reproducﬁve behaviour of A fu/gens an( sororfa revealed them tobe o

i e

amphimictic and\self mcompatlble wnth\ar/t j(cral hybndnzatlon experlments belng

. unsuccessful Both are malntalned as separate specres

4 ] T _ o ‘ ) ) SN
Thé basic chromosome number for the subgenus rs x=18, wuth A angust:fo/ia

l

and A fr/gfda 2n=38 57 76 and 95, A. Iohchophy/la 2n-—38 57 and 76, .A /ouiseana

e e

2n=76 and 95 A ryc;bergil\Zn—BS and 76 and both A fulgens and A. sororla 2n-38

"Fwelve flavonords w&re rsolated and eleven ldentlfled’from Arn/ca subgenus Arct/ca

8. ravonone SYA

‘ Slmple mono-glycosudes of qdercetm and kaempferol were ubrqurtous thus indrcatpve of

I

N a somewhat pnmltlve brochemncal proflle FIavonond profules are relatlvely snmple wuth

T *;\-two % slx compounds ldenfnfredaeﬁ P°PU'3t'°" Flavon/oud dnversnty appears to have

."

‘accompamed hrgh morphologldal varlablluty Amphnmlctnc specres of subgenus Arctica are

‘ 'closely correlated wrth on-glacratqd reguons Dlswnct dustnbutlons are probably the f.

4
i

1
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responstble for the recoloqnzatnon of prev:ously glaciated areas Phylogenetlc relations

’

amongst all taxa, usmg structural and fla

angust//olla to be the progemtor of all taxa wuthm the subgenus Arn/ca subgergt e

Arct/ce probably represents the most ancestral group, g:vmg rase to aII other Ar 2.
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i. Introduction

Family Asteraceae
The family Asteraceae is one of the largest and most successful families of
vascular plants, and includes more than 1100 genera and 20,000 species (Cronquist
198 1), Asteraceae |s- cosmopolitan in distribution and exhibits great aiversity in habitat,
pollinétion meihod and type of seed disperéal (Crbnquist 1981), The majority are
herbaceous, with about 1.5 percent shrubs or trees (Willis 1966). Economically the
family is of considerlable importance, but the actual number of species used by man is
small compared to its svize. In.addition to being a source of food for man (Ietltuce,
értichoke, endive, chicbry and sur)flower), many speéies are used as ornamentals (aster,
'chrysanthemum, coreopsis, dahlia, marigold and zinnia). Some are weeds (Centaurea,
Cirstum, Senecio ana Taraxacumn) and others are used to a limited extent in medicinal .

preparations (Arn/ca, Arctium, Achillea and Artemisia),

The Asteraceae appear to be a clearly defined family based upon uniformity of
~ floral structure All members po'ssesga -lobed gamopetalous corolla, an inferior
blcarpellate umlocmate ovary with a sihgle basal ovule, 5 syngenesious stamens and an

aggregation of flowers into a capitulum,

The unnformny in floral structure of the Asteraceae tends to make the
recognmon of tribes and genera difficult (Cronquist 1977). Bentham s (1873a, 1873b)
_ classification of the famnly. adopted and modified from the earlier work of Casgom
(1826, 1829, 1834), de Candolle (1836, 1838) and Lessing (183 1), into 13 tribes, is
still used today. Some tribal groupings have been questioned or challenged (Crbnqui?st
1955), and sevéfal new tribes have been proposed (Robinson ahd Brettell 1973; ¢
Nordenstam 1977). Cronquist (1977, 1981) has stated that the Asteraceae is sO -
mprphologically and ecologically diverse thai r_l\j'ariy‘generaalra not .well defined, and the
;‘;"_“;g traditional arrangement of the genera into. tribéé niay' not be correct. This dive‘rsity' may
_be generated by the prevalence of hybnduzat:on, ‘polyploidy and’ apomlxus within the -

family. In addmon, the. pronouncad taxonomnc problems at the. tnbal and generlc levels



are also inherent at the species level,

Genus Arnica
B Although Arnicat is eteérly defined, tagonomic boundaries amongst the species
are rather obscure and concise delimitation can be d.ifficult\ In fact, many soecies appear
to exhibit greater intraspecific divergence than the amoont of divergence between some
closel‘y related species (Maguire 1943). A genus of about 28 species, Arnica is confined
' to the boreal and montane region; of the northerh hemisphere, with the majority of
" species in the Western cordillera of North America. These rhiiomat0us perennial herbs

have Simple or branched stems bearing opposite leaves and large, single or cymose,

heads of yellow flowers,

'Arnica, commonly placed in the Senecioneae, is now generally excluded from
this tribe. The opposite leaves, the large ray florets, the immersed style base and the
Heljantnhus - type pollen suggest that, morphologically, A/n'i_&e has closer affihities \;lv'ith
‘the Heliantheae (Nordenstam 1977). Chemical evidence supports m'o'rphological evidence
favouring the removal of Arnica from the Senecuoneae Robins (1977) stated that the

‘chemlcal constntutnon of Arnica is more characterlstnc of the Hehantheae for its
chernlstry is markedly different from any other member in the Senecioneae. Slmllarly
serological tests indicate no relationship to the Senecioneae (Schumacher 1966),,Arnfca
lacks the characteristic‘ furanoere‘mOphilane sesquiterpene Iactones/and pyrrolizidine

- alkaloids typncal of most members of the Senecioneas, but possesses pseudoguaaanohde
sesquuterpenes novel in the Senecioneae but common in other tribes. In addmon
melanms and polyacetylenes found in Arn/ca are rare in the Senecuone‘ae Nordenstam
(1977) stated that Arnica may form a naturat group together wnth a number of genera
~ from the Helemeae a tribe now cOmbmed W|th the Hehantheae (Cronqulst 1955) or more»
< . recently, dismembered completely and redlstnbuted among stx other trlbes (T urner and
Powell 1977) Nordenstam (1977) further suggests that if- Arn/ca and related genera |

A

cannot be accepted into the Helnantheae (the caplllary pappus of Arn/ca would be

lThe denvatnon of the name Amica is unknown lt may be a corrupnon of '
Ptarmica (Abrams . and . Ferns 1960) L T .
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somewhat anomalous in the Heliantheae) the only possible solutlon would be to create a

new tribe Arniceae, The genus Arnica must be thoroughly studied before it can be

assngned to any tribe.

»

’

. Medlclnal and Economic Importance S ‘ : i

AAl

The medicinal ‘value of Arnica has been recognized in the Pharmacopoeia of the
Unuted States (1907), and the drug obtalned from the plant was widely’ used throughout.

Europe during the nineteenth and early twentleth centurles. The active principle in Arnfca

'

rhizomes, roots, leaves and flowers is arnicin (a pseudoguaianolide sesquiterpene

al La—

lactone), a yellownsh brown amorphous substance having an acnd taste (Bentley and

. V‘Trlmen 1880; Williams 1960; Robins-1977). It has been employed chiefly in the form of -

an eczema-inducing tincture, externally as a counterirritant for sprains and bruises; or
internally as a stimulant and irritant in ailments and diseases such as bronchitis, diabetes,

diarrhea: epilepsy and back pain (Duke 1.985),x5'~ - .

More recently, medicinal preparations involving' Arnica have been used to

\ enhance phaQOCytosis to prevent smoking. to promote hair growth, and as a component

in beauty cream (Robins 1977; Duke 1985). The dried flowers of Arnlca are bacterlcadal

{Duke 1985) and the extracted oils have been used recently m the product Lavilin, an

-

antlperSpurant and. foot deodorant. Arnlca 1:\5 used in perfumery and Germany alone

‘ markets more than 100 drug preparatlons contarmng Arn/ca extract (Duke 1985) The

- ot

t flowers ‘of the European A montana were 'used as the prlmary source of the drug. In

: North Amenca A cordlfolla, A. fulgens and A. saroria have also been used and are

PSR con5|dered superlor to the European plants (Hockmg 1945) However the Food and "

e -

‘ toxuc gastr‘oenterltls @ change in pulse rate mcreased blood- pressure, muscular ' _.; «

| weakness and death may result

Drug Admlnlstratlon (U S A ) has classified thls plant as unsafe for when ingested vnolent

' i

\
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Arnica Subgenus Arctica o - ‘ ,’ , o

|l‘ r
'

.

e

The most recent monograph o’ Arn/ca was’ by Maguure {184 3) m whnch he
recognnzed 32 species in fuve subgenera Andropurpurea ,‘(ct/ca Austromontana
Chamisson/s and Montana. Subgenus Austromomana has recentlyybeen systematncally
investigated by Wolf {1981), who recognized nine spec1es@nhm the ,subgqnus, reducnng
the number of taxa‘recognized by Maguire by four. | | N

Subgenus Arctica, as crrcumscrlbed by Magmre (1943) is dusttngulshed by its"

)

Iarge hemnspherlc to campanulate turbmate ‘capitula; whcte barbelfate pappus and . . ‘\ -
narrow, Ianceolate to oblanceolate leaves. Magulre recogmzed seven ‘spemes and
thnrteen subspecnes mcludnng a polymor@nc cnrcumpolar specnes (A. angusulo//a Vahi)
found in seven fanrly distinct geographlcal areas The subgenus is conf ihed prlmanly
between 45° and 80° N Latutude in North Amerlca and between 60°" and 80° |n the '
U.S.S.R. with dls;unct members in northern Scandlnavna in North A’ner:ca three specnes
extend as far south as Colorado in the Rocky . Mountalns The distrlbutnon of the Arct/ca
comp!ex is shown in Fagure 1. Taxonomic treatmants of this complex have been greatly‘

mfluenced by the morphologncal vanablllty encountered parttcularly wuthm A

angust/fo/ ja, A fr/glda Meyer ex lijin and A. /onchophy//a Greene

.
"
'

iy

v
Historlcal Taxonomlc Summary

A hlstorucal account of the genus Arn/ca has been provided by Maguxre (1943)

, consequantly the followmg dlscussmn pertams only to subgenus Arct/ca A

Iy

comprahenslve account of. aII taxa wnthln the subgenus is provnded m the taxonomy

chapter of thls thesns n h|s Flora Lappomca of 1737, Lunnaeus recognlzed the .

Ty

[.

Scandnnavnan race of A angust/folla as Doromcum foliis- Ianceo/atfs Thls taxon was- o

agam recogmzed in Lmnaeus Flora Suecica of 1745 The furst report of Arnlca in the

U.S.S.R. appeared dunng 1747-1769 in Gmelln 3 Flora Sibirica Here Doron/cum foliis . -

caulmls oppo.sit/s va letas foliis Iancealat/s was recognized In synonymy was placed

D folus Ianceolatrs
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o % - Figure 1 = The circumpolar distribution of Arnica subgenus-Arctica.
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ln Llnnaeus Specres P/antarum (1753) slx specnes of Arnlca were’ descrlbed
wi
‘ mcludlng A. montana var, alp/na In his dnssertatlon De Arnfca of. 1799 Ohn recogmzed

L

thns taxon as a distinct specnes A. a/p/na (L ) Olirr. Ferguson (1973l however, has | ,

re ;eCted the commonly used name.of A.- a/p/na fon |t ls a later" homonym of A a/p/na .

Sallsb (1796) a Doronlcum specnes The next avallable name, A angusr/fo//a was o

proposed by J.M. Vahl in 1816 for plants collected in Greenland Smce then 4he name

- A. angust/fo//a Vahi has been varlously attrlbuted to dlfferent plants of North Amernca

Europe and the U.S. SR. In Flora Amer/cae Septentr/onalls Purs 814) recognlzed A s
plamag/nea Pursh and A. fu/gens Pursh Torrey and Gray, (1843l provnded the first » .

A revislon of North Amerlcan Arnica However bepause of inadequate materlal thelr ,

mterpretatuon of A angust/fo//a was COnfused for lt lncluded A. p}amaginea A 0
N .

r‘u/gens the purple anthered A /essmg// Greene and all the then known members of ,

theA angustifol/a aggregatet o L
LS

. . . .
P ;. . - \ \ oo p o N i
W8 : . . f !

PRI ln Herder s P{antae Raddeanae Menopeta/ae (1867) A angustifo/ ia was retalned .
for plants of Labrador Greenland,,Scandmawa and northern Slberla Herder also retamed
A fr/gfda a taxon ongmally descrnbed in 1831 by Lessnng (as 4. a/p/na L. ) in_his report

on plant matenal gathered durmg the Romanzofflana expedltlén (181 5 1818) Herder s
work was sngmflcant for it demonstk‘ated a better understandlng of ;Arnica than that gf

- earher Amencan botannsts prnmaruly because of the Iarge quantltnes of matenal he had at "
S his dlsposal SRR T o ’ /\ ST e
% EEEARS The second revnsnon_ of North Amerlcan Arn/ca was in Gray s (1884) Synopt/cal

Flora of - Nortf) Amenca Gray recognlzed 15 specles of Arn/ca SIlll mterpretlng A

’

s pmntaglnea and A /u/gens as A. angustifolla Durlng the pertod from 1897 to 1904 ‘;,{_ﬂ
* twelve specles of Arnica were descrlbed by Greene, Rydberg Nelson and Macoun of
”,fwhxch only four are currently recogmzed A amag/assa Greene A tomentosa Macoun

. ";’-" A rydbergll Greehe and A. /onchophylla Greene In. 1906 Mlss Edlth Far r descnbedﬁ

- 'f;:IOUIseana from the vucmlty of Lake Loutse Alberta and four years later Greeﬁe (lQlOl

3

: publnshed A sarona Over the next two decades Fernald proposad snx names for
I T members of subgenus Arctica in’ northeastern North Amerlca, w:th only three s’ull

i consustently used (A griseemlt, A chianopappa and A sornborgerll. ﬂlﬁ rank dependent

s “‘i
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Lk names yvhnch today are all regarded as synonyms o

' A

upon the ta‘xonbmié"auﬂ'i\ority.v‘ IR L o S

Cat - . ) .
.‘t a . " " T

ln 1927 a revusnon of Arn/ca appeared by Rydberg |n Wthh he recogmzed 107

- A
' spex:les Desplte the large number of specnes his arrangement of taxa shows a much

better understandmg of relatuonshlps than before In arranglng these subgenernc groups, ’

Rydberg prlmanly used pappus characterlstlcs as dld Maguure (1943) in his. delnmntatlon .

of specuﬂc and subgenerlc groups In subgenus Arct/ca Rydberg recogmzed elght
4 NN

: subgenus was based prlmarlly on herbarldm materlal avallable wuthm North Amenca At

thns time, mformatnon on chromosome numbers and reproducttve behavuour wnthm the

b

of T'no phologlcal vanatlon ;n these plants created by apomlxls polyploudy and

. phenotyplc plast:cnty Magulre s (lS?‘SMreatment of subgenus Arctlca ‘and other ‘ .

E

classnf:catvons which have been proposed are presented in Tablé l

In thelr revasnon of Armca for the North Amer/ca F/ora Edlger and Barkley

(1978) essentlally adopted Magulre s (1943) treatme'nt of subgenus Arct/ca recogmzung

~ six specnes and 'seven vanetles H‘owever A plamagmea was combmed wnth Magulre s

A a/p/na subsp sornborger/ and the assemblage treated as A a/p/na var. p/antaginea

In addltlo‘h the |nfraspecmc taxa of A /onchophylla were not recogmzed Douglas and

Uy

S o ,
,.','ao" ,‘l‘ S “. V-

wnth no ;ustlflcatnon for thls change gnven

N ;;5 One taxon |n subgenus Arctlca whlch has generated taxonomuc debate :s A

Iolziseana Consnstlng of three dus;unct subspeones these plants are prevalent throughout

o

arctlc western North Amenca and eastern Slbena and also occupy smaller areas in ;

i fby the wndespread arctlc taxon Rydberg (1927) proposed fwe names for these plants

whereas Magulre (1943) subsequently placed these plants under synonymy wuth A
‘louiseana subsp frigida Hulten (1968) has mamtanned the name A frigida for these

' arctle plants dlstmgunshmg them from the souﬂwern A Iou/seana Magunre (1943) and

Maguure s (1943) recognmon of seven specnes and thlrteen subspecies wnthm the .

r& “
Ruyle-Douglas (1978) ha(le treated A. /onchophy//a as 2 subspecles of A. angustffolla e T

o

1
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Raup (1947) have stated that |n several respects the eastern Canadnan populat;ons are '

;o more snmllar to A. /ouliseana subsp frlgida than to those plants from Alberta However

\

the consensus has been to mamtaln all three taxa in A. /oulseana (Magulre 1943 Eduger

and Barkley 1978 Scoggan 1979 Douglas 1982) L
;e ‘f - Arn/ca fu/gens and A soror/a are very snmllar in vegetative and reproductlve

i Lo . . r

features W|th only the presence of septate galrs scattered amol’lgst the stnpttatea o

A

. ( glandular havrs of the dISC corolla and dense axnllary tufts of brown woolly hairs in the

persustent leaf bases tradltlonally used to separate them (Magunre 1943 Edtger and

Barkley 1978) Douglas and Ruyle Douglas (1978) observed that the dtagnostlc features

R ‘ used to separate the two specaes wnth the exceptlon of disc corolla pubescence are
unsatnsfactory and that all other characters overlap to such an extent that separatnon at
the specufnc Ievel does not appear warranted They therefore treated A soror/a as a

varuantofA fu/gens s e -

N . oL

S a ‘ . ' ) LI . n . '
b O ' VRN : . . ' ”
. oy . .

' . ' . ‘ Arn/ca W//sonli lS a taxon of conslderable phytogeographncal snterest First
| o descrlbed by. Rydberg in 1927 it is thé only member of subgenus Arcf/ca to be found in .
o S southcentral Ontano Wlth only a sungle collectlon avaxlable Magunre (1943) refused to
L treat thls taxon as a dlstmct species and suggested that lt may represent a hybrld
pl between A angustlfo//a and A Ionchophyl/a Subsequent cqllectlons Ied Edlger and

_ \ . Barkley l1978) to place th[s taxon m synonymy wnth A Ionchophylla

;e ‘
o, ita . . L
. e O . . : ' LR . !

L V'Arn/ca angustlfo//a sensu /ato is another complex aggregate ln subgenus Arcttca
BRI The apparent nntergradatlon m morphology between the members of thns aggregate has K

promoted conssderable taxonomlc confuslon ln hxs major treatment of the aggregate

Magunre (1943) recognlzed seven taxa subspecaes angustifo/la, attenuata, tomentOSa, '

R samborgerl mtermedla, // /mu and a/p/na (subspecnes genuma bemg |Ileg|t|mate) of
KN T o 1

. g C ‘Arnica alpma (L ) Olln Each of these taxa is confmed to a partlcular geographlc area




h}

consusts of. somse seven thoroughly mtergraduept vanetues each of whnch |s varlable and .

mlght sometlmes be mlstaken for another varlety m the absence of geographlc data "I

AR

North Amenca taxonomlc treatments range from recognmon of one specnes cornprised . o

of fOur confluent varieties (Edlger and Barkley 1978) to four separate species (Rydberg

1927) Ih Europe and the u. S S R II jin (196 1) has recognlzed subspecnes.a/p/na

l . X !

/mermed/a and /I/Inll at the apec:es level L

Blosystematlc Investloat/lons \ iy N : S R oy
The basnc chromosome number for Arnlca was shown by Bocher and Larsen }
l 1950) and Ornduff et al. (1967l to be x— 19 w:th chromosome races of 2n—38 to
2n—152 bemg reported (@rnduff et a/ 1967 Kell and Plnkava 1976 Straley 1979 . L
1982) Ornduff et a/ (1967) have observed a hlgh frequency of melotnc |rregularmes in
trnplouds and tetraplmds whlch’Barker (1966) Suggests may be: due to aneuploidy.
Prevnously reported chromosome counts are 5ummar|zed in Table 2 A reported count )
for A IOUIseana of 2n-57 (Wolf 1980) was based upon a masldentlflcatlon of A. | '
rydbergll Greene and is not mcluded m thls ta,ble A count of 2n'-ca 97 for A fu/gens,g
lncorreétly referenced by Barker (1966) from Ornduff et al (1967) is ln error and

omltted S B A
| Apomlxns and poor pollen quallty ire correlated (Gustafsson 1947) Usmg pollen '
qdaluty as an mdlcator of reproductuve mode in, Am/ca Barker (1966) was able to show

that m collectnons where emasculatlon procedures and embryologlcal observatlons .

mdncated amphlmnxls the pollen was well formed wrth better than 90% stalnabllnty m

’ lactophenol-cotton blue When apemnxls was demonstrated expenmentally the pollen G

showed varymg degrees of deformlty and Iess than 80% Stamabnllty The relatlonshnp

between apomixls and polyplondy (ﬁustafsson 1946 1947,,Stebbms 1950) was;.; ,‘
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populations. However, Barker (1966) could-only provide la someWhat cursory overview
of the genus due to tpﬁ. wide scope of his study and the limited avanlabn ty of material.
The evolution of subgenue Arcr/ca has been profoundly\affected by glacuatnon for its
members are ublqultous on all major arctuc land masses: (Barker 1966)' A thorough
'cytotaxonomlc survey of thns complex should provnde further insight into the

relationships between ploidy level, reproductive behaviour. and distribution,

In an tnvestigatior’i into the embryology of A angustifalia subsp angust:i/o{/a
from Greenland Engell (1970) observed "a number of apomictically propagatnng |
subunlts Gustafsson (1947) and Ornduff et al, (1967) have su ggested that apomzxis and
polyplo:dy are probably Iargely responsible for the r}orphological variablllty encountered
within Arn/ca. Barker (1 966) has suggested that the agamtc complexes wtthln subgenus ‘
Afctica most closely resemble the Taraxacurmn pattern, in whichﬂmany apomlctic

microspecies exist with few related sexual elements: being present.

Flavonmds have been used extenswely to support taxonomlo t’eVlSIOﬂS’ (Gornall |
and Bohm 1980; Harborne and Green 1980) and to document changes | |n chemical
complexlty both in- ﬂavonond number and structural diversity) as a result of geograph!cal
|solat|on (Mears 1980 Wolf 1981; Vogelmann 1984)'hybnd|zatton (Alston and Turner
1963 Belzer and Ownbey 1971; Wolf 1981), polyploidy (Levy and Levm 1971 1975)
or plant rigrations (Mastenbroek et al. 1983) In addmon flavonolds can pro\ude useful
data for mferrlng phylogenetlc relatnonshtps (Stuessy and Crawford 1983)
Phytochemlcal mvest:gatlons in Arn/ca have dealt primarily with. floral chemnstry e.g. ‘A
-.montana L. and A chamwson/s Less (Borkowskn et al. 1966 Wnlluhn et al. 1983
1984; Merfort 1984 1985 Merfort ot a/ 1986 Kostenmkova et al 1985) whllst
others have deatt wnth Ieaf flavonords e.g. A montana (Saner and Leupm 1966)- un wh(ch |

»

kaempfero! 3 O-glucosrde quercetm 3 nglucos«de and quercetm .‘

o

3 Orglucogalacturomde were found Wolf (1881) was‘able to |dent|fy 12 glycosldes and
114 free aglycones in’ Amica subgenus Austromontana wcth the glycosndes of quercetm

3-O-genttoblosme and quercetm 3-0-dngluc63|de (vnscosm)’ bemg nearly ubiquitous m S
A dlglucosude of quercetm with unusual chromatographuc characterusttcs and. an
unknown sugar Innkage lsolated first from A v}scosa (Wolf 1981, S

PN

“
S

an
\ .
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occurrence. Other common glyCosides were found to be quercetin 3-O-gl0coside and’ '

A A

kaempferol 3-0- glucosrde with the most frequently occurrmg free aglycone in the R

‘ subgenus belng aplgenln 6- 0 methyl ether Any changes whlch occurred durlng the

lsolatlon and subsequent evolutuonary history of Arn/ca may, be mamfested in theur
chemlcal proflles A systematic survey of the fIavonords of Arctlpa should be beneflcual

in prowdlng nnformatlon of value in mterpretmg taxonomlc and phylogenetic problems

"
4

Wlthln the subgenu? are a number. of taxa whlch exhlblt dus;unct dlstrlbutlon

\l.»

patterns Arn/ca /ou/seana with three ge\c:graphlcally lsolated subﬁeoles«
Ionchophy//a (lncludlng A wrlson//) wuth four dlS)unCt members and the seven

geographlcally distinct taxa within the A. angust/ fo//a aggregrate The allopatrnc

dlstrubutlons of these specnes suggest that prlor to the late Wnsconsman these’ taxa or .
thelr precursors had a more contlnuous dlstrlbutlon across North Amerlca Europe and

" the U S.S.R. These: tafa pose mterestung phytogeOQraphlc questuons to whlch chemlcal

and morpholqglcal mvestlgath\s should be apphed The easteru* Canadlan representatlves

of the Arctica complex have been treated as derivatives of the arctlc or western . “ L . ,
cordlllerean ‘floras (Fernald 1924 1933: Magulre 1943; Boivin 1952) Magwre s (1943) |
proposed phylogeny of the flve subgenera of Arn/ca is. pre‘sented in Flgure 2. Subg?nus

Arctica appears to represent the closest archetypal ma;or group belng derlved from a

postulated ancestor Protoamlca The probable relatnonshlps of the other subgenera are

nat at all clear, rehderlng delmeatlon speculatlve In subgenus Arctica, A.. angustlfolla

has been mterpreted as the progemtor of all subsequent taxa (Magulre 1943). Usmg -
flavonoad and morphologlcal characters wuth known pleS:omorphlc and apomorphuc
states it’ ls hoped that thls study WI|| provnde some msught mto the phylogeny of

~ subgenus Arct/ca
. e g

- Prior to‘the revisionary work on subgenus Austromontana by Wolf l19_8‘1‘l, '

| taxo'no'mic trea't'me‘nts'of”Arnlca vver'e largely based on Maguire's (1:943)\ monograph. '

Wlth our preseht knowledge on the extent of polyploudy wuthm the genus, and a greater ; '
understandlng of the chemlcal and morphologlcal consequences of apomnxls a moref o
thorough evaluatlon of subgenus Arctica can be accompllshed The avanlablllty of more

herbanum speolmens from throughout the range of the aggregate should provude

-

C
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greater knowledge to the extent of varlatlon found in natural populatlohs Materual grown
under en\nronmentally controlled conditions should mdlcate whether this observed

, varlatlon is attrlbutable to envlronmental factors or has a genetlo basis. Artufncaal

‘crossrng experlments also-can be conducted The present study was Imtnated to

| \“

mvestlgate the relatlonshlps between morphology cytology flavonqnd chemlstry and _
'geographlc dnstnbutlon of the Arczica complex to elucidate.the nomenclature and ‘
‘ ‘classnficatton of the. subgenus and the phylogenetvc relatnons between the specues\ The -

‘ mfluence of hlstorical events (/ e. glacoatlon) and tl]e role of polyplo:dy on tﬁe evolut:on '

-

v and phytogeographvc hlstory wull also be mvestlgatedt N . o
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R I1.-Materials and Methods

‘A Fleld Studies and Collectlons

“

‘ Flel col)ectnons of subgenus Arct/ca were. made throughout its range int

1

L3

ner mwestern Nort‘\ Amerlca ahd ln selected sites i in the. Gaspe Peninsula of Quebec and ' /,
: in western Newfoundland A voucher specumen for edch populatlon collected was | |
: deposnted at the meersnty of Alberta Vascular Plant Herbarlum lALTA) Seeds i
.'avallable were collected and stored ln paper 'bags lee plant materlal was transplanted
) from the fleld mto snx-mch plastlc pots and transported to the Umverslty of Alberta

Phytotron for Cultnvatlon The number of pots collected was dependent upon the size of

" the populatlon andwhether perm:ssuon was receuved to collect:i in restrlcted areas.

B Achenes of Scandmavnan °U .S.8.R. and eastern Canadlan ‘taxa were provuded by the
.
followmg botanlc gardens V.L. Komarov Botanlcal Instltute Lenlngrad Maln Botanic
‘Garden Moscow Botamcal Garden of Bochum West Germany, Botanlcal Garden of the

)

| Unuversuty of Uppsala Sweden and the Botanlc Garden of the Unlversuty of Copenhagen

\

B. Morphology | “ | ‘= Lo . ‘
A study of specumens from throughout the entlre range of the complex i

comprlsmg approxlmately 2200 speclmens mvolved materlal from, or v»sntatlons to, the

_‘ follownng herbarua Umversnty of Alaska (ALA) Umversnty of Alberta (ALTA) HerH"arlum of
‘ .Brlgham Young Umversuty (BRY); Herbarlum of the Umversuty of Copenhagen lC) Natl’onal
B ~Museum of Canada Ottawa (CAN) Department of Agnculture Ottawa (DAO) The Gray .
i Herbarlum of Harvard Umversnty (GH) Musaum of Natural Hlstory, Iceland (ICEL) Kluane
' Natlonal Park Herbanum (here desngnated KLUANE) Herbanum of the Komarov Botanlcal
lnstltute, Lenmgrad (LE) Herbanum of Montana State Umversuty (MONT) Herbler o
;HMarle-Vlctorln Montreal (MT) The New York Botamcal Garden (NY) Botamcal Museum

'..n‘Oslo lO) The Academy of Natural Sclences Phlladelphla (PH) Herbanum of the Umverslty
) ;' of Nevada (RENO) Rocky Mountaln Herbanum Umversity of Wyomlng (RM) The W P
: ‘Fraser Herbanum Umverslty of Saskatchewan lSASK) Umverslty of Brltlsh Columbla




A
(UBC) Herbarlum of the Umverslty of Callfornla at Berkeley (UC) and the Unlted States L -

o Natuonal Herbarlum (US) These data in addmon to publlshed |nformatlon obtalned

- . lMaguure 1943 Douglas 1982 Moss 1983) was used to plot dlstrlbutnon maps

! ) . .‘ i . - - e ' v oy ) .
. . '

Herbanum specumens were exammed lmtlally for morphologncal dlfferences and
| ' to see whether or not these dlfferences correlated w1th geographlc dlstnbutlon or.
\ habltat The specumens used in the phenetlc analyses were chosen to reflect the . F
‘ apparent morphologlcal varlablllty exhlbnted by each taxon and to represent collectlons o
o from throughout the range of the complex The characters used to assess phenetuc S -
‘ ,rela'donshlps within Arnica subgenus Arctir:a were selected frorn prevrous euthors |
B SRR treatments (Rydberg 1927 Magulre 1943; Edlger and Barkley 1978) and ‘my own
o : . q,bservatnon of characters m the fneld and greenhouse Each quantntatlve character ‘

'represented a mean of 3 to 10 measurements the total dependent upon number of

. C plants per her.baruum sheet Characters were soored at the' same relatnye posmon and

o
¢ _|

‘ developmental stage’ on each plant e
!y ' o C ' . . "' . e -J“,';..v, \":_.
" ‘ o oy, ' ‘ " . v . o

. ‘The TAXMAP classuflcatlon program developed by Carmnchael and Sneath (1969)
' Z;eam recently modnfued by Carmlchael (1980) is a completely non~hnerarchlcal methbd of -‘

[

cluster analysns TAXMAP attempts to represent the OTUs (operatlonal taxonomuc umt) as

'pomts ln n-dlmensuonal space where ms the number of characters The mformatlon
S ’ . o

‘ obtained is readlly amenable to a two-dnmensnonal dlagrammatlc representatlon
! "" (taxometrlc map) whlch preserves the maxlmum lntracluster vanatlon and the mmlmum ! '

|ntercluster dlscontmwty (Carmlchael 1980) In. thls way the maln relatlons among all the

OTUs are |n a conclse and mterpretable form The clustermg procedure Jsaoutlmed m A .-.-'{“ R

ro
S

- detall in Carmlchael et al l1968)

_,\. .




L Lo ! AR ot o o . ' " ' ’
v . . . o . Lot v [
. - | . . , R ., . A i ' ' A . . N
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) C ) i ) L

rh ‘ ””'l(llv‘.“.l

o

= flntervals mcluded in the range betweeh the Iargest and smallest values for that character

B (Carnﬁphael 1980) Non ordered characters are prOCGSSed as the base 2 Iog of the

b}
,

i number of classes L St T e
. ‘ . "\ N , “ . . » ! |“I|. ) } : l“"‘“-" . ";
' '/‘ * N . v ' '

R o Four separate TAXMAP analyses have béen carrled out (l) Arn/ca fng/da
/ou/seana. l2) A fu/gens amd A soror/”a (3) A angust/fo//a (s / ) and A p/antag/nea and‘“
‘(4) OTUs representmg all taxa wuthm the subgenus Each of these analyses |s treated

T

separately in the next sectlon Usnng the TAXMAP program data were standardlzed .

. ‘(Carmuchael et a/ 1965) and used to caICulate the panrwuse snmllarlty matrlx Isolated

. subsets of Slmnlar |tems were then clustered Carmrchael et a/ (1968) hav‘e deflned f,, .

L]

'these clusters to be contlnuous relatlvely densely populated reglons of space

{ o oo
) surr\Ounded by contmuous relatlvely ernptyr reglons of space Taxometrlc maps were

r .‘xtl"

- drawn wlth the ald of; the Calcomp plotter at the pnnversnty of Alberta In addmon :' S f

4

R clus‘ter and prmmpal component analyses (PCA) were performed on OTUs Wlthln the A " \
. angustifo//a aggregate uslng the CLUSTAN Cluster Analysus Package (Wlshart 1978) '

Data were standardlzed and used’ to’ calculate the dlsslmllanty matrlx usmg squared “ X
| Euclldean distance. Phenog—:ams were prepared usmg average Imkage clustermg ‘,.‘;"‘t, "‘ ! j",',lr
f(UPGMA) for, it gave the least amount of dlstortlon between the matrlx and the g N i
‘ 'phenogram, as mdlcated by the hlghest cophenetrc correlatlon coefﬁcuent than other N (A

y,

‘ sumnlanty*dlssrmllarlty coefflcnents Standardlzed data were also used ln the PCA to i B

observe vartatloh wnthln the data set
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' enzyme tended to dlgest the cells thoroughly and—made stammg more dlffncult L
. Subsequent to glusulase dagestlon the root tlps were placed in'a small beaker of'
distilled: water for a few mlnutes before belng removed blotted dry and.squashed usmg

‘)

A

‘ v_the conventlonal acetocarmme techmque o C | TPy . L
. e ‘ R o ,<»."
\ o Sltdes were made semupermanent by rlngmg the cover sllp with a melted mnxture
of gum mastlc paraffm wax (1:1 v/ v) Chromosomes were exammed and counted usung
. an Olympus BHA PM- 10M photomlcrographlc ] stem and photographed wuth an, ‘.'{
Olympus C- 35 camera A voucher slnde for eac;exammed collectnon was deposnted at

ALTA. - e E | ' '5~aﬁf‘ i S

'_ o v

D Pollen Vlablllty ‘ ‘
Pollen grain vuablllty was determme by stammg fresh pollen ina drop of

lactophenol- ottonblue stain for 24 hours. Pollen was collected in the fueld or = e S

greenhouse and placed dlrectly mto vials contammg the staln Vials were stored m the p

o refrtgerator prlor to examlnatlon Pollen gralns were consudered vnable |f they took up -

the staln and appeared a clark blue colour (Radford et al. 1974). Vlabnllty was estlmated

‘on the percentage of stalned qalns |n the 500 600 gralns exammed per specnmen

' "; When fresh materlal was not avanlable pollen was judnmously removed from herbaruum

A ‘ N .
I " ‘ wie

: specimens upon the approval of the curators concerned .‘ Co SRR A
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lmmedlately To dlfferentlate between genetlc and enVlronmentaIly lnduced tralts plants

- from all coll’ectlons were grown rn |dent|cal envnronmental condltlons Achenes waere

[

N sown under a thm Iayer of sand m 3 mch clay pots and Iater transplanted to 5- mch e
plastrc pots Achene germmatloh percentages for amphumlctlc collections were very |ow

X

R and. pretreatrnent was necessary ln these cases achenes were elther scarnfied or placed

. » v R
R ln a freezer flve to nme days prlor to sowmg Representatnve specrmens of these

cultlvated plants have been preserved at ALTA oo o b " o

Ve, v

¥ ' . . '
' ‘ . t \ . '

[ v ' SN : . :
[ ot o ' ' r o . .

Reproductlve behavnour in. A fu/gens and A soror/a was assessed usnng the

procedures of Raunknaer (1903) Barker (1966) and Heyn and Joel (1983) Both . ) A

emasculatlon and crosslng experlments were carned out in an msect free growth room

“

To determlne |f the%)varles w0uld produce seed wnthout pollmatlon the entlre Capltulum

l was echsed wuth a razor, blade to remOVe the stamens corolla stlgma and part of the e

‘ , .
v @ - ‘ Do

’ style of each floret leavnng only the eplgynous ovary and a style remnant Disc florets
o whlch had already reached anthesrs were removed prlor to emasculatlon As an oy
alternatlve techmque all the dnsc florets were removed leavnng only the perrgnee&l rays
prlor ‘to the opemng of the capltulum The capltulum had to be cut on one side to reach N ,

the dlSC florets The plants were left to mature and were momtored for: achene

-
‘ - K o .
-

formatlon-"’ o wot T
N, PR . . .l" v S . ' o . i ~"',"L‘

. | Crosses were made between specles and wsthln the same specres but from

dlfferent localltles Ray florets from emasculated plants were pollmated upon stlgma o

4 ~

emersnon by tran;'ferrmg a clump of pollen on to the stlgma wrth tweezers or by rubbmg

o o V.

: the pollen dlrectly from a dISC floret Each head was pollmated only once Control was

l‘ﬂr’,‘ -

by artnfrcnal pollmatlon of the ray florets m emascdlated heads wnth the pollen from




" F. FlavonoldChemlstry S T
. ) ,\ . . . B “

_ L B Determmatvon of: flavonond constltuents wnthm Arn/ca subgenus Arct/ca was . L
W B accomphshed uslng the modlfled procedures of Mabry et. a/ (1970) Rlbereau—Gayon " .: a ’
“(1972) Neuman et af. (1979) and Markham (1982) Plants collected ln the flpld were air

or oven drled i paper bags wnth only leaf material bemg used in thls study Fresh leaf -..‘
T “ »materlal from greenh0use propagated plants was also analyzed and compared wlth drled
‘materlal There were no observable flavonold dlfference‘s between fresh and dned '

‘materlal e o o . ST
For each populatlpn ‘5 20 9 (dr y Welght) of ground leaf materlal was L

t

" .extracted wnth approxlmately 500 mL of 85% aqueous methanol (MeOH) ’Ihe slurry was

S placed on a shaker for 24 hours flltered through a Buchner funnel and re- extracted
| t. l ’Wlﬁ"l anothen 500 mL of 85% MeOH The same procedure was repeated*nce more wnth‘.
: 1‘50% MeOH aed the four flltrates were ¢ comblned and evaporated in vacua untll ' |
approxlmately ‘lOO mL of ftltrate ‘rer’nalned The aqueous fractlon Was partltloned agamst
'a three-volume excess of chloroform to remove low polaruty contammants such as
: chlorophylls xanthophylls fats terpenes and some flavonoad aglycones This process ' f‘,f‘
was repeated untll no, colour remalned ln‘ the solvent Subsequent chromatographlc S
analysls revealed that the chloroform fractlon contamed no flavonolds and |t was
";- dlscarded *The solvent-extracted aqueous layer, contalnmg tha flavonoud glycosndes was -;' ‘;' -
agaln redu\oed, in. vaeuo to remove all traces of chloroform ThlS aqueous phase was Sy

partltloned further wnth ethyl aeetate (EtOAe). Equal volumes of EtOAc (to water) were S

- ‘added*to a separatory funnel and partmoned thls was repeated untll the extractlng

‘ 'solvent was clear These two fractlons ware separated reduced /n vacua to X

ESA O

.’ approxlmately 25 mL and subsequently used ln paper chromatography Chromategraphy

R

- revealed that the flavonoud content of the EtOAc fractlon was ndentucal to that of the

water fractlon so thls last partmoning step was abandoned i’ : : f? ,‘ ' _ﬁ‘ . .




R spots were recorded on, these chromatograms

L ; [ W "
' i M§OH T ' o ' ' ! " ! e | a v !
vk . g . - : : . [ . .
e " ' . o ' . R , - .
A . RIS . ' . . ‘ ' e | co PRI

‘ or “obtai

! ' K e

o utnllzed per populatlon In"this method the flavonoads present in a populatron show up as

spots when vlewed under ultravuolet llght (366 nm) To helghten the senslttvuty of

detectnon one chromatogram per populatlon was treated wuth NH vapOur and NA

(Naturstoffreagenz A dlphenyla boric acid- ethanolamnne complex) spray reagent These '

4.

methods will produce colour changes of- structural sngmf:cance lsee Markham 1982 pp

~ 19 - 20) in addltlon to andmg in locatmg minor constltuents All colour changes and

KNSl
PR
&

After thls prellmlnary survey 20 sheets of 3MM paper were run per populatnon

: Equnlalent spots from each paper chromatogram were cutout combmed and eluted in

n i

‘ .' BO%JVleOH for 24 hours oq a shaker In addmon becanse the apparent absence of a

compound may be due to low flavonOld concentratlon equlvalent areas on the'
' chromatogram where a flavonond was presumed t0 occur were also cut out and eluted

Thls was done by comparlng the chromatogram wlth the absent compound(sl to ones m

i L ‘\y
filtrate evaporated (n vacuo to approxxmately lO mL These now- concentrated extracts

f
obtalned from flavononds ‘which were weakly concentrated ona smgle sheet of paper

from na chromatogram from whlch a flavonold was presumed to .

exi

'compare taxa and prepare he’ presence/absence table , " - w"

p, T v C f ’
Flavonond extracts were subsequently purlfled by chromatography through a 5 5

’

X 60 cm column of Polyclar Aq' polyamlde packed in the elutlon solvent The column

was fmst eluted |n 100% MeOH and momtored using a UV lamp The polarlty of the

R solvent was gradually mcreased by addmg water Flnal punflcatnon was achteved on-

P AR

1

- 'u

. | v ' ! g ! . ' i T o .‘ i ' . N M
T S ) v‘u(( . . r’t‘

o Fractlon punty was assessed uslng thm-layer chromategraphy on polyamlde

celluloseyand snhca gel coated plates Solvent systems for polyam1de consnsted of water

‘methy] ethyl ketone (MEK) MeOH acety‘l’ acetone (13 3 3 ‘l) er chleroform MeOH- MEK

0 Wthh most compounds were present Afterwards the soltmon was fnltered and the L :
ey

“'smaller columns 2. 5 X 30 cm) packed w:th Sephadex LH 20 and eluted wnth 100%

- A

[

—
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(Neuman et a/. 1979). Solvent systems for cellulosa\conslsted of 40% HOAc for 7
- M
‘aglycones to 15% HOAc for glycosides, Solvent systems for sullca gel consasted of
& EtOAc: MEK; formlc acnd watdr (5:3:3:1) for glyqosides and toluene: ethyl formate; - "

o formic acld 5:4: l) for the eglycones (Randerath 1963).

' * Once isolated, flavonoids were identified using one-dlmensional descertding
chromatography, coohromatograph)./ with standards, ano stanoard‘ spectral.a‘nd hydrolytic
procedurets (Mabry et a/. 1970; Markham 1982). Hydrol;/sis was carried oet by heatin‘g |

{at 100° Cj an equal volume of 10% HCI to flavonoid dissolved in methanol for 60 h

mnnutes The mlxture was subsequently partitioned with ethyl acetate, The ethyl acetate

fgggtlon contains the aglycone whereas, the acid-aqueous fraction contams the sugars.

The solvents Forestal (HOAc: water: HCl; 30: 10:3) on Whatman No. 1 paper

‘ hydrolysls. The cleaved sugars were isolated by chromatography in isopropanol: oy .

g n-butanol: water {140:20:40) {Smith 1969) and identified by cochromatoorapny with |, ".,,‘\;‘ ,

standards and thelr colour reactlon wnth aniline hydrogen phthalate solution aftek’l'

1

spraylng and developmg (Ribéreau- Gayon 1972).

G. Ranking of Taxa | - ' N

Yo The most pragmatlc approach to species recognition is irrusing the -

morphologucal geographncal specues concepft‘lDaws and Heywood 1963) To fulfull this

concept, a complete undertakmg of bnosystematucs is mewtable brlngmg together
evudence from morphologucal ‘Qeographlcal cytological, phytochemncal and reproductlve
studies: &ves and Heywood however msust that the species recogmzed must also be
dellmltable by morphologlcal characters The,a[bltrarlness of specnflc delimltatnon is
| lessened when species can be separated by a number of discontinuous, mdependent |
. ‘character dlfferences. : " | ) ’.

’

>‘. ’ Rec'.ognltlon of taxa at mfraspeclflo ranks is also based on a synthesis of all

‘accumulagéd evndence. Davus and Heywood (1963) defmed subspecles as regnonal v

“ ’ . oy
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representativ.es of a speclés. A subspecies may differ in-ehromosome number, or. be
isolated geographically or ecologically. The entities lack, however, aﬁufficient degree of -
morphological differentiation to be treated as separate species. Davis and Heywood
(1963} have further chosen the varietal rank to repreéer'\t "local facies of a species
(apparently combrising a few biotypes)". A v'arfefy differs morphologically, and may also
be found to differ cytologically, ecolpgically or geographically, but is restricted to small,
localized areas. These entities lack a sufficient degree of mo}phological differentiation

to be treated as species, or not ‘d‘lstributed wide|’y enough to be treated as SL;bspecies. !

accept Davns and Heywood s usage of these taxonomic rank and upon examination of

,evndence accumu!a’ked during this study, the assugnment of ifdividuals to these ranks will

be based on their meeting the above criteria.

H. Phyloge}ietlc Techniques ‘ ' C '

Critéria used to determiné polarity in a series-of homologous characters
influence the resulting reconstructed phylogeny. Many trea;trnents of phylogenies are
basea solely on concepts of ‘previously accepted dicta, character COrreIatiqn, or on
describing a‘trait as plesiomorphous because it is commaonly found within the taxon.
Outgroup comparlson is presently the most rehable (Wiley 1987; Donoghue and Catino
1984) and logically defensible (Stevens 1980; Watrous and Wheeler 1981) criterion for
assessing characten polarity. Synapomorphles provide evidence of common ancestry,
and hence of monophyly. A cladogram created solely on the msertnon of structural,
ecologncal and flavonoid synapomorphles will be used to discuss phylogenetnc

relatnonshlps



_ NI, Results o

In the present mvestngatuon seven sp cies (which include six mfraspeciflc taxa)
are recogmzed in subgenus Arct/ca, No new taxa are proposed however names of
seven taxa previously recognized by Magui X 1943) are placed if synonymy. One new
combination, A. frig/da subsp. grlscom/ /
A rydberg// are maintained at the specific level In the following dlscessaon evndence :
will be presented to justify the recognitton of subspecnes loujseana and /r/g/dé of A.

Iou/seana at the specific level, and A. /ou/seana subsp gr/scom// as a subspecies of A

| frigida. The subspecies name ch/onopappa is synonymlzed with A fonchophyl/a;

, Arnlca /onchophy//a subsp. arnog/ossauus maintained. Names of six of the seven

¢

)y

prevnously recognized subspecnes of A angust/fol/a and A. p/antaglnea are synonyms

© with A angustlfo//a subsp angust/fol/a Arn/ca angust/fo/la subsp tomentosa is

v

mamtauned as a dlstmct taxon. Consequently 'to avoid confusion, the taxa are referred to

.by thelr new treatments (Table 3) ' I

A. Morphology
© An initial exammatlon of herbarlum specnmens was carrled out to gain an overall

view of the structural varaabmty within subgenus Arctica. The wide range exhibited m

plant helght leaf size, pubescence ancf flc}ral characters is evident m A angust/fo//a
- (s. I} A frlglda ‘subsp. fr/glda and A. /onchophylla (s:4.).\n contrast specnmens \
-‘w_udentnfled as A /ourseana A frig/da subsp gr/scomil A fu/gens, A soror/a and A

_rydberg/l show-ed marked unlformuty n. thetr morphologucal attrlbutes The close

rmlarlty of A fu/gens to A sororia resulted in consuderable confusnon wnth respect to

j'ptant 1dentlf|cat|on Many spec|mens of A sororia had prewOUSIy been mnsndentnfled as

A f‘u‘/gens Characters useful m dastmguashmg the taxa are: the presence or absence of K

A _short-staplta\te glapds on the leaves achenes and mvolucral bracts capltulum type

) petnole langth (lf present) Ieaf margm \and achene pubescence

- ) Ca . N

is presented. Arnica fulgens, A, sororia and B

o
3
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| Table 3. Prdpbsed treatment of Arnica subgenus ‘Arctica,
Arpica fouiseana Farr . ' oo s s
: \ ‘
" Arnica frigida Meyer ex ljin ssp. frigida
"Arnica fr/’gld.\a\'ssp. griscomii (Fern) S.R, Downie ' L

¢

Arnica rydbérgi' Greene ;

" Arnica fulgens Pu\sh

Arnica sororia Greene ‘ -

\ . Y .
" . )
i

Arnica angusufo//a Vahl ssp. angust/ folia

Arn/ca angust/fo//a ssp tomentosa (Mac0un) G.W. Dougl. and G. Ruyle Dougl

\ ' T

\, : : . o
' Am/ca /onchophy//a Greéne ssp. /onchophy/la

"~ Arnica Ionchophy//a ssp. 1rnog/ossa {Greens) Magunre

To gam famlllarlty wnt\specuflc and subspecufuc delimitations within the subgenus
a number of type specnmens nd spemmens annotated or determmed by Magulre were
N Iexamlned Although some specn xs of subgenus Arct/ca are markedly polymorphlc a
v comblnatlon of several morphol gical characters in conjunctlon with ecologncal
- phytochemlcal and dlstrlbutlonal d ita are sutflc:ent to dnstmgunsh among ‘them wnth

s confldence Comparatuve morphol gical characters for the seven specnes of subgenus'

’Arct/ca are presented in Tables 4a | 5. leflcultles arose while trylng to dlstmgunsh

: L jbetween the subspemes of A angu \folia (sensu MagunreL Characters prewously used o

N
. to separate these taxa include the pre 3 nce of |Qng"stlplt8t0 glandular halrs wythm’the : . ‘\ .

pencl‘nlum 3 plant helght number of pa

i of. caullne leaves. number of capitula Ieaf am:l "

s The penclmlum in. the Asteraceee,

s deflned by Magunre (1943) is the area
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pernclmrum pubescence and the Iengthsvof the achenes, disc corollas and teeth of the .

Ilgulate florets However | have observed that these characters are confluent and

varnable suggesting that the subspecnes may not be very well separated ln addmon a

T
IR ! : oo . ! ‘ L

great deal gf variabllnty was ev:dent wathm each taxon :

PR Am/ca p/antaginea Pursh a taxon closely relatgd to A angust/folla has been
dsstlnguished from the latter solely on possess:on of oblanceolate mvolucral braéts

(Magunre 1943l Durung thlS study I have found that the morphologncal dlfferences L

"‘J e B VN Y

between these taxa are mlnumal and these oblanceolate bracts characterlstlc of A “

" i

p/antag/nea can be foun(‘d in A. ahgust/fo/la For this reason Speclmens annotated as A

p/anrag/nea have been included wpthln the A. angust/fol/a aggregate o ;\ : /

Smce taxonomlc boundarles among the prevrously recogmzed mfraspeciflc taxa

T

"of A. angust/folla were dlfflcult to ascertain .due to the polymorphlsm exhlblted by

'these plants the specnmens used in the phenetlc analyses were selected from sux

[N »

broadly dehmlted geographlc areas throughom the aggregate s range These specrmens ‘
' were also selected to reflect the apparent morphologlcal vanablhty encountered wuthm

| each area. Dellmntatlon of these areas were as follows (1) eastern Canada, (2) central

1

Canada and Montana (3) arctlc Canada and Alaska (4l1northern Scandunavna and ‘
Spltsbergen (5) u. S S R “and: (6) Greenland The occurrence of reglonal morphologrcal
drfferentlatlon in-A. 'angustlfolla and A’ plantag/nea was mvestigated by determumng the

wh

means standard de\nations and ranges for fourteen quantltatlye characters (Table 6)» '
Usmg Gabrlel s modlftcatlon of the GT2-method for multlple compansons among palrs ‘f“ .
of means for unequal sample snzes (Sokal and Rohlf 1981) no slgmfucant dlfferences .‘

(P 0. 05) were found between the means of these fourteen characters These characters |

‘ have been prevuously used to dellmlt |nfraspecnflc taxa wuthm A angustl foI/a (Magurre

TR . K Lo
. . . Ly
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: 'fcluster ha

‘ ' B. Numerical Analyses R ‘ ' ’ c - "

| To and in cluster mterpretatnon each oTu. loperatlonal taxonomrc unit) was
asslgned a code mducatnng where the specnmen was collected (e a. A Alberta , .
MO Montana NY Norway) and the number of the collector or 'if absent, the herbarlum
accessron number The OTUs in each of the followmg numerloal analyses are llsted in’

: Appendlx 1. The characters chosen for. each numerleal analysns were dependent upon

l

the taxon belng mvestlgated thus, certann characters were, declared superfluous lf the .
- ~taxon possessmg them were not mcluded in the analysns The characters chosen and the
numerlcal analyses in which they were used are presented in Appendlx 2. The data

matrlces for the four numerlcal analyses are ln Appendlx 3 ro et

' . " i . ' ' P ' \’

AN . : com . ‘
co » ot . ! : Lo e '
v NS ) : [ W BN

‘_vAnalySls 1. Arn/ca fr/g/da /aulSeana T
Specnmens representmg 122 members of the A, Af/g/da Iouzseana complex‘
were scored for 31 attrlbutes and analyzed\thh the TAXMAP cIassiflCatnon prog{am
,TAXMAP recognlzes six clusters and six. lsolated OTUs; or smgle member clusters The
“ resultmg taxometrlc map appears in thure 3 Evndent fr’om the taxometrnc map ls the
V,'*'.":;separatlon of A /oulseana and A fr/g/da subsp gr/scom// lnto dlscrete clusters and
4 the close snmllarnty of the latter wnth A fng/da subsp fr/g/da Wnthm the A fr/glda

= 5ubsp fr/g/da group are ten clusters Many of these clusters srmply represent

. o “s.u.,

extremmes in morphologlcal attrlbutes or several umque characters whlqh are not

. '
I,l '

normally found wlthm thlS group The clusters are descrlbed as follows Cluster l ns the
Iargest group and contams 63 OTUs of A ng/da subsp fr/g/da Clusters 2 and 3
i consnst of all 1 OTUs of A frlg/da subsp gr/scomu and all ll OTUs of A Iauiseana

e ’respectnvely ClUster 4is most snmllar to cluster 1 and contams 7 spec,mens whlch have £

’

‘i

- a dense P! ' |cl|mum achene and mvolucral bract plubescence Most members of thlS

‘ been prewouSIy descrlbedas A loulseana var p/lasa (Magurre 1942)
)

ly/

: ', ; j"Cluster 5‘ mc‘ 'des 15 OTUs all represented by a hlgh pollen vaabtllty (2n=38) Thns cluster

‘ ‘* pubescence |s vvlso represented by hlgh pollen Vlablllty Cluster 6 mcludes 2 OTU‘

the exceptlon of lts promment Ieaf glandularlty and lts hlgh pollen stamablllty it ns
() A S > _ o _ P

‘,',,4,
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. Cluster. The diameters of the circles represent the maximum distance between any pair -~ -

~ - feprasent thé undistorted Phenetic distance between the nearest neighbours in the'two
- clusters, The arrows indicate the nearest.neighbourto each cluster. Two ar
- each other indicate the clusters are equidis SR

)

’Arnlca

A frigida
3sp. griscomit:
(11) 2n=76

2n=38

1

A. trigida (63)
 2n=57,76,95

A.trigida ‘pilosa’ (7)
2n=38

- . i
A. louiseana (18)
2n=76
. Relative Distance
‘ i) 0.1 0.2
o R

w

A.frigidafglg dutar’'(2)

41

@

Figure 3 - Taxometric map s'howinQ the similarities between members of the .
frigida - louiseana complex based on'morphological, Cytological, and ,

-

distributional data. The numbers in parentheses represent the number of OTUs within the .

of OTUs.included in the cliister. The lines connecting the margins of the circles

tant, from each other.
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Anelysis 2. Arnica fu/gens and A. sororia sl

subsp. griscomii.. .

identical with A. frigida subsp. frigida in cluster 1. ‘ ‘ o L

| Isolated clusters 7, 10 end‘1 1 are most similar to A. frig/da subsp. frigida..
Cluster 7 is chafacteri'zed by a specimen with very wide Ieaves Cluster 10 is a plant
with evident achene glandu!arlty and cluster 11 is a plant with a’ very large capitulum and
long Ilgulate florets. Since TAXMAP clusters. OTUs on the basns of relative discontmun{ues |
in the proximities between OTUs, these three plants are isolated. Ciuster 8 represents
the type specimen of A, ‘/Il'biamnae Rydb., characterized by a branching hablt,;lthree
heads and prominent glands on the achenes and leaves. Maguire (1943) repoi"‘t's three
specimens (Mack/s 4, Hagelbarger 258 and Palmer 55) which have a branching habit and
entirely oblanceolate leaves, On the annotation Iabels of these specimens, he suggests |
that these forms may represent a new species. 1 found the oblanceolate leaf shape quite
common in A. frigida subsp. frigida. Plants showing a tendency to branch were quite
rare, were sporadic in distribution, and represent no more than abnormal growth forms,
These anomatous specumens-were not jncluded in the TAXMAP analysts. Cluster 9
contains a plant which is most s:mnlar to the isolsted OTU in Cluster 10, due to its dchene’
and mvolucral bract glandularity. Cluster 12 comprises an OTU which is characterlzed by
its evident Jeaf _glandularity and high pollen viability. Cluster 12 is most similar to cluster
N ‘ . . ] ‘

On. the basus of morphologncal ev:dence A. louiseana {sensu Magulre) appears to .

consist of three dnstlnct entities, Although addltnonal evidence is forthcommg this S

complex is best tr_eated as A. /ouiseana, A. frigida subsp. fr/gida and A. fr/g/da f

wY

'

]
v

Enghty-sux representatnve specnmehs of A. fulgen.s and A soror/a were scored or

measured for 26 floral and 17 vegetatnve attnbutes In addmon three specnmens each

 of A lanchophylla subsp Ionchophylla and A angustlfo//a subsp angustlfo/la have

. been mcluded m the phenetu: analysis. to eiﬂcldate the morphological snmnlarmei amongs‘t

the t‘axa Local:ty mformatnon for these s:x QTUs have also been uncluded m Appendix 1.

¢ e . B ' . : . > ' W YT e A
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H TAXNlAP recognizes three clusters and eight isolated OTUs, or single member clusters

(Figure 4). Evident from the taxometric map is the separation of A. fu/gens and A.

sororiainto discrete Clusters and the cloSe similarity of these two taxa with A.

f

,./

engust/fo/fe subsp, engust/fo//a The clusters can be described as follows Cluster 1
¢ contams 27 OTUs of A fulgens. Cluster 2 contalns all 34 OTUs of A. sororia. Cluster3
is most similar to cluster 1 and contains two anomaI0us specimens of A fu/gens whnch
are characterized by a very tall habit and a long leaves Isolated clusters 4 and 5 are
most similan to A. fu/gens.—\Cluster 4 represents a pla‘nt with a low number of large
Iigulate florets and large invdlucral bracts. The OTU in cluster 5 is a'tall plant bearing “
wide leaves and a-rather large capltulum Isolated cllsters 6,7 and 8,’and 9,10 apd 11
represent the six OTUs" of A /onchophy/la subsp /onchophyl/a and A. angust/fo//a

subsp. angustifolia respectively. Morphologlcally, A. fulgens and A. sorar/a are two

clearly defined taxa.

-

X
[ [P

Analysls 3. Arnica angustifo//a _

To assess phenetrc similarities, 17 flora and 10 vegetatnve characters
(comprlslng 16 strictly continuous characters and 11 ordered multi-state’ characters)
were chosen. Nlnety-nme specimens mcluded in the cnrcumscrlptcen of the A.

,angus‘tifolla aggregate, were used in the phenetic analyses. . )

Slxteen clusters and 15 lsolated OTUs, or smgle member‘ clusters ‘werg

O recogmzed in, the TAXMAP analysns of the A. angustlfolle aggregate The Iarge number

' fmducatuve of the hnghly polymorphlc nature of these plants The commdn occurrence of

mcluded subspecles angustzfolle and sdrnbargeri Subspecnes sOrnborgerl and A

“of clusters and superlmposed lines on the resultant taxometnc map made snmnlarmes :

j amongst the taxa very dnfflcult to mterpret thus |s not presented Thls ls however

.

‘two or more subspecnes (sensu Maguirel or collectlons from wndely separated

< geographlc areas m a cluster denote that these taxa are morphologlcally very snm:lart s

Subspecies a[pim, angustifo/ia and /l /mIl were combxned quute freque_ntly, .
corroborating observatlons by Raup (1947) Jorgensen et a/ (1958l and Edlger and-

v Barkley (1978) that these subspecues are not very wéll separated Othe: assoclatuons

o -

SNt
R . . . Y LIS " {
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i . 1l " 0 N
. i 1] “ N
i . ' e - ! ! ' '
. ’ ' " ’-/ |
‘

Arnica angustitolia
—" ‘ " ssp, sngu¥tifolta
. o A v ‘ :
. o
3
A
\
- 7 L e
' \\ | , —/‘6
, -Arnica lonchophylla ;
ssp, lonchophytlls
\
. &
b
-
'
Arnica fulgens
\ &
.
‘ . 0.2 Taesoo
' oo e © ' ¥ Relative ‘Distance . - ¢+ Vo T
A N o - v o, s oo
K - . ) -

‘

Flgure q - Taxometrlc map showmg the snmllarlt:es between Am/ca fu/gens 42 )
: OTUs) A.'sbroria (44 OTUs), A. angustifolia (3'0TUs). and A. lorichophy!/a (3 OTUs) Ty
- based on morphological data See Fogure 3 for TAXMAP nterpretatlon . o e
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Newfoundland. e

'Package ' R R o R

L

p/antag/nea subspecies angustifo//a and attenuata, subspecres attenuata, ‘il /In/i and

" sornborgeri-and. subspecues angustifo/}a attenuata and il /In// The only taxon whlch dld

not combme with any other was A angust/fo//a subsp. tomemosa One cluster
contalnmg the ma;orlty of A angust[fo//a subsp tomentosa OTUs was most closely

Ilnked toa cluster contamung two anomalous specumens of subsp tomentosa from

H |

. To better explore the taxonomlc structure of the aggregate pr;ncupal component

gt

‘ and UPGMA cluster analyses were. performed usvng the CLUSTAN Cluster Analysns

f \

.
CLUSTER Al\lALYSlS" .

A phenogram for the 99 OTUs of the A. angusr/fb//a aggregate was constructed

: uslng UPGMA (Flgure\Bl‘ The cophenetlc correlatlon coefflment between the orlglnal

dlSSlml|al'lty matrlx and the phenogram was 0 78. Seven major clusters of OTUs were

establlshed by arbltrarlly drawing a phenon llne at the 1. 90 level. Clyster 1is a rather
g large homogeneous group comprlsed of 58 OTUs of A angust/folla from throughout
.+, its range. These OTUs repreSent collectlons obtalned from Scandlnavna VX S SR.,
‘ Spltsbergen and across North Amerrd:a from Alaska to Greenland and south to Ontarlo
. and have been prevnously recogmzed as subspecnes angustifo//a alpina, attenyata, R
' }I //n/i mtermedla, and somborgeri Cluster 2 mcludes 13 OTUs possessmg densely
’ vnllous Ieaves stems and mvolucral bracts These plants bave been referred to as A

" angust/ folia subsp tomentosa Cluster 3 represents an isolated OTU from the U S. SR..

charactenzed by abv.lhdant mvolucral bract glandularlty and numerous narrow Ilgulate

florets Wlth the exceptlon of bearmg these two anomalous tralts this plant lS srrmlar to "

those in cluster 1. Cluster 4 mcludes 5 OTUs from eastern Canada Wlth the exceptron

g ‘. of: possessmg only one capltulum no. dlScermble dlfferences are apparent between
| these plants and those m cluster 5. All 18 OTUs in cltlster 5 possess three to flve

- ‘capltula per stem and are. sllghtly Iarger in habit than those OTUs in cluster 1 Although
: most OTUs in thns cluster represent plants from the southern and eastern North !

s "‘,‘.Amerlcan ranges of A; angustlfolla, some are representatlve of the.U.S.S.R. and

D
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S Flgure 5 Phonogram of 99 OTUs of the Armca angustifo[/a aggregate i ',-_ i :
produced by UPGMA ‘tlustering: Base nodes are labelled with' oTvw udentnty The seven
clusters defmed at tha 1 90 phenon lovel e descrubed m text
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' / Greenland These OTUs have been prevaously recognlzed as A p/antag/nea, and
| subspecnes angust/fo//a, a/prna attenuata, 1/ //m/ ahd sornborger/ of A angustlfolla ‘
| The number of capltula and heught of the plant have tradmonally been used to dlstmguush
between some -of the subspecaes of A angustlfolla However I have observed that |
' when plants collected from throughout the’ range of the aggregate are’ grown alongsnde

one another én are morphologlcally mdlstlngunshable and possess three or more capltula
N ‘." .“" S FR Y o “ o "0“, C - 5
L Jhe hlerarchlcal ordermg prevalent durmg phenogram productlon cannot specnfy
all' mter-OTU snmularmes ln addltlon some Ilnear ordermg IS necessary when the
PR l

phenogram |s produced on the prmted page Adjacent OTUs may be qulte dnssnmllar or
OTUs in wndely separated parts of the phenogram may be more’ snmvlar to one another
’ thaXto thelr neighbours Cluster 6 comprnses two OTUs from Alberta and Yukon whnch
are cheracterlzed by smaller achenes and narrower mvolucral bracts than those plants in.
cluster 1 They represent ‘ho more than an endrpomt ln a contmuum of morphologlcal

‘~ variatlon Cluﬁer '7 contalns two anomalous specumens of A angust/folla subsp

'.,l:‘n '

Y tome'ntosa collected |n Newfoundland These two specnmens ‘are characterlzed by Iarge

[

W capltule broadly lanceolate bracts WhICh are not densely v:llous and wude hgulate

' flprets and should be most closely snmllar to those OTUs in cluster 2

o " L By
JR . " ot PN ‘, v‘\", o, K
.on : e ..“ ) g .’ L
p ERNINEN ot “ Y,

Sl R 1 RO “ g ‘;v" ';" s o -
,?RlNcleAL:coMPoNg;mT ANALYSIS s

. v . .
3 ean o TN lv,‘ 3.'-‘ . . o ' o
4 . ' . . . . S, e

FEESRA . . . "
! ,.‘-,, . R v

- o Of the 26 componentsx thh accounted f'or the total varnance of the data the

fnrst three prmcgpal component axes accounted for 49 8 % (26 0 % 14 8 % and 9 0{%, L
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dlsc corolla Iength capltulum height basal Ieaf length dlsc cérolla tube length mvolucral
bract length and llgule length OTUs wnth hlgh posltlve Ioadmgs (e g OTUs 30 39 47)
had Iarge capltula dlSC corollas llgulate florets mvolucral bracts and basal leaves.

Conversely OTUs wlth hlgh negatlve loadlngs (e g OTUs 5 13 56) posses!E‘d low
values wnth respect to these characters ‘ i —_— l

"‘ ) Characters havmg a pronounced effect on the ordmatlon of OTUs in prmcnpal
component axls 2 mcluded m descendlng order of |mportar1ce stem leaf mvolucral
bract and perlclmlum pubescence and lnvolucral bract width and achene Iength OTUs ‘

wnth loadlngs greater than 4 6 le g OTUs 18 29 30) possessed densely vullous stems

Ieaves and mvolucral bracts long achenes and wnde lnvolucral bracts -OTUs with Ioadungs
Iower than -3 0 (e g OTUS 32 4Z, 89) were characten;ed by sparse stem pubescence

and glabrous leaves as well as shorter achehes and narrower mvolucral bracts These

denselyl leous OTUs from Newfoundland and western Canada are effeétlvely separated
from all other OTUs and are suffnciently dlstlnct to suggeQ taxonomuc recognltnon |

o

These OTUs have been prevuously recognlzed as A angust/fofla subsp tomentosa All

| remalnlng OTUs Wl" be treated as A angust/fpha subsp angustlfalla

‘- ol
¢

Compansons can be made between results of the cluster and prlnclpal

\t:omponent’ analyses The OTUs compnslng cluster l had Ioadlngs greater than 2 5 on .

princlpal component axls 1 whereas the OTUs formmg clusters 4 and 5 had loadmgs :

- less than l O on the same axls Slxteen OTUs were confluent between these values

Rk

-.suggestmg that thesa clusters are not very well separated It lS wrtually |mp0s51ble to

:'-v-'f‘"separate the OTUs formmg clusters 4 and 5 m the PCA 'Wuth the exception of OTUs 29
‘ ,wnth loadlng 3 greater than 3 on prmcnpal‘_.':’ ‘

: and 30 cluster 2 includes all: OTUs m the .PC'
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subsp tomentosa

~

; ' Analysis 4, Arn/ca Subgenus Arcl/ca
| B To ascertam the correct name for each of the resolved taxa and to show |
snmularlttes amongst the taxa prevnously dcscerned ahd the remammg taxa of subgenus o
- Arct/ca a fourth TAXMAP analysls was carned out Twenty four type specamens were
mcluded in thns a ysns However due to'the hmlted amount of -data whnch could be
obtamed from thls maternal sumularltles amohgst the types were derived from a
‘ res\rlcted number of characters ln this respeet the stmllantnes amongst the taxa are
less préclse than prevuously determmed so proper mterpretatnon ‘can only be madeb:‘n e
| conjunctlon lmth the prlor TAXMAP analyses The resultlng taxometrlc map obtained ‘nr

.43 characters and 136 OTUs wnthln subgenus Arct/ca ls presented in Figure 7 ‘ ‘- -

P T

Cluster 1 'COntain‘s those\ ‘speclmen‘s identifi'ea as 'A f'rr‘gida-r lncluded here are -
OTUs representnng A fr/gida subsp gr/scomi/ and four types: A fr/g/da var .
g/andu/osa A brev/fo//a, A. grlscom// and A mendenha//// The type of A fr/g/da
was not mcluded in the phenetlc analysus sunce only a photograph was avallable Results
from TAXMAP Amest that A fr/g/da subsp fr/g/da and A frlglda subsp
o gr/scom// be treated as separate taxa ThlS cluster IS most. closely related to A '
/ourseana var p//osa Cluster 2is characterlzed by spec:mens representmg A
angust/fdlia subsp tomentasa and two type speClmens A tomentosa and A pulchel/a
Members of thts cluster are most closely related to. A angustifalla subsp angustifa/ia -
|n cluster 4 Cluster 3 moludes aII OTUs and the holotype of A laurseana The members. :

of thls cluster are closely lmked to *the lsolated OTU representmg the type :of A
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are contamed wuthm cluster 8 wuth thls cluster bemg most closely related to cluster 5
: Cluster 6 compruses all OTUs of A. rydbergi/ and is. closely related to A ova//s 8,

taxon whnch has slnce been placed in synonymy under the former Cluster 7 contauns all )
OTUs representmg both A fulgens and A. sororla and thetr respectnve types The
_’ specnmens wnthm this cluster are most closely related to A. str/cta Results frorn

TAXMAP Analysus 2 mducate these two taxa are discrete lsolated clusters 9, 10 1,

‘|l« .

12 13 and ,14 contam the type specnmens of A. ////amnae A sornborgerl A.

p/antag/nea A str/cta, A. ova//;; and A /ou/seana var. p//osa respectlvely

Results of thls TAXMAP analysns m conjunctlon w:th prnor numerlcal analyses

' suggest subgenus Arct/ca consnsts of seven specnes (mcludmg snx mfraspecnflc taxa) (see '

. !

Table 3) e e /
. '.,Tb C s
C. Chrom0some Numbers '-: e ,' ;
Somatnc chromosome numbers have been determlned for 193,populatlons wnthm
subgenus Arctfca (T able 7) All -counts were multlples of the prevnously reported base .
| number of 19 m the genus (Bocher and Larsen 1950 Ornduff et al. 1967 Wolf. 1980)
Although the chromosomes m Arn/ca are small and numerOUs wnth persustence and
repetltlon accurate counts can be made" No evudence of aneuploldy was found Four
plmdy levels are apparent thhm subgenus Arct/ca 2n-38 57 76 and 95 Barker ‘> ¢ |

" (1966) has noted that polyploudy in Am/ca especlally when assocuated Wlth melotlc

‘chromosomes m Arnlca durmg melosls The dlfflculty in obtammg a good PMC quash m

thrs study precluded an attempt to v:ew these melotlc |rregulant|es m subgenus Arctlca ‘;‘ .
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Table 7 ChrOmosome numbers determuned for the members of Armca subgenus
' A , +Arctica... - S
o Ta;(on" o _“2‘n‘=‘ C o “ '~~~ Locality and yquchar
© A louiseana. 76 Canada, Alberta: Banff Nat|. Park, Moraine Lake Dowhie :

449; Banff Natl.' Park . Peyto Lake' Downie 450; Jasper Natl.

: C Park, Columbia icefields Downie: 544; Jasper Natl. Park,

’ ‘~ S Maligne Lake! Down/e 546 Jasper Natl. Park, Maligne Lake

' - : Down/e 547 : A co ' "

}‘.

" A.frigida, - 38 u. s A. Alpska South af Delta Juriction Downie 503 ‘
subsp. frigida == = Mile 260 Richardson Hwy. Downie 504; Mile 84.8 Steese
TR "+ 'Hwy. Downie 505; Mile 105 Steese Hwy' Downie 506 .
" Mile 39 Elliott Hwy. Downie 508; Mile-39.3 Elliott Hwy..
‘ Downie 508A; Healy Dowriie 509; Mile 106, Glenn Hwy.
‘Downpie 514; Mile 13 Denali Hwy: Downie 515; Mile 22 .+
Denali Hwy.. Downie 576; Mile 11 Denali Hwy. Downie AR
577, Donnelly Dome Downie § 79 Scuth mt. McKmley Natl
Park Downie 524 S , - .

T\

D - ¥ 4 Canada, Yukon Km 32 5 Taylor Hwy Dawn/e 468; Km' L
o © 34.5 Taylor Hwy Downje.470; Km 38.5 Taylor Hwy. . .
- Downie 471; Km 73.5 Dempster Hwy, Downie 474: Km
E 75 Dempster Hwy. Down/e 476; Km 80 Dempster Hwy. . '
o | -Downié 477; K 76 Dempster. Hwy.-Downie 478. °
B . us. A Alaska« Mile 40 Taylor Hwy Down/e 475
L ' 95 Canada. British Columbia Stone Mountaln Prov Park ’
R " Summit Lake Downhie 452 Stone Mountain, Prov Park R
o SummltLakeDowmeS.?S ' . L N

CA-frigida - . 76 Canada, Quobeo Fonlion Natl Park Mt T
subsp. griscomii . : Samt-Alban Downle 5§31.- o : R
S T ." Newfoundland Southwest Port-Au-Choux Dowme 533

E U l, Pointe Rlcha Dowme 534 "'*——’—"'

.A. rydbergii . - 77.6, c-n-da. Albom Jasper Natl Park Bald Htlls Downie 723- RN
Cuo. .07 Banff Natl Park, Wah-wah Ridge; vic. Sunshine Ski Lodge L ,
LT T Downde 7315 Watertoh Lakes Natl, Park, Upper Lake -
L e . Carthew. on CarththschraﬂDownie 732; Waterton .
R !:,akes Natl. Park; ‘Carthew summut Dawnle 733..
. Lo R " USIAL,; Wyomlng Hwy .30 at'Nash Fork Campground,
R L /Downle 691; Madicine BdwNatl Forest; Rd. to Medu;ma e
.-Bow:Peak Downie. 693; Medicine'Bow Natl. Forest, 'Mirror .
" Lake Dpwirie 694; Medicine Bow Natl. Forest, 3kmW. . = ...
“Mircor'Lake Downle. 695 Med:cme Bow Natl Forest 2 km; L
l---.~UW"M|rror Lakeli ' T TR R )

A, sororia. . . 38 Alb-m:- jSuffleld Dowme 557 Hwy, 41 E
B . Medicine Hat Downie 558; Manyberries:, Downie 568,

" Pendant.Oriellé Downie: ‘669; N. Aden’ Dawnie 57IS Mnlk
R:ver erge Reservourl Down/e 573, VO




. A

T AT ?
SR ‘_M‘Q“,.
L Brltish Columbia Wasa N Cranbrook Down/e 703 S.. v
a S Kamloops Hwy, 5' Down/e 707; Tranqunlle N.w! Kamloops‘ ‘
I Down/e 708, " ra o
-~ . US.AL Montana N. Harlowton Downje' 775 12 m: W G

Harlowton Downie 71 6 E Shawmut Down/e- 717 ' s

B
! \

o

AL (dl?lgens .. 38 ' Canada, Alberta: N“Célgary near: Balzac Downie 548; Lee ‘
o P Creek .N. Police Ougpost Prov. Pack Downie 552; SE. ' ' '
N oo Hanna Downie, 555 S, junction’ Hwys 18& 41 near " i
‘ B " Medicine Hat Downie. 559; S.Gypress Hills Downie 562;,
" . Bare Greek'Reservoir- Dowme 565; N. Aden Downj/e 57 IF
R R U.S,Ay, Montana: 2 km'W. Sweetgrass Downie 709: 15.”
S o L km W ‘Sweétgrass 00wnfe 710; Poft of Whitlash Downie, ¢
k Aol T Y 712: S.W.: Conrad Down/e 713 Junctlon hwys 80 q,,re7 A
S o N Downje 714000 0 T R
ce e D Wyoming, Niile. 38 HWy 14A Bng Horn Natl Forgst = « . . .
Lt . Downie 697:. S.W. Buffalo Dowrn/e 699‘ N. Savageton - . .°
N \\,_ .‘ S Dowme 700, o o ‘1_. . .

TS ,“. o et
i hS A, .
,

L A, angusufo//a ) 38 ' ‘Canada Yukon Km 471 Klondlke Hwy,, N. Pelly el

S subsp angdsqu//a e ‘ Crossing. Downie 466; Km 610.5 Klondike Hwy., NW._ '
S o " . McQuesten. Downie 467,'Km 5 Dawson Boundary Rd. No.:

NI :‘T;.' oy e »f 9, Downie 472; Km 12 Dempster Hwy. Downie 473; Km
v T e - 646 Klondike Hwy. Dowriie 479; Km 547 Campbell Hwy:
Caoray b MM e Downie 487: Carmacks Down/e 682 Kiuane Natl. Park
I IR VU P Down/e499 e Lo

L " o ’ AP ¥ X S.A.. Alaska 3 km N Clrcle Hot Sprlngs Down/e 507 ‘
oot ) T M”le 314 Parks Hwy.. N. Nenana Down/e 549; 1 KmN. W .t
AR o / "Circle.Hot Springs’ Down/e 654; Circle Hot Sprlngs Rd. e
, o L - * 'Dbwnje 655; Mile 339 Hwy "2, SE. North. Role Dawn/e R
B 658; Mile 267 Parks Hwy. Down/e 646~ Mile 275 Parks N
“ \ o ‘ : Hwy?.« Down/e 647 Y

SN N o e . ;. .
S e 57 | “ Canada Alberta; Jasper Nat. Park \Columbia lcef:elds '
T e Downie, 544; Jasper Natl. Rark, Mt. Edith Cavell Downje'
S e N 721 Jasper Natl, Park; Bald Hilts Downle 722r Cardmal e
L " - ., Divide Downie 725; Ce ! e
SR A T 5 km'S: Pine.Lake CampgroundaDown/e 583 ‘ e
R A  British Columbia: Summit.Lake Downje 676; Muncho Lake S AN
s o ProvsPark Downie 619; S.’Mincho Lake Prov. Park': .~ 1 ' o
S ,', Dewn/e 618;Km 750 Alaska Hivy. Downie 621; Km 895 j e
Co o Ty e Alaska Hwy Dowiie 623; Km806+ Alaska. Hwy Downle o)
BT UL G CRL TR . 624: Km 625 Alaska Hwy. Downie 625 L :
Lo D et Notthwast Territories; Km 174 Hw 3Down/e 602 Km
Lo s 160 Hvy, 3 Downié 604' Km@27 {wy. 3:Downie 696;.
' Km 308 Hwy..3 Downle 597: Km'282 Hwy 3 Downle
598 Km:180 Hwy. 3 Downie 607: 5 km E. Hay River, "
. Hwy 2'Dewnie 575;:Km 76 Hwy. 5. Downie 578; Km- 133 an
Hwy 5 Downie 579:.46 km N Enterprise, Hwy, .1 Downije - .
’ 588 1 km N Blue Fash Creak Hwy 3 DoWnie 597 ort . ~

e

Do _ .
ane 610 1! km E junctlon Hwy.. 7and
| Dowriie 612; Km 145 Hwvy: Down/e E14775 0




A angustifolia

" subsp. tomentosa

0‘§ :

76

55

Yukon: Km 1193 Alaska Hwy. Downje 459; Km 1341
Alaska Hwy. Downie 467; 16 km S, Haines Junction
Downie 480;'88 km S, Haines Junction Down/je 487, Km
134 Klondike Hwy. Downie 484; Km 218 Canol Road
Downie 489, Km 174 Canol Road Downie 497: Km 13
Canol Road Downie 522; Km'2 Canol Road Down/e 527
Km 380 Campbell Hwy. Downie 496: Km 1618 Alaska
Hwy. Downie 497; Beaver Creek Downie 672 Km 1878
Alaska Hwy,, Koidern Downie 676: Km 272 Klondike Hwy.
Downie 686; Km 36 Hwy. 8, S.W. Tagish Downje 687,
U.S.A, Alaska: Mile 1239 Alaska Hwy. Downie 631; Nile
- 1264 Alaska Hwy., Northway Ddwnije 63312 miles S.
Tetlin Junction Downie 635; 12 miles S. Tok, Hwy. 1
Downie 637: Mile 66.5 Hwy. 1 Downie 647: Mile 263
Richardson Hwy., S. Delta Junction Downie 659 Mile
1372 Alaska Hwy. Downie 669: Mile 1324 Alaska Hwy,

" Dawnie 6771. o ‘ . :
Greenland: Scoresby Sund, Nordvestfjord Bocher 70796. "
'+ Swedsn: Torne lappmark, Jukkasjarvi, Loupakkte N//sson

s.fi, (Botan arden, U. of Uppsala). S
Norwpy: TS Tromso, Mt. Flojf jell. M/lsson s.n.
(Botanical Gardsn, U. of Uppsala).

U.S.S.R.: Gydan Peninsula, Sibiria (V.L. Komarov Botanical

- Institute, Leningrad); No locality information, Coll, No.

2965. (Main Botanic Garden, Moscow); No locality
information, Coll. No. 632, (Main Botanic Garden,
Moscow). S _ -

.
1

Canada, BritiphColumbia; Muncho Lake Prov. Park

" Downje 622,

I
Northwest Territories: Km 379 Hwy. 1 Downie 671, 56
km N. Fort Liard. Hwy. 7 Downie 615: Km 222 Hwy. 3

" Downie 599; Km 1912 Alaska Hwy. Downie 675.

Quebec: Fort Chimo Hedberg 1959 (Botanic Gardén, U. of
Copenhagen): No locality information. Bocher 10050

;. (Botanic Garden, U. 6f Copenhagen); No locality
_information. Bocher 13666 (Botanic Garden, U. of
- Copenhagen). i - ' ‘

&

Yukon: Km 1074 Alaska Hwy. Downie 456: Km 1790

- Alaska Hwy. Downie 678; Km 354 Klondike Hwy. Downie

684.

U.S.A., Alaska: B0'km E:S.E. Tok Junction bawdig 5015

Mile 1396 Alaska Hwy. Downie 502. o
Greenland: Holsteinborg Bocher 4749: Sdr. Strqmfjord -

" Bocher 12080; Sdr. Stromfjord, Sandflugtdalen Bocher

’

95

57 -

1734, U
: British Columbia:

13354; Lyell's Land, Polhemsdal Bochet 6059; Disko,
Godhavn Bocher 8158; Disko, Brededal Bocher 8895;
Nugssuaq peninsula, Agatdalén K.J.47. ‘

' Gl_'ofnnlpnd:‘ Nugssuag peninsula, Magl"ait Bocher 1.

Canada; Alberta: Ram Mountain Downie 535,536; ..
Jasper Natl. Park,Signal Mtn, Downie 724; Cardinal Divide

Downie 728,729; Mile 92 Hwy. 4, N. Coleman Downje

e

ncho-Lake Prov. Park Downie 620.

L
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A. Jonchophy!/a 57
subsp. fonchophy!/a
| )
e
L]
76

56
‘ ¢ .
Northwest Territquas Hwy. 7 near Liard aner Downie
748, ‘ .
/ o
Alberta: Ram Mountaun Dowme 535A; Cardinal Dnvnde
Down/e 541A,

Canada, Alberta; Wood Buffalo Natl”Park ‘

Km 26 Hwy. 5 Downie 581: Wood Buffalo Natt, Park, 2

km N, Pine Lake CampgrOund Downie 582 Wood Buffalo
Natl. Park, S. Pine Lake Downie 584; Wood Buffalo Natl.
Park, 20 km S, Pine Lake Downie 585. ‘

Northwest Territories: 13 km E. Hay River, Hwy. 2 ‘
Downje 576; 11 km N.W, Enterprise, Hwy. 1" Downie 586;
20 km N.W. Enterprise, Hwy. 1 Downije 587: 64 km N.W .
Enterprise, Km 148 Hwy. 1 Downie 589: 43 km N, Fort
Providence, Hwy. 3 Downie 592: 60 km N. Fort
Providence, Hwy. 3 Downié 593: Km 92 Hwy. 3 Downie
594; Km 118 Hwy. 3 Downie 595; Km 167 Hwy. 3
Downfe 603; Km 192 Hwy W, Hwy 3 jynction Downie’
607, ,
Quebec: St. anchnm-de Tourelle Dowme 530. :
Yukon: Km 1409 Alaska Hwy N W. Jakes Corner Downie
462.

British Columbia; Km 935 Alaska Hwy. Downie 455,
Northwest Territories: Km:212 Hwy. 7 Downie 673,
Yukon: Km 245 Klondike Hwy Fox Lake Downie 463; Km
378 Campbell Hwy., 15 km S. Ross River. Downie 480.



B.C., are the first reported pentaplonds for this specnes Withm thls taxon is the full
polyplold serles ranglng from 2n=38 to 2n~95 The chromosome numbers of 2n 58
QZhukova and Petr0vsky 1971) and 2n=60 (Zhukova 1964, 1965) for A. frfg/da m the
U.S. S R. are presﬁ?ned to have been derived:from trisomic and pentasomic aneupl0|dy
from the trlplOid 2n=57. Polyplonds contain much duplication of genetic materlal and can
tolerate the loss of one or more éhromosome pairs: (Grant 197 1). This can lead to what
: Darllngton (1963) has called a polyploid drop and may account for the 2n—70 in A
fr/g/da (Zhukova and Tikhonova 197 l) and the 2n-ca 67 in A. /aulseana (Ornduff et a/
1967) presumably havnng originated from the tetraplond 2n=786. Ornduff et al. (1967)
have suggested that due to the small chromosome snze in Arnica, counts Wthh do not
correspond to the base number of 19 are in error and are best treated as |
‘ approximations The dlfficulty in determlning an accurate’ count for A frig/da from
Ogotoruk Creek, Alaska (Johnson and Packer 1968) may bg due to some unusual
cytological behavpur which accounts for the lack of polien produced by this specurnen..

-,'0

The three’ tetraploid counts for A fr/g/da subsp. grl.scom/i from Quebec and

-

Newfoundland are similar to a count. prevnously reported by Gervais (1979) suggestmg

that this eastern dis junct of A fr/g/d& may be comprlsed solely of tetraploid individuals. -

"When assessed for pollen viability; all diploid A frigida exhibited 90% or. greater
stainable pollen whereas the tnplonds and tetraplonds possessed 0 to 15% viable pollen
This corroborates Barker s (1966) hypothesis that fow pollen quality (less than 90% i

viabiiity) is mdncatgve of polyploldy in Arnica.

" A LOUISEANA

-
T

The five cOunts*de‘te'rmined“for this: species v'vere‘all 2n=76, confirming" previous

s counts by Wolf (1980l Two p|0ldy levels are apparent in this taxon tetraploids and the

[

A.-one prevnously reported pentaplond (Straley 1982) S

L .

‘_.._..-_,__
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anteen collectnons of A fulgens exhnblted chromosome numbers of 2n 38
- corroboratlng Barker s (1966) hypothesis that this taxon is wholly amphimictic. The
count of 2‘n 52 57 from Cypress Hllls Provincial Park, Saskatchewan (Taylor and -

‘Brockman 1966), is presumably trtploud and is the only&(eport of polyploidy in this
“Spe_cies. However, without\further evidence, polyploidy in this taxon is indeed rare.

A. SORORI A R w

AT

Twelve collections of A. sororia exhibited 2n=38, again corroborating the

amphimictic nature of these plants (Barker l966_).

A. RYDBERG!I

\

Nine counts of A. rydbergii'from A'lberta and Wyoming were all 2n=76, similar
-to a count, prewously reported by Straley (1979) for plants collected in Washlngton
Previously reported diploid populatlons lWolf 1980) demonstra“te two ploidy levels in
this taxon 2n 38 and 2n= 76 Diploid counts by Wolf (l980) are inconsistent wnth

-

Barker s'(1966) conclusuon that this, taxon is wholly apomictic and polyplold.

LA ANGUSTIFOLIA | k‘/ .
DIplOld chromosome numbers were determnned for 102 populatlons Wlthln thns
' aggregate. The predommant chromosome nu/ﬁer for thls specles is 2n—57 (Federov
1969 Moore: 1977; Wolf 1980); however all ploldy levels from 2n thrOugh 5n have
been found Four plo:dy levels are apparent m "A. angcht/fo/Ia subsp angustifo/la in “
agreement \ wnth publnshed.cgynts by Engell { 1970) and Wolf (1980) The counts of
' 2n—57 for Scandmavnan material corroborate Engell's l1970l observatlon that these
plants are most probably all trlploid Tetraplold counts for A angustifal/a subsp '
. \-:angust/folia from western North Amerlca are, to my knowledge the first publlshed N
 counts. Three counts of 2n-57 for, plants collected in the u.s.s. R “and three tetraplond
counts for plants from eastern ‘Canada suggest that these taxa may be entlrely tnplond
and tetraplold respectlvely A dlp\gld count for A. angust/fo/ia from the U.S. S R. has

: 'been reported by Barker (1967) but wath no locallty lnformatlon guven Chromosome

RO} -
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counts of 2n=57 and 2n 76 for A. angust/folla subsp tomentosa are in agreement with

: vthose prevnously publushed by Love and Love (1875), Straley (1979) and. Wolf (1980)

o ' Plants havmg dlplmd chromosome numbers show a yery close correlation wnth
“ non- glacaated areas (Flgure 8) The sexual phase is. prevalent throughout unglacrated '
Alaska and west- central Yukon with some colonization of the glacnated areas (or perhaps s
la glacial relnct) in Kluane Natlonal Park, Yukon Terrltory' Trlplond and tetraplond mdnvnduals -
are widely scattered throughout prevnously glacuated areas. Ploldy was not related to any
particular habitat type. 4 '
T f

A I.ONCHOPHYLLA

Two ploidy |evels 2n*57 and 2n= 76 obtalned from 20 collectlons of A.
. /onchophyl/a subsp. ‘Ionchophylla corroborate srmllar plordy levels obtalned for thls -
‘ ' taxon by. Wolf (1980) Barker (1966) reported that the eastern dls1unct of A |
/onchophylla is polyplold and apomnctlc but dld not determnne the exact ploady level A
‘count of 2n-57 was also obtalned for a single populatlon of A. /onchophy//a subsp
l.ch/onopappa from Gaspe Quebec No counts were made from the putatlve amphlmnctlc, S
A Joh;aophylla subsp amog[ossa, from South Dakota and Wyomlng
Whether the polyplolds represent autoplouds or amphnplouds rs d fflcult to
ascertam Although amphnplondy is far mora. common in vaScular plants lStebblns 1950)
/\he orlgln of the polyplord races in Arn/ca subgenus Arctlca |s debatable Slnce a closa
s morphologlcal resemblance between a. polyplond and F; dlplold is not a valld cruterlon for .
" . autoplondy (Grant 1971) othar crlterla must be used These mclude observatlons of :
: .V chromosome palrmg fertulnty and segregatuon ratnos (Grant 197 ll and chemlcal T ,
." . compansons (Harborne 1975) Ornduff et al. (1967) and Engell (1970) have observed :
some unusual cytologlcal characterustrcs |n melotlc chromosome panrmg in- Arn/ca
o :.suggestuve of an autoplond orlgln Stebblns (1959 1985) stated that autoplonds may have . |
l been created by* hybnd”:zatlon between dlfferently ada‘pted dlplmds of the same specles
o . ‘Grant ( 197 1) described three pnmary factors necessary to’ promote polyplondy These
are: (1) dlplOld specles wuth dlfferent genomes, 12l natural hybrgdlzatson between

]‘u”f_ﬁ*v
R PR
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/ ‘®2n:57 . L
/. Aw=76 .

) 3s0mit
“ 560km. - /.
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_ . Figure 8- Distributiori ‘of Arnice bnga;«ifql,ibfsqﬁép;'qngqszi'(aLia Cytotypesiin =
. northwestern North America in relation to the: approximate maximum extent.of the fate . " -
. Wisconsinan glacier’ complex {modified from Prest 1984). Kodiak Island refugium, - 5
. . (Karlstrom and ’aa||__1{9,69)_nogﬁshom,‘v e R T A R
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. specues or adaptedl forms of\ the same specues and (3) a Iong-hved growth habit. to
mcrease the chances of somat:c doublmg Along w:th the severe arctic clnmate and the
exposed dlstlered habltats of Quaternary ongm these three' factors may have created

o "'the\ complex polyplond serles prevalent wuthnn subgenus Arét/ca , ‘l“ S ‘

..._“\/', WL B )

D Pollen Vlabi'llty Sl et

' “ '\._‘__\_“ The pollen quahty of 990 spemmens w:fhm subgenus Arct/ca was determlnedx

. ". complete hstmg of collectlons exammed and thetr respectnve pollen wabnlnty |s presented .. '
m Appendix 4 These specumens were chosen to represent oollectnons from throughout B

'the range of the subgenus IR

A; m/c_;/oﬁ.l IR

Of 290 specnmens of A fr/g/da "182 specnmens from Alaska Brltlsh Colum&ua
'.less than 16% vuable when stamed wlth lactophenol-cotton blue Nme collectlons from _ R :
o Alaska produced pollen between 16% to 89% Vlable 'ln Alaska stxty-one collectlons ‘ :
e exhlbrted a pollen vnabnllty greater than 95% ln collectuons wnth pollen VIablllty less than ‘

-

."80% the pollen gralns showed varylng degrees of deformrty

(S

R No pollen was observed in the four collectlons from Summnt Lake Brltlsh el
_' v_f'Columbla (Downie 452 525 Raup & Correll 70507, Rase 78430) whnch represent the -~
| :‘h."'most southerly I|m|t of the range of A friglda subsp frig/da and are |solated by at iy
‘ :'Ayii"‘.‘_’least 200 km from the major northern populatnons Because of the geographncal o

. ",usolatlon of thns gcoup of pentaplonds, |t ns not surprlsmg that POlan is not produced

,".fBarker (1966) sugge A ted that fault’y“ oﬁromosome paurmg m pentaplold melotnc

(

. disturbanc es in mlcrosporocyte dwgsnons and accumulatlon of random deletenous

' “'i'v-mutations may ave caused thls detenoratnon mlcrosporogenesis Enge’ '(1970)

:j‘réportad degeneratio‘f ’of?pollen’mother cells in. pentaploud populatlons of AL

"»"V,_Hj?fangustltolia, a closely related spemes to
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_herbarlum speclmens, was determmed Wlthm A le.lgens"‘ 29‘out of 86 'olleclons

«

v ;‘ PR . }
ooy ! | ' *,

melotuc chromosomes appeared to be ma/rl/cedly contracted wnth chromosomal d|V|s|ons

o stoppmgatprophase ST ‘ S

l\“,v.
.

ln Alaskg and the U. S S R 16 collectnons dld not produce pollen Collectlons

from Alaska (C‘antlon & G////s 57 -452, Ge/sl s.n Hett/nger 367 Murray & Johnson

of the Brooks Range In the U.Ss. S R ‘nine collectlons from north and central Chukotsky

. are represented by Afon/na et al. s.n., Korobkov s.n, (3 collectlons) Karemn &

Petrovsky s.n., Nechayev, P/ieva & Yurtsev 's.11, 2 oollectlonsl Yurrsev s.m and L L

,
\

Z Imarskaya, Korobkav &. Yurtsev s.n.. -

Al elghteen collectlons of A fr/glda subsp grlscom// exhlblted pollen Vlablllty

between 0% and 3% 9 .

Herbarlum collectnons havnng a pollen wabulnty greater than 95% showed a very

close correlatlon wnth non-glacrated areas (Flgure 9). The sexual phase is well developed '

throughout unglacnated central and southwestern Alaska wnth some colonlzatlon of the

glacnated area |n southcentral Alaska The lecatnon for the refuglum of these sexual

| elements has been conflrmed and |s more extensuve than Barker l1966) reallzed Plants

by fuve collectlons used |n the TAXMAP analysns These collectlons (Hagelbarger 71

Donaldson 1 84a Gorman 163 Schafle/d 272.9, G@van s,n) were morphologlcally

dlstmct from the typlcal A, fr/glda subsp frig/da and charactenzed by obvneus Ieaf

oo

T

‘ 6687 Packer 2654 Spetzman 835 Ward 7 478) were. collected above 68° latltude, north '

: Wthh have recolonlzed thls glamated area ln the reglon of Lake Illamna are represented . .

achene and mvplucral bract glandularxty Thns\glandularlty was restncted only to thls area.

P
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l34%) exhlblted pollen vuablllty less than 90% and 9 collectncns (lO%) less than 75% |
l vuablllty Wlthm A sororla, 36 out of 105 collectlons (34%) exhnblted pollen vnablllty less “_‘VQ
' than 90%, wnth only 13 collectlons (12%) less: than 75% All mstalnable pollen ln A '

o ':“'fu/gens and A .sororla malntamed lts normal slze and shape unllke A. lr/g/da m whlch
pollen grams exhlbltlng less than 80% stalnablllty showed varylng degrees of deformltya N
\Thls report of Iow pollen stamablhty suggestlve of apomlctlc elements in A fu/gens and
A soror/a |s in contrast to Barker 's (1966) study in which all pollen was greater than'

‘l 90 Vlable ln contrast to A. fr/g/da ln whlch high' pollen gram vrablllty is correlated . ,
closely wnth non-glactated areas there ls no such correlatlon in A fu/gens and A o
| soror/a In both taxa plants producung unstalnable grams were scattered throughout the
vahole range of the specnes The presence of low pollen stalnablllty suggests that A
fu/gens and A soror/a may be partlally apomlctlc However chromosorne c0unts |
' obtalned fon two collectnons havmg low pollen stamablhty (Down/e 555 and Dowme 569) -

. were 2n-38 Barker (1966) observed that all’ apomlctlc collectlons showed varylng o

P
Y}

. degrees of pollen deformlty whereas amphnmlctlc collectlons had normally fOrmed |
pollen All collectlons of A. fu/gens and A sororia eXhlbltII"lg low pollen vnabnllty had
gralns normal m snze and formJ As Barker (1966) suggests, determmatlon of
reproductlve mode based on pollen quallty estnmates cannot be cons:dered lnfalllbler - ‘
partlcularly wnth pollen stalnablllty between 70 and 89 percent Barker (1966) has shown

dlp|0ld apomlcts for‘A ampleX/cau//s Dlp|Old apomlcts m A fulgens and A sorona are :

\ e S Oy T ] N

,_,.: 4.,,..Azy¢usr;zrsz,}zlﬁ'
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. ‘ Of 312 specnmens only 22 of ‘A angust/fo//a subsp angustlfo/ia possessed ,

‘.pollen more tl‘fan 95% vrable lndlcatlve of amphlmlctlc reproductlon and a dlplOld ploldy :
level These spec1mens were collected from areas in central Alaska and west- central |
"Yukon Terrltory whnch were largely free of ice durmg the—trme of the Iast glacnatlon ‘.
Specumens representmg the dlsjunct populatlons of A. angust/folla subsp angust/folla o

compnsnng 34 collectlons from eastern Canada 33 collectlons from Scandnnavna and '
‘.Spltsbergen ‘lO collectlons from the u. S. S R and 33 collectlons from Greenland all
had less: than lO% vnable pollen However flve plants fr-om Greenland had between 25%
. and 5 1% vnable pollen. Jorgensen et a/ (1958). reported Scandmavaan and Greenland |
' tetraplouds wnth falrly regular PMC me:osus that produce well formed pollen suggestnve ‘

‘of a polyplond amphlmlct Barker (1966) on ‘the other hand reports 0% pollen vnablllty |n ‘ L

o ‘all Greenland taxa mvestigated In thns study all Greenland tetraplonds possessed very

- ||ttle Vlable pollen and lrregularly shaped gralns Of the remammg 124 collectlons in A
I l’angustl folla subsp angustlfo/la representlng plants from northwestern North Amerlca
“ . 59 collectlons (48%) had pollen Wthh was 0% vuable 56 collectlons (45%) exhlbnted a
) j""‘pollen wablllty less than 50% and nme collectlons (7%) had between 50%aand 85% o -

, Tstalnable pollen All 51 collectlons of A angust/folla subsp tomentasa possessed pollen

- "V“whlch was less than 50% vnable after stalmng The pollen obtalned from 32 of these
:'collectlons (63%) was’ Iess than 10% wlable Throughout thls study, in those collectlons

where pollen vnablllty was less than 80%, the polleh showed varymg degrees of

K »
R

G deformlty

"['f onchophylla examlned had

AII 83 collectlons of Arn/ca Ionchophylla s'

‘ ess than 64% able pollen Of these 53 collectrons had less than 20% vuable pollen 26

alnlng four collectlons

-;c' > lectlons had between 2': % and 50% vuable pollen and the e

:,had‘greate"xthan 50% stamable pollen Twenty-sevan speclmens of_A" lonchophylla L
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CS
Nme collectlons of A /onchOphy//a subsp arnog/ossa Were exammed for pollen
quallty FNe had greater than 85% stannabla pollen suggestlve of amphlmlctic
populatlons and the remamlng four collectlons had getween 36% and 75% stalnable |
pollen Four specumens of A /onchOphy/ /a subsp arnog/ossa have been prevuously
reported to be amphlmnctlc (Barker 1966) The mode of reproductlon in this taxon is
questlonable for Barker found two collectaons in Whlch the pollen was between 51%
s and 65% vnable suggestmg apomms Since no chromosome counts were made for thlS L
taxon and pollen v:ablllty studles seem to lndlcate both amphlmlctlc and apomnctlc ‘

4
populatlons the reproductlve mode wnthln thls taxon is stnll questnonable

‘ ' . . o « i .,“ i

E Fleld and Greenhouse Observatlons . ' |
Phenologlcal dlfferences were observed between parental ‘populatlons and
‘ greenhouse propagated matenal Plants proquced from achenes collected in.the fleld
and plants whlch had reestabllshed after a cold pernod showed a reductlon ln perlcllnlum
and mvolucral bract pubescence In some mstances the pencllnlum pube eence
dlsappeared altogether In the vlcgmty of Mt McK;nley Natlonal Park Alaska plants have
been found whlch Maguure l1942 1943) belneved were hybnds between A fr/g/da and

A angustlfo//a subsp tomentosa These plants are characterlzed by a dense perlcllmum
(e

e

and mvolucral bract pubescence and have been treated as A /ou/seana var. p//osa

When collectlons descnbed as var p//osa were brought back to the Umversnty of

Alberta"pd observed after reestabllshment the dense pubescence of the peduncle, s

perlchmum and mvolucral bracts dlsappeared In addmon the characterlstlc yellow

T

perlclmlum pubescence of A fr/g/de subsp fr/g/da so common m the flald was now

whnte Magulre l1943l has stated that the pencllnlum frequently furnlshed an excellent
L chaﬁacter for the delimltatlon of Specmc and subspec:flc categones However results

s Of th;s sWdy ugdlcate the degr ee of penclimum pubescence ls undoubtedly lnadequate_' o

Vo

and (gaxonomlc dellmltatnons based upon thls character would have to be re~evaluated |n'

the lnght of thls envnronmentally induced tralt

Greenhouse-propagated“ma ernal of A frlgida'subsp frig/da was ‘
»gic ' or pig Isco""llv l(vhereas, A



/ou/seana and. A rydbergli mamtamed thelr dlag’nostlc morphologlcal features ln the '

greenhouse (see Tables3and 4) B L N o R . R
The morphologlcal varnablllty in A angustifo/ ia appe}!ed to be a functnon of ’ |

latltude and. elevatlon )}rctnc and alplne plants are generally smaller, with. fewer and

'" smaller leaves and exhlblt smaller capltulum characters In contrast the more SOuthern .

: populatlons are. often taller possess larger capltulum characters and have more palrs of
_‘vrleaves However the transferal of field- collected plants to the greenhouse resulted in .

‘ dlmmutaon of morphologucal dlfferences mdicatlng ‘that much of the observed varlatlon
|n thls taxon lS attnbutable to phenotyplc plasticnty Davis and Heywood l1963) dascrubed
good dvagnostlc characters as not belng sub;ect to wide vanatlon nor being’ easnly I
.susceptlble to envnronmental modlflcatlon Wlthm A. angust/folla subsp angust/fo//a

characters such as plant helght leaf stem and perlchnnum glandularlty capltula number

length and wrdth and leaf slze were hlghly plastlc and extremely varlable Taxonomlc

dlfflculty for thls specnes in- the past was pnmarlly due to the frequent use of these '
. ! : o, . . . iy
‘oharacters. . Coo SRR

b W

The number of capltula has tradltlonally been used to delimit the southern
4,

'\’subspecues of A angusufolla from the. more northern taxa (Magusre 1943) hbhave

r. 6

,h observed however that when plants from Alaska Greenland Scandmavla and the .

‘;‘ . S S R. are grown alongslde plants obtalned from eastern Canada and the southern

: ireglons of the Northwest Terrltorues in the greenhouse the plants are morphologlcally

‘

L vlndrstrnguushable and all possess three or more capltula

C

Subtle dlfferences ln the ecology of A fulgens and A sororfa were observed m

‘ ,”A-the fleld But made obvnous when both specles were in- the same locallty Arnica fulgens .

e,_..__

characterlstlcally occurs m_shghtly monst to mesnc depressrons m the pralrie The more

fmousture avavlable, the taller and more robust the plants Populatlons of A fulgens were P
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) . . R o o Lot . . l R : ! ) . /
Lot ' .
e
| .

. the tumtng betng dependent upon the local env:ronmental condmons Both A fulgens and:
‘ A sororia ma‘tntamed theur dnfferentnatlng morpho!ogtcal end chemtcat dtfferences’m the

greenhouset R A R fu L
. R ‘ ‘ N Ho ‘ - -

In most collectlons flowerlng often occurred after a two to three week perlod

L v
n

‘ ~of vegetatnve growth, HoWever A fulgens and A ‘sororia mamtalned their vegetatxve o

" K ’+ . . '

. ,; condmon two to three months pnor to flowermg This may reflect the longer grow;ng

: season in the pratrues as opposed to that of the arctnc or alpme or the cool greenhouse
L L ) A ' ) T v o A
condmons~ o T T N T . , Ty

S r.‘ -

.
N

N

A | ln the fnePd numerous polhnatmg vectors were: obse’rved on| the flowers These L Lo

o

; mcluded bees fltes splders and butterfhes wnth no apparent mseét speceftcuty, Even i s

though the pappus on the achenes of Arn/ca greatly enhances thelr dnspersabmty, very,.

"

few seedhngs were observed Most Arnica re foupd in _geJn_se mats‘

R . : I . o alt
B ' . \

' VREPRODUCTIVE ‘ﬁ,SfTUDIES*»‘ T

" o Ce . N : v
Y . \ . .

1 eptgynous ovartes permltted to mature In aII tnstances na seeds were feund within the B
[N i \ v { :
small fragale achenes Snmllar results. were obtalned when the dISC flbrets were

\

T Ftve capltula from A fu/gens and four from A soror/a we e emasculated and the. v o
% )

removed and the hgulate flo@s allqwed to develop ‘The achenes fro' the hghuiate R

- --"" (Downfe 5778 703) were deVOId of seeds Agamospermy was. not evu lo

v Few artnfncnal hybndlzatlon expenments were attempted Non synchronous -‘

flowerung pertods between the two specnes and even betwe,en populatlons of the<same

'..,\t . Vi i

specues made lmmed:ate poilen trahsfer dlfflcult Most mterpopulat:onal crosses of A ( “
fulgens (Down/e 57 IF X 7 12, 559 X 56‘2 554 X 697) and A sororra (Downle ,573 X 570 ‘
703 X 5713) were succeséful wath percentage of vnable achenes between 65 and _85% ,
Unsudcessful intraspeclflc crosses (Dowme 555 X 57175 569 X 570) may be due to | |
non—vrable pollen or to mcomplete fertthzatton Ftve tnterspectflc crosses were R -

attempted but no vnable achenes resulted (Dowme 577!-’ X 5718, 558 X 559 699 X 558, S

699 X 703 554 X 703) Studles of reproductnve behavnour mducate that both taxa ere




ot . . ) . o .‘ o
' . . C 4

R

complately emphimictic and self-i ompatible, corrot;oratjng ‘the studies of Barker

~ " {19686). Artificial hybridization el;%)erimehts bgtween the two species were unsygcessful.
'\ ' : ’ : i [
o 1 . v ) ‘
O Flavonold Chemistry ‘ ' - .
‘;..{), «\ . . )
\"‘J AT Twelve flavonoids (mcludlng seven flavonol and three flavone glycosndes one
" b ! \

flavone aglycone and one unknown) were isolated from 198 collectnons of Arnica
%ubgenue A/ctfca A composute two- dlmenstonal chromatogram of ali compounds as

\Aﬂustrated in Flgure 10;.and the/ chromatographnc and spectral data for these compounds '

L

. are presented in Table ‘8. The collecttons examined fq flavonoud content are listed in
t

. Appendux 5 and flavohoid characterlzatuon and dlstrbutlon within each of these

\
‘ .

A
L 4 v

v collectlons is presented in Table 9

\..‘/ .

\

'
et

“ FIavonoud profiles w;thun Arn/ca subgenus Arctica are relatlvely simple, wnth two
" to six’ compounds found per populatnon however conslderable populatlonal variatiop |s
found wnth respect to flavonond content. T he prevalence of quercetin and kaempferol
R glyc05|des ls not unusual for they are widely distributed throughout the angnpsperms
0T A(Harborne 1975) however they do }ugg/ ’gt a somewhat prumltrve blochemncal profnle
. ‘ (Harborne 1972) The complex /( hly methylated dernvatnves of the flavones aplgemn ) .
‘and luteolin as found ll'l subgenus AUstromontana (Wolf 1981), were not detected ln the )
specnes under conslderat;on here Snmllarly complex glycosyleltlon patterns whlch are’
_ vprevalent in some members of the Asteraceae lHarborne 1977) were also net found.
| ‘l‘he lack of glycosnde varlahlhty in the Asteraceae (Harborne 1977)4is reflected in this
i complex for only two’ sugars occur glucoge and galactose of restncted occurrence
Coare two methy!ated flavonolds luteolln G'D-me‘thoxy 7- O-glucosnde and kaempferol "
. '_6 O-methoxy 3- O-glucosnae both prewously reported from subgenus Austromontana :
- ’J;(Wolf 198}) Sugar Imkages are‘most commonly found at the 3 posntlon in. the flavonols N
| 'end at the 7 positlon in the flayones The Vpresence of quercetm 3~O-dnglucosude -
: (yuscosm) and quercetm 3- -gentlobloslde m many members of the Arcti‘:a aggregate o
. jnegate Wolf and Denford ‘s (1984) claim that these' compounds are: only found in Amica’»v h
o subaems Austf/ Gmontang. -« B U L

" ES e . e AR < . .
. s . F\u' . v, A . P v . IR

o . 4 i \\' . R o e T FANSEN : b - »
. . \1,'; o A - : b

s
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" Arctica

---------

"

. Numbers$ rater to flavonoid compounds defin
o . 3 ;,_f’.'._: i,;‘;:\- X . o .

' Y . . e

' Figure_m"-‘f"c.%rﬁp"cr)sité chrématogram for the Ws' of Arni
d in Table 8."

4BAW

ca subgénus.
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2
Table 9. Collection number, locality and flavonoid distribution in Arnics ':;ubgeriué .
Arctica, Locality abbreviations defined in Table 2. - - : ‘ : '
'.) Flavonoid compound
 Taxon, locality and voucher 123456789 100112 °
A fr/'g/‘da'subsp‘ frigida H
AK:504, 506, 514, 519, 645, 656. 662. o e /
668. . o .y ‘ s
AK:475, 508. 508A, 638, 639, 640, 663, + + + | ’
666'YT'470 471,474,674, -~ L . . ‘ o
. AK:505, 509,515,516, 517, 642, 644,  + 4 + 4 '
. 650; YT:469, 477, 478. -
BC:452, 525; YT476 AR P o4
AK 503, 660. o . . + 4+ 4 + 4
AK:657. B » + o+ o+ +
YT:6§8. e A B + + 4+ :
- \ L , _ -
. ., o " \ o ) ;
A. frigida.subsp. griscomii . P - . Coa
PQ:531. - . - v + s +  . A
L) )
'NFLD:533, 534, O
"A. louiseana R b ) B » S L -
ALTA:449, 450, 544. T S S
el ‘ . . . i
- ALTA:546, 547. oo T +.0F + o+ +, 0+ ! .
" ‘ : N ‘"‘ ‘ . . ’ 1’ . ("I ' {. ! PO ’r.
- /l. fulge}rs o ; / ~ . s -
. ALTAS54, 559, 562, 563, 565 571F; .+ + + . ;. .+ 4 ol
,--Mom71o 712,713,714, WYOMBE8, -+ . LT
A sororia P R S o

MV‘!ALT‘A 558, 569, 570, 571

572575 FERPE + ‘
BC 703 707 708 MO R

716,717, .




Taxon, locality and voucher . . 123456789 101112
.- . ' ‘ ! . ! .

A sarqr/a cont'd. .

- ALTAB57,868 . oaoa o4 e

A. angusufo//a subsp angust/fo//a

| BC:619, 621; 625; PQ:1959, 13666; 4w 4 ,
\YT:456, 466, 481, 484, 489, 491, 494, -
496, 522, 523; AK:501, 502. 520.

ALTA:544, 721, 722, 725; BC:454; Y ‘ ,
. NWT:577, 575, 5679, 591, 596, 598, 601, . = =~ -° T
_602B; 605, 612;.PQ:10050; YT459 481, D - Lo
- 686, 687; AK:647, 655, 659, 671; ‘
. GRLD:1, 4749, 8895, 12080, 13354
: SWDNsn NRst USSR :s.n.; 2965,

ALTA:580, 583; BC 623, 624 NWT:580,  + + + .+ e
597,599, 6024, 608, 611.615; YT:521. © . ' .

'Bcszz NWT:578, 604 606, 610 . ‘e e
¥T:480. | : .

YT467 472 473 479 487 ‘ + e + SEPURE - ‘\
. NWT:608; YT:497, 629, 676 678 684 ’ CE |
‘AK633669 L . e
ws;s AK:631, 635; GRLD: 6959 8158 S . .
10796; u.s.s.n..eaz -

\ YT672 ! ' ,i‘ Y -’ """4" - ,‘ ' ‘ +-"\ + > R + "‘, ‘ " B 'n
. L ’ B . T ! | . L] . Lt .
" . . ‘. o o e . R . ‘ .- , ) . ' R S

‘?‘:618 il . = .

‘ 4‘ ngustifo/la subsp tomentosa T R

{‘.n

A _35 535A 536 BC szo | « -',L'*' e ++ . . SRV IR




_ Taxon, locality and voucher . C e T2 34 5 6

\

7.8 9 101112
A
A. lonchophy!/a subsp. lonchophylla - L S S .
CABSB1B82. . R o
7 ABSBAINWT.576, 692,593 613. ' - 4 4 + 4

AB:585; BC:455; PQ:530; NWT:586, 594 e
YT:463,488. -

NWT:607, " ‘ e e R

' [}
. . . ' .
. . ' - " , . )
¢ NWT:603." : Wt ot e + + s
N . i) ' i ’ AN
! N ’ ~ n
B ' ! ! ' vy ' As f '\'-1:';‘)‘97‘-, "
L) | ' v

"A. rydbergii . . o

. . . [N 'v;\.._._ . i . ‘L" '..
'AB:731, 732, 733; WYOM:69%, 695, 696.. + T L

[y

AB:693. R e e e ey A

: . ! ' FN . . .
WYOM:723: - L R
« :J‘;;
. Loao
'“4 i~ v -' "‘

1. Quergetin 3-O-galactoside;: 2. Kaempferol 3-O-glucoside; B
. 3.-Quercetin 3-0-diglucoside;’4. Kaempferol 3-0-galactoside; : . ’
* 5. Quercetin gentiobioside; 6: Apigenin 7-0-glucoside; 7. Unknown; R
8. Luteolin 7-0-glucoside; 9. Luteolin 6-0-methoxy 7>0-glucoside; 10. Apigenin; . -
~-11. Quercetin 3,7-O-diglucoside; 12. Kaempferol 6-0-methoxy 3-0-glucoside =

—~




A FRICIDA T
- | Slx flavonond glycosodes (fnle flavonols and one flavone) were lsolated from
forty one populatnons of A frig/da (T able 9) Quercetm 3 0-galactosude and quercetm
l 3 0 dnglucosnde were ublqultous Seven proflle types are dlstlngulshed wuth A frlg/da ‘,"
i subsp frlg/da exhlbmng the most dlverse and tn some populatlons the most
'depauperate flavono1d profnles The two profnle types ‘obtained from A frlg/da subsp
gt /scoml/ matched the two most common flavonond patterns m A fr/gfda subsp
o 'jfr/gida ’*é%rroboratmg morpholodlcal evndence as.to the close afflmty between these
‘two taxa In many mstances the flavonond proflles obtqmed from th|s taxon matched
‘those of A angustifo/ia However chemncal dufferences mcluded the presence of

. Iuteolm 7 0°glucosude and the paucaty of quercetm 3- 0 gentuobuosnde in A angust/fo//a

.’ .
v

) ‘ The pQSSIblﬁty that a taxon exhlbltlng a reduced flavonoud profule represents the

R remnant of a refuglal entlty has been suggested by Denford (1973) Eught populatlons of

< A. frigida subSp, fr/glda .each possesslng on|y two flavonouds were-colleoted from | .:
locahtles in Alaska whnch were free from ice durmg the Wnsconsman glacuatlon U

o Implucatlons of thns fmd are dnscdssed further in: the phytogeography chapter

oA L:DUISEANA_
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were: unvarylng a feature perhaps attrlbuted to |ts lnvarlent morphology and snngle :

plondy level. The presence of luteolm 7-0- glucosode |n A fulgens, A soror/a and A :

\

' langustlfo/ ia corroborate morphologlcal ewdence as to the close affmltles among thesel S
o three taxa and the cloSe affmltes of these taxa to A. Ionchophyl/a and A rydbergu |
Luteolm 6 o- methoxy 7-0- glucoside and aplgenm were only in thls taxon and A soror/a

' The presence of a methOxyl group is mterestmg for it has phylogenetuc nmpllcatnons

Thls rs dlscussed further in the approprlate chapter

Y
i

A..SORORIA = G

'

Four flavono:ds were |dent|f1ed from 1 1 populatlons m A soror/a Quercetln

‘3 -0- galactosnde quercetm 3- 0 dlglucos:de kaempferol 3 0 glucosnde and luteolln B
'7 0-glucos|de were ublqultous Two collectlons however possessed in addltlon to the

four prewously mentloned compounds luteolm 6 0 methoxy 7 O-glucosude and aplgenm
- The flavonond complement of these two collectnons lS ldentucal to that of A %Igens |

- attestmg to thelr close morphologlcal and genetlc SImllarlty

el . . o . , . . Lo ' R SN
- [ . . , . . ; [ . v \

o AgJANGUQII"I/-."OL_ITI'A"‘-:‘,‘l_‘ f. N ‘:"'« ; S R
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) ‘America’,' Soandﬁ‘wayia and the USSR R - L "

. .

Arn/ca angust/folia exhlblts 'the most dwergent and numerous flavonond pl’OfIlBS
v w:thm the subgenus no doubt a reflectton of its polymorphnc nature many cytotypes |

and the drversaty of habitats in: whlch lt is found Unllke A. fr/g/da no correlataon was

~ found between flavonond depauperate plants and ungfacuated areas L S S
* , t‘ _‘ | .; v‘ e : : ". Lo 'j S ' ' * V o .I o . 'ik_h“ ’ “-
AJONCHOPHYUA'. L I I, Lo e

i

B S:x flavonmds were |solated and :dentlfled from suxteen collectnons of A. ‘
\! N \ /onchophy//a subsp Ionahophy//a No collectnons of A /onchaphy/la Subsp arnog/ossa o
. were examlned thh the exceptnon of one collectlon all proflle types oﬁ'tauned matched
o § wnth those fould in A. angustlfol/a In total flve dlfferent profule types were dlscerned ~
'Fhe one collectlon examlned from eastern Canada prevnously treated 'as A /onchophy//a |

- ' subsp r:/rfonopappa. had a flavonond prof:le slmllar to the most common profule

obtalned from northwestern North Amenca i _j ' j‘ | TR ': RS
. ,A.RYDBERG)/‘¢,*?w*‘Q'; Cooa
y l‘. ‘, e ’ . _.,‘- . ...._‘, : . : . | L '.“ ' KN o " ' ] '
RS .{:.'. . . v . \‘1 3 S o A R T o e . -
. <

Two compounds quercetm 3 7 -0- dlglueosude and kaem ferol 6 O-methoxy

3 0-glucosude were umque to A rydbergi/’ Of commomoccurrence in the elght

' f

collections nﬁvestlgated were luteolun 7 O-glucgsnde and kaempferol 3-0-glucoside, wnth N

L AN

flavonols quercetm 3 0-galactosnde and quercetut 3-0-d|glucos|de of Iesser occurrence L

Slx flabl_:onolds (fwe f,lavonols nd one flavone) repre ser “ ng three dlfferent profnle

; type ‘were 'found from these Alberta and Wyomlng populat:qns :




'partlcular taxon i.e. the unknown compound 7 in A. /ou1seana -and quercetln .

( occurrence of compounds luteolm 6- 0 methoxy 7-0- glucosnde and aplgemn un A

I . . S S o [

‘problematic, since their respective p'rofi‘les‘ may be identical.

' Thes compounds quercetln 3- 0 galactosude quercetln 3- 0- dlg|uCOSld6 and

‘kaempferol 3 O glucosnde are vnrtually ublqultous in subgenus Arct/ca lndlcatlve of a

. close ggnealoglcal relatlonshlp amongst all taxa, Other compounds were specific to a

3, 7 0- dlgluc051de and haempferol 6-0- methoxy 3 0- glucosude in A. rydbérgl/ The

o
fu/gens an},A sorar/a and kaempferol 6 O-methoxy 3 0- glucos:de and a

3 7 0- dxglucosude of quercetln m A rydberg// has phylogenetlc |mpllcat|ons and are

dnscu,!sed in the appropnate sectnon of thus thesus

! .
s

”

Flavonold varlatlon in subgenus Arct/ca dld not correlate wnth plondy Such Iack

. has been reported m other taxa (Glennle et a/ 1971 Wolf 1981 Soltns and Bohm

1986) R R ~'vp. o

.Q o Flavonond dlver5|ty precludes a chance to see lf hybrudlzatlon has OCCurred

between any of the taxa Possnble flavonOld snmllantles between A. angustffolla and A\

. Ionchophy/la may be due to past hybrldlzatlon events or present'day mtrogressmn 2

"l

Wlth the exceptlon of A frlg/da in whlch plants exhlbitmg depauperate o

o flavonold proflles occurred only m prevrously unglaccated areas all compounds in. all

. other taxa were randqmlv dlstnbuted The six major flavonoud proflles dellmjtable in A .'
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IV Phytoge_ogﬁp'hy -

$a ' . B I ', .

The famlhar pattern of arctlc specres dlS]unCt in, the cordlllera of western North ‘

' )
ey

T Amerlca and in extremely Iocallzed areas of northeastern North Amerlca has recelved

ield 1969 Morlsset 19‘71) In order tmadequately explam the presencday

“1 9°69

o dlstrlbutmn of subgenus Arct/ca |t is neoessary to postulate the survival, of these plants

oy \ )
. durlng‘the late Wlsconsman in unglacnated areas north and: south of the lce sheet or ,

’ ‘ )

. perhaps in smaller refuglal areas surrounded by (ce R :

A

3
ﬁ‘ : much a enilon (Fernald 1925 Wynne-Edwards 1937 1939 Marle Vlctornn 1938: Drury
ES '

l

a

To explaln the survuval of cordlllerean and arctuc dnsguncts in eastern Canada
Fe;gald (1925) proposed thexnunatak hypothe5|s ln'the past "this hypothesns was sub ject
to*much controversy m the hght of confllctlng geologlcal and ecolog@evudence '
(Alcock 1935 1944 Wynne-Edwards 1937 Mane-Vlctorm 19§8 Flint'et a/. 1942
Monsset 197 1). Late Wlsconsman glactatnon m Atlantlc Canada consnsted largely of |ocal
ice caps (Fulton et‘al 1984) Recent geologlcal and geographlcal evndence corroborates
'the presence of nce-free areas durlng thus penod in the Gaspe Penmsula of Quebec (Hetu
and Gray 1981 Lafremere and Gray 1981 Grant and ng 1984 Prest 1984) western
Newfoundland (Brookes 1977 Grant 1977) northern Labrador and southeastern Baffin |
lsland (Ives 1963 Prest 1984) southwestern Nova Scotla (Grant 1977) and Iocallzed
c astal and hlghland areas m New Brunswuck (Grant and ng 1984) whnch may have 1

¥ I

provided refugla for the glactal vegetatlon The extreme envuronment llkely to be found

fv« ‘duruhg thls tlme may hav " baen detr'mentl-t ' thesurvuval of many plant specles




Some parts of the contlnental shelf may have provnded refugla for plants durmg

the late Wlsconsman (lves 1963 Morlsset 1971 Terasmae 1973 Grant and Klng 1984
Prest 1984) Terasmae (1973) has reported that at. maxlmum glacuatlon the sea level ‘

' would have lowered as much as 130 m; and that durlng the perlod of deglactatlon thls .

| Ievel would have only mcreased 50 to 60 m Envnronmental condltlons would no doubt ‘
.be mllder |n refugla borderlng upon a sea that was not frozen all year round (Morlsset
“197 l) The presence of late glacial vegetatlon on the c0htlnental shEIf 1Emery et a/ ‘\; “ ,

! 1965 Slrkln 1967 lemgstone 1968; Terasmae 197,3) lndlcates that at.least some parts | '

’: of the,,shelf provnded refugla from which vegetatlon later recolomzed eastern North
. ) 'or '
o '

« Amerlca as the lce sheet melted

/' e ' "4 - B Lo el .
N M In Alberta lt is suggested that some portlons of the Rociy mountams remalned

R lce free durlng the Wlsconsman gIaqnatncI The concept of an lce-free corrldor a strlp
‘ of land posltloned between the Laurentl e and Cordlllerean gIacners has recelved much
attentlon \ere IS lncreasmg geologlc (Rutter 1984l stratlgraphlc (Alley 1973 Stalker _

i 4 T ', N
1977l and palynological (Flltchle 1984) evudence for |ts exnstence Present-day plant ~

dlstrlbutlons have also been used as evndence for unglacuated refugla in Alberta (Packer
ar.d vm 1974) - R .:*fjfi e

Durlng the late Wlsconslnan (23 000 to 10 OOOKyears ago) qxtensnve unglacuated
- refuges exlsted in, eastern Slbena (lsayeva 1984 Vellchke et a/ 1984) northern Alaska [

i (Hulten~1937” Prest 1984), northern and central Yukon (Rutter 1984), Banks Island
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had a more contlnuous dlstrlbutlon across North Amerlqa Europe and the,U.,_S.STR. thh

the advance of the late Wlsconsman glacuatlon thelr |nterventng ranges were eradlcated

EEN lea\nng the plants to survive m northeastern North Amenca in the alpme of western .

\)
\

North Amerlca and ih the unglacnated areas of northwestern North Amerlca

t
'

el . L ‘ : ' : ‘ § : . EE
&. Another explanatlon to account for the eastern dnsjuncts |s Iong—drstance .
> " ’Q ) “‘

duspersal The mgestlon of achenes by blrds or the presence of a pappus to facllntate

wmd duspersal may have been the method by which these arcttc plants reached eastern

i

Canada With the exceptnon of a few scattered populatuons of A /onchophy/la in
‘ northeastern Munnesota and adjacent Ontarto no other lntermedlate ‘stations are found N
even though sultable edaphlc condmons occur in central Canada(leen and Soper 1981)
The isolated populatlons of plants in the Gaspe PenmSula of Quebec New Brunswnck

Nova Scotla and northwestern Newfmﬁdland wc;ﬂd have had to mvolve the successful» -i

IR \r‘

Y colomzatlon by.a number of propagules o e
, ' DR

o [ . ' . AN
' '.lv,w"'t,‘*1’-, : B '

The prevalence of, dlp|Old A angusti fo//a and A fr/g/da ln unglaaated parts of »
Yukon and Alaska tntumates the survlval of these spec:es wnthm thlS. area dunng the laté .

Wlsconsman The Iower sea Ievel durlng maxlmum glacnatlon (HOkanS 1973) resulted m S

the emergence of the contmental shelf between Alaska and the U.S.S.R. Durmg the

‘e

Wlsconsman thls Bermg Platform permntted plant mlgratton betweenvthe two c
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" "mast complex chemical profiles in subgenus Arctica with five or six flavonoids prgsent.
' g : \ o [ 4 \

Whether A: /ouiseana represents a novel entity created through the events of
\\,‘hy‘b‘ridikation or polyploidy which, as previously suggested; may account for its complex
. L4 . - . . .

_ 4 themical profile, or a paleoendemic which survived the Pleistocene either as present-day

[N R i '
/4. louiseana or its ancestor is difficult to ascertain.
[ \.| \
ll ‘\ .

,
“

' *\ Arn/ca ful/gens and A. sororia are essentially, pympatrnc in northwestern United

) ‘States and adjacent southwester’n Canada In the northernmost part of their range these
taba occur in prairies and grasslands, a habitat umque amongst me‘mbers‘of the gqnus, n
the southarnmost areas they occupy montane habitats. As previously suggested by
Barker (1966) both of these taxa occupy the greater part of their range outside the

limits of\ contmental glacuatuon and thus remain as sexual species,

A
N .
in North America, numerous centres of glaciation developed in mountain systems

south of the Wisconsinan ice sheet, Portions of the Rocky mountains from Alberta to
Colorado, the Cascadp fnoun’tains of Wash.ington and Oregon, and the U;ﬁta !110unt'ains of;y.
Utah, were subject to severe glaciation {Barker 1966). The presem-&ay distribution of A,
crydbergii is clo.sely corfelatéd with these previously glaciated alpine afeas. Resa}tsr from
cytological investigations and pollen viabi}ity tests indicate this taxon to be who/liy
apomicti'c, corroborating Barker's (1966) hypothesis that no well-formed ampﬁimictié
species occurs in a glaéiated area. However, one diploid population has been found in
northwestern Montana (Wolf 1980) sgégesting existence of diploid ;opulaﬁons of A.
rydbergij. ‘

—

" Arnica fonchophy!/a subsp. /onc[raphylla is primarily distributed in low lying
areas along river basins (e.g. Maékenzié, Athabasca, Peace, Nelson) and lakes (e.g. \
Athabasca, Great Slave, Great Bear) in northern and central Canada. In addition, small
localized po;u—la.ti;ﬁotthis taxon are found ndar the wes‘taan shore of Lake Superior.
How can these populations be accounted for? (it has beea suggested that the numérous
arctic-alpine plants at Lake Superior are rehcts of more wadespread dastrlbutsons {Given
and Soper 1981), for this region was completely covered by ice during the Wisconsinan
" (Karrow 1984; Prest 1984). A strip of tundra-like terrain éccurred south of the

Laurentide ice sheet in which lived vegetatnon of an arctnc-subarctlc nature (Wrught 1871;
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“Birks 1976). With glacial recession these plants migrated northward, The harsh
mtcrocllmate of the Lake Superior shorelme maintains akuntable arctic-alpine habltat
(Gwen and Soper 1981), resultmg in the persistence of vegetatnon in this regnon after the
ice sheet melted. Boivin (1952) has 5uggested ‘that Arnfca first established itself around
the temporary lakes frontmg the retreating glacier (and then progressuvelY migrated
northward along glacial rivers as new shorelines were ‘created. With the subsequent
development of the boreal coniferous forest and\aoidic granite’derlved solls, or perhaos ‘
samply“no{ being able to cope with the raoid change in.shoretines‘, A. /onchophyl/a was
unable to migrate farther north and ultimately established it'self near the northwest sﬁore

of Lake Superior,

\

| The distribution of A. lonchoplry//a subsp, arnog/ossa is unique vyithin suboenuev
Arct/ca for oopulatiohs are restricted to twoy geographic areas; the Black Hills of South ~
Dakota, and the eastern slopes of the Big Horn mountains in north-central Wyoming. The
morphological similarity between this taxon and A, /onchophy!/a subsp, /onchophy/ /a
suggest_origin from common ancestral stock that was once more widespread across
North Arﬁerica; Complete absence of glaciation in the Black Hills (Haywarvd 1928)
provided a glacial refuge for this species during the Wisconsinan. Ampﬁimidtic A
/onchophylla ie the élack Hills suggests that this region was not glaciated (Barker 1966).
To the west of the Black Hills are the Big Horn mountains which \;\;ere subject' to some

‘ local glacuanon (Salisbury 1908). Therein live both amphimictic and apomictic A.

fonchaphylia subsp. arnog/ossa. The presence of diploid A. fonchophy//a in South
Dakota and Wyoming-suggests 5urviva| of this-speciesﬁouth of the continental ice
sheet, with subsequent migration northward, primarily along the major river systems of

northwestern Canada, to account for its present-day distribution.

Considefing the distribution of chromoeome races in ‘Arnica, Barker (1966)
" showed that no well developed sexual species occurs m a glaciated area, and no well
- developed polyplold serles occurs in anzmglacnated area: This correlation between .
polyplo:ds in previously glaclated areas and diploid cytotypes of the same specnes in .
unglaciated areas has also been documented in/ris verslcolor (Anderson 1936),

CalamgrmlﬂSfEEE’ﬁs 1984), Minuartir elegans (Wolf. 1977), and may have exlsted in



‘diploids and po|yp|onds The greater genetic vanabmtT

flavonoid variability.

% . v \ ‘ - ‘ 85
. )t ‘
the genus Braya |nrNorth America (Harris 1984). Favarger (1961) and Johnson and

Packer {1965) demonstratdd that northern polyplonds are more common in habitats most

habitats are of prime importance in determining the relative distribution patterns of

" directly affected by climatic and edaphlc detenorattoz during. glacnatuon and that these
I
j

of polyploids in general

particularly whgh’%ccompanied by ecotype or specnes hybridization, provides greater

adaptability to new ecological condmons (Johnson and Packer 1965; Stebbins 1984
1985). In contrast, diploids may succumb to these same selective pressures and be
eliminated altogether tStebbins 197 1), Barker {1966) stated that within Arn/ca, some
previously wtdespread d'ip|oid taxa s;rvived in unglac}ed refug‘ie and ultimately suffered
biotype depletion, These populatnons subsequently gave rise to polyplond apomncts from

which virtually allpost glaclal colonization has takeL\ place,

"

!
I
The polyploid sertes of A angust/fo//a and A, fr/g/da appear t6'have radisted
geographlcally and ecologlcally from this region fJoIIowmg melting of glacial ice. Through

dtspersal and adaptation to dif ferent habntats, ecétyplc variation, including chemicat

variation would occur, With the prevalence of ar!)omixis in these two species (Barker

‘1 966), and the marked morphologtca| variability |exhibited by both, much of the flavonoid .
diversity probably reflects genetic heterogeneity from population to population. The ”
marked polymorphism of the'se"taxa is also a funcﬂ:tton of the variety of adaptive niches
which these populations were able to ocou‘py end exploit The polyploids of these two |
specnes have been partncularly successful in recolomzmg prev:ously glacnated areas,
Considerable flavonoid populat«onal variation has .already been found in populatnons of A. '
cordifolia, a wudeSpread polymorphic species consisting of five chromosome races
(Wolf 1981). In contrast "A. fulgens and A. sororfa each comprlsed of. oniy ohe

chromosome race and with narrow habitat specmcuty, exhibit little morphologtcal and

‘ | ]
Narrow endem|cs are generally charactenzed by a reduced flavonond profile

omposed prtnclpaﬂy of methylated aglycones whnle in contrast, wnde—'\ anging specnes

" within the same genus, occurring in a number of different habitats, are charactenzed by' :

a high flavonoid di\‘lersi-ty and few memylated aglycones (Mears 1980; Wolf 198 0. .

‘
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Slmllarly, in studies using allozymes genetrc varlation has been reported to be Iowesmn
‘narrow endemics (Hamrlck et al. 1979; Soltis 1982) Mears {1980) has further reported
in Paqhenlum .a significant posmve correlatlon between the total number of flavonouds |
per taxon and the area of d(strlbutnon,,An increase |n flavonoid number with a _

"~

)correspondmg mcrease in area can be contrasted to isolated island populations derived

from mainland taxa in whlch both fewer and structurally simpler covzpounds are w

‘ produced (Mabry 1974), The depletlon of the- ancestral proflliln narrow endemlcs may .
l"be due to 5uch factors as the founder effect autogamy (leadlng toa reductlon in gene |
flow), and'low envnronmental heterogenelty With' reference to subgenus Arct/ca, |
wide-ranging A fr/g/da A angusufo//a and A. Ionchophy//a subsp /onchophy/la show
a high flavonoid diversity, with two to five flavonoid compounds in any one particular
population. Arn/ca fulgéns, A. sororia and A. fydbergii, however, maintain a high
degree of tlaVonoid unitormity over wide geographic areas. The lack of any
re’presentatlve of A Ioachophy//a subsp. arnog/ossa preclude observatqons on flavonord
quallty and quantlty of this narr’ow endemic. Qf somewhat greater distribution than A

B /gnchophyl/alsubsp. arnog/ossa is A (ouzseana, restrlcted to the Canad'an Rockies. This

species exhibits one of the most complex>flavonoid prqfiles within thé subgenus. No

} methylated aglycones were found in any taxa of subgen'us drctica. The presence of
flavonoid- depauperate A {r/g/da in unglacuated Alaska suggests that flavonond number is
of value in estabhsh.ng plant refugnal boundarles A reduced flavonoid profile would
probably reflect a lesser genetlc vanablhty a consequence of biotype depletlon created
‘ by a dlmmlshed range through glacnatlon Unfortunately, thls correlatlon between )
. previously unglacaated aréas and flavonond paucuty does not hold true for A.

: angustifolla Flavonoid depauperate plants of thls taxon occur throughout the Yukon
Terntory Northwest Terrltorles and northern Brmsh Columbla One therefore has to be\,.'\\
careful when extrapolatlng possible past refuglal areas from flavonond data

r ' ' . s . . . » '

[
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- ortgmated from A fngfda In the orugmal descrlptuon of A sorana by Greene (1910) he

y lseven of these being wholly confluent) resulted in a poor phylogenetuc mterpretatnon S

| other hand superﬂclally resembles A Iont:hophylla and stated to have close affmmes g '< '

wuth thns specles, or as lllustrated in hlS phylogenetuc mtarpretatlon may have also

2
N 1

\:I.'Phylog’ehy‘f’ ’ S

"ll'.._n' - [y

Magunre l1943) consndered Am/ca to have orngmated m the arctlc and subarctlc

N

regnons of western North America from where it spread eastward westward and

!

southward The paucity of Arnica specres ln EurOpe and Asta and the presence of abo\ft

twenty flve species confined prlmarnly to the arctlc boreal and montanefeglons of

v A ! "\ ‘ i
northwestern North Amerlca was used to support hrs hypothesm However‘ thus A

i
v

postulated geographlcal origin of Arn/ca may be subject to error, fpr an area o( htgh

s
species dnversuty ‘may not necessarily be the center of Ol’lgln for a partmular taxon ot

Aot “‘f‘ l‘ r\l\; B’ '
. o . \l , { '\
The genus "Arnica is clearly defmed with the mcluded specnes held together by. l\ ot
similar phytochemnstry chrimosome base number and structural characters Itis i

. rl \l o l “ a o
monophyletlc bemg derived fromahypothesuzed ancestor Protoarn/cq @ased upOn A

(Johnson and Raven 1970). ' s

'prlnmpal centers of dlspersal and morphological sumllarlty Maguu'e (1943) recégmted
five subgenera with subgenus Arct/ca representlng the most ancestral group The - f ‘ o

probable ‘relationships of. the other subgenera in Arnica are not at all clear and precnse 3{';,. -

'delineation is speculatlve. These subgenera may have arisen f.rom subgenus Anct/ca, or--. !
: . e ‘CX‘ ' oo

: independently from‘Proroarnica (Maguire 1943, = - [EL St

Magulre s (1943) phylogenetlc interpretation for the taxa co%nsmg subgenus 1741

- BN
v’n‘x L

Arct/ca is presented in Flgure 12. His recogmtuon of Seventeen taxa wnthln the subgenus

thtle ;ustlflcatlon was glven for the assugnment of lineages. The close mcrphologtcal ‘ t
srmllarlty between A fulgens and A. soror/a is;not reflected nn thls phylogenetnc scheme, .
Magu"'e (1943) 5uggests that A fu/gens has closest affmrtles wath A anéustlfo//a due o ‘

% a snmllarlty in perlchmum pubescence and only ‘one capltulum Armca sorona on the

i
I
. e

' notes the close affnmty wrth A /onchophylla but also is aware of snmllarmes wuth, A

fulgens Slmnlar confuslon exlsts in detecmmmg the 1|nea'ge of A Ionchoplzyl(a.@mlca L g:
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Fugure 12 Relatconshnps of the specnes of subgenus Arcu&ii ‘(rhqdified‘frbni““;‘

O Magﬁtra. 1943)' ‘




- ,\ . , : ' .” ‘ ‘.
A angustifo/la (Magulre $43) Needless t: to say the dellneatlon «of taxa wnthm this
complex in‘the past has. been at best highly speculatlve wuth alternatlve orlgms ‘

| proposed. ) -

T In the present study structural, ecologlcal and flavonond synapomorphles are
used to construct a cladogram from thh phylogenetnc relatlons amongst the taxa
compnsmg subgenus Arctica can be determlned The prevalence of apomlxls polyplordy

_and hybrldlzatlon in Arnica makes phylogenetlc analyses and sister group designation.

4
3

{\. , for subgenus Arct/ca dlfflcult The taxa comprlsmg the remalmng four- subgenera all

. , plaus:ble sister groups, have been employed as, the’ outgroup ln this stbdy Determining
whether a partlcular character represents an apomorphic or plesnomorphlc state is
_sometimes difficult, but made virtually mpossnble when vanatlon in crmcal characters
whether wnthm the lngroup or the outgroup occurs. Certain characters prevtOusly used
by Wolf (198 1) were ellmlnated because of uncertalnty concerning polarity. In the o
- following dlSCUSSIOﬂ evudence is presented regardlng the lmportance of prewously used
taxonomlc characters and the dnscredmng of others due to thelr envuronmental
plastncuty or vanabmty Where appropnate plesaomorphlc and apomorphlc character .

1,

states are presented Phylogenetlc u;elatlonshlps are then dlscussed in hght of

morphologtcal ecologncal and phytochemlcal evudence accumulated durlng this study

<

Q‘

. . " [

1 be‘lleve subgenus Arct/ca is also monoghyletlc Kﬂ' species possess (1) a'large,~— -

pairs of Vnarrow Ianceolate to oblanceolate Ieaves (4) a rhuzome covered wlth dark
|mbr|cate scales and leaf base remnants (5) arctuc/alplne ecology (‘vnth the exceptlons
of A, u/gens A. sorona and A /anchophyl/a) and (6) the prevalence of smple '

flavonols and flavones based on the glycosndes of glucose and g-alacte)
‘ ’ ' /

Hablt All specles of Arh/ca are herbaceous perenmals consequently habtt

ExY
N
(3

o o cqﬁc ‘rns prmar‘nlwwnth underground structures The amount of branchmg, length and

a

S subgenera of Arnlca (Magunre 1943) ln subgenus Arct/ca many branches of the rhlzome

» %” ; Qre qulte short aﬁd for many plants the prevnous years ﬁhoots are Iong persnstent ln A

1. 1T

angustifaliéfsubsp angustifalla A frlg/da, A Ibnchaphylla,,A Iwiseanamd A

89 -

hemuspherlc to campanulate-turblnate capltulum (2) a white, barbe'llate pappus (3 few

A - .anum\ent of the rhnzome have been deemed |mportant m dnstmgunshmg among the e

.

B W oo . N
C ‘f‘ L :- BN 4
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L ‘\leaves (lnnovatlons) belf\g prodeE‘eda Magu\lre (1943) consndered the unbganched hablt as

of; loBves. - . w.

. .:1~ .

_Pa-

W _L,.»;lntraspec‘lf? relatlonshlps are number, posmon shape margm apex and petlole length

: ' oo T i e . '
¢ : . s [ T = "

soror/a the rhlzomes are generally slender but appear gnlcker because of the presence

_of numerous dark imbricate scales and remnant leaf bases" n A angvs?/folia subsp

r tomentosa, most rhizome branches are very short qnd many appear to be ascendmg

£
Many plants of Arnice rydberg/l grow ln qaespltose clumps a result of several
branches arlslng from the rhnzome tip Long, dense tufts of brown woolly hair are m the

axlls of the old leaves of ‘A. fu/gens The' unlqueness of this character wnthm the genus \"

l

and the cdrrelation of thls character in plants ||v1ng in. arld grassland and lower montane

l

reglons of western North Amerlca suggest that it may be apomorphic.’ R
\ RO "y ) oo ";_..‘b- ‘n ;/‘

Stemns. Magulre conSldered degree of stem branchmg |mportant for specnf,sc -

kR

delumltatlon l‘n Arnica Stems are eltber simple or branched and if the latter, branched

o

. elthlLr above or below the center of the stem, Stem branchlng in subgenus Arct(ca is

con ined to a few anomal0us lndlwduals whlch exhibit branchlng below the mlddle of

. 'the tem, Wlth the exceptlon of A rydberg// stems of most plants arise slngly from ‘

- the underground rhlzome with both flowermg shoots :and sterlle basal rosettes of

‘ plesuomorphous in Arnlca and stem branchlng as apomorphous, However the paucnty

of specimehs in subgenus Arct/(.'a possessmg branched stems precludes thls character

L}

from belng mcluded in the phylogenetlc analysis
SR DR . :
Stern height varies consnderably wuthln the subgenus Depauperate specnmens of

‘A,g loui.s;eana only reach 4 cm whllst robust A fulgens can attain a' helght of 72 cm.

——

Stem pubescence and glandularity are more promment -oh the peduncle, and somewhat

o sparser farther down the stem The asslgnmg of this character into discrete; character

. stateswz,was accompllshed by determmmg degree of vestlture ]ust above the topmost palr

"(c ! ! \ - .
] C T oo . . ST s o
. o . ) o S s i _ ‘~,°
" :

* "‘ ‘ {.eaves Of prlmary 1mportance in recognntlon of specues and in’ determlnatlon of

o and wudth ‘Ef the Iea,yes. Although marloedly v,arled leaf characters are the most rellable
im dlstmgulshlng among some specnes of Arn/ca (Maguxre 1943 Wolf 1981)

Tl
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One to four palrs of caullne leaves are normally apparent with one to three
! more palrs of. leaves in the taller specnmens ln A /ou/seana caullne leaves are lacking ‘"
' entlrely from some spemmens These caullne leaves essentlally oceur below the mlddle |
of the stem. Wlthln Arn(ca a general evolutlonary trend extends from few pairs of *
Aleaves dustrlbuted mostly below the middie of: the stem to numer’ous Ieaves evenly ' u- l
l ;dlstrubuted throughout the stem’ (Magunre 1943) Leaf shape varies from Iunear or
narrowly Ianceolate in A angusufo//a to broadly IanCeolate to ovate in A /onchophy//a |
. i ,

. and oblanceolate to spathulate ln A rydberg// Arn/ca fr/g/da and A lou/seana Ieaves

are usually elllptlc or spathulate to ovate- lanceolate and the' leaves of A fu/gqns and A.

' 1

sororia are generally oblanceolate to oblong Leaf marglns are entire in A. fulgens and A
jsoror/a entlre dentlculate or dentate |n A angust/fo/la and A. fydberg// to regularly
dentate ln A. /onchophy//a The leaf margms of A /rlg/da and A. /ourseana are -
undulate entlre or dentate Arnica /onchophy//a represents the only taxon wnthln the '
‘ subgenus with a Iong narrow petlole,equalmg the Iength of the blade In contrast A.
: rydbergi/ is cha“racterlzed by sessile or subsessile lower leaves All other speCles in. — _
subgenus Arctica are mtermeduate with respect to peta \e Iength and wndth wnth the '
. majorlty of taxa exhlbltmg short and broadly wmged petlples In all Atnica taxa the
. leaves of the mnovatlons are long and narrowly petlolate \The upper Ieaves in many

A

N
specumens are reducec? bract—luke and subopposlte in few specnmens

oLl o Wolf (1981) {'\oted N subgenus Austromoqtana that broad coarsely dentate and
i‘ long narrowly petlolate leaves represent the plesoomorphous state whereas narrower
| entire margmed and sessale leaves are more llkely apomorphous lf we conslder A
“ ) angust/folla or an A angustifo//a-llke ancestor (evndence for thls w:ll be forthcomlng)
as’ the precursor of all taxa wrthln the genus, and the prevalence of narrow entnre to
e ‘; sllghtly dentlculate IeaVes and short broadly vunged petloles ln thls taxon |t ls unllkely
: f that these taxa possessmg broader and more coarsely dentate Ieaves are ‘ -
, ‘~ plesnomorphous The presence of both sessnle and long"narrowly petlolate Ieaves |n a
| I/.' R Arctlca poses a problem In subgenera Austromontana and Chamissan]s ‘both long ' '; ‘}
o petlolate and sasslle (or subsessule) Ieaves are common ln subgenera Moqtane and R

: '{,Andropurpurea all leaves are essentlally sessule There does not appear to be any

Rerceptlble evolutlonary trend regardlng thls ch:aracter‘} and thus, |t |s ommad from the




| vanable to be of |mportance Both glandular and non- glandular hau;s are common.
‘ : s ’
Magulre‘11943l recogmzed the dense pencllmtﬂw pubescence as: pleslomorphlc in
the sungnus However as prevuously mentloned thls character was quute varlable and |
envnronmentally lnfluenced Magu:re used presence (or absence) of Iong stlpltate o e
‘ glandulan hairs on the perlclmlum to delimit mfraspecuflc taxa wnthm A. angust/ fo//a Wlth
' . B , ' the: exceptlon of A ar)gusl/fo//a subsp angust/fo//a and A, fr/g/da stlpltate glands are

obv:ous in aII other taxa This evident glandularlty may agam represent an apomorphlc

v
-

state for the. subgenus

Achenes Achenes i é\ subgenus Arctica are varlously pubescent glandular or
glabrous In A. 8ngust/fol/a, A. fu/gens, A saror/a, A rydberg// and A. /onchcohy//a
] C
- the achenes are densely hlrsute throughout and rarely glandular ln A. fr/g/da the )

achenes are glabrous at the base and sparsely hlspld at the SUmmlt The achenes of A..

/ou/seana are. snmllar to that of A fr/g/da but are promlnently covered in short - ‘

-

glandular hairs.. lesute and glabrous achenes are commonly found in all subgenera of
Arnica. Wolf l1981l observed in subgenus Austromontana gray achenes are probably
plesnomorphous whlle brown and black represent the aporqorphlc condmon In

subgenus Arct/ca all achenes are black Few evolutlonary trendsere dlSCermble

\

S ragardlng Arctlca achenes Perhaps glandular halrs on the achene represents an

apomorphous state since"A. Iou/seanmnd A Ionchophyl/a subsp arnoglossa possess T

N
tﬁem and plesiomorphous specnes, such as A angust/fo//a lack them Mao N
. ‘\\‘ ooy o \
‘-"‘ ot " K ) -“n,‘ o - '.' i Lot .‘ ! .

“ ’ v

Ecology Wlth about\ 25 specnes of Arnlca confmed to the arctnc boreiljm
\./"‘

montane reglons of northwestern North Amerlca |t seems more than llkely that the

T

]
oy [

genus orlgmated here, |nferr<@g that a more southerly dustrlbutlon and preference for a

L ,:L,' - xenc habltat represents evolutlonary advancements Both A fu/gens and A sorar/a are '

common throughout pralne and grassland habltats of western North Amerlca hence are . e R
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are produced lAyerett 197‘3- "Mabry 1974- éohm and Wilkins 1978; Soltis 1980b;
Averett and Boufford 1985) In, contrast another trend of flavonond evolutlon is
towards mcreasmg complexuty wuth the phylet;c advancement of a genus (Whalen 1978

Crawford and Smlth 19833‘ Pacheco et al. 1985) Some studles have demonstrated nq ¢
clear cut trends ‘towards reductlon or elaboratlon of flavonoids with phyletnc lines
lGlannasc 1975 Crawford and Srmth 1983b) Further complnc:tlons arise when ..
dISersufocatlon of the flavono:d nucleus occurs,; The dlrectloraahty of flavonotd evo|ut|on

4

© < as determmed for one group of plants may not be the same for another Thése

. o

structural modlflcations can make evolutlonary mterpretatnons qunte speculatlve
w} "?‘ . i

Wolf (1981) has suggested that the presence of quercetln 3 0- glucoslde
kaempferol 3- O glucoslde and luteolm 7 0- glucosnde may represent an ancestral
condmon n Arn/ca since they are found in. a great number of Arn/ca specnes from all

‘_ areas of lts dlstrlbutlon In A cord/fo//a .a taxon postulated by Magunre (1943) and Wolf
(1981) to represent the ancestral specaes m subgenus Austromonrana four addltlonal

compounds are present whlch were also consndered plesvotyplc These are quercetm

‘3 O-gentloblOSnde quercetm 3 0 duglucosude apagenln 6-0- methyl ether and poss|bly

' ’ kaempferol 6 O methoxy 7- 0 glucos«de Generally those SpGCtBS exhlbmng

predomlnantly flavonols or thelr sumple methyl ethers represent ancestral taxa. The .

presence of hughly methylated flavones and hydroxylatlon at the’ 6-posut|on are
consldered advanced (Harborne 1977), and charaotenze such specces as A viscosa, a
volcamc endemlc (Wolf 198 1) Arnica subgenus Arcrica has kaempferol 3 0- glucosude
luteohn 7 -0- glucosude quercetln 3 O-gen&gbnos:de and quercetnn 3-0- dlglucosme all.
flavonond compounds prevuously descrnb@i as bemg pleslotypic ln addmon other snmple

ﬂavonols were n@ Ouercetln 3, 7 -0 dlglucoslde a flavonoud not prewously reported

g m Arnlca and the compounds luteolm 6- O-methoxy 7- o-glucdslde and ki empferol

a4
',




and the common occurrence of vmono-methyl ethers and highly methylated flavone
derivatives In subgenus Austromontans (Wolf 1981), strongly suggest that these three
' sdbgenera ar; ;potyptc to subgenus Arctica. As previously mentioned, subgenus Arct/ca
represents the closest dertvativ% of a hypothesuzed archet’ype Protoarnica, wnth
" subgenus Austromontana either arising directly from’ Protoarpica, or from qugenus
Arctica (Maguire 1943). The markedly similar flavonoid properties of these two
_subgenera, and absence of any highly derived or methylated'flaVOnolds in subgenus
Arc(//c;a/ suggest that members of Arct}'ca probab|y represent. the most primitive
presem-day taxa within the genus, vyith Austromontana arlsing from Arctjca. Crawford
(1978) has cautioned that an evaluation of plesiotyptc versus apotypic profiles should
1v only be made in conjuction with all other available information. An investcgation into the
DR flavonoids of the three remaining subgenera in Arnica, in collaboratlon witlY a thorough

morpholog‘ical and cytological study, will have to be completed before phylogenetlc

relations among all subgenera can be hypothesized. ‘
f~ o V ‘ \
In the present study, a'total of fifteen structural, ecologncal and flavonoid

o apomorphies were wsed in the phyloge t»{:) anz‘ﬂ‘xsns (Table 10) The resujtant cladogram,

‘created solely on the(msertlon ot synapomorphnes is presented in Flgure 13.
\ ) ' \\7 L. :)| *

, Arnica angust|, folia has been interpreted as the progemitor of all taxa in

subgenus Arctica (Magulre 1843), and | concur witk'this view. lt is the most wudespread r
and only completely cfrcumpolar species of ‘Arnioa, Thns taxon also protrudes in a

southerly direction along three ma;o: radn (1) along the coast of eastern Siberia, {2) in

the alpine regions of oorthwestern North Amenca and (3) along the North Atlantic coast

@

in eastern North Amerlca In these reglons itis sympatnc or close to, all other arnicas.
thh four ploudy races, a seemlngly anclent and diverse flavonoid chemustry, an
: - arctlc-alpme ecelogy a wnde geographnc dlstrnﬁutoon a non-specific | habitat preference,
o .an extremely po|ymorph|c habut anq the possessuon of many ples-omorphous ‘

' morpho!oglcal features A anga!?“folia Is almost certamly the ancestral specnes in’
~o subgenus Arctrca d perhaps in the whole genus leferences between A. angust/fo//a

7’ Jr’, .

L subsp angusti folia and A; angustifolia subsp tomentosa have already been dlscussed

- and will be fu_rther expanded upon in the taxonomy section of this thesis.

v v ) 3 (Y
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Table 10. Plesiomorphous and apomorphous characters used in the phylogenetic analysis
of Arnica subgenus Arct/ca.u;ynapomorphies only were used in cladogram construction,

Character
. A Capitulum shape

B Capitulum colour
C Ligulate floret teeth
D Disc corolla glandularity

'E Leaf pubescence

-

F Leaf margn

G Leaf shape

H Dense axillary hair tufts -

I Achene glandularity
J Periclinium glandularity

K Involucral bract shape

L Ecotogy 0

M Quercetin
3.7-0-diglucoside

N Luteolin 6-0-methoxy
. 7-0-glucoside

O Kaempferol 6-0-methoxy

3-0-glucoside

Plesiomorphous
broadly hemispheric to
hemispheric-campanulate
yellow

. J
prominently 3-lobed

absent

glabrous to moderately
pubescent

entire, denticulate to
occasionally dentate

.
linear to lanceolate
absent

absent

‘absent

lanceolate to broadly
lanceolate

arctic/ alpine

absent
absent

absent

bresent :

Apomorphous

campanulate-turbinate \

orange-yellow
entire or minutely 3-tobed

present

n
densely tomentose
regularly dentate

broadly lanceolate to ovate
present
present

present

hnear or narrowly lanceolate

grassland/montane -

~

present

-~

. present

Y
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Maguire (19'43) stated that A. fr/g/da became segregated into two outlying\ A
geograbhical races, subsp. griscomi// in eastern Canada, and A. louiseana {or more likely
a precursor to present-day /'l\ /ouiseana) to the south, There appears to be little problem
postulating the close genetic affinlty between the northern and eastern disjucts of A,
frigida. Both taxa are similar chemicany and morphologncally but are distinguished by
.geographical distribution, habitat specificity and a few subtle morphological dif ferences
(see Taxonomy chapter). Arnica /oulseana, with its glandular leaves, stems, involucral
bracts, periclinium and achenes. is distinctive, The tack of Iuteolin 7-0-glucoside in A
frigida and A. fouiseana, a flavone prevalent in all other specnes and sumilar

‘morphological characters are unifying features suggesting that these two taxa originated

from a common ancestor.

N The marked degree of morphological, cytological, ecological and flavonoid

similarity betyween A. fulgens and A. sororia suggests that they are sister groups, This is
in contrast to Magui‘re_'s {1943) proposed phylogenetic 'interpretation, in which these two
taxa yvere treated as unrelated. All collections of A. fulgens had~ Juteolin 6-0-methoxy
7-0-glucoside and apigenin; whereas only two collections of A. sororia had these -
compounds. ‘Th'e. presence of these two. flavonoids in A. 50roria is significant; ho‘wever,‘:
a ‘r‘nlore thorough examination to determine the full range of flavonoid variability

the entire distribution of these piants is required before phylogemes based

on flXgy | data can be positively assured.

~ Dense axillary tufts, giandular' hairs'- only on the disc corolla, the possibility of
p‘olyploidy (a triploid from Cypress Hills, Sask.), and ubiquity of luteolin 6-O-methoxy
7-0- glucosude and apigemn in A. fulgens suggests that A. fu/gens is best conscdered
i derlved from A soror/a

Arn/ca fulgens and A sorar/a are morphologically more snmiiar to' A

angust:fo//a than to A Ionchophy/la The large, soiitary hemispheric capitulum, entire\
to irregulariy dentate leaves, and the short narrow .or broad-wmged petiolet of A..
| :fu/gens, A. sororia and A angusti folia are in contrast to the numerous small
g campanulate-turbmate capitula, and the Iong petiolate regularly dentate Ieaves of A

?Ionchophylla S

s



. angust/ fo/ /a are separated with ease. Arnica lonchophy!/a subsp. arnog/ossa and the

‘ collectnons from these areas does not permlt a comprehenslve flavonond survey to

. this is unknown. -

‘ entlra Ilgulate florets, llnear to narrowly lanceolate mvolucral bracts and the presence of

R S _, 000

In northwestern Canada, where the ranges of A. angustifo//a lsubsp' an'gustifo//a'
and A Ioncbophy//a overlap some specimens cannot be assugned to any one taxon ‘
wnthout dlfflculty Thvs samllarlty in morphology led Douglas and Ruyle-Douglas (1978) to
propose A angust/fo//a subsp. /onchoph) //a. The status of these two taxa is' further
confounded by their flavonond chemlstry for ' no dlfferer\ces are apparent In- addition,
both these taxa share sqmlar*habltbts and the same plondy levels. Where the ranges of
these two taxa do not overlap specumens representlng A, /onchophy//a and A. . b
eastern disjunct of A, /onchophy//a subsp. /onchophy//a are evndently long petlolate
have promment regularly dentate teeth and obvious campanulate-turbmate capltula
Slmilarly A. anyustl folia from Scaqdinavua U S.SR; Greenland and eastern Canada

show great degree of morphologlcal unlformuty Unfortunately, the paucity of live

. determine probable parental compounds. Nevertheless, in northwestern Canada,

evidence suggests that these two taxa may be hybridizing; however, the' actual extent of

: \ /

Sessﬂe leaves. narrowly campanulate-turblnate capltula minutely denticulate or

1

quercetin 3 7 0 delUCOSlde and kasmpferol 6- O-methoxy 3-0- glucosrde in A. rydberg//

clearly sets this taxon off from the remamder of the subgenus lt Stl" howeven retains

alh the features charactenstnc of subgenus Arctica, and deflnltely belongs wnhm thls :

t
\ S R

‘_comp_lex. o S T PR
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. . .



4o

A

N chemlstry becomes avatlable from the U S. S R these plants can be assigned to A .

VI. General Discussion and"'ConcIueIo"ns-

N

Arn/ca subgenus Arctica, as carcumscri@d in the present study consists of

.

seven species. No new taxa have been proposed however seven nar,nes prev10usly

recogmzed by Magulre (1943) are synonymlzed. One new combination, A. -fr/g/da c

A
subsp. gr/scom// is proposed. Three species. ‘within the subgenus a@ extremely )

A
-l !
\

polymorphlc and variable with respect to thelr ploxdy leVel and foliar flavpnoud
chemastry This varlatlon exhlblted by A. angustrfo//a, A. frigide and A /onchOphylla

" no doubt has mfluencep thelr complex taxonomy, F0r Bach of th%se speC|es.
mfraspecuflc taxa have been recognized: subspecces tomentosa, gr/scom‘f*/ ,and .
arnog/ossa respectively. Arnica fulgens 'A. sororia,’ A. /ourseana and A rydberg// are.
morphologlcally clearly deflned Arn/ca angustlfol/a and A Ioncbophy//a although each
markedly viried and partnally confluent are readily. recogmzed by a combmatao’h of ,
morphologucal ecologlcal and dlstrlbutlonal characters. Similarly, A. fulgens gnd A.

soraria, two specnes previously consadered mseparabte\ Lre clearly separate taxa.

oA
]

Cluster and prmcnpal component analyses have been effect\/e in delnmltmg

groups of taxa within the subgenus Noteworthy here is the separatlon of A

angust/folia a taxon prevnously recogmzed as comprlsmg seven or more |nfraspe<:|f|c -

taxa, mto two groups I have not seen enough U.S.S.R. matenal to state unequuvocably
that subspecues /ntermed/a and i/ //n// lsensu Magulre) are tdentlcal to North Amencan
A angust/folla Both these taxa are madequatelv represented m herbarla "end perhaps
are not as wndespread |n the‘_U.S.S.R. as Magulre (1943) belueved However the few

avaulable speccmens annotated by Magulre are wholly confluent with the normal varlatlon

in A angust/fo//a When more mformatnon on chromosome numbers and flavonold

v

N angusufolla ssp angust/{o/ia w'th greater certalnty A :TAXMAP analys|s of the A

fr/g/da /ou1.seana complex resulted in recogmtlon of two speoles A frlgida and A
Iouiseana the former now comprlsed of two infraspecuflc taxa Sm'ularly, the' prevubusly
recogmzediA Ionchophylla subsp chianopappa and A wilsonil were treated by S
TAXMAP as confluent wnth A lanchophy/la subsp Ionclmphylla and thus, have been

combmed wnth the latter S S ”
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Wlth respect to chromosome .numbers the base number for all taxa is x—19

N

: Aneuplo»d( was not evident. Four’ plordy races (2 38 57 76 and 95) characterlze A ' i
’ | angust/fo//a and A. frlg/da wherees A fulgens A. sororia and A. Ionchophyl/a subsp .

hoe

arnoglossa may comprlsd solely 2n-38 mdlvrduals Dtplold (2n 38) and tetraplond

7 |
(2n—76) populatlons compnse A rydberg/l traplord (2n-a57) and tetraplold populatlons
comprise A /onchophy/[a subsp /onchophyl/a and tetraplond and pentaploud l2n-‘95) 4

| "‘ A v mdlvrduals comprlse /oulseana P|Oldy was not related to any partlcular habitat type

"u
ﬂ

s N ,
lnvestngatlons of pbllen; quallty in subgenus Arctica corroborate é’arker s (1966) T

hypothesls that amphirmctlc pqpulatlons produce well formed pbllen grauns wlth greaten: .
than 90% stalnablllty whereas apomlctlc p0pulatlons i.e. pdlyplolds showed varymg »
degrees of- poller%deformlty and less than 80% stalnable pollen Collecttons havmg a

pollen viability greater than 90% showed a very close correlatlon wsth non—glacnated ‘
S . Y . . . . . ) . N -
: areas . ' A ‘ : ‘ ' ot
o . f K . ! s \
" . W o . v Co e : K o | Co. o
! Twelve flavonoids were lsolated and eleven identified, from Arn/ca subgenus

Ar;:tlca FIavonord profiles are relatlvely srmple wnth two to six compounds per

’

populatlon however consnderablb populatlonal varlatlon was exhlblted by A
| - angust/folra, A Ionchophyl/a and A. frlgida Slmple nzono glycosxdes of quercetln and
‘ P kaempferol were ublqwtous suggestlng a somewhat similar blochemlcal profnle and g |
- ‘ close genealoglcal relat:onshlp amongst all taxa The presence of quercetln . .
3 7- O-dlglucomde and kaempferoI'S 0 methoxy 3- Q glucosude in A rydberg/i and |
b‘ , Iuteolln G-O-methoxy 7 0-glucos|de m A fulgens and A. soror/a indicate conslderable |

dlvergence from.the ancestral condltlon N e L

Ty RN » a PRI
O, . . o \ Lt " PCS 3
. . d_)‘_

e 7 Lo Studles of tl';a reproductlve behawour of A fulgens and A sororia mdlcate that

e

both taxa are completely amphlmlctlc and self mcompatlble Artnflcnal hybndlzatlon

';' experiments between these two taxa were unsucressful attestlng that ey are dlstlnct

3

e

speeles were not made. ',:“' ' BRI
8 v Ewdence |s strong that past glaclal events creatad the complex dlstrlbutnon L

""f patterns of subgenus Arctica The circumpolar dns;uncts of A-“ angustifolla subsp ' .




! . A . . . B .

angDstI folia, and the North Amencan nsolates of A fr/glda, A, /onchophy(la and A
angdst/fo//a subsp tomentosa suggest that these taxa were more wudespltead pnor to "
L the last glacnatuon These dns;unct dlstrlbutnons are probably the result of survnval m |
, refugla dunng the late Wlsconsunan wnth subsequent colomzatlon of prevlously glacqated
areas by’ apomnctlc elements The more northern specues are predominantly apomlctnc ‘ ‘é\

‘wnth amphlmactnc A angustlfo//a and A. fr/glda found wnthm unglacuated Alaska and L L2

: Yukon Terrltory Arnica fu/gens and’ A soror/a are drplold hav:ng survaved SOuth of the h
. lce sheet Although not examnned in, thls mvestlgatnon dlplonds have also’ been reported

vm A. /onchophyl/a subsp arnoglossa from the Black Hnlls of South Dakotay other

) i

refuglal area. The polyplold races of subgenus Arctica have been ve’r’V successful m : ' o

*‘ recoloniznng prevvously glaciated areas In A ff/glda plants exhlbitmg depaupgrate
\ ) e ;

" flavonotd proflles occurred only in prevnously ungjacuated areas in all other ta)ta

L3

.flavonoud compOunds showed no geographnc correlatlon - s

S

oo IR . . " ) " . A ) v I <

Amlca angust/fo//a has been mterpreted as the most ancestral of all taxa wnthm '
uthe 5ubgenus and perhaps of the. whole genus. Aunca fr/g/da and A loulseana aré
early deruvatlves for they mamtam slmnlar ples;omorphous morphologlcal and R ,
phytochemtcal features and |IV9 in the same geographlc,areas as Ax angustifo/la With 3
habttat specnﬂcnty to more xenc condltlons A fulgens and A 'sororig evolved from the’ o
. more common arctlc alping reglons to pralrleeand grassland habltats Of somewhat
greater‘dlvergence from the ancestral condltlon are A /onc/wphylla and A rydbergii

h L the latter neprésentung the most patnstlc taxbn wnthm the subgenus A|l these taxa retain ¥

A

- the features charactensth of subgenus Argrlca Based upon an examlnatlon of £ I

: S 11 st%ctural phytochemlcal ecologlcal and phytogeographlcal data thls shbgenus probably
represqnts @e closest archetypal group bemg deruved from a postd‘é'ted precursor o e ‘,

Pratoarn/ca and gmng nse to: subgenus Austromontana and perhaps the rest of the "

. RO ) o . . t .- L ;‘,‘. cooc T [H v : o
genus ST DT g e e e

(L

R
[

' / Barker (1966) demonstrated that the major populatcons of A angust[fo/la, A. “i SRR

5 "1& Ioﬂchaphyl[a and A fng/da are autonomously apomnctlc that rs agamospermy (seed "‘,:-'ﬂ_u-"
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of mucrospecnes (Grant 197 l) Agamospermous mvcrospecnes cohsnst of groups of

IS

lhdlvnduals shghtly dlfferentlated morphologically from one another Many are restrlcted

LI

in dlstrlbutlon to relatwely small geographlcal areas (Grant 197 1). Smce much of the
) morphologn‘:al varlablllty encountered in Arn/ca is attrlbutable to: apomnxls and polyplo:dy
(Afzehus 1936 Gustafsson 1947 Barker 1966) the perplexnng morphologlcal and‘

®
chemtcal varuablllty in Arn/ca subgenus Arct/ca may be due’ to mncrospecues formatnon vna

apomlxls Other factors responsuble for the complex vanataon patterns in the subgenus
' o ,‘ mcluda lll phenotyplc plastlcnty (2) hybrldnzatlon and mtrogressuon (perhaps between A

- angust/fo/la and ‘A, /onchophy//a) (3) pollmator pon- Sp6CIflClty, (4) geographical and {5) .

s

. lecologlcal lsolatlon I ‘3 I L e

.~ !

. One pragmatuc outcome of thls study was the development of a workable key
| - Durlng the lnltlal rtlons of this mvestlgatlon it was particularly frustratmg not to be
_ ‘. able to key out lth certamty the |nfraspec|hc taxa of A angustifolia and A ‘
' /onchophy/la for in the absence of geographlc data, one taxon was quite easily ‘ ) .
R mlstaken for another- In the past attempts to- glve taxonomlc recognition to every |
morphologvcal vanant or' anomalous mdlvudual resulted |n a comphcated and confusung
treatment The new arrangement proposed here |s thought to reflect more accurately
. - the evoLmlonary history of the group In addmon it provndes a clearer phenotypnc ‘ o P

deflmtion for each of the taxa The characters prevnously chosen by Magmre and others K ‘

“to dellmlt taxa WIthln subgenus Arctica are sub;ect to much,vanabnllty lhppe the L

D haracters employed in thls lnvestlgatlon contln;ue to be dlagnostlc as new mforn'fatuon P

fu/gens is re;ected Data from morphology. flavenond chemlstry ecology,‘geographlcal

+

dlstnbutlon and reproductlve studles, mdlcate that A fu/gens and A sorar/a “are ‘_;‘

& separated by"a number of dnscontmuous andependent character dnfferences Both are Sav
-~ :malntalned as separat "speclest Evrdence obtalned from plants representmg A ‘ :
) JRTRR W PR LS o * N n S

Iouiseana, A frlglda, A rydbergli A /onchophy/la and A engustifolia suggest that
e " these taxa conform to Davus and Heywood s (1963) morphologncal - geographlcal ;; * :




N

polymorphnc a combmatnon of several structural characters m conjuncnon with "
ecologlcal phytochem:cal and dlstrlbutlonal data are suffrcuent to dlstlngulsh amdhg
- them vwnth confrdence The eastern populatuons of A frig/da and the southern o
populatlons of ‘A. /onchophy/ /a are best treated as A irlg/da ssp gr/scomil and A
/onchaphy/la ssp. arnog/ossa respectnvely These entmes lack a sufhcnent degree of
morphologncal drfferentlatnon to be treated as separate specues but are too wrdely
dnstrabuted to bé treated as varnetnes They are nsolated geographucally from the more
wadespread northwestern North Amerlcan populatlons p|ants of A, /onchophy//a ssp
arpog/ossa a|so dxffer m chromosome nUmber The densely tomentose hablt of A

angust/fo/ ia ssp tomentosa clearly dellmrts it from A angust/fol/a ssp angust/fo//a

.However, these taxa have similar flavonoud constituents. and chromosome numbers, and,

I3
s 0

| feel, are best treated at the subspecific rank.
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P LI e ‘ Arntca Lmnaeus Sp PI 884 "1753
.o S ‘ o Type specnes Armca mahtana.L IR :
l ' ' t“‘ ' ""' B ' . ot oo
) ' . A ,‘Y .. ;
\ . 4 ' . \
. ‘ | .
v “/' N ' )
. t v 1 \ ,
ot N '

Stems herbaceous slmple or branched arlsmg from a perennlal rhlzome /eaves
1 to 12 patrs sumple opposlte (or apparently all basal) sesslle or narrowly to broadly

petiolate,lthe uppermost Ieaves sess:le and reduced rarely alternate capnula sohtary to

. many in a cymose mflorescence radlate or dISCOId broadly hemusphenc 10" turbmate the oo
' . 1, ) "~ . .
) (. perlchmum obvnous /nvolucra/ bracts blseruate or loosely ? senate receptacle

e "f',‘i"' convex naked or" wuth censpucuous tawny or strammeous' aifs; I/gu/ate florets” . R CI

-

plsﬂllate yellow to orange enture or dentate, d/sc f/orets umform perfect yellow to
' N

orange,\tubular or goblet-shaped anthers yeltow,or purple the base minutely aur|Culate I

' .’, : styles exserted bifurcate revolutely conled the tnp somewhat broadened and truncate
the outer surface papmoser achenes cylxndrtcal or tapered 5 to 10 nerved Wlth a - | "
. A v oy KW

'\, '- conspncuous whlte annulus at base variously pubescent with short blfld or tmfld double N

halrs gIandular or glabrous pappus of numerous whlte-te tawny barbellate to plumoSe

~Ah

o capnllary brlstles chromosome number x-*19 A curcumbor‘eal predommantly boresl and ; ‘« }_
montane genus of about 27 species. SN . SORARES - ~ o ‘ ‘ o

}, :., . Subgenus Arctlce Magulr'e" Bhttoma 406 1943 '\ :; ) ‘ tt

B .", . Stems smple to branched arlsmg from a short branched rhlzon'ie covered m } “ "
) RN R

lmbncate scales and Ieaf-base remnants whnch may have tufts of long hanrs in, thelj' 8Xl|$ ;I R




* o P : ¢ , Co ' . t ' . . T Y . ' . '
sessrle and reduced penc/m/um very consplcuous moderately to dense[y Ianate'pnose
. ) "\‘ N N ,
SR /nvo/ucra/ bracts blserlate lanceolate to oblanceolate cap/tu/a large sblltary t0 5, ‘ D
- S . L T

.
(o

.rarely more raduate broadly hemlspherlc to campanulate-turbmate ray and d/sc f/orets )

I‘ ‘yellow to orange anthers’ yellow pappt/s whlte barbellate L ’-".: N :l‘;\ A
\ .l 1 v ! }‘ . !
N 4 ! .
. . N o \ I o (“t
[ . Vo
o o
- ' - L : ‘ : : N v .’ : A !
‘ 1. Basal\éaves broad 1.5 to 7 tlmes as l0ng as wnde achenes glabrous below sparsely ,",: “‘jf
. hlrsute above or glabrous throughout occasnonally densely glandular capltula 1 (rarely ' o
- P ' ) ! IR % ";' A
3) perlclmlum yellow to whlte L e > A T
2 Leaves consplcuously short stlpltate glandular mvolucral bracts sparmgly pllose e
3 vk o . o
Y otherwise glabrous unlformly short-stlpttate glandular capltula noddmg in anthésns
. AL ) N i . ) B L "
! - , achenes glandular towards summlt ......... eneessanaans U raredmmiararannia A Iou1seana
' A L1 r\ ' . . 1 . . N o ' ‘ . . o= . .-
L .P N J t Al ) ‘ ] ' : : A ' ' . T ' + ! ' ' ' ! '
Yoot | 2 Leaves sparsely or not at all glandular~ lnvolucral bracts 3carcely glandular ‘ ; '
ot ' . ." l ‘, e
Sy 'capltula ere(:t or, noddmg in anthesrs achenes rarely glandular ' A fr/g/da ‘

. o - YA o L N e
. . \ o hd W



o < . . ) . . ) e,

4 Basal Ieaves enture or. sometlmes lrregularly dentate petaole narrow- or -
‘a . __N/
broad-wmged and shorter than the blade cadltula 1to 3 (rarely 5), -

v hemlspherlc S " ! Ce T .

'1 ' a N . “ ' ' ' . Al B “ N ‘F
! : . ot ! i ' '

“‘ \‘ . ‘,'M"" [T } o o ) ‘ .
5 Plants of'praines and grasslands or m0unta|ns leaves mostly entlre o
A oblanceolate to narrowly oblong, obtuse capttula broadly hemlspherlc :

Ve s '
f

L o llgulate and dISC florets yellownsh orange

,;\\,l.‘-,ll . . . R .

6 Base of' stem wnth dense tufts of brown woolly halr m axlls of

E ' - ~old leaf bases dlsc corollas wnth spreadlng stlpltate glandular and. .

T . * , S

v o glandless halrs capltula“l (rarely 3) et eedaeree ey A fu/gens L

M ' ‘ . . . " ‘ ". . '
P ) L “ . .
. : Y o e

i . v . -

6 Base ‘of stem lackmg axlllary tufts of brown halr occasnonally "

' wnth few whmsh Kairs; disc. corollas stlpntate glandular wnth few f o

Gl OF NO S readm se tate Iandless hanrs ca ltula 1 to3 A: soror/a A
RN P 9 P 9 P

. ‘ . o . . o '
' ‘ W . B

SR ' 5, Plants of arctnc subarctlc or alplne habltats Ieaves acute or‘ o o t‘f
G R acumlnate capltula hemlspherlc Ilgdlate and dlSC florets yellow oo A

angustlfa//a LT L o " - IR

Y N L

. PR ' \ o TR bd . ' v .
1 v e

4 Basal Ieaves regularly dentate or dent:culate Iong-petuolate the petuole

o " . " ' length approxlmately equalllng the blade capxtula 3 to 7 rarely Iess or more C

'.'.;...'";.,...‘_..‘; ,;, TN LA /onchophylla )
5,”‘
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i Vo o ® TREATMENT ‘OFrlNDlVID,UAlﬂ TAXA - - :
) The following specnes are arranged in the sequence in Wthh thelr names appear L
in the. key | o .‘ |

i - ) ) ) o ) " '. ‘l '

"1, Arnlcq&lseana Farr, Ottawa Nat; 20 109 1906 Al /ou/seana subsp genulna

Magu«re Brlttomajd 419 1943 TYPE: Lake Louise, Canadlan Flocky Wits. Rocksllde on o
Falrvlew mt, Alt about 6000 ft. Aug. 18 1905 E M, Farr 7067 (HOLOTYPE PHl : r" " :
lSOTYPE GH) Flgure 14, Generalnzed lllustratlon Flgure 16c |

3 Vo o

¥ . ' ' ‘ co ; '\ A .
R/ants 4- 20 cm. htghr stems solltary frc)m a short branched rhlzome simpfe, -~

L

glandular puberulent Ieaves to mnddle of stem or rarely all basal; caul/ne /eaves l 3
paurs or; none sessule or narrowed to a short-wmged petlole basa/ /eaves 4 20 mm

broad "13-75 mm long; /eaves elluptuc to oblong to ovate Ianceolate apex obtuse or - L

[
4

occasnonally acute or acummate margms enture to salnently dentnculate to sllghtly |
l, undulate umformly short-stlpltate glandular perfcl/n/um scantlly to moderately
yellownsh-gold pllose short‘stlpltate glandular /nvo/ucra/ bracts 8 12 mm long 1, 5 3.0 |
mm broad narrowly lanceolate, acumlnate sparmgly pllose otherWlse glabrous '
‘ K unnformly short-stuputate glandular //gu/ate florets 7 to 10 12 20 mm Iong 2 5- 4 6
. " mm broad lthe Iobes 0. 2-1 5 mm long; achenes 3 2-5.0 mm long glabrate below
/wj short-hlrsute and glandular towards the—summut or occasnonally unnformly pubescent
i -‘,'4:.‘ | cap/tu/um noddlng m anthesns solltary campanulate-turbmate 9 20 mm hugh 8 17 mm

v broad chromosome number 2n—76 and 95
o '\‘-".' ,-1\ ‘ AT 4 . - L . ) .‘ '.‘ “ s

: A DlSTRlBUTION AND HABITAT lnfrequent and rocallzed on exposed alpme tundra slopes
and mature calcareous rock slldes at 1800-2 100 metres m the Canaduan Rocky

Mountalns of Alberta i the vucmmes of Waterton ,lasper and Banff Natlonal Parks

RS

(Flgure ’15) Altl'lough lt can be reasonably expected to flnd A /ouiseana m the Flocky

- EPRESENTATIVE SPECIMENS CANADA quberta. To of Mf Bour eau Scot&er 70062
(DAO) Flanc N du

~

i )

P \ A L A,'
P “ N h ‘ . L - TR

“ \.

N Saskatchawan Boivin 5Q93 (DA Mt thson reltung, Pors?ld & S

y ‘._.‘
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\‘ Figure .15 - Distribution of ;4r_nica‘ louiseana.

s



| | : 113
Boivin 2938 (DAO) W Hailstone Butte, Livmgstone R Norris 72 {DAO); Mt, Edith Cavell
Calder 37189 (DAQ): Mt. Anderson.Breigung, Porsild & Boivins.n. (DAO); Maligne Lake
Scotter 9797 (DAQ); Moraine Lake Straley 1607 (DAO); Mt. Paget Macoun 655719
(CAN,GH,NY,US); S. Peyto Lake Weber 2446 (GH,NY,UC); Mt. Patterson Porsitd &
Breitung 16164 (CAN): Snow Creek Pass Porsitd 22666 (CAN); Clearwater Forest
. Reserve, N. Nordegg Porst/d 20718 (CAN); Panther Mtn. Porsi/d‘& Breitung 16280
(CAN); Bow River Pass Porsild & Breitung 14927 (CAN}; 'Mt. Saskatchewan Porsild &
Breitung 16‘0@7 (CAN): Columbia Icefields Scoggan 16440 (CAN); Sulphur Mtn. Sanson
309 (CAN); Whistler Mtn, Laing s.n. (CAN): Lake Louise Macoun 65520 (CAN,NY); Mt.
Richards Breitung 17454 (NY); Mt. Richards Breitung 17457 (ALTA); Laeke Louise Far(
s.n. (PH); Whitehorse Creek Dumais & Andrewchow 5239 (ALTA); 3 mi. S. Cadomin
Dumais 6274C (ALTA); Bald Hills Kuchar s.n. (ALTA); Prospect Mtn. Mort/mer 438
(ALTA); Anderson Peak Kuchar 2901 (ALTA) Whltegoat Wllderness/fee s.0. (ALTA) Lake
Louise Bro\Wn 665 (GHNY PH). . } R ‘

. Arnica louiseana is \Jery restricted in.its dist'ributlon occurring at high eleVations

-

Cin the Canadlan Rocky mountains, It vvas orlglnally descrnbed by Mass Edith Farr in 1906

from the vicinity of La<e Loc...e Banff National Park, Alberta and can be* separated :

from alI other arnlcas by lts evndent glandularlty its small suze and the noddlng tendency
of its peduncle The search for A. /ou/seana in Banff and Jasper Natnonal Parks proved
.to be somewhat dlsappomtlng This species was found to conslst of solrtary individuals
Jntermlttently scattered on alpine tundra slopes or nestled amongst calcareous rocks at
Iower elevations. The maccessrbmty of many alplne areas precluded an accurate census :

of these plants in Alberta , "-‘ D v S

" i
p e “

2. Arnica frigida Meyer ex lijin, Trav. Musc, Bot. Acad. Sci. URSS." 19:112, 1926
Stems sohtary or several from a short branched rhlzome rarely branchmg

glabrate tQ hlspldulous puberulent below becomlng sparsely to densely

Al

hlspldulous-pllose near the perlcllmum leaves to muddle of stem rarely above cau/ine

by

/eaves sessule or narrowed to a short-wmged petlole, basa/ /eaves wnth slender petlole ‘

as long as the blade margms lnoonsplcuously dentlculate or dentate to sllghtly undulate,l

L rarely entlre glabrate to sparmgly hlspldulous-puberulent and sparsely or not at all

glandular pericllmum and /nvolucral bracts rarely short-stlpltate-glandular achenes
' usually glabrous below and sparsely hlspnd at the summlt or seldom umformly sparsely x
: hnspld rarely glandular capltulum noddmg or erect in anthesus solrtary hemlsphenc to“

occas:onally turbmate <t ‘-



' however characterlzed by its obtuse or abruptly pounted elllptnc to oblanceolate leaves

| "lllustratlons Fugs 16a and l6b

s S S R R AL

.
s

achenes Wthh are glabrous below and sparsely hlspld at the summlt and a squle

‘capltulum The two subspecnes dellmlted in A frigida can be separated by the suite-of -

characters llsted in the key below. In addmon these two taxa can be dlétnngmshed on .

v ‘thelr geographlcal distribution, habitat specuflcxty and chromosome number Generallzed

“

A

Perlclmlum sparsely to deglsely yellow lanate-pllose lnvolucnal bracts LB to 4 9 mm

" broad pllose at base becoming glabrate or remalmng densely pllose above plants 0.6 to

-

.40 dm hlgh l, ..... Ceereranas eepenengeneaieeneseesshas s ard e ane s subsp Iriglda

N . i
N Y [

Perlclmlum moderately whlte pilose; lnvolucral bracts 2 5 to 4. 6 mm broad pilose at

base bec’omlng glabrate above plants 0. 5 to 2. 5 dm hlgh verieianaens ..... SUDSP. gr/scomr/

o e,
3 \ ' '

" . o " N
' ' ' I

] .
”

| 2a. Amlca frlglda Meyer ex lljm subsp frlglda, Trav Musc. Bot Acad Scn URSS

"',AISOTYPE LE PHOTO ueh. Flgure17 o j ;/

-‘V19 112. 1926 A Iouiseana subsp friglda (Meyer ex lijin}, Magunre Madrono 6 153
Ny 1942 A. Iouzseana var genulna Magulre, Madrono 6 163. 1942. A lou;seana var..

fr/“g/da (Meyer ex llnnl Welsh Great Bas,ln Nat 28 149 1968 TYPE "St Laurer\ce Bay

7

-4
Y

. ¢t

. .
. . L

. A nutans Rydb N. Am. FI 34 328 1927 TYPE; "Alaska Vlclnlty of Port Clarence s
o 5l-lllls|des along Tuksuk Channel near Port Clarence July 30, 1901 F A Walpole 1618°.

r.'-

S . -

| Arn/éa fr/glda is extremely \larlable in pubescence and leaf form ‘The specnes ls K



HSf..‘ '

. : . 091 As/eus uo pesed) eusasnos v (3) ‘o1z 660y ® buoy ‘prevsay.
.. uopeseq /woos(s6 dsansepl61i) Y @ ‘94p 9/umoQ uo peseq) epby4y ‘dsqns'epibisy
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i ISOTYPE CAN')
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(HOLOTYPE NY! PHOTO CANL, - UCt, ISOTYPE US PHOTO UC!)

A ‘ , o r .“"_‘ o )

A sanct/ laurentl/ Rydb N. Am. Fl 34: 328 1927 TYPE: Slnu St. Laurentm Chamisso . )

' "sn' (HOLOTYPE GH PHOTOCAN' ucu N
’ ."A brewfof/a Rydb N Am. .Fl. 34 329. 1927 A /ou/seana var brévifo//a (Rydb) o
'-”Maguire Madronq6 1563." 1942 TYPE 'Alaska Copper aner Regnon Near Camp
6/ 15- 19, in Iateral morame of Chimslene GIaCIer June 19, 1902 W L Poto 46‘

" HOLOTYPE us' PHOTO CAN!, UC!, DRAWING NYY)

oy

- h v
& .

A, mendenha/l// Rydb N Am FI -34: 329 1927, A Iowseana var mendepha////
. ‘(Rydb) Magyire, Madrono 6 163.. 1942 TYPE: Alaska Fon Hamliri, Yukon River to -

- Bergman Koyukuk Rlver Found on Old Man Creek a branch of the Koyukuk Ruver July

‘8 1901 WC Mendenha/l sn" (HOLOTYPEUS' PHOTO CAN' UC' DRAWING NY') .

"ﬂ‘,‘", ’ "
RN

A ////amnae Rydb N Am. FI 34: 331 1927 A louzseana var, /II/amnae (Rydb)
| Magunreﬁ@%drono 6:153. 1942 TYPE Alaska Lake Illamna reglon Open tundra along '

Nogheh g Trail July 20 1902 M w. Gorman 763 (HOLOTYPE us!, PHOTO CANI uch )

A Ioulseana var. p//osa Maguure Madrono 6 154 1942 TYPE 'Alaska lgloo Creek
'-.McKlnIey Natlonal Park. July 13 1932 J Dlxon 23’ (HOLOTYPE UC' ISOTYPE US)

P
S N

L

A snyderl Raup Sargentlas 250 1947 TYPE "Alptﬂ'\c‘revuces and shde rock \ﬁcmuty, S
| ‘,Aof Bnntnell Lake App Lat 62° 5 N LOng 127° 35 W north slope of CofoneTMt

: S w. Mackenztﬂ Ju|v 5 1939 H M Raup& J. H‘Saper 9383" (HOLOTYPE RM' 3’ RE

,_,7
. / .
L

ol e
.

: N .«\ . .
L %

908 ';'fA fngida var glandulosa Bowm Rhodora 55 56. 1953 TYPE "Yukon Terrttory
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”‘ . : }‘ P/ants 0. 6 to 4.0 dm hlgh caullne Ieaves 2 to 4 palrs 5 0 to 35 0 mm broad

R . 12 0 to’ 100 0 rrgm Iong IeaVes of small plants crowded at base Ianceolate e|llpt|c to

e

o elllptuc lanceolate spathulate or rarely oblanceolate apex acute or rarely obtuse rarely
' abundant glandular per/b//n/um sparsely to densely yellow Ianate-pnlose /nvo/ucra/
‘ bracts 7 5 to 14. 5 mm long. 1. 8 to 4 9 mm broad lanceolate acumlnate rarely obtuse
' ‘ pnlose at base b‘ecommg glabrate or remamlng densely pllose above //gulate f/d’(ets 7"
to 17 10 0 to 39 0 mm long, 2 3 to 8 0 mm wnde the Iobes 1. O to 5.0'mm long o

o achenes 3 2 to 6 0 mm Iong cap/tu/a rarely 3 or more, l i 0 to 30 0 mm hngh 8 0 to
. ‘\ 20 0 mm broad c‘hromoson?e number 2n—-38 57 76 and 95 ‘ L B ‘, Vi
‘h “,.\4\ ‘ (“‘ .:‘ b ‘ " ' " . ‘ ' ' ‘ ‘ E
' DlSTRlBUTION ’AND HABITAT Abundant in. alplne meadows tundras and calcareous
.iv\

" "-1‘ rocky outcrops\from the Kolyma Rlver USSR east to the lslands of the Bermg Stralt |

Araska Yukon Terntdry to the Mackenzue Rlver Northwest Terntorles ‘(Flgure 18) .

l

' Scattered populatlons found north of the Arctlc Cnrcle and east to the Coppermme River =

e | iR NWT and fnfrequent to rare in alplne areas of northern Brmsh Columbna (Buttrlck

N

,1977) ;” fr? o ' 'jL“l'An‘l C ;,‘ f" :tll ﬁw“"

. . \ \ .,
. B ' " N . B v [ N
. . . N . Lt ,
‘ o S T o S . : ' . L . . v
. ) i RN ,

REPRESENTATIVE SPECIMENS CANADA Britlsh Columbia Mule 83 Hames Rd Tay/or
IS . Szgzawinski & Bell 916 (CAN,DAO;UBC); Mile’' 60 Haines Rd. Jay/or, Szczawinski & -
- " . 'Bell'1103 lCAN DAQ); Summit Pass Raup & Correll 10507 (GH,CAN, DAO,UBC); Mile 85 .
L "Haines Rd., Clarke 443 (CAN); Storehouse'Creek Bedmish, Krause & Luitfens 6818171 s
«(CAN,UBC); Teresa Istand, ‘Atlin Lake; Buttrlck 838 (UBC) Summlt l..ake Rose 78430 (UBC)
! . Spats:zh Plateau Krajina s.n:; {UBC).- - ' i
e TM ', Northwest Territories: Mount:Cody Cody & Sp/cer 11798 (DAO NY UBC) 5 mi. s. E
o - Inuvik Cain 12(DAQ); Coppermine’ ind/ay.1294DAQ); Dodo Canyon Cody & Gutter/dge
LT .| 7694 (DAQ);. Canada' fungsten Mine Spicer 1675A.(DAOY;: ‘Richardson Mts. Krajina. '
R 6307f271 {DAO,UBC); Inuvik Lambert s.n. (DAO); Caribou Hills.Cody & Ferguson 10057
T (DAO) Mackenzieg Mts. Johnson: & Munro. 13.QA0); Carioe Lake: Cody & Jafiansson.' o
-<12878 DAQ);: Canoe Lake'Cody & Johansson; 12956 (DAQ); Mackenzie Mts. Row/ands:3
“o (DAO) 5.mi. S. Horne’Lake Caldeér 33964 (DAO); Richardson Mts..Ca/der. 34252 (DAO); -
' o : Clinton Point Parmelée 3185 (DAQ,UBC):. Mackenzie Mts. Cody 77253 (DAO); Macl(enzne
Pa “Mts, Cody & Br/gham 20938 (DAQ);:Mackenzie Mts. Cody & Brigham:21009-DAQ); ', .
,\‘;.;;‘.‘Mackerirzna Mts.. Cody. & Scottar . 19808 {DAC);"Mackenzie Mts..Cody/ & Scotter 19197 . -
(DAO): Mackenzie Mts. Cody & Scotter -19497.{DA0); ‘Mackénzie Mts. Cody & Scotter. . S
. 79793 (DAD); Mackenzie Mts. ody & Gibbon s.n. (DAD); NahanniNational Park Ta/bot. -
- T6148-3 (DAQ); Nahanni National Park 7a/bot 75024 (DAQ); Nahanii National-Park: Taltot .
- T6206-21 {DAQ): Hbrnaday. River. region Scotter. & Zoltal "25732 (DAD); Hornaday Rlver ,’r;i
.region Scottér-& Zoltal: 25751 (DAQ); Mackenzie Mts. Cody & .S‘picer 17721-(DAO '
Mackenzie Mfs Scotter 12353 (DAO) Mackenizié Mts. :’Scatter 128080 (DAO): Mackenzle >
cotte, O)::Mackenzie River Delta Porsi/d-6968 (GH); Coppermine Dutllly
g_ W Mackenzia Mts. Jeffrey 337 (C 2 Britneli Lake Raup-& ..
9492 ree Riy 316 (CAN): 37 'mi; N.W. MGPherson. Yalmgman&
essier 17 lCANl, 37 mi. NW.\ Mc,.,, herson Youngman&: Tessler 83.{CAN);'S. Richards
sland:Porsi/d. 7080 (CANJ;:Lone Mt:-Wy. 4.‘Edwards 8526 (CAN); Rldhardson Mts..
rsi 67 (CAN); C rmine Wood s:n..(C. C |
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, 12060A (CAN NY) Mtn, W Bolstead Creek WynneEdwards 83.97 (CAN) Lone Mt e
2 Porsild 16647.(CAN); Cape McDonnel, Great Bear Lake A.E. & R.T..Porsild: 5162 (CAN) o
70 Yukon: 20, mi; E: Dawson Boivin 3767 (DAO); Quill Creek area Freedman s.n. (DAO); . L
ey .+ British Mountams ‘Lambert.s.n, (DAO); Mt. Peters Scotter 20775 (DAO); Mt. Maxwaell, -

.7 Scotter 21169A (DAQ); Burwaeh Creek Rd. G,W. & G.C. Douglas 5815 (DAO); Profo(e Mtn. )
Doug/as 6345 (DAQ); Ogilvie. Mts, Porsild .198 (GH, CAN); N.E. Red Tail Lake Raup, Drury e
g Raup 13485 (GH.UBC); Burwash Raup; Drury & Reup 13322 (GH,CAN, uBCy 7 mi. E.. |
. " Little Atlin Laké Raup & Correll 11214 (GHCAN,UBC);.N.E. Red Tail Lake Raup, Drury & L
. URagp 13465 (GH,CAN); 4 mi. S.E. Ptarmigan Heart Raup, Drury & Raup 13590, o

‘ (GH,CAN,UBC); NE. shoulder Mt. Sheldon Porsi/d & Breitung 11102 (GH,CAN, UC US);
W Mile (132 Canol F("d Porsi/d & Bréitung 9635 {GH,CAN): 'N.E. Ptarmigan- Heart Raup,
" Drury & Raup 13760A,(GH,UBC); N.E. -Ptarmigan Heart RaUp, Drury & Raup'13760 =

-~ YGH.CAN); E. Slif's;R.iKluane Lake H-M: & L.G. Raup 12476 (GH,CAN UBC) E. Slim's R.,
©. 7 Kluane Lake H.M. & L. G. Raup.-12514. (GH,CAN;UBC); S.W. Ptarmigan Heart Raup, Dru/’y
o & 'Raup 73520 AGH, CAN) Mtn_ S. Haines Rd. Jnctn. Harris 12068 (GH); S. Kluane Lake .
o HIML&LC. Raup. 12158 (GH); "7 mi. E. Littie Atlin Lake Raup & Correl! 11307 (GH); M(Ie \

S, 132 Canol'Rd: Porsild & Breitung 10047 {GH,CAN); Mile 132 Canol Rd. Porsild & =~ ~

: . Breitung 9755 (GH,CANLNY,UC,US): Mile 95 Canol Rd. Porsild & Breitung 10467 .

. .(GH,CAN,US); 63:deg. 50 min., 141 deg. 00 min. Ca/rnes 93348 (CAN,NY); Burwash .. .~ '
PR Landmg Clarke 292 (GH,CAN); VlClnIty of Rusty Glacier Murray 1776 (CAN); Keno Hill - ‘
o0 Parsild 729 (CAN); E..Dempster Hwy. Pass Beamish, Krause & Luitjens 681725 o \:yfﬁ
T '\ - (CAN.NY,UBC); Lawer Firth R. McNeish s.n. (CAN); McQuesten area Campbell 469 {CAN);

o .Pass between Teslin & anutlm Porsild &. Bre/tung 17054 (CAN); Ross- Lapie R. Pass '
.y v Canol Rd. Porsild & Breitung 10080. (CAN); Mile 132 Canol Rd. Porsild & Breitung .
. 9948 (ALTA,CAN); Mile 132 Canol Rd. Porsi/d & Breitung 9972 (CAN); Mile 100 Haines
C o aa Hwy. Bchofield & Crum’8271 (CAN); Firth R. McEwen 208 (CAN);,'13 mi. N.E. Lapierre -
T House Youngman & Fessler 600 (CAN); 12'mi. S.W. Haines Jnctn. Pearson 142 (CAN); .
‘ oy Grnzzley Creek Lambert Z660 (CAN); E. Herschel lsland Coopér.33C (NY); N.W.. Dawson BN
Clty Greene 225 (ALTA); Mile 41 Dempster Hwy. Greene 453 (ALTA);'S. Mt. Klotz Greene " (
421 (ALTA); Mile 58 Dempster Hwy. Greene 529 {ALTA); Mile-58 Dempster. Hwy. Greene, -~ '~
528 (ALTA); N.W. Dawson City Greene 229 (ALTA) -Suriblood, Mtn.;: Vmgm(a Falls Carbyn , .L..% :
. 30-DAO): Firth R., 23 mi. from, coast Cashman 40 {DAQ); Kluane Gameé Sanctuary ‘ ‘* ‘
L NF reedman 2971 (CAN); Mt. Decoeli Brink s.n. {UBC); Sheet Mt Krajina & Hoefs s.n. - ; - "
' (UBC) Whltehorse Beamish, Krause & Luitjens 681463 (UBC). Marble Cresk Plateau, R
' 1. Kluane Park Nelly 62 (KLUANE), N. Hoge, Burwash. Uplands, Kiuane Park Nelly 166. .
(KLUANE) Omon Lake, Kluane Park G.W. & G.G. Douglas 9081 (KLUANE), Duke Rlver 45
'-‘ km S Bul‘wash Landmg Kluane Park Freese 108 (KLUANE)‘ e ,

U S A laska Donnelly Dome Harms 2804 (ALA CAN DAO GH) Eagle Summlt Harms o
6262 (A A;DAO,GH); Mt. McKinle g National'Park York 273 (DAO); Upper Kurupa River, v
- Valle Hodgdon & Riedenans 8607 (DAQ); Lowe( ‘Kurupa' River Valley Hodgdon’ 8848
: " (DAQ ¥ Kanayut Lake Spetzman 2086 (CAN,DAO);: Ogotoruk -Creek Packer 2283. L
R (ALTA DAO) Endicott Mtn. Cooper CV-685 (DAQ);:Mile- 12°Paxton-Cantwell Hwy. ‘Webster'
2. ' 188 (DAQ); Curry Schofield 1850 {DAO); Mile“12’ Paxton-Cantwall Hwy, Webster 224
P (DAO); Mile' 250 Richardson Hwy. 'Cody & Webster 5036 (DAQ); King almon: Schaf/e/d
. 2129 (DAQIGHNY); King Salmon . Schofiel/d 202 1. (DAO); Mt. Marathon Calder 6621 e
* (DAO;NY,US): Eagle-Summit :Scamman 484 (GH); Umiat.Hulten s.n. (ALA,GH,NY,US); -
" - Chandler Lake Wiggins 13692(GH,US};: Chandler Lake Wiggins. 13813 1GH,US); Ea le
L 7;“" Summit Harms 2954 (ALA,GH);'W. Canoe; Mtn. Ortry 1786 (ALA,GH); S:E. Farewell - o
2% .Drury.3004 (GH); Head of Big River Drury. 4085 (ALA,CAN,GH); Head of Bij Blver Drury :
.. 4252 (ALA,GH); 3-4 mi. downstream.from Georgetown.Drury’ 1303 (ALA,GH):: S
‘ " Kuskokwim River’ Drama e Basin Drury 3209 (ALA;CAN,GH); 59 mi. above Big Raplds
. Drury 2146 (ALA.GH); Along Ganes and' Yankee Rd. Drury 3449 (ALA,GH); Head of B
River Drary 4050 (ALA,GH); Moose Pass A. & R. Nelson 3492 (ALA, GH NY,UC,US); M
. Fairplay Scamman -6265. (GH);-Mt. McKinley National. Park Scamman 680.(GH); W‘seman Ve
.3 .Scamman 2302 (GH);. .Eagle Summit Scammah 21628 (GHf; Miller’ House ‘Scamman- 850A'; e

'.‘ ‘y_"

.....

. (GH); Manley Hot Spri s Scamman'3770 (GH);: Miller House :Scamman 2164:(GH); Miller . ... ™
"House Scamman 3620 {GH); Takotna Ahderson & Gasser.7390 {ALA,GH); Esgle Summit .- .
.Scamman 3621 (GH); Mlller Hdéuse Scamman 5156 (GH);. Ea e, Summit Scamman 850 . "
" (ALA;GH);> Mt.- McKinley National-Park Scamman 679.(GH): Yankea Creek Scamman 1911/

.. (GH); Yankee Creek Scamman. 19118 (GH); Cantwell A.E. & R.T. Porsitd. 95 (CAN,GH);
'Mastddon Dome Scamman: 4866 (GH); Eagle. Summnt Scamman 4786.(GH):* Miller. House T

B




el . . " . b i B
L N i - r“’ o~ ; Do EREE
| i K o .
v . " y o o
= w v Co .
. . 1 L o
\ C ! ' 122
! Lo ' . \
! . ‘. Lo
1 o i - H U Vv
. - . 143 '
G N PRI ¢ [

. Scarmman 4669 (GH,US); Harrison Divide Scammman 4727 (GH): Mt. McKinley National Park -+ v
- "Scamman’ 5108 (GH); Norton Sound A.£, & R.T. Porsild 930 (GH): Kokrihes Mtn. A.£.& .. .
. R.T. Porsiid 807 (ALA,CAN,GH,US); Farewell Mtn. Drury 2624 (ALA.CAN,GH);‘Along . - -+ '

~ KusKokwim R, ffom Russian Mission to Napaimute Drury 1768 (ALA;CAN,GH); Livengood .

.+ Scamman 1766 (GH,US); Anvil Hill, Nome Scarnmian 3942 (GH): Mt. NLE: Of Blocks Drury .

..." 4104 (GH); Farewell Lake Drury 2343 (ALAGH); Near Farewéll Lake Drury 2529 - .- "
" (ALA,GH); Farewell Mtn. Drury 2638 (GH); Near Farewell Drivy 2893 (ALA:CAN,GH): 12 .
" ‘mi. N.W."Kurupa Lake Hodgdon, G/azier & Piedeman 8371 (GH); Two Lakes Hulten's.n, - -
. .{GH;NY,US); Cape Beaufort Hulten s.n. (ALA,GH,NY); 2 mi. N,W. Umiat Village /odgdon
. "1 8985 (GH); Teller Scamrman 5646 (GH); Teller Scamman 5645 (GH); Fairbanks Scamman- = -
«." 1674 GH); Eagle Summit Scamman 2162 1GH); 13 mi>W: Paxson:Harms 4167 (ALAGH);
~. 2, mi. N, Igiugig.Harms 4317 (ALA,GH); E, Oumalik Ward 7478(CAN,GR,UC,US); Near " . .-
" College A.£: & R.T. Porsild 243 (ALA,CAN,GH); Goldstream Creek ‘and Pedro Dome A.£,
. & R.T.-Porsild 150 (CAN,GH); Sadlerochit River Spetzman 835 (CAN:,ZUS); Maybe Creek". '
. 'Spetzman 2616 (CAN); Grayling Lake Hettinger, 51 (CAN); Kongakut River Hilt Hett/inger: .+

. 367:1CAN); Anaktuvuk Pass, Spetzfman 1891 (CAN,US); Shéep Mtn. Spetzman 4262 (CAN); .,

" Norton Sound, A.E. & R.T- Porsi/d:932A.(CAN); Mt: Ve-tén-azin-ja Jorda/ 3624 (CAN,US),. . "
. Bristol Bay: Jories, 9318 (CAN,NY): 3 km $.S.E. Cape Sabiné.Shet/er & Stone 3162 (CAN);

"+ NaKnek ‘Norberg, s.n: (CAN,GH,UC,US);.N.  side*Naknek River Raup 66 (CAN); Naknek ' S
.\ kepage 24762 (CAN); White Mts. Gjaerevol/l 19 (CAN); S: Tapana River valley+.M. & [.G. ' . .

* Raup 12659.1CAN); 2 mi: N.. Aniak Drury 1501 (ALA,CAN); Guerin Glacier térmihus '~
.. Murray 2015.(ALA,CAN);'Mt. Veta Spetzman 5 66 (CAN); Norton, Sound A.£. & R.T,, .~
* " Porsild '1166-(CAN}; Head Chitina River Liang 203 (CAN); Head' Chitina River Liang 203A

. *(CAN); Buckland-River: A.£: & R.T. Porsild 1629 (CAN); Mile 49 Richardson Hwy. Mofleth .

\ 369 (NY): Lake Petars R.D. & M. Wood 459 (CAN); Healy Anderson 5724 (CAN,NY); H¥aly

' Anderson 1969 (NY); Cahtwell A.£. & R.T. Porsil/d 96 (CAN); Thompson Pass J. & C.
. Taylqr19113 (NY); Canon of Earl River Shainwal/d s.n. NY); 7 mi. N..Palmer.We/sh 4217,
~(NY): Mite. 39 Elliott Hwy. We/sh 4434;(ALA,NY)?(PolzchrOme‘Paqs'McBeth 223 (NY): Mt

" McKinley, National Park A.N: & R.A. Nelson 3747 |ALA NY); Frankliin Bluffs Koranda'&
< 'Shanks’22939(NY); Summit Lake Grinne/l. 194 (NY); Mendenhall, near Juneau Andérson
 2A375 (PH); Port Clarcua Sharp $.n. (PH); Onion Portage C. & B. Schweger 56716, .

. (ALTA); Mt. Umiat McPherson 72-379 (ALTA); Kigluaik Mts. Harr/s 1366 (ALTA); Anvil
_'Mtn., Seward Peninsula'Harrls 1302 (ALTA); 56 km E. Chitina.Harris 1792 (ALTA); . -, .

Summit Lake, 10 km N. Paxson Harris 1208 (ALTA); Ogotoruk Creek Packer 2654 - . . -

“(ALTA); 138 mi. NIN.E. Arctic Village Hettinger 367 (ALTA,CAN); Middle Kurupa River

~ valley Hodgdon-& Piedemari 878A (US}); Uppef?-'KUrtgaa River valley Hodgdan 8306 (US); .. . " ":

1%

Mt. Katolinat. Mu//er:1219 US); Kogglung Muller 1

40 (US); Utakok R. below Driftwood .. 7.

Creek Ward 12694 (US); Middle fork 'of Koyokuk River ‘Marshall s:n. {US); Dumpling . .~

‘Mtn.'Hagelbarger 258 (US); Sheenjek'Valley Mert/e s.n. (US); Headwaters of Mulchatna ', ~ '
‘River Sargent & Smith 51 (US); Along.14 1st Meridian £aton .19(US); Near Wiseman ., = '
'Jordal 71976.(US); Road. from Martel to Post Muller 697 (US); Johnston Hill Muller.1104

(US);. Stu-yek-lor-River Harrington 81 (US); Tikchik and Wood R..Lakes. Mertie 722 (US); - ..". . .

4

. N.E: Wonder Lake A.. & R.A. Ne/son. 3937 (ALA,US); Kokrinus Palmer. 1563 (US); Bessey ' ' -
. Bd...Nome M//ler .108C (ALA US); Rampart Rader171.(US); Little Creek, Nome Tharaton : .~ .
" 185 {US);- Valley of Chandaler River Mertie 43.(US);. 12 mi..S: Napamuts Miller 289C. .~ .

{ALA,US); Mt, McKinley National Park Mack/s 4 {US); Katmai Region Hage/barger 56 S); . - - -

Katmiai Region Fagel/barger 71 .(US); Ansktoobak River Schrader s.p.. (US); Bitter Granite:' - '

" Mtn.Miller s.n. (US; Little Wart Mtn: Mi//er s.n: (US); Yukon R: between Rampart and.: ‘" "

" Tanana Palmer- 55 (ALA,US); John Rivér Schrader s.n. (US); Gold Bay P/per. 4248{US);
-, Talstoi Harrington 35 (US);-Lake Schrader:Scholander .',&«,,Flag“g,s,-s! ( ke
- Wigglns 13694 US). SW. Takotna Min. Layclen 165 US) Above Wiseman Jordal 2116

/At camp Schrader: 5.n.:(US); Mt:-McKinley National Park ‘A. & R.A. Nelson 3663 ...
{ALAUS): Downstream from Okpiak River Cant/on & Malcolm 58-0023 (US}; Pitmegea
' River.Cantlon-& Gil!is 57-452 AALA

9.(US); Chandler Lake - o

JUS): E:.Okpilak'Lake Captlon & GIllfs 57:2118 US):- < .+

"W, Mest Mtn: Ward 1269 {US): Between Yukon R., Nation R, and Boundary Mertie 113 . . =
- .(US);" Between YukonR., Nation R. and Boundary Mertie 172.(US);.Camp-11.Schrader s.n. .- .
*(US); Richardson Glacier:Rausch s.n, (US évn VicKinley National Pack Warren W-2231-

" {US); Nome Hii/:34.(US); Tell Walpole.1833 (US); Above Farinig ..
: ay! &lacu A& R.A. Nelson 390.1'(ALA US);:Mt. McKinley: National Park 'A."& R:A.
.«Nelson 3902 (ALA,US); Meade River. Hulten s.n.:(US); Region of Tikchik and Wood R

" Quigley's pisce ,

(u_s_);-w-;:_fs;dsz.ua'j'?oawprgcam/am&; #11is. 57732 (US); Mt: MicKinlgy,

S)::Mt. McKiniéy National Perk 'A. &'A.A. i

Lakes Mertie 1224

(e
'




N

v, [ P '
) '

Ll 3747 (US); W. side: Jago River Cantlon & Gillis 57:641 (US); Mt.,McKinle'L Natioha! Park
o A & R.A'Nelson 3678 (ALA,US);. Leke Peters Hulten s.n. (US); Anaktvuk Pass Huften -
. san (USY: Dark Creek Valley Cant{an & Malcolm 58-0143 (US);. lliamna Bay Gorman:s

© v LUS): White River Valley Eaton s.n. (US); Mt. McKinley National Park D/xon 36,(UC,U§); 5

R oY
v

" White Mtn. Col/jer 5.n. (US); Mt. McKinley National Park A. & R.A, Nelson 5.n. (ALA,US);

‘ Wijld Lake, N. Bettlas Jordal 2463'(US); Wahao Lake Chapman 51 (ALA); Tikchuk Lakes
‘Densmore 2538 (ALA); Tikchuk Lakes Derisrmore 78 (ALA);. Marsh Mtn., naar Aleknagik
Roberson 184 (ALA); Killeak Lake Racine 99 (ALA): Rainbow Mtn. Parker RM-75 (ALA); ‘
‘Lava Lake Racine 167 (ALA); Finger Mtn; Murray & Johnson 6067 (ALA); Mile 4Q Council

. Rd: Parker 235 (ALA); Rainbow Mtn. Smith 2870 (ALA) Mite 103 Steese HWy.7.P. &

_JT. O Farrell 43 (ALA); Onion Portage Schweger 6 (ALA); Onion.Portage Schweger 56
' " (ALA); Onion Portage Schweger 176 (ALA); Ray Mts. Kass/er 61 AALA); Anvil:Mtn. Ke/so * .

82-48 tALA); Noluck Lake Parker .7 96 (ALA); Mt. Eialson Vjereck s.n. (ALA); Philip, Smith  «

. Mts: Myrray.-& Johnson 6101.(ALA); Wrangell Mts. Alf et a/. 432 (ALA); Gobbler’s knob
, ..+ Murray & Johnsgr, 5095 (ALA); Lake Peters Batten 496 (ALA); Carnivore’ Creek Batten'
- . 283 (ALA); N. Ambresvajun Lake A.R. & C.G. Batten 75185 (ALA); N.* Ambresvajun Lake .
. AR, & C.G. Batten 75-132 (ALA); Ambresvajun Lake A.R. & C.G. Batten 75-401 (ALA);

- " Ambresvajun Lake A.R. & C.G. Batten 75-369 (ALA); 12 km S E. Cape Sabine Shet/er &

i Stone 3247 (ALA); Mite 40 Council Rd. Parker 274 (ALA); Mile 77-78 Dalton_Hv‘v;. S
. Khokhryakov, Yurtsev & Murray 6673 (ALA); Skiland Yokal: 41 (ALA); South Hill Trent -~
' JNT-87-1965 (ALA); Meade River Geist s.n. (ALA); Selawik Hills L/pkin'80-135 (ALA);

_ .. Guerin glacier terminus Murray 2081 (ALA); Mile 33 Taylor Hwy. Nava 38 (ALA); Rainbdw -

"‘Mtn. Parker RM-5 (ALA): Nome W///iams 2643 (ALA); E. fork of Kuskokwim River;.

Viereck 5009 (ALA); Rainbow. M. Harms.4154 (ALA): Mt. Hayes Anderson 549 (ALA); @ , ..

Cantwell Frohne 54-444 (ALA); Near Atkasook Komarkova et al. 379 {ALA); Cantwell

. . . ” ;e . . . N C RN . g N ot . B
oo ey . . T . o { ' " ¢ i

. Palmer 1915 (ALA); Cantwell Palmer 1923 (ALA); Mile 14:1.5 Taylor Hwy. Harms 4920

- (ALA); Miller Creek Hat/er 22 (ALA); Mile-72 Mt. McKinley National Park Richey s.n. ' .

(ALA); Mt. McKinley National Park Frohrie 54:238 (ALA); Ballaine Lake Hatler 5 (ALA);
University of Alaska A/t 5(ALA); Big Delta Quad. Johnson 35 (ALA); Sheenjek River
' Kessel S-166 (ALA): Sheenjek River Kesse/ S-153 (ALA); Stony Creek Schene s.n. (ALA);

Kantishna Frohne 54-374 (ALAJ; Easter Creek Staender 37 (ALA); Ukinyik Creek Viereck &‘

Bucknell. 4491 (ALA); Mile 8 Cantwell Rd. Frohne 54-352 (ALA); Anvil Mtn. Heller 959

{ALA); E. fork Kuskokwim River, Viereck 5024 (ALA); Jumbo Dome Brophy et al, SB8146 -

(ALA): Ogotoruk Creek Johnson et al. 266 (ALA); Oumalik Ebersole & Bowman 244 (ALA);
- _.Atigun River Ward & Rothe 45 (ALA); Seward Helmstetter 80-208 (ALA); Lost River

“f‘”r Lenarz 80 (ALA); Cape Dyér ¥jereck & Bucknell. 4156 (ALA); Ogotoruk Creek Johnson &

" Neiland 168 (ALA): Wells Mtn. Helmstétter 123-79 (ALA); Lake Peters Batten 887 (ALA);

Fish Creek Murray & Johnson 6687 (ALA); Sadlerochit River Hendrick 78-100 (ALA);
Kipmik Lake Young 4874 {ALA); Dgotoruk Creek Johnson RJ-82 (ALA); Donnelly. Dome
; . Yokel ‘30 {ALA); Mile 84.5 Mt. McKinley National Park Richey s.n. (ALA); Wiseman . -
o Brogkman s.n, (ALA); kpikpuk River Geist s.n. (ALA); Kokrines Miller 1563 (ALA);
o, Kokgines Miller. 1640 (ALA); Serpentine Hot Springs Springer s.n.-(ALA); Cape Beaufort

v “Stone 915 (ALA); Unalakleet'Becker-23 (ALA); Mancha Creek Mouton 's.n. (ALA); Takahula =

. Lake Jorgensen T191 (ALA); Jago. River Murray 6946 (ALA); Alaska Anderson 1006 (ALA); .

RN Cape Thompson Johhson, Viereck & Melchior 527 (ALA); Ogotoruk Creek Johnson & . -
. .. Neiland 87 (ALA); E. fork Kuskokwim River. Viereck 5229 (ALA); Eagle ‘Summit Kesse/
. s.n. (ALA); Dexter' Rd. Heller ‘986 {ALA); Cape Thampson Be/son s.n. (ALA); Mt. Eielson

e 0 Viereck 1217 \ALA); Eagle Summit Modre: 17 (ALA); Mile 16.5 Teller Rd. Walker s.n,

. '{ALA); Lake lliamna Donaldson 184A (ALA); 85 mi. N.E. Fairbanks Seim s.n. (ALA); Kilo -
... Hot Springs Kassler 270 (ALA); Betwesgn Castner and Fels glaciers Shaughnessy 72-114 ..

" (ALA); Dry:Creek Viereck & Jones 5666 (ALA); N. Grayling Lake Murray 6713 (ALA); "

. Dome’ Batten 76-152 (ALA); Kalubik River Mason 76-423 (ALA); Goodnews Bay.W////ams

g : ] tad MM

| ‘l‘”..‘f*l " 3593 (ALA); Mt. McKinley National Park Pal/mer 406 (ALA); Newhalen Thomas N-11-62

- {ALA): Fielding Lake Spooner RSS-P-98{ALA); Mile 45-Mt. McKinley National Park: Rd. . - D

o <" - Frohne 54-105 (ALA}: Arrigetch.Creek Cooper CV-685 [ALA);:Feather River Pegau 273 ..

w0 (ALAY; NGE; Loon Lake G. & V. Staender 27 (ALA); Mile 67.8 Mt. McKinley: National Park . ..
.. - 'Rd. Richey s.n. (ALA); Mt. McKin g',Natidnal‘-Eark,-GornaI/ 273.(UBC); Mile 250.2 .. -

"% . Richardson Hw: Gornall 262 (UBC); Eagle Sdmmit Finch 365 UBC) Marehal Harrington .
v 148 JS); cKinley National*Park ‘Frohne 54-277. (ALA); Mile 66 Mt. McKinley: National *
.. Park Rd: Richey. s.n..(ALA). Carlo.Creek Forest above Carlo Creek Carw//e 79-161 (ALA),

148 US); M. r
" { Mount McKinley National Park Dixon 56 UC): Norton Sound Rhodes, Newhal] &

[
Voro

"+, Canning River Spetzman 378ALA): Independent Ridge Spetzmar 100 (ALA); Wickersham ..
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. Glacomini s.n. {UC); Norton Sound MacGregor s.mr. {UC); Near Nome Powers 73 (UC); Mt.
Eielson, McKinley Natl. Park Langenheim 4166 (UC); On summit between American Creek
and King Salmon Creek along Taylor Hwy. to Eagle from Liberty Langenheim 4744,UC);
McKinley Natl. Park, head of Savage River Mex/a 2049 (UC); Wonder Lake, Photograph
Hill Mex/ia 2225 (UC); Kuskokwim River to Horn Mtns. Stewart 600 (UC); Sheep Creek
Winters 203 (ALA); Mile 29 Elliott Hwy. Harms 3847 (ALA); Feniak Lake, Makpik Creek
Yotthg 4355 (ALA); SE Farewell Drury~2830 (ALA}; Mt.McKinley Natl, Park, between mile
70 and BO Viereck 1707 (ALA); 3 mile radius of Camp Denali Buckne// 30 (ALA); Eagle

,~Summit Shet/er 257-AF (ALA); Thompson Pass, Richardson Hwy. Frohine 53-161 (ALA);
Farewell Mtn. Parker 747 (ALA); Angel Creek and Chena River Ke//er 1055 .(ALA); Mt,
Osborn, Central Kigluaik Mtns, Ke/so 84352 (ALA); Post Lake and Post River Parker 475
(ALA); Mile 42 Council.Road Ke/so 83-21 (ALA); V.A.B.M. Koganak Meyers & Hayden
81-168 (ALA);, Mile 20 Teller Road Ke/so 83-53 (ALA); Sager's Camp, Mt. McGinnis
Murray 3067 (ALA); Post Lake Parker 868 (ALA); Tin Creek Parker 606,649 (ALA);

" Tributary of Big Salmon Fork Parker 725 (ALA). . : ‘

U.S.S.R.: 'Arakam(tchetch‘ene Island Wr/ght s.n. (NY); Arakamtchetchene Island Anonymous® —~

" (NY); Plover Bay Dal/ s.n. (US); E. Chukotsky, Km 159 Route Egvekinot-lultin Petrovsky
s.n (ALTA); Chukotsky Peninsula, Lake Yoni Nechayer, Plieva & Yurtsev s.n. (ALTA);
Chukotsky Peninsula, Chegitun River Sekretareva, Sytin & Yurtsev s.n. (ALTA); Chukotsky -
Peninsula, Chegitun River Sekretareva, Sytin & Yurtsev s.n. {ALTA); Chukotsky National
‘Area. M{Pevek Shamurin & Yurtsev s.n, (ALTA); Chukotsky Peninsula, Lavrentiya
Korobkav s.n. (ALTA); Chukotsky Peninsula, Matuchan River Karenin et al. s.n. | LTQ);
Chukotsky National Area, Anadyr Hills Karen/n & Petrovsky s.n. (ALTA); Chukotsky
Peninsula, Lavrentiya Korobkov s.n. (ALTA); Chukotsky National Area, Anadyr Hills '
Korobkov s.n. (ALTA); Chukotsky National Area, Anadyr Hills Korobkov s.n. (ALTA);
Chukotsky Peninsula, Leningrad Yurtgev s.n. (ALTA); Chukotsky Peninsula, Urelik and
Provideniya Afonina et al. s.n. (ALT&: €hukotsky Peninsula, lultin Z/marskaya, Korobkov
& Yurtsev s.n. (ALTA); Chukotsky Peninsula, Yoniveem River Nechayev, Plieva & Yurtsev
.5.n. (ALTA). A - _

» ’ T e
A(n/ca frigida subsp. frigida was first described (as A. a/}z/'na L.) iq 1831 by T
'CF. Lessing in his report on the 'Synfsntlw-ereae from plant material gathered during the
Rémangoffiana Expedition (1815-1818). In the earliest revision of North American
. Arnica, Torr'é'y and Gray (1843) placed the first‘dvescfit")ed A. alpina L. into the much‘ézn ﬁ ’.
" confounded A. angustifol/a Vahl complex. Within this complex were also placed A.
' fu/‘gensl Pursh, A. p/anragi};ea Pursh and hembers of the A. angustifolia ggkegrate:}. .‘
Hel;deri(l 867) wgs‘able. to ine a much better interpgptation of Arnica after vie\}ving ,'
', many cfo‘l'tectior‘\s brought to him fro‘m throughout thg U.S.S.R. and Alaska (wt:«j;:h' at that -
time Wes 'Qwr‘wed by the \)\.-S.'S.Fi.) and‘retained A. aleina sensu Lessing. y° .
: AlthouQ%hél éctﬁal typé specit;’\en‘of A. frigida ssp. frigida wa§ no;‘ggeh, a
photograph was}‘ provided by UC. TFS:s;iepimenf was coliected by Eschscholtz as A.
alﬁqul.és‘s. and appears.identiqa-lltb A. frigida. In 1926'Iljiri proposed Ai'ny’gidé‘

Meyer ex lljin.. . -

b
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The following year, Rydberg (1927) proposed five names for the polymorphic A.
friglda suosp. frigida with the typical species being described as A.' nulafzg. Rydberg
had probably not been aware of the work of lijin, The variable size of A. fr'/g/da subsp.
frigidahad led Rydberg to give the name A. mendenhal/ii to large specimens and A

‘brevifolia to the smallest specimens. With thee;«:eption of size, these plants are
“ identical with those of A.rfr/g/da subsp. frigida. The type epecimen of A,

.sanct/- /aurent// was collected at St. Laurence Bay by A, C. Chamnsso

‘A. illiamnae is represented by a specimen which has a distingt glandularity on
the herbage and a branching habit. This branching habit is very rarely seen within this
species and represents no more than an abnormality in growth form. The glandularity is
more prominent than normaily found but otherwise these plants are identical to A.

V

frigida subsp. frigida and do not warrant taxonomic consideration, ~

Arnica /o;//seana var, pf/osa, a taxon thoognt to be a hybrid between A. frigida
and A angust/’/o//"a sobsp.h tomentosa because of bits erect capitula and dense periclinium
and involucral bract pubescence (Maguire 1943), is typical A. f.rlgida. The degree of
periclinium and bract pubescence ie environmentally induced, for when plants are '
observed after tissue turnover in the greenhouse «periclinium and bract vestiture is
reduced considerably. Slmtlarly the great varnatnon in periclinium pubescence found
within natural populations 3( A fr/g/da |nfluenced Boivin (1953) to propose A frigida
var. g/andu/osa for plants lackmg a p|lose involucre and peruclmlum These two taxa are

therefore treated as synonyms. " *

. . i v
' .
o . i

2 Arnica snyderi Reup was propo'sed. for plants resemblin A‘. Iooiée’ana Ferr, but
fdiétinguished by being more scapose; and baVing nearly to quite entire' and glabrous o
sparingly glandular leaves In leaf shape these plants have been reported to resemble A.
frigida subsp. gr/scom// (Raup 1947) However the yellowush-brown peduncle and
peruchmum seem to suggest a closer afflmty to A. /oulseana In the present
mvestugatnon these plants, common to the Brintnell Lake area in the Northwest

Terrntorles were found to be identical in hablt and leaf shape and pubescence to
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i

_ triploid A. frigida in northern Yukon. Periclinium colour was also found to be.an
environmentally induced character. Arnica snyderi is therefore a synanym of A. frigida
subsp. frigida. ‘ '

N

™,

- 2b. Arnlca frigida subsp. gﬁs‘oomil (Fern,) S.R, Downie, Can. J. Bot. 64:1369. 1986, .

' A. griscomij Fernald, Rhodora 26: ,105! 1924, A. Iou/;eana subsp. g(-/scom// (Fern.)
Maguir’e, Brittonra 4:419, 19435. A.. louiseana var. ’gr/scom//. (Fern.)bBoi\}i‘n,«Phytologia
23:95. 1‘972'._TYPE: "Quebec, Matane County.'Colo chimneys in the schist at about

© 900-1000m altitude, south of Fernald Pass, Mt. Mattaouisse. Aug. 20, 1923, M.L.
Fernald & L.B. ‘S(p/th 26084;'.V(HOLO1~’YFI'E wGH!,.PHOTO CA'N!‘, ISOTYPES'CAN!, MT!, UCL,

PHOTO UCH). Figure 19,

P/ants 0.5 to 5 dm hlgh cauline /eaves 1 to. 2 palrs 6. 0 to 25 0 mm broad,
15. 0 to 80.0 mm long, leaves: spathulate to ovate or lanceolate oblong apex acute or
' obtuse periclinium moderately whlte pulose /nvo/ur:ra/ bracts 9:0 to 13.5 mm. Iong,
25t0 4.6 mm broad broadly |anceolate to oblanceolate .apex acummate to obtuse
| pllose at base becommg glabrate above //gu/are f/orets 6 to 11, 15.Q to 22 0 mm
. long,. 3.0 to 6.0 mm broad, tne lobes 0.4 to 1.8 Mim long; ac*nes 2. 5 to 4.5 mm Iong,_
" capitula 112.0' to 23.0 mm high, 1 1.0 to 20.0 mm broad; Fhromasome number 2n=76. -

[

¢
DISTRIBUTION AND HABITAT Rare On exposed hornblende-schlsts and dry schistose : \

' v
v N
"

' talus in the alpine areas (850 1070 m) of Mts Logan Mattaoulsse and Saunt Alban of the .

'Gaspe Pemnsula in Québec; and mfrequent in the turfy talus of hmestone sea-c.l:ffs and y
' .gravelly Ilmastone‘barrens in the dreas of lngornachon‘x Bay. St John Bay, St Barbe Bay
-and the Doctor Hill Range of northwestern Newfoundland (Flgure 18).

4

REPRESENTATIVE SPEC!MENS CANADA Nawfoundland' St. John Bay Fernald, : 4ong &

g %82141 {DAO,GHMT,NY,PH,US); St. John Bay Fernald, long & Fogg 2139 :
(DAQ,GH,MT,NY PH,US); St. John Bay, S.W. Port Au’ Chonx Fernald, Long & Fogg 2142
(GH,MT NY,PH, US) Region between t. John Bay and. Ir;gornachonx Baanrema[d Long.&
Fogg 2143 (GH, MT,PH); St. John: Bak:I Fernald, Long-& Fogg 2140 (GH,MT,NY,PH,US); St.
John Island Fernald et al. 29216 (GH,PH); St. Barbe S. District, Port Au Choix Hay &
Bouchard 74037 1CAN); Doctor's Hill, St. Barbe Tuomikoski 343 (CAN,MT). ,
.Quebec: Mt, Saint. Alban Marie-Victorin, Rolland-Germain & Dominiqte. 49028 . .
(DAO MT) Matane Co Mt.. Mattaounsse Femald, Griscom, Mackenzie, Pease & Smlth

1 r,"-

§
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Figure 19 - Holotype of A.
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Whlle study'ng specnmens of A /ourseana and observmg no: morphologlcal l. ‘
dlfferences between thls taxon and A. fr/g/da subsp gr/scom/i Fernald (1933) “al
mbmed his prevnously proposed A. gr/scomi/ (Fernald 1924) to the earller proposed
. ‘. na;ne of A. /owseana However the apparent dlfferences led Magulre (1843). to

propose A Ioulseana subsp gr/scom//

W
v

Arn/ca /r/g/da subsp griscomii exists in Iess than a half dozen localities in the ‘
Gaspe Penunsula and'is a rare plant of. Quebec s flora (Bouchard et'al. 1983) The only |
'collectnon obtamed from Quebec in thus study was found to be precarlously sltuated on k
the hmestone precnplces of Mt Samt—Alban Thls almost maccessble populatlon was
abundant in- this’ locahty Collectmg tnps to. Mt Logan and Mt Mattaowsse (see Cellms .
. and Fernald (1925) for locatlon of the latter) were to no avall Thls taxon has been
e reported to form extensuve \/egetatlve carpets along the llmestone barrens of : "

northwestern Newfoundland (Fernald 19331 Aften extensnve searchmg throughout the

i y

Port Au Chonx area only two small populations ‘were founql It is’ feared that A. fr/g/da

subsp griscomii is not as abundant as lt once was and that there is-a defmute probabuhty ;

1

" oftotalexturpatton. . a . ’ ‘ S

[ Y

o 3 Arnlca rydbergli Greene Plttoma 4 37. 1899 TYPE "Flora of Central Montana thtle -
e Belt Mts., near the Pass Aug 10 1896 JH Flodman 897" (HOLOTYPE ND' !SOTYPES""A
\ NY! (2 specnmensl US' PHOTO CAN!) Flgure 20. Generallzed lllustratlon Flgure 21
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A caespltosaA Nels Bot Gaz 30 203 1900 TYPE "Yellowstone Natuonal Park on’
hngh stony ndgas Drund Peak Wyommg July 12, 1899 A & E. Nelson 5?85' ) : .
(HOLOTYPE RM! |SOTYPES RMD B
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- A aurant/aca Greene Torreya 1 42 .1901 TYPE ‘Eastern Oregpn P|ants Head of

.

Keystone Creek Wallowa Mtns Aug 2 1é00 Wm C Cus/ck 245?" (ISOTYPE RM' US) .

. . . \ . 2o I i
v . " . o o
3

AN

A /as/osperma Greene Leaﬂets 2 48 1910 TYPE Estes F’ark base of Long s Pealg |
Colorado 26 Aug 1895 Osterhout s f/de Magulre (1943)

3 R Co

,A ' N \“" by -"‘ ‘»». ' .".‘ ' ' ' . ‘ :‘. “ ot “‘

A cascadenS/s St. John“Rep Prov Mus Nat. H:st BC 1926 10 1927 TYPE 'Mt X
McLean British Columb|e, July 1 1 1926 w. B Anderson 8q03 (HOLOTYPE Washmgton \ "
 State College PHOTO CAND ™" e |

' "\\ l" “‘.‘ » i :v ' v 2 ' ' "\'J """-'. : "‘ l‘ » I“.'
A. sulcata Rydb N. Am. Fl 34 344 1927 TYPE~ "Scett Mountam Susknyou County SRR

| Cahforma Aug 22 1896 E L Greepe 005“ (HOLOTYPE GH DRAWING NY!) C ;
A. ovalis Bydb N, Am FI 34 338 1927 TYPE me Nest Pass Rocky Mtns July

31 1897 «JM Macoun 72719/ (HOLOTYPE CAN{ PHOTO CAN!) L

o e AN
N . N A
" i L ! VL . ; : ~’ O S R

R N A , \ Co ,.v . . ' "“, o T

0 " o ! .‘h (R
“'\l : [ AR

o “»‘,‘l, ‘ :. P/ams 0 8 to 3 5 dm. hngh stems sparsely puberulent becomlng querately "

\ |“:r

. ,pubespeni upwards stnpntat@glandular cau/j'ne /;ayes 2 to 4 panrs« upper cau/ine, )

RN

Ieaves sessnle' !anceolate to broadly Ianceotate, /awer cau/ine /eaves 2 0 tq? 0 cm

. L
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By ,‘ X v i .
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hirsute throughout, not glandular; chromosorme pumber 2n=38'and 76.

R
v

DISTRIBUTION AND. HABITAT: Dry t6 mesic, exposed, rocky alpine slopes and ridges or. -

' ..alpine‘meadows in the Rocky Mountains of Alberta and British Columlpllla, south in the

. Céscé&e’, Mouniéiné; to. Washington ander"ego_ni-'the\ U‘i‘nt\a' Moﬁntaips;g)?‘fljtah' and the . . ‘

. . S ., ! ‘.y,“-r‘l' ' L "\' ‘_'“‘ o "'»l..l.‘,' %‘5"“‘ H <'~ II“‘.“ ."'

. ""Rocky Mountains of Wyoming and Colorado (Figure 22). Also kpp% from Vancouver .
Dlslandi i e e SR
 REPRESENTATIVE SPECIVENS; CANADA, Alberta: Citadel Mtn, Vicinity: 6f ‘Sunshine. Ski
. Lodge, Banff Park Porsild & Breitung 15870-(CAN); Vicinity of Sunshine SkiLodge,.

- . Banff Park Porsild & Breltyxg .13364.(CAN); Bow River Pass, Banff Park Porsi/d & ...

- +-Breltung 14934 (CAN);.Mt. Bourgeau and Mt. Brett Porsild & Breitung 1376¢ (CAN)- . . = "

L V.icinitg;qf Mt. Temple Ski'Lodge, Banff Park Porsild &Breitung: 12786 (CAW): Cirque. ' *" "¢

Min., Bow Pass'Banff Park Porsiid & Breityng 16209 (CAN); Sawback Rargg, Banff =~ .

. Park.Porsi{d & Breitung 15517 (CAN); Mt. Eisenhower, Banff Park Porsild &8 Bteitung. = . -
15839 (CAN); Maligne River, Jasper. Park Jurnér. 6903 (CAN); Mt."Norquay, Bahff Park = "
*- Pellvet 92152 (CAN); Yellow Head Pass, JasperPark Spreadborough 19641 {CANJ; . .. w0 .= & "
.+ Yellow Head Pass. Jasper Park ‘Spreadborough 19642 ICAN); Belly River. Dawson. 14749

" (CAN); Shovel Pass, Jasper Park Macoun. 96032 (CAN,NY); Lake Louise,; Banff Park .©~ " . .~

. 'Macoun 65522 (CAN,NY); Lake Louise, Banff'Park Macoun 65524 (CAN); Crow's Nest .= "
' Pass Macoun 22877 (CAN;NY); Mt. Louis, Banff Park Lew/s 92754 (CAN); Mt. Edith, Banff = "

' .Park-Lewis 92755 (CAN): Sheep Min., Waterton Lakes Park Macoun 11609 (CANNY), . & . b
*Lake'Louise. Banff Park Macoun 14706 (CAN);"Lake. O'Hara, Banff Park.Macoun 65521 .~ =
-* .(CAN,NY); Quartz.Ridge; vicinity of Sunshine Ski Lodge, Banft Park Porsild & Lid 19575 o
. <" (CAN); Snéw Creek Pass, Banff Park Porsild 21436 (CAN);'Snow Creek Pass, Banff Park . "' .
. Porsild 21437 (CAN); Snow Cregk Pags;BanffPark Porsild 22626 {CANJ; Mt, Patterson;’ * .. '
- Banff Park Porsild & Breitung 16167-(CAN); Mt Coleman, ‘al'on? trail to Sunset.Pass .- .

/" Porsild-& Breltung 16128.(CAN); Mt. Wilson, Bantf Park Porsild-& Breitung 16117 .

"I (CAN); Mt. Patterson; Banff Park Porsi/d & Breitung 16162 (CAN); Vicinity of Sunshine-

..~ SkiLodge, Banff Park Porsiid & Breiturig'1321.1 (GANJ; Fatigua Pass; vicinity of . ... " °
\\ Sunshine, Ski-Lodge, Banff Park Porsi/d-& Breitung 13936 (CAN); Vicinity. of ‘Sunshine’ = .-

> Ski Lodge; Banff Park Porsi//d & Breitung' 13448 (CAN); Citadel Peak, vicinity.of . - =~ ' .
.+..Sunshine Ski Lodde, Banff Park.Porsi/d & Breitung 14246 (CAN); Citadel Mtn., vicinity - . .
. .of Sunshine Ski Lodge;. Banff Park Porsi/d & Breitung 15973 [CAN); Burstall Valley -~ ~ = . .|
" Kond/a 1781 (ALTA); Forget-ma-not Mtn. Lee s.n. (ALTA);iEa’%B'-,S? NestyCreek area, = ' . =~

" Wilderness: Park Pegg 1719 (ALTA); Bald Hills, 3.5-km south Lookout:Kuchar 576 (ALTA) .~ = -
- Bald Hills, 1'km’south’Lookout. Kuchar 515 (tALTA): Mile.92 Highwood Pass, 5 miles =~ " e

.+ northwest Mt.' Head; ‘Kananaskis Forestry Rd. Packer 4246 (ALTA); Sofa Mtn., Waterton ... -

* . Lakes Park Kuchar.2714 (ALTA); Mile 85 Kananaskis Forestry Road, between Pyriform.... ., "
. Mtn, and Mt:-Head Packer: 473 (ALTA); Bald Hills, 3 km southsouthwest:Léokout Kuchar -+ "
577 %ALTA); Blakiston Mtn., Waterton Lakes Park ‘Packer 2894 (ALTA); Hat Mtn. Ringius . . "
~ * 1165.{ALTA); White Goat.Campground Kra//na s.n..(UBC); Larch Valley, Banff-Park . .=, =" »7 0
- Vrugtmen 620050 (UBC); Mt. Glendown, Waterton Lakes Park Breitung:16063 INY); Mt. - -
- ''Rowe, Waterton Lakes:Park »Brélt.aa%tlﬁﬂ (NY); Carthew. Pass; Waterton Lakes Park:. . 7"
. - Bréitung 16674 (NY); Carthew Pass, Watertop Lakes Park Bre/turig 16677/(NY); Crow's . ™.

'+ Nest.Pass Matoun 72719 (NY); Upper Twin Lake, Waterton Lakes Park B/a/s.1928 (NY)
+-Mt. Linaham, Waterton Lakes.Park Breitung. 14027 (ALTA); Hat Mth, Ringius 1748. ..:

‘ ALTA); Prairie Bluff, 10-milés northwaest Twin Butte Shaw, 2250 BYU); Devil's Head Lake, .

Banff-Park Macoun s.n. (C): Mt Fairview, Banff Natl. Park Dudynsky-7840.(ALTA). :-.."
“British Columbia: Nebr Cranbrook Scoggan: 16767 (CAN); Near Rossland Arderson
’ Hall-s.h. ICAN); Goat Creek:Mtn., 27 miles north Natal Weber 2284-(UBC,CANNY); |

' : ' ‘Macoun: 14705 (CAN); Old Glory Mtn.; near Rossland Macoun

) 26934 (CAN);.Cascade Range, near -

llooet-Macoun 96035

: atl-sﬁck,inc Horse Lake Macour
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(CAN NY) Near head of McGilhvray Creek Macoun 96036 (CAN NY) Lake House Skaglt e
. River Macoun 60334 {CAN); Mt, Assiniboine Porsi/d ‘18377.(CAN); Cayoosh Cregk; near, ' .
" Lillooet McCalla 2886'(ALTA); Garibaldi Perry s.n. (UBC); Boss. Mtn Takomkane Mtn. .
- Williams & Lult/ens 4 (UBC); Bridge Rd., Cranbrook: Krause 682020 (UBC); Mit. Apex;
. Penticton Eastham s.n. (UBC); Eagle Mtn., Fordmg River Morrison s.n. (UBC);.D.O. ,
S| nal Station, Marysville Fodor 512 (UBC) ‘Flathead Bel/ & Davidson' 241 (UBC);. Paddy
Lake Rd:, Manning Park Beamish & Vrugtman 60702 (UBC); ‘Bowron;Lakes Park. Verbeek
95 (UBC); Blackwell Peak, north Ranger Station on Hope-Princeton Hwy Manning Park:.
. Calder & Savile 10527 {UBC); Apex Mtn. near’ Summeriand Storier s.n. (UBC) West. +
" Elizabeth Mine, near Lillooet Beamish & Vrugtman 61060 1.(UBC); Fording Fhver Mt .
* Turnbull Morrison s.n. (UBC); Mt. Idaho Beamish et al. 750092 {UBC): Tod Mtn., o
Kamloops Taylor.& Szczavwinski 774 (UBC); Manning Park, Skyllne Trail A//en's: n (UBC) s
- Big White Mtn., @ast Kelowna Stra/ey-1660 (UBC); Yahk Mm:, squtheast Moyie Stra/ey '
' ‘.Q 1574 (UBC); Rudge southeast Fossil Pass, Pemberton Meadows Davidson s.n. (UBC); ' )

. Moore Reak Johns 554 (JBC); Millér Creek, Pemberton Meadows Chaney 3 (UBC); North- . -

' Relay Creek: cabin Se/by. 96744 (UBC); Chif gum Mt., Marble Mtns. J W. & E.M. T [mmpson T
- 590 (NY); Bluster Mt., Marble Mtns. J.W. & E:M. T hompson 406.(NY); Lake'Bootahnie, = = .

- Marble Mtns. J.W. &EM.T, hompson '146 (NY); Itcha Mtns., 26 milés northeast Anahim- = . = =

.. Lake Calder, Parmelee & Taylor 202071 (NY); Mt ‘MgcLean, near Lmooet Macoun 96034 5 / =
(NY) Cathed(a1 Park Glaccer Lake Halnault 7696’8 (ALTA) : 1,‘ ‘ . , .

U S A. Colondo CHAFFEE CO Monarch Pass between Gunmson and Salrda alon Lo
Hwy 50 Neesg 15903 (BRY); CLEAR CREEK ‘CO.: Silver Plume Mtns, Shear 4970 (NY RM) L .
Silver Piime Shear 4603 INY); Gray's Peak, Clear Creek Patterson 77 (NY); GILPIN CO POV
' Eldora to Baltimore. Tweedy 5824 (NY RM):. GRAND 'CO.: Mt, Howard C/okey. 4383 .' MR

« ' (NY;RM); LAKE.CO.: 1" mile east Indépendence Pass, Leadvllle-Glenwood Springs Ra///ns '
1357 (NY); Mt. Elbert Clakey 3628 (F M)‘ LARIMER CO.: Lulu Pass Osterhout 271NY,RM);

. Summit North Park’ Range ooddfng 1838 (BRY,NY,RM); Mt Cameron Osterhout 3811
(RENO,RM); Head of Windy Gul¢h, Mtns. of Estes Park. Osterhout 3167 RMm); Chammrs

" Lake-Osteghout 3717 (RM); Rocky Mti. Nati.’ Park McNeaI 271 (RM); PARK CO.: 1.2 miles
waest Hoosiér Pass’ Nelson 541 (BRY); ROUTT.CO.: Hahn's Peak Goodding 7698 .INY,RM);

~; SUMMIT C€Q.Y Mt: Helen near: Breckenridge \Mackenzie 310 (NY) Jnetn, HWy 9 and Blue

" Lakes Rd..' 5.5 miles south Brackenridge.Ne/son 703 (RM). S
,."Idsho:, BONNEWLLE CO.: Caribou Mth..Payson & Armstrong 3555 (RM) CUSTER CO S
" Head RockCreek: 0.5 mile wast Mt, Borah Hitchcock & Muhlick 10934 (MONT,NY; RM)

'+ IDAHO; CO.: Sheep Creek Lake No. 2, .Saeven Devil's Mtns:.Christ:2616.(NY);-Seven Devﬂs "
(Lake, Seven Devils Mtns. Christ 73997 NY); Heaveris Gate.’ ‘8aven Davils Mtns. Christ.
* 12552 (NY); LEMHI CO,: leerty Mtn.)‘west Gilhore Chri.st & Ward 14865 NY);.
SHOSHONE CQ.: .Coeur d’ alene. Mtns., near Stevens Peak: I.ejberg 1466 .(NY.RM). . o
+" Montana: BEAVERHEAD CO.: East Pintlar Peak. Anaconda Range. Hitchcock & fnuhllck L
© 12867 (MONT,NY,RM);'CARBON CO.: Spread Creek, East Rosabud.River Hawkins s.n.. '_ Ty
lMONT) DEERLODGE cO:: Upser east slope Goat Flats, where trail to- Upger Seymour e
“Lake starts;-Ansconda-Pintlar 6. Lackschewitz 4591 (NY),"FLATHEAD.CQ.:.Bob L
- Marshall.Wilderness, mtn,: squth alk Lake; Lackschewitz 9098 (NY);: GALLATIN.CO.: '
. Bridger Mtns. Rydberg & Béssey 5228 (NY); East slope Bridger Mitns,, 0.5 mile. south
- "Bridger Bowl: skun installatuqns Lackschewitz 5208 INY); Bozémanh, above Ferry Lake " :.‘ S
_«Cotner-sin; MONT.RM); sougum" Meadows above Olson,Creek, Bridger Canyon Dafe 97, )
~ (MONT);. Bridger- Mtns Sacajawea area Forcella s.n. (MONT); Mt. Baldy i Bndger o
Rangg Forcella.s.n. (MONT); ‘GLACIER CO.: Midvale Urribach 393 (NY); Blackfest.indian - -
/- Reservation Gi/man-Thompson s.n, (NY); Ptarmlgan Lake,-Glacier Park #itchcock 2038 -
(MONT RM); Piegan Pass Maguire 1089 (RM); Cracker Lake Maguire 1088 (RM); LINCOLN
1 Mt.:McDonald E/rod"s.n. (NY); North Leug Lake, Cabinet.Mtns. Wood/and 686
(MONT) ‘MADISON CO.: Old Hollowtop;:near Pony Rydberg & Bessey 5232 NY); ‘Divide .

.\ to east Brandon Lakes, Tobiaccd Root Mtns.. ‘Hitcheack :17038 (NY); Black Butte- Hltchcac'k‘ " "; ;
- 16326'{NY); MINERAL: CO.: 5°miles northeast Big Prairie. Ranger Station, Fiathead Nati. -
Forest Hitcheock 18606 (NY); PARK. CO.: Between Clark’s Fork; Yellowstoné:River and ::
‘Burto_oth Lake Hitchcock 16688 (NY); .1.mile east Silver-Pass, 8 miles west Four Mile : - -

- Ranger. , Boulder’River .Canyon H/tchcock 16380:NY): POWELL,CO::.5 miles .

_ ra:rie ‘Ranger Station,. Flathead Natl Forest:H "hcock-'J ,94-(NY RM),-

. NSOG(RM) Powall ask 258 (MONTY. ; s L
- ‘Utshs DUCHENSE O.: La Motte Peak £.8. & L.B: Payson 5052, (NY‘RM).. mta'stms.".-";ne'ar
M“ Lake, 20.5 mlles om-Kms Goodrich 14771 (BRY NY) Northeest 1/4 of




o L

" 'Section 32, Lower Chain Lake We/sh, Neese & Atwood 18908 (BRY); South Pine Island |

" Lake Snhow s:n. (BRY); Ashiey Natl. Forest, on Burnt Ridge Goodrich 2665 (BRY); Chain
+" Lakes Basin, 4th Chain Lake We/lsh, Neese & Atwood '18956A (BRY]; Head Pole Canyon
" near Lake Chepeta Ost/er 469 (BRY); Ashley Natl. Firest, head Squaw Basin below Brown
.. Duck Mtn., '19.5 miles north Tabiona Goodrich & Atwood 16184 (BRY); Trail below '

. Jordan Lake, Uinta Mtns. A/bee & (BRY); Trail below Jordan Lake, Uinta Mtns. A/bee 1052
' (UT); Fiat below Jordan Lake, Naturalist Basin A/bee 669 (UT); SUMMIT CO.: Uintah Mtns.,

' divide betwéen East Fork of ‘Bear River and Black's Fork Goodmaén & Hitchcock 1538 ‘
(NY,RMI); 3 miles north Trial Lake Camﬂgrotmd, Notch Mtn. NVeese 70860 (BRY); Bald.-Mtn.
Welsh & Davis 1821 (BRY); Wasatch Natl. Forest; Bald Mtns.,-between East Fork of
Black’s Fork and Smiths Fork Ost/er 668 (BRY); Uinta Mtﬂ;.; Clegg Lake Albee 5675 (UT); -
Coney Peak Goodman & Payson 255 (RM); West Fork Bear River, Uintah Mtns. £.8. & ' .

. ,..L.B. Payson 4902 {RM); UINTAH CO.: Ashley Natl. Forest, 1.5 miles sast Marsh Peak
..\, "Goodrich 17617 {BRY); UTAH CO.: Pike Cirque, Mt. Timpanogos A//red 1032 (BRY).

' ‘Washington: CLALLAM CO.: Along trail to Mt. Angeles from Hurricane Lodge Straley
: » 1677 (UBC); Ogmpic Mths.E/mer 3417 (NY). Olympic Mtns. £/mér 2695 (NY), "

. * JEFFERSON COQ.: ‘

. SlateLake, Okanogan Natl. Forest, west Twisp Straley 7496'(UBC); PIERCE CO..Mt. .
!/ Rainiér, Mt. Rainier Natl. Park A//en s.a. INY); SKAGIT CO.; Goat Mtns., Cascade Mtns. .
o Atlenr 229-NY,US); WHATCOM CO.: Slate Peak, 29'miles northwest Winthrop G.W. &

&  G.G. Douglas 3990.{ALTA); Slate Peak, 29 miles northwest Winthrop G.W. & G.G. -

" Douglas 4438 (BRY); YAKIMA CO.: Mt. Aix;. Snoqualmie Natl. Forest Thompson 15035

- (ALTAL,UBC,NY), -~ - SN S R
. Wyoming: ALBANY CO.: Medicine Bow Mtns., U.-of Wyoming Summer Camp Wann s.n.

" (INY); West Lake Marie, Meditine Bow Mtns. Ro//ins 998 (NY); No Locality info. French

720 {UT); South Nash Fork Campground along Hwy. 130 B8.£. & L. Nelson 722 RW); -

' Medicine Bow Mtns.,.12.6 miles west Centennial along Libby Créek Ne/son 870 (RM);
.+ .~ ‘Belowy, Sugarloaf in Snowy Range.B//ss 440 (RM); North Snowy Range -Salheim 378 RM);
0 " BIG HORN CQ.: Big Horn Mtns., between Five ,Sgrings Point and E{jli\Sprihgstr“eek, 215

- miles east Lovell Ne/sort 6279 (RM); FREMONT, CO.: Absaroka Mtns.. .14 miles "

Coristance Pass Meyer 1562 (NY,RM); OKANOGAN CO.: Along trail to -

i 7 .

" northnorthwest Dubgis, Burroughs Creek, .1 mile northnortheast Ramshorn Peak - ..
5 - Kirkpatrick 4446 (%M); Absaroka Mtns.; Twilight Creek Kirkpatrick 1727 (BM); LINCOLN

.+ CO.:Commissary Ridge. south’ Fofitenelle Mtn. Simith 1758 INY,RENO.RM); Sheep Mtn., .
' . Férry Peak.»Snake. River, Range ngar ‘Alpine Payson & Armstrong.3473 (RM); PARK CO.: o
. ' Absaroka Mtns.;north fork Shoshone River drainage Evert 2375 (NY,RM); Beartooth
- Mtns.; around Gardher Lake Evert 6793 (NY); SUBLETTE CO.: Bridger Natl. Forest, near .
. “Senech Lake, Wind River: Mtns: Léw/s 7026 (BRY). Piney Mtn., 25 miles west Big Piney " o
", E.B.&LB. Payson 2702 (RM); TETON CO.: Buffalo Fork Tweedy 522 (NY); Grand Teton
~ + " Natl. Park, Glacier Canyon Wi//iams 823 INYE,YELLOWSTONE NATIONAL PARK CO.: Mt, -
" Washburn*Condon 5717 (BRY,UT); On divide bstween Heart and Round Lakes Shannon &
7 McDonald 605 MT). .| " o vl e
A PSR ‘ AL NP Cg e .
Coe ‘anf_in»‘e‘d to the cordillera of western North America, A. rydbergiiis readily
‘1w~ distinguished by its small, narrow heads; its minutely denticulate or. entire ligule marging. -

fbw éndﬁafréﬁylf’édbgla‘r':disc vfl"ovret‘s;.‘clu.sft,e'fea;;sv‘terhs'; ahd’a‘;rsfro.h‘g", .tendencv‘:'y_‘ for the o
At ', R <il,">":4.‘ ' 1 ’ _"’" ' e ‘.‘ " t o o e i "‘-‘.' ..'" ot

lower cauline leaves to be sessile. - '

""" During'tha period 1899,to 1901, four names were proposed far this species, |

. inluging AZ rydbergi Greane.:As previously suggestsd by Maguire (1943), and - . -

b

“this study, the type specimens of 4. Caespitdsa; A: tenuls and A. aurantiaca.

" observed i

ot it et o of o 3o nd wer bty ramadfcr

" application of A, rydbergil was fully inderstood. Thé'type of A. cascadensls, although *



! ' ) . . ‘ . 5 v . 1’.' . ' v 138

) ’ )
\ ' . o
. . v

'
not seen in this ‘study, has been descrnbed as a gla dless A. rydberg// for it maintains all

other diagnostlc features (Magu!re 1943)..The presence (or absence) of short- stnpltate
glandular hairs on the leaves.and periclinium is not a cr.nir:al character. Arnica
las/osperma is merely a depauperate specimen of A, rydberg/ / (Maguire 1943).

The short-petiolate* and large oval basal” Ieaves of A oval/s led Rydberg to
propose this ne\N species in 1927 However its entire to mdnstmctly denticulate ligules,
.the narrow capltulum and the sessile cauline leaves strongly suggest thathis species
conforms to A rydberg// In the same year, Rydberg proposed A. su/cata for a single
specimen possessing a short-plumose pappus, and a sulcate and copiously g|andular |
stem. Maguire (1943) has observed S/milarlties between thas taxon and A. rydbergii, and
has placed A. sulcata under synonymy with the latter, With the presence of this plumose
' pappus.ut is doubtful if thns specues belongs in. A. rydbergi/. In addition, the range of /(l
rydberg// does not extend as far south as Oaluforma However not having observed this
speclmen_, it is difficult to assign it to.any one particular taxon. Until subsequent

collections and observation reveal th:s taxon to be a good species, it should remain a

A ; -

synonym with A. rydbergl/ . N ‘ . \

3

4. Arnica fulgens Parsh, FI. Am’. Sept. 527. 1814. A. monrana var. fulgens (Puréhi

Nutt., Gen. N. Am. Pits. 2:164. 1‘818 TYPE: "On the banks of the Missouri" {(Pursh

1814). (HOLOTYPE indicated by Magulre (19(13) to be in BM was not found by staff.

L ISOTYPE, without locality, PH!, PHOTO CAN') anure)23 ’Generahzed |llustrat|on ‘Figure
24A.

‘k

A pedunculata Rydb Bun Torrey Club 24:297. 1897 TYPE "Flora of Central Montana,

: Spanlsh Basig, Madnson Range July 11 1896 J.H. F/odman 899'THOLOTYPE NY1)

A monocepha/a Rydb Mem N. Y. Bot. Gard 1:435. 1900 A pedunculata var.
monocephala (Rydb)l.unell Am Mudl Nat. 5:241. 1918: A. pedunculata forma

‘monooephala (Rydb ) Cockerell Torreya 18 183 1918 TYPE "Explorat:on of Montana H

-
O
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e Figure 24 -.‘Ggrieraiiig‘a Hiustrations of Arnica fulgens and A soroiia; (A) Habit .
"+ of A fulgens (slightly mc8ified from'Downie 554); {B) habit of. A. sororia (basedon .=~ ..
. =i . McCalla 4510); and (C and D) disc florets (with pappus removed) of A. fulgens and A. . - =
' .. Ssororia, respectively, . " - T R T P LU SRS O



//v..v A pedunculata var tubu/ar/s Cockerell J. Hered. 7:428,. 1916 TYPE Boulder

\

/,‘ l L B ' —_— ‘ o 142
. T . ' N - . !
VT, ‘ IR N S

« ) . e . v

and Yellowstone Park Brldger Mountalns Mont 14 June l897 P A Rydberg and E A .
/Eessey 5221". (HOLOTYPE NY!, TSOTYPE CANll ; o ‘ ' \
/ [ o _{.\“ .l'.' o . . | . ’.1? l

S ' ‘ N
‘ |

: Colorado June 1915 W P Cockerell s.n." (HOLOTYPE GHll

o 1 t",‘ \ l
, N ' " \
' P/ants 1.0 to 7.2 dm hi Qh stems snmple stout moderately puberulent becomlng ‘

' mcreasmgly pubescent upwards stlputate-glandular feaves 310 5 palrs upper cau//ne

- /eaves sessile and reduced basa/ Ieaves 45 to*20 0 cm Iong, 0 6 to 2 5cm broad

. ‘apex obtuse, narrowly oblong to oblanceolate rarely broadly spathulate or oval, the
petloles narrow or broad-wmged and shorter than the blade margins, entire to rarely
remotely dentlculate moderately unlformly pubescent stupltate-glandular 3 to 5 nerved
capitula erect, solltary to occasnonally 3. broadly hemlsplprlo 14.0 to 30.0 mm broad
11.0 to 17.0' mm high; per/c//n/um moderately to densely white. pulose
stlpltate-glandular "involucral bracts 13 to 21 10.0 to 15. 5 mm long 1.5t0 4.5 mm
broad, narrowly to broadly lanceolate’ to elllptuc oblong apex obtuse to occasionally~
acute umformly pllose throughout the tlps pllOSB wnthm stnpltate-glandular //gu/ate :
f/orets 8 to 16 dark orange-yellow 16 to 32 mm long, 2.9to 8 0 mm broad g
3-toothed the lobes 0.3 to 2. l mm long; d/sc florets 6.0t 8.1 mm Iong o
-‘;goblet-shaped stnpltate-glandular densely pllose the tube 2 5 to 5.0 mm long achenes

3.5 to 7 .0 mm long densely hlrsute throughout occasnonally sparlngly glandular pappus
- 'whnte occaslonally tawny, barbellatek rhizomes short; densely scaly, thick, consplcuous

kY

' .dense tufts of long brown WOolIy halr in axlls of basal leaves and perslstent leaf bases
: chromosome number 2n=38, 57 . '.7‘ - S PSR ke
L . Lo _.rf.'b"‘ o .
o DISTRlBUTlON AND HABITAT— Plants wndely dlstnbuted throughout mter:or Bntlsh

‘ Columbla and southern Alberta extendmg north mto the Peace aner dralnage area

; o southern Saskatchewan southwestern Mamtoba (Whlte and Johnson 1980) and as. far '
- _'_,'south as northern Callfornla northern Nevada northern Utah northem Colorado, and

;meast to western North and South Dakota (Flgure 25) Plants of the pralrles and grasslands |
' at |0W elevatlons in the northern part of the | range to montane plants up to 3 000 m in s

:"‘fiWyomlng and Colorado Plants comrnonly found in mpnst depressed areas, often o

o .
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- 'REPRESENTATIVE SPECIMENS: CANADA, Alberta: South of Cy;’press”- Hills Prov. Park @ * = ©
Brad/ey s.n. (ALTA); Handhills, 8 miles south of Delia Boivin & Perron 12374 (ALTA); ., = '

.~ Police Outpost Proy. Park Shaw 2462 (ALTA BYU); Northeast of ‘Grand Prairie Moss-8090. .

' (ALTA}; Willow 'Creek Rd., Cypress Hills Prov. Park Cormack 176 (ALTA); Old Wive's - . /0y
Lake, N. Peace R, Macoun 59983 NY); Spring Créek, Cypress. Hills Prov. Park Cormack .. "..:"

. 363 (ALTA); Graburn Cairn, Cypress Hills Prov. Park Scott 1300 (ALTA);:10 miles.* <" . " "¢~
. southeast Medicine Hat Rusconi s.n. (ALTA); 3 miles south Elkwater, Cypress Hills Prov. - /"1

. Park Boivin & Alex 9381 (ALTA); Manyberries Expt. Station Boivin, Hubbard & Alex "~ . .

. 9548 (ALTA); East of Seven Persons McCal/a 17664 (ALTA); 2-3 miles north Millet, Hwy. "

"+ 2 Dumais & Young.1652 (ALTA); 6 miles north Hwy:. 1, northeast Cochrane McCalla .
717866 (ALTA); East of Seven Persons McCal/a 11663 (ALTA);" 10 miles north:Elkwater . -
McCalla 11648 (ALTA); Mt. Glendown, Waterton Lakes Park Breitung 16047 (ALTA); 10. "
rhiles.north Elkwater Moss 9797.(ALTA): Top of Cypress Hills above Elkwater Moss 3247 -

. (ALTA);‘Air_dria\Moss, 1075 (ALTA); 7 miles west Pincher Creek Survey 725 (ALTA);.. | ST e
Dunvegan Moss 7533 (ALTA); Battle River north Castor, Brinkman 2068b (ALTA),. West of e

., ‘Seven Persons Moss 9831 (ALTA); Craigmyle district Brinkman. 1634 (ALTA); Wilson . - B

Sexsmith 239 (ALTA); Kananaskis A/kenhead s.n. (ALTA); Meeting Creek Kvis/e. s.n. '
(ALTA); Donalda, ’Meeti_ng Creek Brinkman 2744 (ALTA); Near Edmonton Moss s.n. -~
~ (ALTA); Lily Lake, north Edmonton Moss 954 (ALTA); Scotfield, squtheast Hanna Brink

- ~&n.(UBC); Interpretive Building Hill, Waterton Lakes.Park Nagy & Bliss 985 (UBC); Route

.2 1A, 6.5 kmeast jncth. Route ‘1Y, east Banff Stra/ey 2749 (UBC); 10 miles north .~ -~
Elkwater McCal/a. 11648 (UBC); Stettler area, Paintearth Kiar 472 (ALTA); Seven Persons, .

- Moore Farm K/ar 1174 (ALTA); 10 miles northeast Manyberries Shaw 2287 (BYU); Lee - .

.- Creek, Poll Haven Community Pasture'Shaw 7570 (BYU); Red.Rock Canyon Wa/sh 264"

.+ (UT);.3 miles riortheast Waterton Lakes Park townsite G.W. & G.G. Douglas 7593 BYU). B
....British Columbla:.Fort St. John Moss 8170 (ALTA); Harry Lake, Hat Creek drainage = . '
. Johns'5301(UBC). . .. o L S TR I T R

~ Manitoba: Odk Lake, 30 miles west Brandon Scoggan 11040 (ALTA,CAN); Brandon
" Magoun 12725 (CAN,MT); Wheatlands, Grand Trunk.Pacific Railway line Macoun & . - -~
;Herriot. 72815 (CAN); Assinaboine Rapids Macoun 14703 (CAN); Broomhill, -10'mi. N.W. - .

- {Melita Scoggan- 17055 (CAN); Near bank of.Souris River, 10 miles S Melita Dore & . = . -

v lindsay 11016 BM). - it T s s

- Saskatchewan: Saskatoon 7. rigp s.n. (ALTA); Cypress Hills Prov. Park Breitung 4312 -, = .

- {ALTA,RM); Southfork,Maple Creek district Boivin & Perron 12088 (ALT. A,SASK); 3 o

' miles west Big‘Muddy; Wood Mountain district Boivin & Perroh 11917 ..'~ . "~ i1

-~ {ALTA,UBC,SASK); 5 miles SE Climax Boivin & Perron 12127 (RM,SASK)," 12 miles.S .~

" Cadillac, Cypress Bench near headwaters of Frenchman.Creek Argus & Best 4833 nr o

‘* [RM,SASK); Dundurn Campbel/-s.n. (SASK); Saskatoon Frazer. s.n. (SASK); 2 miles'W "~ .- 7

" Saskatooh Conpland. 72 (SASK); Saskatoon, 8th Street Frazer 701 (SASK); Murraydale, =~ = . -

. . on benchof Cypress Hills 2//ke'160:(SASK); Rush Lake Bo/ten 140 (SASK); Cypress Hills = -

.. Bolten 139 (SASK)x Cypraess Hills Newsome. 47-62 (SASK): Kernen's Prairie, Sutherland . ... -

: -'Balnes s.n. (SASK); Kindersley, 2-miles N Hood 116 (SASK); Léney Hudson 3327 (SASK); - -

... Antelope rParkﬁ;','rlzq% 281SASK).. B miles S Bengough Led/ngham 850 (SASK);. Rosthern. ..

- . Stevenson:s:n. (SASK); Saskatoon 7ripp 78(SASK); Regina Wi/ling 134-128 (SASK);, . - ._ -
. Assiniboia Frazer s (SASK. ™, ¢ Tt T e T

-

R e

;- US.A,, California: MODOC CO.: P'attersa_‘ri:jMiu..Roqd,,1\/4-miie.tb,',3i|varc;e'ek., fo e

. »?'Alexandér“&tkellogy”4;748_(RENO)’-.-*-:; S R T S e e
- Colorado: BOULDER CO.::2 miles south-Boulder Rarnaley 15976 PH,RM); Boulder - .- = : "~ =©
~. - Bethel: & Clokey 4382 (PH,RM); National C eo’terrfdr.fAﬁnosphe‘ridﬂqs_ea‘rclxgmper?:‘-;.' SRR
- Grant:261:BYU); Boulder Ramaley 9591 (RM); Boulder Robbjns 1637 RN, S.Boulder . - " ..

" _C(abc'{allk?G?? {RM);-2:miles S Boulder Ramaley:s.n. (RM);:GILPIN-CO.: Tolland C/okey .. "~ .- -
" 3959 {PH.BM); Tolland Robblns 6553,6768 RM); GRAND CO.: Berthoud Pass.Tweedy.- ...~ .-~
' 5816,6818 RM; Fraser Osterhout 3302 RM); JACKSON CO:: Kings Canon E:B. &LB. - . * "
.Payson 4275 [RM); LARIMER CO.: Pinkham Cresk-Goddd/ng 1492 (BYU,PH.RM,SASK); .
-_HWyernor.t!w‘.;:\.li{gma‘n.a‘.lefj‘.«?t@l. 2y 1463 (UBC); Rist Canon, 15 miles west Fort Collins ... - -
.2 Crandall s.n.{RM,US); Eagle Rock, 6 miles NE Estes Park .A. & R..Nelson 5757 (RM); . -
Estes Park:Osterhout 1372 (RM); Moraine.Park: Osterhout 2811 (RM); Estes Park Cooper - -




'+ 66,68 (RM); Horsetooth Mtn. Osterhout 5248 (RM); Chamber's Lake Osterhout 3707 RM): ..
Horsetooth Guich Crandal/ 2679 (RM); MOFFAT CO.: Swede Spring on Cold Springs. ‘
' Mtn. Peterson & Kennedy P3-366 (BYU); Spitzie Spring, Cold Springs Mtn. Parks &
Cocciolo 518 (BYU); Whisky. Spririgs Ranch,.4 miles above Greystone on Zenobia Peak
~ Rd. Weber & Salamun 12572 (SASK). . = e
.., - idaho: BANNOCK CO.: Vicinity of Pocatello Soth 25 (C); CLARK CO.: Camas meadows, 1
. mile northwest Kilgore Maguire 177163 (PH); IDAHO CO.:' White Bird summit Constance
. .1939 (PH); SHOSHONE CO.: Coeur d'Alene Mtns., Santianie Creek Leiberg 1248 (RM), s
' Montana: CARBON CO.: Red Lodge, o‘gﬁgsite Grignon Ranch on Cook.City Hwy.- ...
~ opposite Piny Dell Cabins Cash s.n. (MONT);. No Locality Hawkins s.n. .(MOY\!T.);_ Custer, v
" Natl. Forest, 2.5 miles northnarthwest Shriver Stickney 2665 (MONT); CARTER CO.:" " . .
Region B, T35, RE6E Skunk & Schimautz s.n. (MONT); FERGUS CO.: 28 miles south =
Lewistown, 6 miles north' Halfmoon Canyon Hitchcock 16043 (UC); Judith Mtns. Musseh/ ' .
. & Zapatka s.n. IMONT), GALLATIN CO.: Bozeman Macoun 72725 (MT); Bozeman e
. Blankinship s.n. (MONT); Camp Creek Jones s.n. (RM); GLACIER CQ:: 4.5 miles east - ’
. .~ Glacier Park Wright & Andersons.n. (MONT); GRANITE CO.: Near Phillipsburg Kirkwood . -

- <1794 {MONT); JUDITH BASIN CO.: Stanford Moran 1423-M BYU), LEWIS AND.CLARK " .-
'CO.:: Lewis-and Clark Forast Moran s:n. (BYU); LINCOLN CO.: Rexford Metcalf & Wright .
_s5.n..(MONT); MEAGHER CO.: Harley Park,.6 miles west Neihart Hitchcock & Muhlick = =

. 12307 (PH,RM); MISSOUL‘A CO.: Pattee Canyon Picnic area, N. Missoula Straley 1497

-, ¢ {UBC); Butler Creek:*1.5 miles above jnctn. LaValle Creek Rd., 6 miles northnorthwest -
Missoula Stickney 1646 (MONT); PONDERA CO.: Conrad. Robbins s.n. (MONT), POWDER
RIVER CO.: 3.3 miles southeast Ashland, 15 Milé Creek Anderson & Scharff s.n. (MONT);
POWELL CO.: Rock Creek Lake Rd., 8 miles west Deer Lodge Trask 308 (MONT); -

RAVALLI CO.: Sula,-south’'Darby Hitchcock & Muhlick 9083 (MIONT); SHERIDAN CO.: =~
. . ‘Westby Larsen 13 (PH); SILVER BOW CO.:'0.3 mile north Mud Lake, 9.5 miles - - "
. northnortheast Wise River Stickney 2789 (MONT); STILLWATER CO.: Absarokee )
. Hawkins s,n. (MONT); Reed Point Hawkins s.n. (MONT); Beshive Hawkins s.n. (MONT); . -
. SWEET GRASS CO,; 3 miles south Melville Anderson & Scharff s.n. {(MONT); ‘
- 'WHEATLAND CO.: Haymaker Game Range K/rsch 124 (MONT); WIBAUX CO.: Hodges,
.. road s(g{(xlt)hwe's‘t of Webo £//iott s.n.-(UT); YELLOWSTONE CO.: Beaver Lakes Harrjson
SO Nevada: ELKO CO.: Jarbidge, Jack Creek Divide Ne/son & Macbride 2019 RM), . . . . -
" ™. . North Dakota: BENSON CQ.: York Fo//man 462 (RM); DUNN CO.: Fort Berthould'Indian - -
.. Reserve, Blue Butte.Redmann s.n. (SASK); ROLETTE CO.: Dunsieth Lune// s.n. PH.RM). .
"', Oregon: HARNEY ‘CO.: Steens Mtns.,. 17.miles east and 10 miles south Frenchglien.

V' Hansen744NY). . o Dl T T e e
L. .- South Dakota: LAWRENCE CO.: Boulder.Creek Park, 6 miles E. Deadwood Hayward . -
© 1., * 997 (RM): North Whitewood Mc/ntosh .14 (RM); Sturgis-Bear Butte Mclntosh' 267 RM). - - -~

"+, Utah: DAGGETT €0.: Diamond Mtn. plateau Neese 73969 [BYU): Greendale Canyon, 2. '

- miles-southwest Flaming.Gorge.Dam Neese 13802 (BYU); Ashley Forest, west Allen creek

- Garrett 105 BYV); UINTAH CO.: Diamond Mtn. plateau, 2 1/2 miles south Matt Warner =
. ‘Res. Neesg, Nelson et al.- 14075 BYU); Summit of pass between Vernal and Manila - S
..~ Washington:-ASOTIN CO.: Big'Butte Ranger_ Station, above Anatone-Downen-109 (ALTA); .~

. -KITTITAS CO.: Ellensburg, ‘Rattlesnake Hills: Thompson 8344 (PH); SPOKANE . CO.s Ft. ' =~

. . ..~Wright Turesson:s.n. (RM); STEVENS CO.: No Locality Moran s.n. (BYU); WHITMAN CO.: !
. " Rock:Lake- Beatt/e & Lawrencee 2334 (PH); Rock Lake Sandberg & Leiberg 103C.PH). " . -

7 Wyominig: ALBANY CO:: Hwy. 26, 10-miles east Bosler Junction Porter 4892 (PHRM); .7 - .
"' . Chug Creek Nelson 7303 (RENO,RM); 1 mile northnortheast of Duck:Creek on Pemount. .,
<5 or Albany County Rd. 23T, northwest of Twin.Mtns. B.£. &:L..Nélson 1348 BYU,RM); -
77 Laramie Range, W Edgle Rock Ho/lidsy 75/ (RM); Laramie:Ran e, W-Eagle Rock As/amy -~
7 69 RM)E; Vedawoo on .Rdrtdeapp; Jack Asplund -72-9 BM); E. Univ. of Wyoming. " °..
-7 i Science:Camp; Madicine.Bow, Mins, Sotheim 222 RM); University Camp A. & R.A. - - "
.1t Nelsdn 861 (RM); Cooper Lake :Goodding 14 (RM); Fish Creek Nelson 1783 (RM); Pole .=~
7 Mitn. Porter 3218 {RM); BIG HORN. CO.: No Locality.- Moran s5.n. (BYU)..Big Horn Mtns.,. .. .-

: . ‘Duncum Mtn., 17.miles NW Burgess Jnctn. Ne/son 6793 (BM); Big Horn Mtns.,. SE Hunt :
S Mtn,, 33,5 miles. ESE Lovell Ne/son. 6353 (RM);: Big Horn'Mtns., 1 .8 Mmiles SSW.:

:.+=" . Snowshoe Pass o Black'Mtn. Rd.; 13 miles ESE Shell-Ne/son 6610 (RM); Big Horn-. .,
S UMitns. 27 miles,_?,E,.Grmull;;Raﬁgﬁf Creek below, Snowshos Pass Ne/son 3306 (RM); Big
“oo 0 YHorn'Mitns.,--17. miles NNE Hyattville alor S--Tr‘aprer' Creek Ne/son’ 3343 RM);- 10-15"
w77 'miles E. Kane L.0. & R. Willlams 3024.RM); .10-15:r ane - R-Williams:

miles E. Kane




3024 (C) CAMPBELL CO 8 1/4 mules northeast of’ Recluse BE: & L Nelson 7247
BYU): 2 3/4.miles E, Savageton Dueholm & Hartran 16171.(SASK); 26,5 miles SSW
Gnllette on Hwy, 50 B.E.'& L. Nelsoh:1289(RM); 8.1/.4 miles NE Recluse; 2.5 miles E. ‘
' Recluse-Olmstead Creek Rd; B:E. & it. ‘Nelson 1247 (RM); CARBON CO.:'Sage Creek -, .
Holmes.234 (RM); Pathfinder Mine, 34 mnles 'SSE Casper.Current-307 (RM); Sullivan’s .~ .
Ranch Goodding 91 (RM); Shcrley Mtns ‘SELeo C.L. & MW. Porter- 7788 (RM); CROOK
*CO.; 7 miles south Stroner. Duehohm & ‘Hartrhan .1309.(BYU); West of Sundance, along o
. Rt. 14, ca. 12 miles’ ‘west: Jncth. . Interstate 90 Straley 7841 (UBC); 7 miles W. Hulett, : Vo
. Rocky Point Rd. C. L &M. W. Porter 9268 (RM,SASK); Hulett Ownbey 679 RM); Cement
Ridge- GIII? Parmelee, Wilson & Coleman 772 {RM); Cement Ridge, 7.5 miles NE, "
‘Moskee, 15 miles ESE Sundance Marrjott & Nelson 1411 (RM); Snider Ranch, 14 miles .
"W. Sundance Marriott 2395 (RM); The- Brakes, 2.8.miles SSE Aladdin Marriott 2427
_{RM);Bear Lodge.Mtns., Oak Creek, 5 miles N. .Aladdin Marriott 2871 (RM); Oak Creek,’,
- 4.4 miles W. Sundance Marriott 2752 (RM); Bear Lodge Mins., 5.2 miles NNE Alva .
" Marriott 2965 (RM): Goldie Divide; 5 miles NW Hulett Marr/ott 3791 (RM); Bear Lodge
* Mtns:, Taylor.Divide and headwaters of .Ogden Creek, 4.8 miles NNW Sundance. S
Marr/att 3243,3261 (RW);. Cabin Creek; 'SSW 'Cedar Hill, WSW Devil's Tower Marriott .
6524 (RM); Inyan Kara. Creek. Drainage off Norris Divide, 14 miles SW Sundance Marr/ott
6573,6626 R ); Hain Spring {off Lost Canyon), 9.5 miles NNE Four Corners Marriott
" 6678 (RM);. Black Buttes, E. Iron Mtn., 8.6 miles SE Sundance Marriott 6951 RM); Bear -
Lake ondivide between Jdol-and Surpnse Guiches Marriott:7029 (RM); FREMONT CO.:
-“Lake Draw;" 14,5 miles’NE Dubois.Gerhsrt, ‘Rizor & Jones 134 (RM); Green Mtns., ‘Wild
. Horse-Overlook Hartman 8412 (RM); Gréen Mtns.,: 1.3 miles W Wild Horse Overlook
" Hartman' 8434 [RM); Ow! Creek Range, E,'Wind. Rwer Canyon Bird's Eye Pass C.L. & -
. M W. Porter 8611 (RM); Between Atlantic City & Landér Porter 4564 (RM); Wind River , -
rge 25 miles W. Landér Fisser 676 (RM) 15 miles NW. Dubons Waynes Creek .
trick 1049 (RM); 14 miles-ENE Dubois, Indian Rcdge N. to'Telephone Draw. ~ . '~
Klrkpatrick 4211 (RV);: 13 miiles NNW Dubois, 2 miles SWRamshorn Peak K irkpatrick .
4320 (RM): White Pass, 6. mile$ S, -Ramshorn Peak Ne/son 70897 (RMJ:’HOT SPRINGS
CO.: Absaroka Mtns. Mart/n & York 1300 (RM);+1 /2 'mile N. headwaters Grass Creek S
- Twin Lakes K/rkpatnck 3023 (RM); Betwaeh. Twin'Buttes & Littlé. Grass Creek. - et
"Kirkpatrick:3073 (RM); 21 ‘miles SSW Meetestse,. 3 miles NW. Cottonwood Peak )
Kirkpatrick 4775 (RW); The Holy City. 1 mile S:‘Squaw Teat Butte Ne/son 11125 (RM)
-Castle' Rocks, N. fork-and Creek-Drainage - Ne/son .11168 [RM);. Negro Creek near jnctn R
*.Cottonwood Creglt Nelson 17237 RM); "JOHNSON CO:: U.S. Hwy. 16,8 miles WSW =~
Buffalo, Nelson 3884 RM);.U. § ‘Hwy. 16 betwéen Powder River:Pass and-Munkres Pass;
.23 milas SW.Buffalo Ne/son 5982 (RM)..Above Powder River Pass, 23 miles SW' - '
Buf\ﬁato Nelson 6047 (RM),&D%!e Creek on Hazelton Rd.; 1,7 miles SE Hazelton Pyramid o
" Nefsorr 6758 (RM); .1 mile- W, Dullknife Reservoir Splllway ngtman 9580 (BM); Snow .. e
Cava Ridge.. 8 miles. WNW Mayoworth. Hartman 9769 (RM); 23 miles:SW:Buffalo, Mlddle EHE
‘fork Crazy Woman' Creek. Ne/son 3590 (RM):- 3 miles Hazelton' Rd. along Billy Creek: - o
Accesz Rd Hoffinan 410 (RM); NATRONA CQ.: Casper Mth. area, Garden Creek Falls "' |
Jozwl 67 (RM,SASK); Casper Mtn. Tres/er 356 (RM);-NIOBRARA CO.: -20.5 miles WNW }
Lusk ‘Ne/son 1568 (RM);: PARK CO:: 15 miles northwest ‘of Meeteetse Wilt/iams & Hugie . - -
" s.n: BYU); Absaroka Mtns., 20 miles northwast .of Cody Evert 3176 BYU); Absaroka c
Mtns Pat O'Hara Peak, 20 milas NW Cody ‘Evert. 3126 RM);. Absaroka Mtns.; 1-2 miles . .
Sy Trou h Spring;"NW. Rattlesnake Mtn.. Evert 1899 (RM); Francs Fork; 4 mites SW oo ; v
Grex ull River:Kirkpatrick 61-(RM): 43 milas:SW: Cody,'S. Fork: Shoshone River. . . -
‘Kirkpatrick' 445 [RM); 19 miles SW:Meetestse, 'S. Fork Dick Creek: Kirkpatrick . 734 e
" {RM); Jack Creek Cabin, 24' miles ‘WSW Meeteetse Kirkpatrick 1114 {RM);-1:3714 mlles :
~ SW jnctn. Greybull Rivér-and Anderson Creek Kirkpatrick 1220 (RM); 29 miles W, -
. Meeteetse, E: fork -Warhouse Creek Kirkpatrick=1431 (RM);..Meadow. Creek, 27 m||es
W Maeteetsa K/rkpatrick 2081.(RM);~19 miles: SSW Cody. .1 miile ‘S. Meatestse Creek
Kirkpatrick 2531 (RM);;16.miles SW* Meeteetse, N:-fork Dick Creek Kirkpatrick’ 3760
RV 21 'miles: Wi ‘Maéteetss Ridge; between Pickett Creek & Little Rose Creek
“Kirkpatrick. 5207 (BM), Cla hxmButte near:Beartooth Butte Porter & Rollins.5857. (RM)
. SH‘:' IDAN €O.: Big Hoi -miles west Dayton Wi //fams:2363 (UC);-1 1.5 miles :
. SE Burgess. n,!nctn 5 mires W. Sawmiill:Pass:Ne/son 4423 (RM); Duncum Mtn.; gmmues
. NW.: Burgess Jnctn: Ne/son 6159 (RM);'SE Hunt Mtn.; 19 miles: WSW: ‘Burgess’ Jn
.. Nelsoh €343 RM);: 5'miles N. Burge ess: Jnctn. Dueholm- 8146 RM);:0.3 miles NW ‘
- -Freeze:Out omt*Hartman J0323 (R i NE Freese Out Peak ‘Dueholm. 8207:RM); 7 miles
Bi tn., 'S ‘Fork NI holm-3733RM);- JASHAKIE C ;




o, o . “ L Vo ‘,‘ ‘,‘,“ toa - o - L ' N
T L A RN ¥ v
e e e ' .y ' PR ' . ' ' : ' s i “‘ A

e - #

EY ' ' : ‘ \" ‘ ‘ it N
SE Hngh Park Lelgh Creek 15 mlles NE Ten Sleep Nelson 5905 (RMl 31 miles SE Ten -
Sleep Ne/son 3499 (RM); '31"miles SE Ten Sleep Ne/son 3087 (RM); 9.5 miles ESE Big-
Trails, Hazelton Rd. Ne/sbn 3118 (RM); 14.5 miles' SSE Big Trails alon Ig Cherr Creelt
- Nelson 3453 (RM); 12 miles SE Big Trails Ne/son 3524 (RM); WESTO \XI
. 116, 4 miles NNE Upton Marriott 6303 (RM); S. Elk Mtn. Marriott! 7253 (RM) L
o YELLOWSTONE NATIONAL PARK Mammoth Beaver Lakes Harr/son 1294 (BYU) ‘
" 5 - '~ e ‘. ,-, » ' . ' ‘,"\ s O ." o L ' ;' .‘. ‘ . ““ ,‘ [ ““w ' "

. Arn/ca /q/gens |s a dedsely rhnzomatous specues occupymg montane to grassland
hab|tats throughout northern Umteq States and ad[acent southwestern Canada lt ls |
dlstlngulshed by hawng a large hemlsphenq capltulum entnre le‘aves dense axnllary tufts

. of brown woolly hanrs at the base of the stem and glandless harrs on the dlsc corollas
A fu/gens was furst descnbed by Pursh (1814) in- hls F /ora Afnerlcae Septenmona//s In
1818 Nuttall reduced A fu/gens Pursh to A n;ontana Var fu/gens and later L \
recogmzmg |ts affmlty wnth Al angust/fdlla Vahl transferred |t to the Iatter lh 1841 A

. fu/gens was mamtanned under 'A. aﬁgust/fo/la |n the North Amencan floras of Torrey N
E and Gray (1843) and Gray (1884) It WOuld not regaln |ts specxfuc status untll Flydberg s

North Amerlr:an F/ora ‘ ',.‘ R Lo TR j o RN ,‘_’ SR
s : ‘ ‘\ w.“ N 1 N . N N N 1 : ', , . "‘.
. V' {

A peduncu/ata Rydb was proposed in’ 1897 forlthOSe plants SImllar to A
: angust/ fo/ ia but wsth axullary tufts of brown halr a long peduncled solltary head and flne
pubescence (Rydberg 1897) Three years later Rydberg (1900) proposed tha name A

' : monocepha/a Rydb for a plant resembling A, peduncu/ata but much smaller and wuth

. \'V ! ' v . -
N e
e T ! “\ ],

broader leaves The type spec:mehs of both A peduncu/ata and A monacephala are ,

o \' typlcal A fulgens

A In hIS F/ora of. the Rocky Mountalns Rydberg (1917) lncluded A monocepha/a |n
A pedunculata and treated A sorona Greene as A. fulgens ‘In 1927 however Rydberg

properly interpreted the plants wnth the dense a)ullary tufts as A fu/gens and placed

both A peduncu/ata and A monocepha/a in. synonymy A soror/a was recogmzed as |ts y
. true form The close snmnlanty between A peduncu/ata and A monocephala must have

been apparent to others for in 1 918 both Cockerell and Lunell treated A monocephala

as a forma and var” ety of A peduncu/ata respecﬂvely‘l lt 1s:presumed that they had not S
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"5 Arnlca sororla Greene Ottawa Nat. 23 213 1910 A, (u/gens Var soror/a (Greenel|
G W 00ugl'—and'G—Ruyle Dougl in Taylor and MacBryde Can J. Bot 56 185 1978 '
‘T‘YPE ’Near lntqrnatlonal Boundary between Kettle and Columbua rlvers Cascade B C

' June 30 1902 J.M. Macoun fGea/ Surv Can No. 64.987 o (HOLOTYPE ND!, ISOTYPES
o CAN' GH! PHOTOS CAN' UC') Flgure 26 Generallzep sllustratlon Flgure 24B
: A str/cta Greene nonA str/ctaA Nels Ottawa Nat 23 214 1910 A tr/nervara ‘

\ Flydb N: Am FI 34 344 1927 TYPE"’Near lnternatnonal Boundary between Kettle and l? :

‘,"Columbua Rwera June 30 1902 J. M Macoun fGeo/ Surv Can No. 64979/ On
Isotypes "W of Cascade BC " (HOLOTYPE ND' ISOTYPES CAN' NY PHOTOS CAN' v

' . ' '
] . . - !
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Plants 1.5 to 5 0 dm hlgh, ktems snmple to branched slender moderately

: R puberulent below becorrqng lncreasmgly pubescent 'upwards stlpltate~glandular leaves 3
& ‘to 6 palrs upper caul/ne leaves sessnle and reduced basal /eaves 3 510 14 5 cm Iong
O 6 to 2 4 cm broad (usually narrower than in A fu/gensl apex obtuse narrowly oblong _ |
'\to oblanceolate the petloles narrow-wmged and shorter than the blade marglns entlre e
'\ . _to rarely remotely dentnculate moderately umformly pubescent short-stlpltate glandular
3 to 5 nerved capitu/a erect, : 1 to 5 lrarely more) broadly hemlsp'henc, 1 1 0 to 27 0

) mm broad 9‘0_'to 17 0 mm hlgh per/cllmum moderately to densely whlte pnlose ‘ “ "
s 'pltate'glandular mvolucra/ bracts 13 to 20 9 5 to 14 2 mm long “ ..Z"to 3 ‘l mrrl Ry

broad narrowly to occas:onall‘y broadly- Ianceolate apex acute unifermly pllose
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“axils of old basal leavés sparse and white, or absent; c/iromosome number 2n=38,
“ 'l ‘ ) s ". . B ‘ l} . “ N “ . " . “ -
’v,. P o ) B , . ,‘ ..j ot . 4 '

S DISTRIBUTION AND HABITAT: Wndely dnstnbuted through"but the Interlor of southern :

) Brmsh Cqumbla southern Alberta and as far south as northern California, northern

Nevada northern Utah and east to north and western Wyommg and eastern Montana
‘(Flgure 27) Plants of the pranries and grassIands at low. eIevatIons partICUIarIy in very dry

! _:"areas Plants in Iess dense popuIatlons in dner habttats and at Iower eIevatqons than A

.
[

‘ fu/ gens

' . [ A o . [ .
,\". \ . ; o . \ ¢
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. © N REPRESENTATIVE SPECIVENS: CANADA, Alberta: Squaw Mtn., vicinity of Banf\

‘ ',.p " McCalla 2012 \ALTA US); Craigmyle district Brinkman 960 (ALTA,US); Kananaskis

" McEvay 5.h. (CAN); Near, Spences Bridge Macoun 14712 (€
“ - Eastham s.n. (CAN); Mt. Kobau) south. kanagon Vrugtman &ngﬁh poell 610402 (CAN); 4 ©

EERR + Calder & Savilg 9574 RM:

\ (CAN,SASK); 4 miles.north of jnctn. of Hwys. ‘41 and 4 1A near Medicing Hat to

" Solttheast of Medicine Hat McCal/2.3693 (ALTA); Mt. Cascade,
. district Boivin & Alex 9672 (ALTA); Milk River Ridge, .40 miles south’ Lethbrldge Dore :

"' . Shaw.2433 BYV);: Yarrow Crbek north Waterton Lakes Park Shaw 3027 (BYU) Cal ary ‘4 S

"1
RS

Forestry Reserve Porsild & Breitung 16395 (CAN); Devil's Head Lake, Banff Park
! Sanson g.n. (CAN); Cascade Mtnh., Bahff Park Lewis 92753 (CAN); Frank Scoggan 16720

. Dunmore Scott 7268 (ALTA) Little Saridhill reek Coulee, Dinosaur Park area K/ar 1270 ‘

{ALTA); Whisky:Gap Survey 918 (ALTA); Big Valley, Stettler district Brinkman 2280 .

IALTAI ‘West Meticine Lodge coulee, Cypress.Hills Prov: Park ‘Bradley s.n. (ALTA); 4
'. ‘miles' west, Coleman Mermann 12800 (ALTA); Hwy. 5, 3.5 km north Blakiston Creek -

."'Lakes National Park’ Stringer's.n. {ALTA); Nose Hl" .north CaIgarg McCalla 8748 (ALTA):
‘ anff Park No co/ /nfo
. . (ALTA); ‘Craigmyle district Brinkman 5413 (ALTA) Red Rock. Canyon,. Waterton L

" Park McCa//a 6714 1ALTA); Near Calgary. Willing s.n. (ALTA); West of Hanna on way to' :

Cereal. L. & G. Goulden.s.n. (ALTA); Waterton Lakes National Park Breitung 15768 .
" (ALTA); Castle River region Cormack. s.n. (ALTA); Butte Tete-de-Boeuf, Medicine Hat

o Bre/tung 11702 IALTAI Red Rock Canyon Walsh 244 {UT); St. Mary River, "1 mile wegt
Woolford Shaw 723 (BYU); Cook’s Ranch, ‘St. Mary s River Shaw 778 (BYU) 7 miles drth

. Magrath, St, Mary's River Shaw.7323 (BYU); Jenkin's Ranch, 1 mile northeast' Watertén. -

- Lakes Park Shaw' 7474 (BYU); CardweII’ Ranch, St. Mary- Rivér. southdast of Cardston

"~ Willing s:n; (SASK),. . - 5 1
British Columbia: KamIoops Henry 5. n (S Hwy between Kalegen and nort Skaha o
+ ‘Lake Calder & Savile 8037 (UC); 3 miles north Marguerite on road from Williams'Laké'
Quesnel, Calder, Parmelee &' Tay/or 78153 (UC); 7 miles. north Marguente on' Frase R..

e between Soda Creék- and Quesnel McCabe 1301-(UC);'2 miles north Paul Lake, 14 Iles

north Kamigops McCabe 2337 (JC); west side Columbia Lake McCabe 6392 (UC); Wesa |

" MeCabe, 6247, 1UC); Deer'Park, Lower Arrow Lakes Macoun.14710 (CAN); Nicola V ‘Iey

B ,f.,Lake, Osoyoos Rose 7926 '(UBC); Chilcotin R.. Bull
" Creek:Calder, Pasreled: & Taylor. 17345:(UBC); 18-milas north Newgate G.W. & G.G."'

- Dawson 14711 (CAN); Kamloops Macourn 14713 (CAN); YacI?Lake, south Kamloops - - -
N); Elying'yJ. Ranch, Carlboo

“'miles east Cranbraok McCalla 9579 (ALTA) Hwy. 4 Co fumbia ey, south Canol Flats

. MecCalta.9552"(ALTA); Hwy - 4, 35 miles.north-Cranbrook McCalla 8157 (ALTA); Lac la. o

“Haghe HaPdy '15009.(UBC); Swansqn s/Mtn,, Okana gon Wilzoqllzai‘ 1' g (UaBsgIA?po;ted
anyon, iles w oxi

Do:)glas 7481.BYU) Tranqqnlle Ran?; Kamloops Brink s.n. (RM);..Nicola.Lake near Merritt
. -Calder, Parmelee & Taylor 17534 RM);.

i U SA CaIImeIa‘ LASSEN co. ne Plams App/egate 866 (US), 2 \mlles nortn

3: mtles west edarwllevBabcock & Stebbins 1822 (LIQ)_;. ,

Canyon, ;

:'“ R bridge, Waterton Lakes Park Kuchar 2537 (ALTA): Suffield Moss 1172 (ALTA); Waterton o

1

A

East tock Creek on Osoyoos-Grand Forks Hwy

Madghneiaﬁ."agcoc/‘; &.Stebbins 1788 WUC); Drxey Mtns. Baker & Nutting s.n. JJC): Moooc
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" Agency York s.n. (MONT);

L © 183

By

PLUMAS CO:: No locality info. Austin s.n. (US); Parker Creek below Modoc Natl. Forest
Boundary: Ferris & Duthie 143 (RM). ‘ L : : ,
Colorado: PARK.CO.: 1 mile north Jefferson B/ake 2077 (RN). \

Idaho: ADAMS CO.: 5 miles southwest New Meadows Hitchcock & Muhlick 13927
(UC,RM); BANNOCK CO.: Soda Springs £.8. & L.B. Payson 1707 (RM); BLAINE CO.: .
Ketchum Ne/son & Macbride 1256 (RM,UC,US); 1 mile south jnctn. 20/75 along Hwy.
75 Atwood 10107 (BYU); Moran Creek, Sawtooth Natl. Forest Sch/atterer 171 {BYU); 10
miles east Carey Harrison 13442 (BYU); BUTTE CO.: Craters Davis 438 (UC): CANYON

. 'CO.; Squaw Butte Macbride 740,965 (RM); CASSIA CO.: Cache'Peak Range, Silent City

of Rocks, 13 miles goutheast Oakley NV.H. & P.K. Holmgren 5908 (BYU); CLARK CO.: 25
miles northwest Dubois Wi//jams,; Hugie & Passey s.n. (UT); U.S. Sheep Expt. Stn; near
Dubois Calvert 152 (BYU); U.S. Sheep Expt. Stn., Dubois Swenson s.n. (BYU); Usses
Forest, Paddock 7 No col/, info. (UT); Monida Pass McCalla 4765 (ALTA), CATAH CO.:
Moscow. Henderson 2784 (RM,US); Moscow Abrams 717 (UC); LEMHI CO.: Birch Creek -

" summit Dav/s 3787 (UC): Head of Birch Creek Dav/s 1757 (UC); Salmon £.8.'& L.B.

Payson™ 1830 (RM); JEROME CO.: Snake Plains, Shoshone Falls Pa/mer 103 (US);
Shoshone Falls Bennitt 112 (RM); MADISON CO.: Off Hwy. 33\east Newdale. on road to
Green Canyon Hot Springs Hreha /-8 (BYU); LZ Ranch, 4 miles southeast Whité Owl
Butte Lindsay s.n. (BYU,RM); NEZ PERCES CO.: Lake Waha A.A. & £.G. Heller 3293
(UC,US): Clearwater River Sandberg, MacDougal & Heller 325 (C); ONEIDA_CO.: 2.5
miles northwest Woodruff Foster 6365 (BYU); OWYHEE CO.: Dger Creek Nelson &
MacBride 1841 RM,US); 7 miles southwest Mud Flat on Juniper Mtn. Rd. Maguire& "
Holmgren 26325 (UC); Silver City Range, between Silver City and War Eagle Mtn. .
Maguire & Holmgren 26659 (UC); East Juniper Mtn. A.H. Holmgren & D. Hol mgren '
7963 (UC); TWIN FALLS CO.: Northeast Jarbidge Mtns., 2.2 miles south
Rogerson-Murphy Hot Springs Rd., 10.5 miles westsouthwest Rogerson N.H. & P.K.
Holmgren 5787 (UT). - Co ‘ . ,
Montana: BEAVERHEAD CO.: 7 miles south Wise River H/tchcock & Muhiick 14988
(UC); Red Rogk Lakes Refuge Dorn 44¢ (MONT); BIGHORN CO.: 5 miles southeast Crow
i gr«-apevine Mtn., north Big Horn Canyon Wright & Anderson
s.n. (MONT); 6 miles south Pryor Charff s.n. (MONT); 23 miles‘north Decker ,
Anderson-Wright s.n. (MONT); BROADWATER CO.: Slim Sam Creek, Radérsberg Ke/¥
s.n. (MONT); CARBON CO.: 25 miles south Red Lodge Booth 54497 (MONT); Bearcreek -

. Homes s.n. {UT); CASCADE CO.: Great Falls Wi/liams 79 (MONT,US); Great Falls. o

Williams 334 (MONT); CUSTER CO.: 10 miles north Miles Citx_ Booth 3.n. MONT);
FERGUS CO.: Wolf Creek at Denton Spragg-s.n. (MONT); FLATHEAD CO.: Columbia Falis

. Kennedy 332 (MONT); Columbia Falls Wi///ams 335 (MONT); Columbia Falls Wi//iams 79

{US); GALLATIN CO.: University Campus MacDougal 134 (US); Hyalite Canyon Booth
28717 (MONT); Bozeman Tesse/ 337 {(MONT); Bridge on, 8 miles north Bozeman
Swingle s.n. IMONT); Spanish Basin Rydberg. & Bessey 5223 (MONT,RM); 5 miles
northeast Bozeman Booth 7563 (MONT); No locality info. A/derson 339 (IMONT);
Cottonwood Beach, Crazy Mtns., Bozéman Cotner 280-667 (MONT,RM); Bozeman Moore
s.n. {UC); Bozeman Blankinship s.n. RM): GLACIER CO.: Many Glaciers, Glacier Natl..

Park McCal{a 4510 (ALTA); GOLDEN VALLEY CO.: 2 miles northwest Lavina Booth 55231
- (MONT); HILL CO.: 30 miles south Havre Do/an 48 (MONT); JEFFERSON CO.: 1 mile from

Helena in upper Homme Guich McKinney s.n. (MONT); JUDITH BASIN CO.: No locality

-infl. Moran' s.n. (BYU); LAKE CO.: 2 miles south.Polson Hitchcock 17768 (UC);. 2 miles

south Polson, south of Flathead Lake Wright s.n. IMONT); National Bison Range 7homas -
11836-(MONT); Polson.£ichmann s.n. (MONT); 2 miles’ south- Polson H/tchcock 17768
{RM); LEWIS AND CLARK CO.: 12 miles north Helena Parker s.n. (MONT);. 7 miles west

‘Lincoln near Hwy. 2iHitchcock 17902 (RM,UC); 8 miles northwest Cotiw,a¥alo"ng Rock
-Creek Hitchcock 17983 (RM,UC); 9 miles south Helena McCalla 4743 (AL

A); MADISON
CO.: West fork .of Madison River. Know/ton.s.n. (MONT); St. Joe Creek Jones 333
(MONT); MEAGHER CO.: 28 milws west Harlowton, Hwy. 6. Booth. 55367 (MONT); 2 miles.

‘ 26’:’th F;icr’?lin y:Hitchcock & Madhlick 12424 (RM); MISSOULA CO.: South Buckhous place .
. Kirkwi
" west Greenough Hitchcock & Muhlick 11499 (MONT,RM,UC); Missoula K/rkwood 1338

7338 (MONT); No locality info. Brome 893 (MONT); Sagebrush-Hills, 1 mile

(MONT,UC); Rattiesnake Creek.Bark/ey & Rose 2450 (UC); PARK CO.: Gardiner, 3 miles

. south Booth 54226 (MONT); POWELL CO.: Deer.Lodge Ke/sey s.n.. (US); 8 miles south- -
- Deer Lodge Co. line Trask 86 (MONT); t Hollow, Deer.Lodge 7rask 217 (MONT); =~ -

PETROLEUM CO.: 2.5 miles south Rt. 20 at Teigel Sawyer 45 (MONT); 12 miles -
southwest of Winnett Co/e s.n.:(MONT); RAVALLI-CO.: 10 miles east Darby, Sepphire -

& ‘y
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" Mtns. Wright s.n. (MONT); SHERIDAN CO.: 3 miles northwest.Dagmar Sampsen 45
(MONT); ‘SILVER BOW CO.: Pigeon Creek Campground, 16 miles’from Butte Meyer ‘-
MO0 716 (UT); STILLWATER CO.: Absarokee Hawkins 37266 (MONT); TREASURE CO.:
Divide between Big Horn and Hysham, Hwy. 10 J.C. Wright & E.A. Wright s.n. (MONT);
VALLEY CO.: 25 miles north Glasgow Do/an 21 (MONT); WHEATLAND CO.: 3 miles:

" northwest Shawmut Booth 55339-(MONT); YELLOWSTONE CO.: South of Laurel J.C.
Wright & E.A. Wright s.n. (MONT). o . ‘ o
Nevada: ELKO-CO.:.18 miles northeast San Jacinto, Galliher Easture Shipley s.n. (US);,
10 'miles northwest of Elko on Mountain City'Hwy. Nichols & Lund 239 (RENO,UC): East
Humboldt Mtns., 5 miles east of Angel Lake on road to Wells Raven & Solbrig 13460 = .
(NY); North Sunflower Flats, on road to Bieroth Spring W///iams & Tiehn 802104 .
{BYU,RENO); Independence Mtns., Sheep Creek Tiehm & Birdsey 5240-BYU); = -

. Independence Range, 60 miles northwest of Elko Nichols & Lund 220 (RENO); . .
HUMBOLDT CO.: 5 miles east Ft. McDermitt Indian Reservation Brune 240 (RENO); Rock

i ampygrount Tiehm 4479 (RENO); Humboldt Natl..Forest Price 100 (BYU); Pine
Forest Range, Rodeo Flat, southwest Duffer Peak 7iehm & Tucker 7296 (RM); WASHOE
CO.: Granite Range, west Leadville T/iehm 8029 (BYU); Peavine Mtn., "Perideridia

v Meadow" on Heinz Ranch Wi//jams & Howell 51254 (RENQO); Bald Mtn., Peterson

~* Canyon Rogers 1100 (RENQ). - o
Oregon: CROOK.CO.: Vicinity of Laidlaw Whited 3729 (US), GRANT CO.: Maggot
Springs. southeast of Dayville Cronquist 7360 (UC); HARNEY CO.: Steens Mtns.,
Anderson Valley Leiberg 2381 (UC); Base of Steens Mtn. Howe// s.n. (US); Steens Mtn,
Anderson Valley Leiberg 2381 (UC); 8 miles east Frenchglen en way to Fish Lake '

‘ Magulée & Holmgren 26430 (UC); WALLOWA CO.: Cottonwood Creek Canon She/don
8064 (RM). : . ‘ : . A . 1
Utah: CACHE CO.: Spring Hollow Maguire, Garish, Hobson & Noble 13875 (UC); RICH
CO.: 6 miles northwest Sage Creek Jnctn. north of Duck Creek Snyder & Hawkins 588
(BYU,NY); Negro Dan Hollow near Table Mtn. Thorne, Snyder & Erickson 2642 (BYU).

. Washington: DOUGLAS CO.: Badger Mtn. Thompson 14658 (US); Badger Mtn., 12 miles

_north Wenatchee Hitchcock 17412 (RM,UC); FERRY CO.: Along Columbia River, 6 miles

. 'below Northport Rogers 551 (UC); Republic Beattie & Chapman 2264 (UC); GRANT CO.:
Mouth of Payne's Guich, 10 miles northeast Coulee City Gaines & Scheff~r 5§50 (UC); ,
LINCOLN CO.: Columbia River Basin, 5 miles east of Davenport Constance & Beetle 2744
(RM,UC,US); Mouth of Spokane River Rogers 505 (UC); Near Davenport McCalla 4461
(ALTA); KITTITAS CO.: Ellensburg Whited 542 (US); SPOKANE CO.: Near Spokane Bridge
Suksdorf 8759 (UC); WHITMAN CO.: Pampa St. John & Pickett 6204 (UC,US); No locality . .
iznfg. i:' dg})er’w ({US); Pullman P/per 1578 (US); Head of Rock Lake Beattie & Lawrence .

g 461 . . | L - :
> Wyoming: BIG HORN-CO.: Big Horn Mtns., northeast Little Mtn., 16 miles northeast

. Lovell Nelson 5414 (RM); Big Horn Mtns., 9 miles west Tyrrell Ranger Stn. Hartman &
" Ddasz 9219 RM); CAMPBELL CO:.: 6 miles NNE Spotted Horse Hartman & Dueho/m.
- 6069 (SASK); N. Gillette Harner 21 (RM); 20 miles N. Gillette Turner 44 (RM); CROOK . -

CO.: Black Hills, Goldie Divide, 5 miles NW Hulett Marriott 3759 (RM); Black Hills, . .

. Graham Ranch, 13 miles W. Sundance Marriott 3300 (RM); Black Hills, Bear Lodge Mtns., "

8.6 miles ESE Devil's Tower Marriott 3300 (RM); Bla;\k\:ills. Calvin Creek off Coal '

" Divide, 8.9 miles WSW.Sundance Marriott 3543 (RM)ABlack Hills, Inyan Kara Mtn
Marriott 6883 (RM); Black Hills, NE fork Left Creek, 4-Bumiles SW Missouri Buttes
Marriott 7618 (RM); Black Hills; Missouri Buttes Marriott 7786,7830 (RM); Black Hills, S = *

- Willisms Divide, 9 miles ESE Sundance Marriott 7847 (RM)) Black Hills, between Hwy'16 .
and Clay Spur, 35 miles NW Osage Marriott 6224.(RM); FREMONT CO.: SE Thermopolis.

~ .E Wind-River Canyon, Birdseye Pass F/sser 239 (RM); HOT SPRINGS CO.: Absaroka

- Mtns., 21 miles SSW Meeteetse, 3 miles N Cottonwood Peak, SE Twin-Lakes: -

- Kirkpatrick 4776-(RM);. SE Thermopolis, E Wind River Canyon, Owl Creek Range Fisser -

+ 472 {(RM); Jones ‘Creek, Copper Mtn., 9 miles SE-Thermopolis Porter 6296 RM); =

_ JOHNSON:CO.: East boundary -of Big Horn Matl. Forest, Hwy 16 Uttal 5069 (PH); 6.3
. miles W. B’u,falo_ Hoffman 727 {RM); LINCOLN CO.:. Star Valley-Greys River; Strawberry.
- Creek-Harrison 149 (RM); PARK CO.:. 1S milas northwest Meeteatse W///iams & Hugie .
-.. s (UT)! Absaroka Mtns., 18 miles WSW. Meetestse, W Fork Timber Creek Kirkpatrick

. 3556,3561 (RM);: Absaroka Mtns., 17 miles SSE Cody, Carter 'Creek Kirkpatritk 6043 .
- {RM); Absaroka Mtns., 1/4 mila S North Fork Shoshone River Evert 20713 BRM); - _

«SHERIDAN CO.: 7 miles soirneast Sheridan Duehotm 6845 BYU); Big Horn Mtns., 1 mile -
- NW Freeze Out\Point Hartman 10200 RM); E Sheridan Sharp 128 (RM); Sheridan Pfadt

\ : — R ) coh
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128 (RMl Blg Horn Mtns., Little Blg Horn' Rlver Canyon 17 miles W Parkman Hartmqn &
Odasz 9329 (RM); Hidden Water Coal Site Brink & Mayer 1282 (RM); SUBLETTE CO.:

Near Cora £.8. & L.B. Payson 4341 (RM); TETON CO.; Treasure Mtn., Targhee Natl.
Forest, 11 miles east Driggs Anderson 322 (UC); Gros Ventre Mtns.; Sheep Creek
Lichvar 316 (RM); Grand Teton Natl. Park:near-Moose Sabinske 13C RM);

YELLOWSTONE NATIONAL PARK: No Iocahty mfo Mearns 1280 (US) Pellcan Cove
Tweedy 682 (US). '

. Arnica sororia was ongmally proposed by Greene in 1910 It was Iater

e
.

‘ ln}erpreted as A. fulgéns sensu Rydberg {(Rydberg 1917) which added consoderable

'A confusnon to the true ldentltles Qf tpesh taxa. The rejection and subsequent transfer of
A str/cta Greene to A. tr/nervata Rydb. by Rydberg (1927) was due to the former being
a later homonym of A str/cta Nels. (190 1), now a synonym of A. cham/sson/s Less. -
subsp fol iosa (Nutt ) Magulre A. stricta Greene was based on a smgle collection of J M.
Macoun (Geol Surv Can. No. 64979) frém Brmsh Columbla These tall, coarse, |
broad- Ieaved plants wath numerous axnllary capltula are somewhat anomaIOus in A

" sororia. However as first indicated by Maguire (1943) these speclmens appear to be -

only morphological extremes in a comparatuvely unvarlable specues I am |n agreement

with Magulre s (1943) mclusnon of A. trinervata as a: synonym 6'f A. soror/a

The‘recognition of A. sororia as a variety of A. fu/gens (Douglas and

. " Ruyle Douglas 1978) was mfluenced by the strong morphologlcal snmnlanty between "
these two taxa, wnth the only dlfferentlatmg character bemg the presence or absence %: )
disc corolla pubescence The long axlllary tufts of dense brown woolly hairs in 4.

| fulgens were not observed to comprlse a consistent. character (Douglas and: - ‘
-Ruyle Douglas 1978) Itis presumed that this’ mlsunderstandmg occurred 'due to the"
‘:'.'frequent mlssdentmcatlon of these taxa and the mclusaon of many members of A -
'sororla in. with A fulgens herbanum specumens These axsllary tufts furmsh an excellent X
character to separate A fulgens from A sororia Addmonal dlfferences between these

“two taxa mc,lude shorteroand narrower leaves and a smaller hablt in A soror/a

—
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6. Arnioca angustlfolla J.M. Vahi, Fl. Dan. 9(2( )5. l816.“ '

. glqndular plants of arctuc subarctlc or alplne habltats

| ‘ thls aggregate |s best treated as two dlstnnct taxa

v‘.- o ‘ . ‘ : V "'- v . e 156
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Stems herbaceous smgle or rarely brafiched, arising from a short branched

rhnzome covered in |mbr|cate scales and legf base remnants which may have tufts of

. .long hairs in thelr axils, 0.5 to 5.4 dm high, sparsely to.densely pI|OSB short

: stlpltate glandular becommg lncreasmgly vnllous and glandular‘upwards cau/lne /eaves 1

to 5 pairs, Slmple oppostte mostly from below mlddle of stem upper /eaves sessule

‘and reduced; /ower cauline /eaves 3 to 20 times.as long as wide, 2.0.t0 14. § cm long..

0.3 to 2.6 cm broad ‘the blades Imear narrowly to broadly Ianceolate to rarely
oblanceolate apex acute or acummate margms entire, denticulate or rarely dentate

petioles sessile, short and broad—wmged o‘r narrow-winged and shorter than the blade

‘glabrous to densely wllous and: stlpltate-glandular 3 to 5 nerved; capltula erect, 1to 3
{rarely 5),- large, hemlspheric to broadly hemlspherlc, 12.0 to 30. 0 mm broad 9. 0 to -
‘-.21 .0 mm high; per/clin/um very consplcuous moderately to densely whtte pllose
A .stlpltate-glands lnconsplcuous or dense /nvolucra/ bracts 9 to 22 narrowly to broadly
s lanceolate to occasnonally oblanceolate apex acute 6 5 to 17 6 mm long, 1.5t0 4.1¢

’ mm broad densely to sparsely pllose throughout or evudently pilose at base becomlng

less $O upwards |nconsplcuously to obvnously stlpltate glandular I/gulate florets 6 to

. ‘116 yellow 10 0 to 40.0° mm Iong 3 o to 9. 5 mm broad 3-toothed the Iobes 0 2 to
; . 7:0 mm long disc f/orets ysliow, 5.0to 10 0 mm long goblet-shaped moderately to "

densely pllose mconspgcuously glandular or absent the tube 1 9 to 4. 1 mm long;

,,,,,

| "echenes 3.1 to 7 6 mm long densely hlrsute throughout lnconsplcuous or not at all

w
a.

Arn/ca angustlfolla a clrcumpolar and cnrcumboreal specnes |s the most _ N

o ledaspread Arnlca. itis also the most polymorphlc Thls taxbn |s |dentlf|ed by nts long =
""‘narrow Ieaves, densely hnrsute achenes, erect capltula and yellow florets These are k
’plants of arctlc subarctlc and alpnne habltats Maguwe l1943) has segragated thls

specles mto seven geographncal races, however, results of thls lnvestngatlon md:eate that

A. angustlfolia subsp angusttfa/ia la ;

‘ comblnatlbn of the prevnously recogmzed subspemes angustifolia, attenuata, . j .
) © sornborgeri, ntermedla, i /inii a/pina, and A plantaginea and A angustifolia subsp :

t“
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tomentosa These two’ phenetlc gr0ups are readlly dlstlngulshed and ldentlfled on seyeral
contlnuous and descriptlve characters Arnica angust/fo//a subsp tomentosa is a
relatlvely small plant possessmg one capltulum and densely vnllous Ieaves stems and
mvolucral bracts._‘[h&pertchmum IS densely pllose and consplcuously stlpltate glandular
Arn/ca angustifo//a subsp angustrfol/a is usually a much taller plant bearmg three to :
flve capltula per stem. Its Ieaves stems and bracts are never densaly vnllous In many. o )

mstances the leaves are glabrous The perlclmlum is usually pllose but never

o woolly vullous and stlpltate glands may be mconsplcuous or Iackung

-

| KEY TO SUBSPECIES OF ARN/CA ANGUSTIFOLIA.

. o ‘ ‘ L

PR

.
“

Leaves ‘glabrous to modegately villous, entire to dentate llnear to lanceolate or

N

l oblanceolate perlclmlum moderately to densely white Ianate pllOSe stipltate glands

v

occasaonally lacklng or obscured stems moderately vxllous plants 0. 5 to 5.4 dm tall;- ‘
- capltula 180 3 (rar6ly B) .oocoviioieieei s e subsp angusufol/a .

- (
. . . - . A K .

Leaves densely vnllous, entire, lanceolate perlclmlum densely pllose and consplcuously N

- stlpltate glandular stems densely vnllous plants 0.6 to 20 (rarely :3.0) dm tall; capltule |

| solltary (rarely 3) ...... ......... DRI, ereeriaeeieene. subsp romentosa

‘ 68 Amlca angustifolla JM Vahl |n Hornem subsp angustlfolla FI Dan 9(26)5 L
1816 A alpina vars angust/fol/a (Vahl) Fernald Rhodora 36 96 1934 A a/pina |

o f- subsp angustifo//a (Vahl) Maguire,. Madronos 153 1942 S b R

—A-—;*v-- TYPE "E Groenlandla Glesekesn." lHOLOTYPE Sl |SOTYPEU) Flgura 2&3 Generallzed

"__'atlons Flgure 29 | E R g
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. TYPE: Sargag. Greennarid.lpbgs‘i/d 200 tide Maguire (1943).

A a/p/na var. vah//ana Bowm Nat Can 75 209 1948 TYPE: "Baffm ls!and 1937 VC g

1

Wynne-Edwards 7364 fide Ediger and Barﬂeyus?a) e

,\4. ) .\" o . “ . e .

\ te v T

' Arn/ca montana var. alp/naL Sp, Pl 884 1753 A a/plna (L)Olln Dissert de Arnlca "

, Upsahae 11. 1799 A alp/na (L)Ohn Subsp genurna Magunre BrattomaA 408 1943 A |

- angust/fo//a subsp a/p/na (L) 1K, Ferguson in Heywood Bot J Lmn Soc 67 282 o
1973 TYPE "Habitat in Alplbus and pratls Europae fngndnoris as descrubed in’ Lmnaeus " "' o
SpeC/es P/antarum (1753) fide Magmre (1943) T (I B

- " . P

._>¢

Arn/ca attenuata Greene Pnttonla 4 170 1900 A a/pina subsp attenuata (Greene) :
Magmre Madrono 6:153. 1942 A alp/na var, attenuata (Greene) Edlger and Barkl N. ‘
( Am FI 10 31 1978 A‘angustlfo//a subsp attenuata (Greene)GW Dougl & G
| Ruyle-DougI Can. J Bot 56 M]S TYPE: "Open woods and rlver banks Lewis .
Rlver Yukon Terrltory June 13 1899 MW Gorman 7025" (ISOTYPE CAN' us!, ‘
PHOTO CAN') R .

Ny

R T

f N

:‘ l';' A /owu Ho|m Repert Sp Nov 3 388 1907 TYPE~ "Severn Ruver (Keewatm) Ont Aug
5 1886 ./ Macoun 14699’ (HOLOTYPE CAN') o

-

A a/p/na subsp attenuata var l/near/s Hulten Lunds Uan Aarrskr ll Sect 2

46 1588 1950 TYPE Fort Yukon Mur/e 2204 flde Edlger and Barkley (1978)

1 N \ - o

Ca

i A alp/na subsp ,attenuata var vest/ta Hulten Lunds Umv Aarrskr II Sect 2 46 1588

e

1950 TYPE Tonsnna Lodge, _eaatern PaleIC Coact dlstnct of Alaska Anderson 1939
f/de ‘Eglger and Barkley(1978) : St T _




Lo o " ""162“

} ‘Ust-'Jenissenskl Port (69° 39n Br)Aug 4 1926 A. Ta/matchew 199 (HOLOTYPEL
.PHOTOCAN' ISOTYPESGH! o') S TR

| Am/ca /ntermed/a Turez Bull Soc Nat\ Mosc 34 203 1851 A a/p/na subsp

“v‘ ‘intermed/a (Turez)Magunre Brittoma 4410 1943 TYPE Prope Alach Jun 1835 N
o Turezanlnow 836‘ (HOLOTYPE L PHOTO CAN!)

'
I

'»‘Arn/ca sarnborger/ Fernald, Rhodora 7: 147 1905 A. a/p/na Subsp sornborger/ (Fern)
; Magulre Brlttonla4414 1943, TYPE ’Rama Labrador Aug 20 24 1897 ./D
"‘Sorinborger 757 (HOLOTYPE GH' PHOTO CAN' ISOTYPES NY! RM' US' PHOTO CAN')

R
\“

IArnica terrae novae Fernald Rhodora 27 90. 1925 TYPE Green Gardens Cape St ‘
' George, Newfoundland July 24, 1922 KK. Mackenzie & L. Gr/scom 11039
_(HOLOTYPE GH PHOTO CAN') U e o

‘Arn/ca sornborger/ var ungavensls B'blvm Nat Can 75 211 1948 A. alpma var
: “‘ungavensm Bolvm Phytologla 23 94 1972 TYPE Quebec Fort Chamo Baie dUngava
‘berge sablonneuse Aug 17 1945 Dut//ly & Lepage 74768 fide Edlger and Barkley
_::'.‘(1978) co | S

._‘,;‘:.""Am/ca p/antagmea Pursh Fl Am Sept 527 1814 A a/p/na var plantaglnea (Pursh)

f‘ v“"‘lEdnger and Barkley N Am FI Ser:IIR‘-"PV[-TO 32 1978 TYPE"’Labrador Herb chkson




. DISTRIBUTION AND'HABITAT: A circumpolar taxor, confined primarily between 48° and. .
83° N. Latitude in'North America;’and between 60° and 80° N. in the U.S.SR. ..~
Population‘s- also fbphd'in ndx‘th‘ern\,scandin'avié_ near fhé Arctic Circle. In North A‘m‘e‘i’ic‘a, )

. its range extends from Alaska ‘éastwérd through the northern regions of Maﬂu}pbf\ .

Qr{tario and' Québec; yvifh iéoiated populations in ﬁérthern 'Ngw_foundland‘."Allscl)'commén
‘fr:or.n,' }(Sreénlaljr\d.;Fngre 30. In *thés,e are‘a’s,"'plan‘t's are found in a““Wide‘ va‘fiéty’ Qf"hébi£ats,
. "nyotably: e}gposéc‘i‘ tundras, ‘gra‘v‘éll“y énd rq;:ky s'I‘o.pes, roadsli’des;. ‘bfloist banks“ahd open
WOodlandsl. In the ééht}t;efhﬁ‘\‘ost portion of its 'iénge itisa p|ant“‘of‘é!p‘ine sl\opes and

L ridges: o

REPRESENTATIVE SPECIMENS: C‘ANA%ena: Cardinal Divide, 10 miles southwest
Cadomin Dumais 4247 (ALTA). Whistler Mtn., ‘Jasper Park Packer 3439 (ALTA); Cadomin
Moss .10328a (ALTA); Eagles Nest Pass, Wilderness Park Pegg 7714 (ALTA). Prospect
Mtn., 10 miles. southwest Cadomin Mortimer 415 (ALTA); Fortymile Creek, west Mt.
Louis Lew/s 379 (ALTA); Athabasca Mtn., Jasper Park Moss 4923 (ALTA); Snow Creek -
Pass, 40 miles northnortheast Banff Moss. 12682.(ALTA): Bald Hills, Jasper Park Kuchar
570 (ALTA); Bald Hills, Jasper_Park Kuchar 508 (ALTA); Mt. Norquay Lew/s s.n. (ALTA);
.1-2 miles west Lake Carthew, Waterton Lakes Park Boivin & Gillett 9005 (ALTA MT);
Shovel Pass Macoun 96016 (CAN): Angel Glacier, Mt. Edith Cavell Straley 1618 (UBC).
‘British Columbia: Natural Bridge, Yoho Park McCal/a 7015 (ALTA,UBC);' Mt. Prudence,
Liard River Haddow.s.n. (UBC): Good Hope Lake, 20-25 miles north Cassiar Bearnish, .
Wade & Pojar 730354 (UBC); Summit Lake Rose 78464 (UBC); Summit Pass, Alaska Hwy.
'Taylor, Szczawinski & Bell 121 (UBC); Birch Mtn., Teresa Island, Atlin Lake Buttrick 688
(UBC);"Good Hope Lake, 20-25 miles north Cassiar Beamish, Wade & Pojar 730343 =
~(UBC); Mile 81 Haines 1d.-Tay/or, Szczawinski & Bell 1366 (UBC); Summit Pass Raup &
"' Correll 10554 (ALA,C.CANRMUS). = @ 0 ' o 0 tr
Manitoba: Fort Churchill Ritchie 2133 (CAN,UBC); Gillam, 1 mile north past North Switch ™ .
Krivda 6-50 (UBC); Churchill Porsi/d §506 (C.CAN,MT,US); Fort Churchill Gi//ett 2462
'+ (MT,RM,US); Churchill, along Hudson Bay Wo/f. s.n. (ALTAJ; Nelson River; near "Head of .
. Navigation” Scoggan 6382 (ALTA,CAN,MT); Fort Churchill Gi//ett 2011 (MT); Hayes River,.. -
" 40 miles southwest York:Factory Scoggan.5896 (C,CAN,MT); Hayes River,: 100 miles - - "~
... southwest @zk. Factory Scoggan 5805 (GH);. Cape Merry Reninsula, Fort'Churchill "= .
" Johansen, s.n.10);-Creek ‘at Hudson Bay Railway, 65 miles south Fort Churchill Johansen
~ . s.n. (O);:Churchill'Gardner. 437 (GH); Churchill Macoun 79277 (CAN.MT); Churchilt . .~ v -
T Bclgﬁlj'/‘gmlth 7005 (C,CAN); Churchill Macoun 79277 (CAN); Fort Churchill Irvine 752 .~
oo {CAN); For

; Fort Churchill Hyde: 179 (CAN); Churchill Webb C871 (CAN);: Churchill Brown 270 . ... -
+ .7 {CAN);Churchill Schofield & Crurm 6521.(CAN); Nelson River; Limestone Bﬂf.ids Scoggan . -
+4 6428 (CAN); Chirchill-Dutilly 15 and -141 (CAN); Churchill Wood- 185V (CAN); Cape: ./ ..~

* ' Merry, Churchill Hunt 17.(GAN); Churchill Gardner 67.(CAN); Fort Churchill Dore 9998 « -

7 {CANJ; Churchill River, 98 48' Cairnes 89721 (CAN); Churchill Polunin 63 (CAN); Port - " " .
S -'-%Hrchill;;lahanxn s.n. 1C); Kettlé Rapids; Route of ‘Hudson Bay Railway Emerton s.n. . .

. Newfoundlsind: Rafah Sornborger-157 (GH); Fiint Island, niear Port Manvers Bryant s.n. - -

. "+ - (GH); Port Manvers Gardner. 315 (GH); Torrgat Region, head.of Nachvak Bay Woodworth

o 431112 {BH); Torngat Region, Razorback Min., Ryan's.Bay Woodworth 431 (GH); Torngat .

' "Regian, Rowsell. Harbour Abbe & Odell 569 (CAN,GH);: Hamiiton inlet Region. Rodney .~ .

3 Mundy Island,.Indian.Harbour- Abbe & Hogg 568.(GH);:Port-Manvers Palmer-s.n; (PH); Nain._ "

" -Wynne-Edwards 7547.(CAN); Cut-throat Tickie near Okkak Wynne-Edwards 7502 (CAN)." - .
.~ .Okkak,.Cut:throat Tickle-Wynne-Edwards 7413 (CAN); Cut-throat Harbour south-Cape. -
.- Mugford: Porsild:221.(CAN); Southern Torngats, W Saglek Fiord /ves 12.(CAN); Eastern._ .
. Point, region of St. John'Bay:Fernald, Long & Fogg 2124 (GH.MT NY); South Gargamelle . -

. Bay, f Ingornachoix Bay Fernald, Long & Fogg 2126 (GH,MT,NY); Labrador, Lat. -

‘region, of

Py
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58 dég. Anspach s.n. (NY); Straits of Belle Isle, 1 mile from Savage Cove Fernald, Pease

& Long 29208 (GH); Burnt Cape, Pistolet Bay Fernald et al. 29029 (GH); Cape Norman,. -
Pistolet Bay Wiegand, Griscom & Hotchkiss 29213 (GH); Ha-Ha Bay, Ha-Ha Mtn. Fernal/d

& Long 29215 (GH,PH); Old Part Au Choix, region of St. John Bay Fernald, Long & Fog L
. 2123,(GH); Southwest Port legnol\x region of St. John Bay Fernal/d, Long & Fgog 2125 ¢ |
.. {(GH,MT); Straits of Belle Isle>T mile"from Savage Cove Fernald & Long 29207 (GH{- B

. Cook Point; Pistolet Bay Fernald & G(/berg 29214 (GH); Burnt Cape, Pistolet Bay Fernald
& Long 292101/2.(GH); Labrador, Hebron Meatze/ s.n, (GH); Labrador, 20 miles north ‘

Nachvak Forbés s:n.: (GH); Labrador, Ekortiarsuk, Cape Chidley Schmitt 312 GH); -

" Labrador, Hebron Farbes s.n: (GH); Labrador, head Ryan's Bay, Torngatregion % ", =~ .
- Woodworth 430 (GH); Labrador, head NachvakgBay,“IYo‘rngat region Woodworth 429 (GHy .
. Labrador, head. of Ryan's Bay, Torngat region Woodworth 428 (C,GH); Labradof, head of - . .
main arm of Ekortiarsuk Bay Torngat region Woodworth 432.(GH); Labrador, .+ = ...,
Kangalaksiorvik Bay Bryant s.n. (GH); tabraddt, near-island, SevenIslands Bay, - R

' ‘ . ' 1‘ .
' Kangalaksiorvik Abbe 572 (CAN,GH); Rowsell Harbor . Torngat region Abbe & Odel|'570 "

“AGH); Rowsell Marbor, Torngat region Abbe & Odel! 571 (GH); Labrador, Razorback ,_. uoh
' Harbor, Torngat region Abbe 573 (GH); Labrador, Komaktorvik Fjord Wynne-Edwards— —- -
2136"(CAN); Labrador, Skynner Cove, Nachvak Fjord and Cracker Mtn. Wynn&Edwards . .
7711 (CAN); Labrador, Crater Lake vicinity, 52 miles WSW Hebron Gi//et 8667 {US); Old* '

_ Port Au Choix, St. Barbe ‘district Perison s.n, (MT); Labraddr, Anchorstok Bay, Cape . ‘
Mugford Potter & Brierly 3797 (MT); Labrador, Kangalaksiorvik Bay, Seven Yslands. Bay ' .

. Rotter & Brierly 3798:(MT); Labrador, Mt. Brave, Cape Mugford Region Potter & Brierly .
3799 (MT); Labrador, Ryan’'s Bay Loken 9 (MT); Cape Norman, White Bay district.fenson "

"s.n. (MT); Cook’s Harbaur, Shallow Bay, St. Barhe district Penson s.n. (MT); Vicinity Gerin

- 'Mtn. Viereck 639 (ALA,MT); Labrador, Hebron Landoz(?) s.n. (NY); Labrador, Seaplang .,
'Harbour, Torngat Mtns, P/att,& Boucot 435C.(NY); L.abrador, Hebron Co/éman 65(C). *

" Northwest Territorles: Thelon Game Sanctuary Perret. & Ke/sal/ 10 (UBC); Inuvik Fodor

. N63(UBC); Canoe Creek Lambert, Krafina & Morrison: 65081304 (UBC); Kdewatin ' .
district, Lake on Tha-anne River Porsild 5602 (MT,US); Yellowknife, egst'end Lathan

" Island Cody & McCanse 2328 (RM,US); 0.5 mile.narth Tununuk Point, Richards Island

. Hernandez 244 (ALTA);Baker Lake Wolf s.n. (ALTA); Fort Reliance . .east Great Slave Lake |

Wilk 11<ALTA); Deadman Vallgy, Nahanni Natl, Park Kershaw 804 (ALTA); Deadman .
Valley,. Nahanni,Natl. Park ‘Kershaw 803 (ALTA); 6 miles south‘Tuktoyaktuk Hernandez " -
. 346 (ALTA); 1.5 miles south Impaerial Oil' Tuktoyaktuk Base' Hernandez 202°(ALTA);
+." Vicinity of, Tuktoyaktuk Yolinkin 106 (ALTA); Yellowknife; west Kam Lake Cody. &' = ' . -
. ‘McCanse 2207 (MT); West Cache ‘Creek We/sh & Rigby 12021 (ALTA); Inuvik, Dglomite -
- Lake Newton & Swales s.n. (RM);Ricf%‘son Mtns.; 1 mile.north Loan Lake We/sh & - .
*Rigby 12106 (ALA); Inuvik, Dolomite L&Ke Swales 508 (C);-Fort Smith Novic 1 6377/ (UBC); ! - -
. Mackenzie-Valley, .Donnelly River Rejd 420 (ALTA SASK); Deadman Valley, Nahanhi Natl:
- Park Kershaw 798 (ALTA); Parry Bay, Kent-Peninsula, Nauyuk:Estruary Faube 's.n. (ALTA} <"
. Coppermine Findlay 40 (ALTA.CM RM);.Chick Lake, Chick Ridge Gubbe 118A (ALTA); ~ . "
’ ,Chxcﬁ Lake, Chick Ridge Gubbe 11843){ALTA); Chick Lake Gubbe 26478/ (ALTA); Chick-
' Lake. Gubbe 24% 65} | AN):‘LiVe_rE‘obltBay,' Nicholson Island*A.£. & R.T. Porsild 2947 " - ..
- (ALTA); Richardson Mtns., west Mackenzié River delta Porsitd 6865 (ALA,ALTA); Great' - . -
- ‘Bear 'Lake, Scented Grass Hills Peninsula,.;Etacho Point' Porsild Y7072 (ALTA:C); Great' " .. ..

' ".Bear Lake Scented Grass Hills Peninsula’ South Etachd Point Porsi/d 17073 (ALA); Banks ;' ~

. Island,-Nelson'Head. Porsild 17789 (ALA,ALTA,C); Ellgsmere Island, Lake Hazen -

""" -Harington 400-\ALTA); Victoria lsland, Holman B/iss $.n. (ALTA); Ellesmere Island, Hazen g

" 'Camp Savile 4567 (ALTA,UBC); Holman Island Ross 32a (ALTA); Coppermine Ross 3.

fy St -

"(ALTA); East Tuktoyaktuk:harbour’ Haag 140 (ALTA); Frobischer Bay, Baffin Island, 2 miles - ~'T‘

" Lake Geraldine Led er Owen &.Hickman:s.n. (ALTA); Casba Lake, 21 m.below Falls ' .

' Bedford. s.n. \ALTA); Bathurst Inlet Wj/k-64 (ALTA); Bathurst Inlét W/ik. 17 (ALTA);: «

. ColonetMtn.; Brintnell Lake Raup & Soper 9384 (ALA,ALTA,UBC): 6 miles east Kittigazuit ,
. "AE. & R.T. Porsild 2630 (MT}; Frobisher Bay, Baffin Island Sepn & Calder 3803 HSER

. Tuktoyaktuk; 15 km south McKinley Bay S/ms 62485 (UBC): Stanidy Point, 65 km SSE ‘.
L Tuktoyaktuk SHns-62

"' Sylvia Grinnell, Frobisher Bay, Baffin Island Ca/der.2153 (M); Baker Lake Chogue s.n.." - " .,
- (MT);-Eureka; Ellesmere:Island Bruggemann 632 (MT); Site 80-62; 80 km northeast ’ . .

668 (UBC);:50 km'SW-Tuktoyaktuk ‘S/ms 6055 (UBC); 50 km =

- southeast Tuktoyaktuk; Split-Lake esker. compléx S/ms 63348 (UBC): imperial:Range ' L

“ ‘7'-?{‘, " .Matthews s:n. ¢ BC)':-._Ingv:ik".A'ir?ﬁ_éld;."iqérf. y.near Dolomite Lake Kraj/na 65071911 (UBC); T
| i* ' Richardson Mtns., Buckhunter Mtn., -abov. '
. . .Franklin O/denburg 46:2108 (UB

e Husky. Channal Krajina 63071272.(UBC); Lake " . -
C); Lake 2 miles.north Holman Island post Ordenburg . ..

~ ‘\._'4'.
A »,
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64-207 (UBC); Eurekg, Ellesmgtre Island BruggeMi®nn 797 (UBC); Imperial Range at * .
©Mountain River Matthews s.n. (UBC); Richardson Mtns,, Buckhunter Mtn., above Husky .
" Channel Krafina 630711122 (UBC); Baffin Island, Inugsuin Fjord Ha/nault 3953 (O); Baffin
Island, Inugsuin Fjord Ha/nault 3847 (C,0); Bdffin fSland, Inugsuin Fjord, 2 km northwest
Base Camp Ha/nault 4027 (C,0);.Ellesmere Jsland, Harbour Fjord, Seagull Rock Simmons
2585 (C.0); Mackenzie River, limestons hills north Campbell Lake, east Point Separation
. . - AE.&R.T: Porsild 1973 (0); Banks Island, Bernard River Maher & Maclean 77
» " (RM,SASK); Theton River Ka/enosky & Thomas s.n. (SASK); 5 miles west Murchison River
Gubbe, Maddison & Burr M8554SASK); Horn Plateau, South Willow Lake Rowe 7774
T T ISASK); finde Lake Gubbe, fdi B G17 (SASK); Lower Perrx River Matthews -
T 4%352\ Kl sTFout River, MaCk y., 77 milgs from Liard Ferry Skog/und 835 ,
b );’Egit Great Slave-take, Parry Falls Johnsomgt aj—609 (SASK); Herschell Istand ,
Lindstrom s.n. (C); Frobisher Bay, Baffin Island Sennm¥§(Cal/der 3803 (C). Bernard Harpour
-Johgnsen*335,335a (C); Baker Lake Dutilly 62989 (C)/ Pt~Radium, Great Bear Lake -
Johnson s:n. {G): Axel Heiberg Island, Thormpson-valley, §00 milas E. Colour Lake ° . ¢
Beschel 10766 (C): Ellesmere Islapd, Slidre Fiord 7roel/sen 89 (C); Ettesmeré Jsland, head :
Tanguary Fiogg'Brassard 1956 (€); é‘ﬁel Haiberg Terroux s.n. (C); Axel Heikgrg |sland,
~ Thompson Vallgy, 2 km NE Whjte Glacier Front Besche/ 11187 (C); Victoria sland, .
Holmah Island Porsi/d 17336 ({); Victoria'lsland, Washburn Lake Porsi/d 17460
~ Great Beat River, jnctn,’with B{g Stitk River A.£. & R.T. Porsild 3248 (C); Baker Lake
- Barysted"1123,1129 (C); Banks \slan8 Krajina 182733 (UBC); Richards Island £Erickso
© s.n. (UBC); McTavish Arm, Great Bear Lake Shack/ette 2726 (CAN,ICEL); E. slope ,
Richardson Mtns., W. Mackenzie Riv{g Delta Porsild 6865 (C).." .~ ‘

'~ Ontarlo: Fort Severn Hustich 1534 ({CAN); Mouth of Bidck Duck River Moir 2189 (CAN:
. * " Goose Creek, 4 mi. S. coast Moi} 1517 (CAN); Junction Fawn and Otter Rivers Moir 607
" '(CAN); Coast Hudson Bay, E.Shaganiijiver Riley 7121 (CAN); Thunderhouse Falls along
: Missinaibi River, Scovil Twp. Shea 77681-(CAN); Between Hawléy and Sutton Lakes
*. . Porsild, Baldwin, H: & G. Sjors 19941 (CAN); Island in mouth of Winisk River Ba/dwin
"+ " 7797 (CAN); Mouth of Niskibi River Moir 2327 (CAN); Island in Severn River opposite’ '
mouth Beaver River Mo/r 246 (CAN); S.W. Pass Lake, Sibley Prov. Park Garton 18310°..
(CAN}; Trowbridge.Falls on Current River Garton 18748 (CAN); W. Fort Severn Moir :
13527 (C); Fort Severn, ‘Patricia district Scott s.n. (UBC); 15 miles' from mouth of Black " .
. Duck River, near Manitoba-Ontario border Moir 2082 (CAN,MT); 35 miles from mouth of * !
Black Duck. River Moir 1869 (CAN,RM); Kenora District sLimestone Island, Winisk and - -
;ggrga&:v&/)a Rivers Ba/dwin 7678 (CAN); Kenora District, Shamattawa River Baldwin® .
. (CAN). ‘ e LI ‘ . . .
- . . Quebec: Payne River Rousseau 1089 NY); Fishing Lake Creek. Richmond Gulf £.C. Abbe, _ - v
- L.B. Abbe & Mart 3549 (CAN,GH,MT, NY,RM); Wakeham Bay, Hudson Strait Ma/}e 126924 -
y {CAN,GH,NY); Richmond Gulf, east Hudson Bag,.,U ?\?va DutN1y & Lepage 13281 (NY);
) Port Harrison, east Hudson Bay Ma/te 120718 (GH,NY); Richmond Gulf,"east Hudson Bay, .
A . Ungava Dutifly & Lepaiie 13262 (GH,NY); Hudson Bay, Ungava.coast Low 22879 (GH.NYY; :
* Cape Prince of Wales, Hudson Strait 8e// s.n. (CAN,US): Wakeham Bay, Hudson Strait
C Malte 120206 (C,CAN,GH,MT NY,US); Fort Chimo Hedberg 1959 (O); & miles south West o
L Sugl:k Malte~726984 (GHL: Fishing Lake Creek, Richmond Gulf, east Hudson Bay £.C. o
" *Abbe, L.B. Abbe & Maarr 3569 (GH); Beach Creek, Richmond Gulf £.C. & L.B. Abbe 3254°
.. (GH; Batf Hazard, Richmond Gulf £.C. & L.B.°Abbe 38054CAN,GH); Géorge River, Ungava .
.} ~.Sprepdboraugh 143853 (CAN); Fort Chimo, Ungava Peninsula Porsi/d 21885 (CAN); South - - *. .
..~ Hudson Strait, Wolstenhoime:Po/unin1.92 (CAN); Payne River, north Ungava Carrol/ s.n.
- {CANR Riviers aux Fuuilles Ouel/et s.n. (CAN); Koksoak:River, between Fort Chimo and.
- Lakch River Drummond 65N (MT); Baie-aux-Feuilles drea near Tasiujog, southwest.'
~ Ungava Mac/nines 5174 (MT); Wolstenholme Duti/ly 882 (UBC); Payne River Rousseau . e
' 1002 (GH.RM); Fort Chimy Legault 6791 (MT,SASK); lle Bylot.Lemieux s.n. MT); - .~ .0 = v
"« Wakehgm Bay, Ungava.J/ohansen 1208 (C,O1. Cape Wolstenholm, Hudson Strait Johansen -
10554C); 30 miles S. Deception Bay, Ni'Ungava Matthews 37 (C);:Mosquito Bay, east .
ison Bay Low 23019 (CAN); Sugluk: Hugkel 21 (NY); Lake Marymac Harper 3679 (CAN); .
ngava, along the Koksoak River Spreadbotough 14385 (CANNY). . "0 .
, :;bCrackin'gﬁgr)e,' Athasbasca Lake Rawson's.n. (SASK), .~~~ .\
-Snag Air Station Noel’ 12501, 12502, 12508 (UBC); North side Cultus Creek,

)
.-

.

% southeast Klusne Lake Bes 5.0, (UBC); Mile 1019 Alaska Hwy., vicinity of Pine Crpek -
- Raup,;Diury & Raup 13148 (ALA,UBC); North shore.Kluane Lake, near;_mouﬂi_of,eif Arm
ens

. H.M. & LG, Reup 12366 (ALA,UBC,C.RM,US): Ross RiVén Beam/sh, Krause & Luit 2
;681265 (UBC); Kiondyke Valley, Pawson City £7ink s.n.{UBC);'Mile 215 Ross River Rd., -
' o * ’ .f:. :-““' B 1\ . . ,'; A. » ‘ ' . s f,'; ‘-””: " i ; ,'1,’ b
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Watson Lake ‘Beamish, Kfause & Luitjens 681223 (UBC); 5 miles north Carmacks Brink.
s.n. (UBC); Big Arm, Kluane Lake H.M. & L.G. Reup 12886 {ALA,UBC); Island. south Kluane
Lake NVef/son 691 (US); Dawson Eastwood 205 (US); Eagle Col/lier 44 (US); Carmacks
Eastwood 574 (US); Eagle Col/ier.29 (US); Cemetery Hill, Dawson Eastwood 423 (US);
Summit Lake, Richardson Mtns.. Packer 1458 (ALTA); Bell River, 8 miles west La Pierre
House Hettinger 227 \ALTA); Mile 95.8 Dempster Hwy. Peterson 4 (ALTA); South
Moosehide Mtn. Campbel/ 31 (MT); Hunker Camp Campbel! 22 (MT); Whitehorse

© .Mitchell 53 (MT); Swede Creek Berton 84 (UBC); North Orange Fork of Black River

Cairngs 816071 (US); ‘Along/lroadslde between Steward River Crossing and Dawson City
Langenhetm 4130 (UBC); Mile 763.5 Alaska Hwy. We/sh & Moore 7587 (ALA); Mile 1204
Alaska Hwy. We/sh & Moore 7957 (ALA); Km 153 Dempster Hwy., Ogilvie Mtns, Parker ¢
989 (ALA); Teslin Lake Schreider 12 (ALA); Haines Hwy.. 10 miles froth Haines Jnctn,
Wil/i/iams 1375 (ALA); Roadhouse Airstrip, Teslin JunctiongBartho/omew 36-63 (ALA);
Bear Creek, 8 miles east Dawson Calder & Bil/ard 3016 (RM); Along A
Dawson-Whitehorse Hwy. Schmuck 208 (ALA); Mile 658 Alaska Hwy., 26 miles west
Watson Lake Welsh & Moore 7469 (ALA); Mile 1105 Alaska Hwy. We/sh & Moore 7890
(ALA); Mite 1111 Alaska Hwy. Wel/sh & Moore 7907 (ALA); 12 miles up Firth River at
Waeir Site One Reid 71436 (ALTA); Mile 132 Canol Rd., Lower Lapie River Crossing.
Porsild & Breitung 9756 (ALA,ALTA,C,0); S0 miles northwest Dawson City, Mt.’?(lotz ,
Greepe 295 (ALTA); 90 miles northwest Dawson City, 2 miles south Mt. Klotz Greene
226 (ALTA);"Mile 112.3 Dempster Hwy. Peterson 2 (ALTA); Mile 102.4 Dempster Hwy. -
Peterson 3 (ALTA); Babbage River, east Little Trout Lake Lambert & Morrison 65071602
{UBC); Northeast Fish Lake Beamish, Krause & Luitjens 681443 (UBC), Lapie Lakes .
Beamish, Krause & Luit/en.g,6’m350 (UBC); 7 miles east Little Atlin Lake Raup & Correll.
11212 (ALA UBC); Dew Lirte’Site, Barl, Kamakuk Beach Parmel/ee 2855 (UBC); Northwest .
Slim’s River, Kluane Lake-D.F. & B.M. Murray 776 (ALA);-Rusty Glacier Terminus, west

" Burwash Landing, Kluane Lake Murray 1616 (ALA); Stesle Glacier, St. Elias Mtns. D.F. &

B.M. Murray 1355 (ALA); King Point L/ndstrom s.n. (O); King Point Hansen s.n. (C); .
Herschell Island Lindstrom s.n. (O). Northwest Slim's River D.F. & 8.M. Murray 745
(ALA); Ogilvie Mtns., Windy Pass Parker 1016,7048 (ALA); Canol Road, Rose-Lagie River .
Pass, west mile 118 Porsild & Breitung 10146 (ALA); Dog Creek, 6 miles northwest -
Sam Lake We/sh & Rigby 10273 (ALA); South Kluane Lakg at IRRP fieldcamp Murray 413
(ALA); Km 1.6 Mayo Rd. Dudynsky 7881 {ALTA); 102 km N. Stewart Crossing Dudynsky
7802 (ALTA);-Km 132 Dempster Hwy. Dudynsky 7803 (ALTA); Km 137 Dempster Hwy.
Dudynsky 7804 (ALTA); Km 138 Dempster Hwy. Dudynsky 7805 (ALTA); Dawson City .
Dudynsky 7806 (ALTA); Km 270 Klondike Hyy. Wo/f 294 (ALTA); 7.5 km S, Haines

** Junction Dudynsky 7825 (ALTA); 26 km S. Haines Junction Dudynsky 7829 (ALTA); Km
" 1788 Alaska Hwy. Dudyhsky 7824 (ALTA); Mile 112.3 Dempster Hwy. Peterson-2 . .

(ALTA); Mile 102.4 Dempster Hwy. Peterson 3 (ALTA); Mile 95.8 Dempster Hwy,

- Peterson 4 (ALTA); Mile 2.5 Qemrsfer Hwy. Gornall 8 (ALTA); Mile 1243.5 Alaska Hwy. . .
A)

' .near border Dudynsky 7823 (AL

' Mesters Vig Anonymous. {1

; Kathleen R. Bridge, Alaska Hwy. Dudynsky 7826 ~, 't
(ALTA); Alaska Hwy. at Porcupine Creek- Campground; 3 mi. N. Slana Dudynsky 7822 ¢~ *
(ALTA); Canol Rd., Rose-Lapie R. Pass, Mile 105 Porsi/d & Breitung 10932:(CAN); Mile -
136-138 Canol Road, Pelly River Valley Porsild & Breitung 9787 (C). .

FINLANI?: Lapponia Eﬁéntbk'iansis {7) Kotilainen 7394‘(6,0). " . e

' Ty . » S Lt . . ’ .o . ot
. GREENLAND: éouth Disko, 'Sinigfik Porsild s.n. (MT); Disko, Arktisk Station Pors/l/d s,n." *:

(C.MT,RM); Nug(s‘,uaq Halvo,’Kugssirierssua%’M.P & R.T. Porsild s.n. (MT,0); Northwest . -~
Lach Fyne, Hudson Land Seidenfaden 169 (C.MT); Disko. Island Burk 36 (MT); Godhavn,

* _Kleist s.n. (MT); Scoresbysund, Sydkap-oen Sorensen 762 {MT); Disko, Vaigat,

Atanikerdiuk Porsiid s.n. (MT,0); Sermermiut area south liulissat (Jakobshavn) Harr/s. ,. . .

.. *1748 (ALTA); Disko, Godhavn Lagerkranz s.n. (RM); Northeast Mesters Vig, Sortebjorn .-

Mtn, G. & S.M. Argent 44125774 (ALA,C.RM); Clavering Island, Soppbukta Vaage s.n.

* {ALA); Gaseland, Faxe So Holmen & Laegaard 67 (ALA,C,ICEL,0); Disko, Mudderbugten = -
between. Alakariaq and Pingg.,Andérs’en'&"Hanfgb(n 557 (ALA.C,0); Kon’&uOscars Fjord,

ELY Sandre Stromfjbrd Porsild s,n. (ICEL); Nugssuaq

- .Guojonsson s.n. ICEL): Jkorfat Guojonsson s.n. {ICEL); Scoregby: Land, Holges Danskes-

" Briller. Einarsson-335 (ICEL); Kuitsiaq, Nugssusq Guojonsson 4.n.-(ICELY Clavering Island

Hofseth s.n. (O); Hurry Fjord Pedessen s.n.(0); Ymers Island, Sofiasundet Vaage s.n. (O;

' vv-«Ym'e}r-é 1sland, C\a):e’ Humboldt Vaage s.n. (O); Husbukta Vaage s.n. (O); Sanddalen Vaage
VoL ‘:‘ "

s

alley, NE Clavering Isiand Se/denfaden 738 (O); Kangerdlugssuatsiag, .~

U L
v et .
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Braudal Schol/ander s.n. (O); Kangerdiugssuatsiaq, Storfjord Radio Scholander s.n.,(O);
Storfjorden, Branda! Tornoe s.n. (O); Kong Oscars Fjord Hauken & Sulebak s.n. (O);
Godhavn Fries s.n. (0); Disko, Aurwaruhigsuk Porsiid 59 (Q). Christianshaab Mathiesen
s.n. (0); Varderyggen Lundager 1151 (Q); Godhavn M.P. & R.T, Porsild s.n. (O); Disko,
Kvandalen Andersen & Hanf{am 268 (C,0); Disko, Mudderbugten, Alakariaq Andersen &
Hanfgarn 2 (C,0); Liverpool Land, near HurrKl Fjord Taggart 17 (0); Godhavn, Lyngmarken
"Simmons .73 (0); Traill Island Vaage s.n. (O); Noskusoksef jorden Vaage s.n. (O); Cape
Herschel Vaage s.n. (0); Clavering Island Vaage s.n. (O): ClaveriR? Fjord Vaage s.n. (O);
Jamason Land Pedessen s.n. (0); Murchison Sound, Tydlolnar Nygaard s.n. (0); Disko,
Nugssuaq Halvo, Atanikerdluk Porsild s.n. (O); N. Sarfardlisivik Island between Tugtilik
- ang Nigertussaq Fjords £/s/ey 130/67 (C); Mtn. N. Devaux Bjaerg Stocken 8/69 (C);
Angmagssalik,. Qingertivaq, Cassiopefjeld Astrup & Kliim-Nielsen 724 (C); .
‘Angmagssalik, Karale Gletscher Lenarcic s.n. (C); Angmagssalik, S. Glacier. de France
“ Angerer s.n. (C); Mesters Vig O/sen s.n. (C); Jameson Land, Cape Hooker Ge/ting 64 {C);
N. Scoresby Land, S. Sefstroms.Gletscher Schwarzenbach 840 {C); N/Scoresby Land, N.
‘ Vikin%ebrae,.Alp'efjord Schwarzenbach 877 (C); Scoresby Land, Lummen:So Chamber/ain
779.(C); Scoresby Land, Syd Kap Chamber/ain 177 (C); Mesters Vig, Kong Oscars Fjord
H.M., L.G. Raup & Washburn 22,53,385 (C); Liverpool Land, Roscoe Bjerge, E. Hurry
Intet Marris 9 (C); Scoresby Land, South Pingodal Chamberlain 122 (C); Jameson Land,
Lollandselv, 12 km along estuary Moore PM 15 (C); Charcots Land, Gromso Laegaard 694
(C); Mesters Vig, Blyminen Laegaard 1432 (C); Scoresbz Land, Syd Kap Laegaard 7210 -
(C); Jameson Land, Gurreholm Laegaard 964,1071:(C); Charcots Land Laegaard 670 (C);
.Rypefjord Laegsard 356 {C); Jameson Land, Cape Stewart Behrndt s.n. (C); '
Scoresbysund Behrndt s.n. (C); Danmarks Island Hartz s.n. (C); Scoresbysund, Syd Kap
Sorensen 162 (C); Liverpool Land, Scoresbysund Pedersen s.n. (C); Scoresbysund
Hagerup s.n. (C);-Hurry Inlet Thule 1203 1C); Liverpool Land, Store Fjord Noe-Nygaard
44,45 (C); Jameson Land Pedersen 55 (C}; Liverpool Land, near Hurry Inlet at Fame Islands
Tulinius 47,48,49,50 (C); Liverpool Land, Hurry'Inlet Kruuse 528,612 (C); Liverpool Land,
Fleming Inlet Kruuse 720 (C); Lyells Land, N. Forsblads Fjord Schwarzenbach 904 (C);
Nathorsts Land, head of Forsblads Fjord Schiwarzenbach 839 (C); Storedal Kruuse s.n.
* (C); Shannon Island Ca;e David Gray Bruch-& Hjort s.n. (G); Hochstetters Forland, S.
Muschelbjaer Brudh & Elander s.n. (C); Cape Herschel Vaage s.n.(C); Clavering Island
Gelting 31,32,35 (C); Eskimo Bay, Clavering Island Ge/ting 33'(C); Halle-Mtns., Claverin
Island Ge/ting 34°(C); Traill Island, Gudenelv Argent 234 (C); Geographical Socisety Islan
<+ Vaage s.n. (C?; Fjaldmark, Claveting Island Se/denfaden 102 (C); Ole Romers Land, Vibeke
'So Schwarzenbach 508a,511 (C); Grantd Fjord Schwarzertbach s.n. (C); Wollaston Forland,
Mt. Zackenberg Schwarzehbach s.n:(C); Dove Bugt, Cape Tenfel Schwarzenbach s.n. (C);
Grandje'an'y‘or , Magenaes Ho/men's.n. (C); Traill Istand Sorensen 3025,302§ (C); Nordre
Stromfjord, Spirit Socher 836 (C); Nordre Stromfjord Bocher 788 (C); Arfersiorfikfjord,

~.Aulatsivik Bocher & Laegaard 326 (C); Arfdrsiorfikfjord, Eqalugarssuit Bocher & Laegaard -

- 85(C); Artersiorfikfjord, Nunatarujuk Bocher & Laégaard 113,176 (C); Nordre. o
- Stromfjord, Ungoriarfik Kornerap s.n. (C); Isortorefjord Korneryp s.n. (C); Nordre - -
K »Stromfjord, Tiggak Sorensen s.n. (C); Nordre Stromfjord, Nord@ann s.n. (C); Niyak Bugt
s.n. (C); Kan ersuneg Bocher 1191 (C); Godhavn, Disko Ho/men s.n. (C); Disko,
- Nordfjord Fredskild 5664 (C); Disko, Nordfjord, at entrance of Stordaleh Fredskild -
- 5618 (C); Nugssuaq Petersen s.n. (C); Cape Dalton Kryuse 376 (C); Kangerdlugssuag

- . Bochér 405 (C); Storfjorden, Brandal Tornde s.n. (C); Nikisfjord Jorgensen 12 (C);

~.Scorasbysund, N. Rolige Bras Hvenegard 17'(C); Mesters Vig G. & S.M. Argent -
24118774 (C); Kong Oscars Fjord, Lower E: Skeldal £/k/ngton s.n. (C); E. Skeldal

... Spearlng & Lasca s.n. (C); Skeldal Spearing, Lasca, Baad & Schmidt 141 (C); Ga’sela“rid,j L
" Faxe:So Laegaarg 230 (C);.Scoresbysund, Fohn Fjord Lund 2°(C); Scoresbysund, o '

. Gletscher [und 7 (C); Jamesen Land Hartz s.n. (C);'Skeldal, 12 km from"coast

*« , .. Schwarzenbach 130 (C); Cape Mary, Clavering Island Se/denfaden 47 (C); S. Clavering

. ‘Island Bartlett. 45 (C); Cape Stosch, Hold With' Hope Peninsula Koie 4213,4214 (C); Loch -+

- Fynes Bugt Se/denfaden 891 {C): Cape.Qswald, Eila Island Ho/men s.n. (C); Gauss -~ = . |

+Peninsula; Moskusoksefjord:Pove/sen s.n. (C); Ymers island, Dusen Fjord.Povelsen s.n.

- (C);; Ymer Island Sorensen° 3027-(C); Wollaston-Forland-Rosenberg &.7. (C); Ole.Romers -
Land Langso Schwarzenbach-1258:(C); Ole Romer's Land Schwarzenbaclf 1238

- (C); Ymers Island Schiotz s.n. (C); Franz Joseph Fjord Anonymous {C):-Skiexfjord, head

| Ollgaard 68-1333 (0 Sa- lorts

" Van Clausen Fjord Sorensen 1531. (C); Adai 'Q-Eiéfljf?as;;mﬂ:i nd, S. Inuiterk So.Bennike s.n. -
*{C); Khud Rasmussen Land; Hyde Fjord, Volvedal Bennike s.n. (C); Kaugarssup nuna .~ .
Nukagpiaq Hansgn & Holt 383 (C); Sar. Isortoq,. -,




O

- E. Nukagpiaq A/strup 77805 (C); Head 6f,Sdr. Iso?tod(,§a- erdluk Han'sén‘& Holt 189
(C); Sdr. Isortoq, Tupertalik A/strup 77544a (C); Head of. Sdr:'Isortoq, Isuitsup Hansen & -

" Holt 128 (C); Sdr. lsortoq, Nugarssuk Ho/t 302 (C); Godthaabsfjord, Karra Alstrup 1197

B ‘Alappen Resvoll-Halmsen s.n. (0);-Nordreisa; Balgesoaive Fridtz 20391 (0); Nordreisa

A{C); Amitsuatsiaq Bennike s.n. (C); Sukkertoppen, ‘Amit‘&atsiaq Hotlthe 83 (C); -
- Godthaabsfjord, head of llulialik Kruuse 7719 (C); E. Sonidre Isortoq. W. Lake Kangiata
Holt 1651 (C); GodtHaabsfjord, Austmannadalen Skouv 345 (C); E. Sondre Isortoq.
Amitsuatsiaq Ho/t 1566 (C); Godthaabsfjord; NE Ujaragssuit A/strup 69266 (C); Sondre
Stromfjord, Angujartopfiup nuna Ravn & Alstrup 62 (C); Itivdleq, N. Eqalugarssuit Ho/t
1758,1990 (C); Sondre Stromfjord Airbase Bocher 320,325 (C). Holsteinsborg .~ =
Frederjcksen 1041,1145 (C);. Holsteinsborg Laegaard s.n. (C); Nugarssuk Porsiid s.n. (C);
Sondre Stromfjord Airbase O//gaard 68-252-C); Disko Bugt, Sydostbu?ten Moller, -
Pederson & Wilquin 498,516 (C). Sondre Stromfjord, Nordsiden Porsild s.n. (C); C -
Tasersiaq. Sukkertoppen McCormick 232 (C); Tasersiaq McCormick 168 (C). .
Holsteinsborg near Isunguata Fei/berg 1575 (C); Holsteirisborg Sorensen-665 (C);
_ Holsteinsborg Brummersheath s.n. (C); Holsteinsborg beldma_nn s.n.' (C); Holsteinsborg
Hoim s.n. (C); kkertoq, head of N. branch of Akugdleq Bay Bay GBU 78-1701 (C);" -

lkertoq, head of S. branch of Akuydleq Bay Bay & Hanfgarn GBU .78-1506 (C); Sondre
Stromfjord; Mt. Hassel, N. Sandflugtdalen, 3 km W. Keglen Ao/t 1220 (C); Sondre
Stromfjord, Isunguata Ho/t 1305 (C); Dragefjeldine Bocher 568,673 (C); Sondre. .
Stromfjord, Nakajauga ridge Bocher 980 (C); Kegleu, Sondre Stromfjord Bocher 328 (C);
Sondre Stromfjord, Mt. Hassel Bocher 326,327 (C); Disko Island Pedersen 921 (C); -
.Disko, Godhavn Ho/men s.n. (C); Blasedaln Laegaard 62 (C); Disko, Mudderbugten '
" Laegaard 259 (C); Disko, Skansen-Porsild s.n. (C); Disko Pedersen 95,724,921,999,1882
{C); Karajak nunatak, Umanakfjord Vanhoffen 82(206) (C); Disko, Sydkysten Grontved

. 524,526 (C) Igdlorssuit M.P. & R.T. Porsild s.n. (C); Disko, Lyngmarken Fries s.n. (C);
Disko, Mellemfjord Porsil/d 724 (C); Disko, Muddenbugten Porsi/d 95 (C); Disko,
Godhavn, near Lyngmarks Glacier Pors/f/d 8035 (C): Nugssuaq, Lydkysten Grontved 523
(C); Diskofjord, between Kangerdiuarssuk and Eqalunguit Fredskild, Moller, Pedersen & -
Wilquin-134,157 (C);Kvandalen Laegaard 1330 (C); Shansen Laegaard 7328 (C); Bredidal
Laegaard 1544 (C); Skarvefjeld Ge/ting s.n. (C); Amitsuarsuk fjord, Kingua M.P. & T.
Porsild 1 (C); Upernivik Johansen s.n. (C); Svartenhuk Halvo.Porsj/d s.n. (C); Upernivik, -
Sandsten M.P. & R.T. Porsild s.n. (C); Melville Bugt, Tugtuligssuaq, E. ltivdlipalak Bay &
Fredskild 358.(C); Melville Bugt, Tugtbligsshaq, Tuperssuai.Bay & Fredskild 413 {C);, . .
Melville Bugt, Tugtuligssuaq, between ltivdlipalak and Point 480 Bay & Fredskild 329 (C); -
Sigrapaluk Sa/omonsen s.n. (C); Hartstene Bugt, Uingasoq Kri/stensen s.n. (C). Cape Atholl
Brink s.n. (C); Thule Hol/men s.n. (C); Akinarssuk at Thule Airbase Fredskild 6185,6276": -
(C); Disko, Faiobshavn Vah/ s.n. (C);*Cape Jelik Revier s.n. (C). C

NORWAY, Flnnma'rk: Alta, Haldefjellet Ryvarden s.n. (0); Alta, Bekkarfjord Ryvarden. .
s.n. (0); Kautokeino Knaben s.n. (0); Porsangen Inlet Dah/ s.n. (O); Lakselv 'Dahl s.n. (O);.
Alta Dahl s.n. (O); Kistrand Dah/ s.n. (Q); Kistrand Ro/!/-Hansen s.n. (Q); Kautokeino Dah/
s.n. (0); Varangerhalvoya, Batsfjord Dahl/ s.n. (O);vVara_ngerhalvoya,'Batsfgord' IR
Resvoll-Holmsen s.n. (0); Varangerhalvoya, -Vardo Dah/ s.n. (O); Nallovarfe, Alten‘Fridtz -
. 20387 (0); Skovikhaugene, Batsfjord,-Varangerhalvoya Resvol/-Holmsen s.p. (O); Alten,
- Kafjord-Fridtz s.n. (Q). = .. -0 o e e
. Nordland: Ny-Sulitjelma Dah/ & Woodhagen s.n.40); Tysflord Michelsen & Sivertsen.
s.n. (O);;Hamaror ivertsen E6 (O); Hamaroy, Lulemusjokka Apo/d & Brodal s.n. (O); =~
...Fauske; Brattfjell, Sulitjelma Noto s.7. (O);-Ny=Sulitjelma Landmark s.n. 0).. & o' "
" Troms:Bardu, Botnfjell, towards Isroa Enge/skjon s.n. (O); Bardu, Gaudnjavath £. & T. .
_Engelskjon s.n. (0); Bardu; Melhuskligtten Notb s.n. (O); Kafjord Hanssen s.n. (0); Kafjord
- “Zetterstedt 5.n. (0); Kvaenangen, Cofrovarre Noto s.n. (0); Kvaenangen, Abbojavrre Noto
.. &.n. (O) Kvaepatgen;iSl_aeroidvarre Noto's:n..(0); Lyngen, Guolasjavre Haglund & ' = *.
.« Kallstrom s.n. (O); Lyngen, Guolasjavre Jorgensen s.n. (O); Lyngen Haglund s.n. (O); -

- Malselv; Rubben Enge/skjon s.n. (Q); Malselv,.Alappen Landmark s.n. (O): Malselv, " " - o

. Vienevarre Fridtz 20390 (O); Nordreiss; Venevarre Jorgensen s.n.-(O); Nordreisa, '~ . '
oggilnjunne Fridtz 20389 {0); Nordreiss; Gastkotoaive Fridtz 20392 (O); Nordreisd, . '

" Reo ivesFridtz . Nordre
.. Getkosoaive Mej/and s.n. (0);Nordreisa;:Jertafjeld:Jorgensen s.n. (O); Nordréisa,

.. Nieidavuobme Jorgensen's.n. (O); Nordreiss, Gakkovarre Mej/and &.p. (O); Nordreisa, -

"% -Javroaive Me/land s.n. (O); Nordreisa; Caravarre Me//and s.n. (O); Nordreisa, =~ = .
" Vuoddavarre:Mej/and s.n. (Q); Nordreisa, Fossen:Me//and s.n. (O); Nordreiss, . :

- Balgesoaive £r/ tze.n. (O); Nordreisa, Balgesoaive Mej/and s.n. (O); Nordreisa, _B‘:ag"\fjeuj -

-




v

 Jorgensen s.n. (O); Nordreisa, Awko Mejland s.n. (O); Overbygd, Njuhnesvarre .
Engelskjon & Thoresen s.n. (0); Overbygd, Beinelvdal Engelskjon s.n. (0); Overbygd
Benum s.n. (0); Overbygd, Lal}gfjell_ Engelskjon's.n. (O); Overbygd, Garanasgaisa Benum

. 250 (O); Slgervoy,- Fattavarre Fridtz 20393 (O); Skjervoy, Fattavarre Mej/and s.n."(O);
Skjervoy, Oksfjorddal, Lohtana Mej/and s.n. (0); Storfjord, Rieppecakkg Engelskjon

s.n. (0); Storfjord, Rieppegaisi En/ge/sk/'on s.n. (O); Tromsoysund, Floyfjell Landmark _

is(.)n. (O); Tromsoysund, Floyfjell 8/eyht s.n. (O); Tromsoysund, Tromsdalstind 8/ytt s.n. -

K ‘). : Vv S i : S . i ) ) ' :

. SPITSBERGEN: Colbay Resvol/-Dieset s.n. (C.0); Bellsund, Van Mijenfjorden Lynge s.n. '
" (0): Eckmannssfjellet M/kaelsen s.n. {O); S. Sorbreen, Wij fefjorden, W. Ny Friesland
/ Splcer s.n. (0); Bellsund L/d 21 (O); Entrance to Littledalen, E. Kaldbukta, Van - o h
Mijenfjorden Halliday H540 (C,0); Purpurdalen(?) Hoeg s.n. (0); Cross Bay Dupray s.n.
(0); Cape Thordsen Nathosson s.n. {0); Colbay Resvol/-Holmsen s.n. {O); Adrentdalen(?)
Hadoc 425 (0); tLomfjorden, Lomfjordbotnen Sehofander s.n. (O); N. Andredalen, W.

Wijdefjorden Neilson 1015 (C); Advent Bay, Armikadalen Lid s:n. (C). '

-

-

" SWEDEN: Lake Tornetrask, Mt. Luopakte A/m 2128 RM): Lake Tornetrask, :
| les‘onrepgejokk‘ﬂ. Alm 1555 (ALA,C,0); Jukkasjarvi, Nissontjarro, Nissonreppejokk R.
.Alm 482 (RM): Abisko £/narsson s.n. (ICEL); Jokkmokks Bjorkman s.n. (ICEL); T
léaresuando,‘ Peldsavagge Smith s.n. (O); Karesuando, Peldsavagge A/m & Tengwall &.n.
‘().’ . . L . , . oo
“U.S.A., Alaska: South Ogotoruk Creek Packer 2113 (ALTA); Crowbill Ridge, Ogotoruk
Creek Packer 2357 (ALTA); Prudhoe ,B“aE, 158 miles northnorthwast Arctic Village. :
- Hettinger 456 (ALTA);"Camp 33:Meade River Gefst s.n. (ALA); Ikpikpuk Riyer-Basin, Camp
Vil Geist s.n. (ALA); 2 miles below Meads River Village Geist s.n. (ALA); Candle Quad.,;
. Buckland River:drainage L/pkin 80-121 (ALA); Arctic Natl. Wildiife Range, Ikiakpaurak
©'Valley, tributary of Cache Creek Murray 3324 {ALA); Yukon River at Texas Creék Dean -
- 42 (ALA); Shainin' Lake Johnson $.n. (ALA); Old John Lake atea Shetler 1058-AF (ALA); -
. Betwaeen lteriak and Otuk Creeks, \'(icini|tzl of Lisburne Tast Well Murray-6838 (ALA); - -
Camp.3; Meade River Ge/st s.n. {ALA); Kikitaliorak Lake, Noatak River Young 4654 (ALA);
" Kathul Mtn, Batten & Dawe’ 78-345 (ALA); 21 miles Chena Hot Springs Road totspeich . .
" s.n. (ALA); Mit. McKinley Park Frohne 54-237 (ALA); Arctic Quad. Wetzef 13 (ALA); Haul |
" Road, Coldfoot Camp area 15 km south Cathedra; Mtn. Foote 3453 (ALA); Mile 114 - ..
.Tgr Hwy. 1.6 km north O'Brien Creek Khokhryakov, Yurtsev & Murray 6388 (ALA);

¢

. ‘P&upine River -Howenstein & Borron. 15,131 (ALA); Bonanza Ridge, Wrangall Mtns.' -

- ScYin/lt & Nordel! 90 (ALA); Meade Rivér Field Station riear Atkasook Correl/ 45713 5
 {ALA); Smal La&(& area Shetl/er 673-AF (ALA); Fort Yukon Maguire 26 (ALA); Mancha - :
:.Creak, Arctic Natl.; Wildlife Range Maeton's.n. (ALA); Northeast Mancha Creek Maeton .-~ «
© . ’s.n. (ALA); Wiseman Brockman.24 (ALA); Ambresvajan Lake A.R. & C.G. Batten 75:217 -

" (ALA); Meade River Argus & Chunys:5330°(SASK); Utukok River, Driftwood to Carbon . * .
. CreeksJ hompson s.n.{US); Utukok Rivet, Driftwaod Camp Holmen s.n. (C); Utukok - ="
"' River,: low Driftwood Creek, 10 mi:' W. Meat Mtrv..Ward 1269 (US); ,Sheenj'ek‘Val!eg T
Ly _qrt7_.;: n. (US); Old Crow River 40 miles above Timber Creek Murie 35 (AKA,US); 85 .~ *
.. miles above mouth- of Dall River Mendenhal| s.n. (US); Coal Cree Hill, Yukon-River -,/ © . s
.5 Furston 90 (US); No Locality info. Dal/-s.n; {US); Independent:Ridge Spetzman .700-US);. -~ i
'+ Upper Yerrick Creek Spetzma {US); Fort.Yukon Schrader:s.n. (US); Fairbanks. ~...0. .. .+,
6 1m pilak’ Cant/on & Malcolm 58-0150°US); Dall - - e
] : Mt."McKinley Natl. Park, roadside batween . ...~~~ . °
‘ ay.Natl. Park, - "
t:s zena Rive
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(ALA}. Porcuplne Rlver 170 miles from mouth Murle 15 (ALA) Thorou hfare Rlver L
‘Viereck 1078 (ALA); Sheen;ek River, north jnctn. with Old Weoman Creek, east Lobo Lake
. Kessel S-35,5-154 (ALA); University Campus Rut/edge 23 (ALA); Falrbanks Quad. .
" Rutledge 88,176 (ALA); Mt. Michelson Quad., Brooks Range Batten 523 (ALA); Jnctn:
- College and Farmer's Loop Roads O’Farrel! 39 (ALA); 2 miles south Nenana, Nenana
River Harms 3699 (ALA); Mile 141 Steese Hwy. Harms 5177 (ALA); 3 miles south : =
Central, Circle Hot Springs Harms 6249 {ALA);.University Campus Maguire LOF-1-1 - R
.. {ALA); West Unlversnty Campus Harms 2703 (ALA,C); Mile- 125 Steese Hwy. Harms 6211
. {ALA); Mile 6 Circle Hot Springs Rd. Harms 2761 (ALA,C); 1. mile’ south Arctic Village, . . .
_east fork Chandalar River Harms 3780. (ALA); Mile 64.2 Taylor Hwy.; west Chicken L
Harms 3043 (ALA): Fort Yukon Harms 3754 (ALA); Lake Peters Batten ‘440 (ALA); Tulugak
Pingo, Mission Lowland Young 4793 (ALA); Mile 64.4 Ta alor Hwy., Mosquito Fork River:
Khokhryakov, Yurtsev & Murray 6409 (ALA); Fairbanks uad., Ester Dome Freer s.n..
(ALA); Fairbanks Quad., 4. 5 miles Farmer's Loop-Robus ‘15 (ALA) Lignite Kelso 84-63 -
(ALA); Kantishna River, 40'miles from mouth Viereck 7282 (ALA); Alaska Hwy. near Tok
V/ereck 7985 (ALA); Big Lake, Fish Hook Cresk Shet/er 324-AF (ALA); Wiséman Johnson
s.n.. (AL? 10 mi. S.W. Livengood . & C. Taylor 19294 (NY); Boundary Dudynsky 7807 =
(ALTAJ; Km 79 Taylor Hwy. Dudynsky 7808 (ALTA); Mile 1307-1309 Alaska lez
: ‘Dudynsky 7810 (ALTA); le 1366 Aldska’ Hwy. Dudynsky 7877 (ALTA); Mt. Mc mley o
©. ' Park, 150 yds. west Hotel Booth 13 (ALA). | ... S e Y,

UL S S.R.::S. Novay Zemlya Matochkin Shar Kasan,sky 112:C); Novay Zemlya Lynge s.fn A ,
(C,O); Turuchansk District Awramermok3620-(C); No Locality Information (Ref. No. - R
Q-46-12) Vodoplanova & [vanov 2524 (ALTA); S. Novaya Zemlya, Matochkin Shar, Gubln

. Bay Kasansky s.n. (C); Taimyrland,: Jamu-Tarida 7o/matchew 272 (C); Chukotsky Pemnsu\a
- " R.- Chegitun Sekretareva, Yurtsev & Sitin s.n. (ALTA); Chukotsky Peninsula, E. of R. %~
.t Chegitun Sekretareva, Yurtsev & Sitin s.n. (ALTA); Yakutskaya Michelova s.n., (ALTA); W
Chukotsky, Yanuyskoye, R. Boginden Koroyeva & Petrovsky s.n. (ALTA);, Yakutskaya, . .
betwaen Leni.and Kuramis Rivers Norin, Petrovsky & Schtepa s.n. (ALTA); Yakutskaya, R.f i
" Shangrin Korobkov & Kulshina s.n. |ALTA); Chukotsky Peninsula, Anadirskiy, R. Bolshoy = ™% -/

-Osinovoy near Lake Barahyevo Korobkov & Sekretarevs s.n. (ALTA); Chukotsky Peninsula,
Anadirskiy Afonina, Korobkov & Razhiivin s.n. (ALTA); Yakutskaya, R. Shangrin Korobkov
& Kulshina s.n. (ALTA) VOI’klml Tolmatchew s.n. (Q) Slbma onentahs, Channagh Bergg .
Bungesn (C) N , o

» . Scoggan (1979) has retalned the eplthet var. llnearis Hulten for plants belongmg
R ‘ to subsp attenuata havmg Imear basal Ieaves a character prevalent throughout the Acr
angust/fo/la aggregate Edlger and Barkley (1978) had prekusly placed thns name under B

.' synonymy wuth subsp attenuata Matenal is typncal of A angustifoila subsp

2 angustifalia Smce the range of A angustlfo/ia subsp tamentosa does not extend lnto '

‘ Alaska, Hulten has descrubed plants whnch are covered m a graylsh pubescence as Var ‘ .

.....

“ tomentosa and Ednger and Barkley (1978) have placed thls name m synonymy wuth subsp

attenuata Untll mo?speclmens whlch have been annotated b'y! Hulterras var vestita can 5




¢
a

 angustifol/a.

PO

Plants descrabed or annofated as A. p/antag/nea are few for Iess than.
twenty flve collectlons are. available Wlth the exceptlon of oblanceolate mvolucral

bracts Magunre (1943) has descﬁbed thls taxon to be very snm|lar to eastern Canadnan A

' angastffo//a subsp angust/fo/la However oblanceolate bracts are not umque to thxs

: an%stl fo/ ia.’

specnes and can be found in A angust/fol/a In this study, specumens |dent|f|ed as A.

p/anzag/‘neaﬁﬁere found to be mdcs;mgulshable from A. angust/folla subsp -

~

6b Arnlce engustlfolla subsp tomemosal(Macoun)GW Dougl & G Ruyle-DougI

Can J Bot 56 1710. 1978 A tomentosa Macoun OttaWa Nat 13 166 1899 A

' a/plna subsp tomentosa (Macoun) Magulre Madrono 6 153. 1942 A alpma var

tamentosa (Macoun) Cronqunst Vas Pl-Pac N W 5 46 1955 TYPE "Sheep Mountam
Waterton Lake Rocky Mts July 31 1895 J Macoun 17606" (HOLOT)(PE CAN!

SR PHOTO CAN!) Flgure 31 Generaluzed |Ilustrat|on Fugure 32.

oS N . "',“ C [ PRI ,"' . \ A . . e
N . L R - ; Ay

A pulchella Fernald Rhodora 27 18 1915 TYPE "Table Mountaln Reglon of Porf au . .

Port Bay, Newfoundland July 16 and 17 1914 M L Fernald & H St John 70874’ Vot
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“long, the lobes 05 to 3.5 mm long; periclinium densely pilose and deqéely |

" s 'siip"ita‘tef-gvl‘air'ydgjar:" ‘.;a"cﬁ‘eh'.ae..s 4.5 ,to'7.6 mm‘yl\,ong;i'tharﬁq\‘som'e number 2n=57| and '76.“;
. ‘DIST'BIBUTION AND HABITAT ln‘_f'rfe‘quxenf iﬁ Fha-Méc%kénzie dhelta‘re‘gign becoming'morel ;
T cl:o‘mmbn‘ s‘oufﬁWérd in'the ‘Rocl‘ey Iv\;lo'uritaivr'\s ',of Alb;érta'., .B}itish"Col'meia‘ and Montana. .

" Plants of bare rocky alpine ‘slopes and subalpine meadows. Disjunct populations.  ®x L
infrequent in exposed rocky areas and dry limestone barrens of northwestern

| 'Newfoundland. Figure 33. -~ - . . 1.°

- REPRESENTATIVE SPECIMENS:.CANADA,; Alberta: Eagles Nest Creek area, Wilderness . . -
" Park Pegg'1725 (ALTA); Snow Creek Pass, Banff Park Porsild 21435 (CAN); Southwest
_slope Bare Mtn., Panther River, Banff Park Porsi/d & Breitung 16267 (CAN); Mt. a

. .Carthew, ‘Waterton Lakes Pérk 8reitung 16703 (ALTA); Cadomin Moss 70328

. (ALTA.CAN); Vicinity of Sunshine Ski Lodge, Banff Park Porsild & Bréitung 13606 .

_({CAN); Snow Creek Pass, Cascade Valley, Banff Park:Porsild 21369 (CAN); Snow Creek
Pass Porsild 22625 (CAN); Citadel Mtn., Vicinity of Sunshine Ski Lodge Porsild & - .
.. Breitung 15968 (CAN); Tie Creek, Brazeau Natl. Forest Porsild 20787 (CAN); Bald_y'Mtn’:,
- Clearwater Forest Reserve Porsild 20588 (C’AN);-'Mm;;West Highwood Pags Rd., 7 miles’
. ' north Coleman, Porsi/d & Lid 19393 (CAN); Wipd Mtn., Rocky Mtn. Forest Reserve
' Porsild & Lid 19313 (CAN); Citadel Mtn.,. Vicinity. of Sunshine Ski Lodge Porsild & Lid
< 19573 (CAN); Fitzhx(:\?h Mtn., Jasper Park Macoun 96075{CAN);.Goat Mtn., Jasper Park -~ . .7
".: - Macoun ‘86014 (CAN); Shovel Pass, Jasper Park Kind/e 93493 (CAN); Wert Mtn. Malte & -
. “Watson 28064 (CAN); Mt. Coliseum, Nordegg Ma/te & Watson 1486 (CAN,RM); Crow's

.+ Nest Pass Dawson 14707 (CAN); Porcupine Hills, north' Cowley Malte & Watson 607 -

© L (CAN); Wart Mtn. Malte, & Watson.2287 (CAN); Between Sheep Creek and Lake . |

..~ MacBrien; Continental Qivide'Lambert 372 (CAN); Mt. Whistler, Jasper Park Laing 373 = ... .-

.- (CAN): Shovel Pass, 'Jaspeér Park Macoun 96013 (CAN); Vicinity -of Sunshine-Ski Lodge o

o' Porsitd & Breitung 1364Q (CAN); Moose Mtn...near source of Elbow,Macoun 22826 - -

(‘( - .{CAN); Quartz Ridge, vicinity of Sunshine Ski Lodge, Banff.Park .Porsi/qd & Brejtung

. ,°14182 (CAN); Cairn- Mtn.; vicinity:of Sunshine. Ski Lodge; Banff Park Porsild & Breitung.- = - -
.- - 13668 (CAN); Headwaters.of North:Saskatchewan River, mile 114 Banff-Jaspér-Hwy., ... . | ..
""" Banff Park:Porsild.& Breitung 14574 (CAN); Citade! Peak. vicinity of 'Sunshine SkiLodge " ..
= . sPorsild: & Breltung 14012 (€AN); Citadel Peak,' vicinity of Sunshine Ski Lodge Porsild & .~ ..''¢
.. "Breltung 14244 (CAN); Mountain Park:Packer. 3063 (ALTA); 2.5 km'west Mt,. .. .o .
Indefatigable; Kananaskis Park Kond/a 1840 (ALTA); Mt. Allan Carroll 497 (ALTA); . '
Mountain Park Russell:s.n. (ALTA);: Plateau Mtn., southwest of HighRiver Ringius 1382
(ALTA);°0.5 km'north Signal Mtn. summit, Jasper Park Lee & Peterson s.n.. |ALTA); Ram:
Mtn.; west of Rocky Mtn, House Dumals 7504 (ALTA); Prospect Mtn., 10 miles: . > " .
southwest. Cddomin Mort/mer. 597.(ALTAl;'Snow Creek Pass, 40 milss northnortheast - -
\); North Kootenay Mtn. Packer.& Si/berhorn:197139.(ALTA); . "
‘ ar.2802/(ALTA);.Upper.Rowe. Lakes; ‘"
Greek Pass, 40 miles-northnortheast.
udy 836 (ALTA); Calumbi:
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Fer uson 3556 (ALA) Mrle 458 Alaska Hwy Muncho Lake Park Ca/der & G//Iett 25364 .

- {ALA). .
= ‘Newfoundland Pomte Ruche Penlnsula St. Barbe South dnstnct Hay & Bouchard 74032

"(CAN;MT); St. P:auls inlet, Sandy Barren, St. Barbe South district Hay' & Bouchard 74033
(CAN,MT); Eastern Point, St. John Bay Fernald long & Fogg 2129 (MT, NY); Old Port Au

*Choix; St. John Bay Fernald, Long & Fogg 2127 (C,MTNY); Old Port Au Choix, St. Barbe

. %s&ag)t Penson s.n. (MT) Old Port Au Chovx . St. John Bay Ferna/d Long & Fagg 2728
' ( N

v Nonhwast Terrltorles Red Mtn., vrcnmty of Brmtnell Lake Raup & Sdper 9730
(ALA,ALTA,RM); Cape McDonnel Great Bear Lake ‘A.E. & R. Porsild §162A (CAN)
Richardson Mtns. Porsi/d 6728 (CAN); Liard River between Nahanri Butte and Si son

" Crickmay 113 (CAN); Atkinson Paint, Arctic Coast A.E. & R.T. Porsild 2670: {CAN)
" Yukon: Canol Rd:, pass between Teslin and Nisutlin Rivers Porsi/d & Breitung 1 1053 .

. .(CAN); 2 miles Carcross.Rd. Lortie GML-11 (ALA); Mile 1 105 Alaska Hwy W/l/lams' 894
- ,‘-(ALA) Dawson Quad Odsather 254 (ALA) o

U.S.AL Montana BEAVERHEAD CO Ploneer Mtns H/tchcock & Muh//ck 72965
‘ ‘(MONT NY,RM); Wisdom, summit of Sa‘ddle Mtn. Booth s.n. “(MONT): GALLATlN CO
. Bridger. M;s. north Sacajawea area Force/la 69300 (MONT); Brndger Mts., Frazier' Lake
.. east of Hardscrabble Peak Force//a 69299 (MONT); GLACIER NATIONAL PARK: Piegan"
Pass Ve son. 1092 (RM) TETON CO.; East Front Mtns Choteau Mtn Lackschdwnz 4436

'(NY) IR ,
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. ., Whﬂe observmg matenal of A angust/fol/a s bsp tomemosa from | '

‘Newfoundland and not‘ng very httle dlfference between thls taxon and A, ,aulche//a

' _?‘Femald (1933) subsequently placed A pu/chel/a under synonymy ‘with the former \” .

: Arn/ca pulche//a is typ‘ical of A angust/folla subsp tomentosa

' Greene (1900) has also taken up the name A tamentosa but has attrnbuted it to

o Macoun m herb Thls speclmen is Iisted wrth Macoun s orcgnnal descrlptoon of the taxon

it . “ v
. . . J
I . ’r ST

;and should be treated as a paratype

f
[
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Douglas and Ruyle Douglas (1978) have recogmzed the sumilarnty b&ween thls taxon and N
"A anqust/fo//a and have treated ut as A angustifo/l‘a subsp /onchophy//a However |n |
'the 50uthern and eastern portnons of |ts range A /onchophylla |s‘ qulte dlstmctqand can

‘b be recogmzed by its regularly dentate or: denticulate lbng petnoled basal Ieaves ant lts L
campanul ‘tmurbmate caputula Arn/ca lonchophylla cs also a plant of montane or : .

Iow|and habltats whereas A, angust/fo/ ia is arctic and alpme

L . . : .
- L : v

t ; “ .'\71' : ' R t BT
|n hIS monographnc treatment of the genus Magmre (1943) recogmzed three

N

mfraspecuﬂc taxa wnthm A /onchophy//a subspecres genulna ch/0nopappa and
arnog/ossa The subspecaﬁc epnthet genuma is lllegltlmate and should be treated as

/onchophyl/a Edlger and Barkley (1978).. however have not recognlzed any

o

| infraspecifnc taxa wnthln A /onchophyl/a and malntam that the small dnfferences among

a 2 .
these taxa are not enough to warrant taxonomlc s&regatuory Material - from eastern . ',‘
N Canada prevnously recognlzed as subsp. ch/onopappa is lnseparable from wndespread

- northwes ‘rn Canadlan populattons Based on pubhcat|on prlonty A /onchophylla in:

Canada is treated as A /onchophyl/a subsp Ionchophy//a and not A ch/onopappa as.

prevnously suggested by Fernatd (1933) Two mfraspeénfnc taxa are cecogmzed wuthm A.
lonchophy//a A, lonchophyl/a subsp /onchophy//a and A. /onchophylla subsp L z",f ‘ -
arnog/ossa The morphologlcal characters dehmmng these taxa are descnbed below ‘

; [
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\_‘ "/*a Arnlca Ionchophylla Greens subsp Ionchophylla Pittonia\4: 164, 1900 A

\. /onchophy//a subsp. genu/na Maguire, Brlttonia 4. 430 1943, A, alpina var,
Aonchopny//a (Greene) Welsh, Great Basnn Nat 28:149, 1968, A\a/p/na subsp.

‘:\ : /on,chophy//a (Greene) G:W. Dougl. & G, Ruyle-Dougl. in Taylor and MacBryde, Can. J.

| Bot 56 185. 1978 A. angustifolia 5ubsp lonchophy!!a (Greene)(;\N Dougl 8 G.

a Ruy!é D@ugl Can J. Bot, 56:1710, 1978 TYPE "Athabasca River, Lat, 53, 30 Alberta,

\

‘Juna\25 1898 W Spreadborough 19647, (HOLOTYPE ND'\ ISOTYPE CANI PHOTO
. Flgure 34. Generalized illistration Flgpre 35.

CAN!

3

A, wilsanil Rydb., N. Am, FI, 34.332. 1927. TYPE: "W, of James Bay, 140 files up
Kapiscow River, Ont, July 15, 1902, W.J. Wj/son 54043 HOLOTYPE CANI)

. 4
Arnjca chionopappa Fern Rhodora 7; 148, 1905, A. Jonchophy//e subsp ch/onopappa
(Fern.) Maguire, Brittonla 4:430, 1943, TYPE: "Wet cliffs, Banks of the Grand River,
Gaspeé County, Québec, June 30+July 3, 1904, M.L. Fernatd s.n.", (HOLOTYPE GH!,
PHOTO CAN!) | -

A. gaspensis Fern,, Rhodora 7;148, 1905, TYPE: "Dry precipitous ledges of a hill at Cap
Tourelle near St. Anne des Monts, Gaspe Co., Lower Canada, July 16, 1881. J.A. Allen
n.". (HOLOTYPE GHI, PHOTO CANI)

A, fernaldii Rydb., N, Am, FI. 34:333, 1927. TYPE: "Newfoundland, Region of Pbrt au
Port Bay, Dry exposed ledges and shingle on the limestone tabl‘eland, Table Mountajp.
July 16 and 17, 1914, M.L. Fernald & H. St. John 10875". (HOLOTYPE NY, ISOTYPES
CAN!, GH!2 specimens), RM!) B

»

Plants 1.2 to 5.0 dm high; cauline leaves 3 to 7 pairs; /ower cauline leaves 3.5
to 14.0 cm long, 0.5 to 3.7 cm broad, narrowly to broadly lanceolate to sometimes
ovate, margins denticulate to predominantly dentate, glabrous to moderately pilose, 3 to
5 nerved; capitul/a to 5, occasionally 7 vorf8', 7.0 to 20.0 mm broad, 8.0 to 16.0 mm

* high; periclinium moderately white pilos;a,i stipitate-glandular; /nvolucral bracts 10 to’



Figure 34 - Holotype of Arnica fonchophy/!a Greene ssp, lonchophylia,
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Figure 35 - Generalized illustration o
(based on Downie 462 |ALTA). o

b

£ Arnica lonchophylla ssp. lonchophylia

.~ “".‘\
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Mackenzie, Peace, Athabasca and Churchill Rivers, Its range extends from the Yﬁkon

‘of Saskatchewan and Manitoba to Hudson Bay with disjunct populations in hortheastern '

'Peninsula and Anticosti_lslahd, and from dry cliffs in Sisson Gorge, the ohiy'\ré;ﬁorted :

184
. . N . o
15, 7.0to 1 1.5‘ mm long, 1.3 to 3.5 mm brpad. piloée throughout, stipitate-glandular;
Iig'ult.até flo.rets 6 io 14, 13.0 t6 26.0 mm long, 3.0 to 7.1 mm broad, tr;e lobes 0.1 té
2.0 mm‘l“ong; disc florets 5.1 to 9.5 mm long. goi)let-shaped, densély‘pilose, not

glva‘ndular,‘the tube 1.9 to 4.0 mm long; échené.s 3.0 to 5.9 mm long; chromosome

i

number 2n=57 and 786, | o o B

. , \ . ' ot
DISTRIBUTION AND HABITAT: Common in dry t6 mesic,-open montane slopes of-the
. TN Co ot . A

S : . ' LA
Canadian Rockies extending northward in the interior lowlands to the Arctic Circle. Very
‘ : Co

A
'
S
| .
TR

\.
|
\
‘
|

common in.iﬁe vicinity of Athabasca Lake and along the grave‘ily slope§ of the |

Territory,' eastward through'séuthwestern Northwest Territories, %e northern regions N
Minnesota and adjacent Ontario. In eastern Canada, plants are found in ogén woodlands, !

. )

river gravels, shorelines and calcareous rocky outcrops and precipices of th'q\Gaspé :

" ‘
[

(I

locality in New Brunswick (Hinds 1983). Rare in Nova Scotia ‘(Bouchard et al. ‘1‘983)

- 1290 (CAN,RM); North of Morley, near Seebee Brinkman 3456 ( ‘
- Nordegg Malte & Watson.1542 (CAN); Brule, Athabaska River Macoun 96067 (CAN);

having only been observed from ,th_e\Cape Breton Highland re‘gio‘nv (Hinds, pers. comm.). . ;)

'Abundant and scattered amongst the turfy talus of limestone sea-cliffs and gravelly

limestone barrens of western Newfoundland, Figure 36.

€

REPRESENTATIVE SPECIVMENS: CANADA, Alberta: Shelter Point, Lake Athabaska Raup
1477 (GH); Shelter Point, LakKe Athabaska Ué> 74712 (GH); Wood Buffalo Park, 16 miles '
east of Moose (Eight) Lake Raup 3376 (CAN,GH,NY); Wood Buffalo Park, along Foad to

. Salt River Raup 3374 (CAN,GH); Rocky Mountains Bourgeau s.n. (GH); Near Athabaska

Falls Ostheimer s.n. {GH); Forget-me-not Mtn., near source of the Elbow River, Rocky
Mountains Macoun 22§15 (CAN,GH,NY); vicinity of Banff Hunnewell 6273 (GH);, . |
Kananaskis Macoun 14695 (CAN,GH); Lake Louiseé Butters & Holway 191 (GH); Slave River
bank, below Fort Smith Raup 7409 {CAN); 5 miles south of Kananaskis Forest Expt.
Station Porsild & Lid 19439 (CAN); 3 miles west of Kananaskis Forest Expt. Station
Porsild & Lid 19244 (CAN); Mtn. west Highwood Pass Road, 7 miles north Coleman
Porsild & Lid 19395 (CAN); Wood Buffaio Park, Pine Lake district Raup 3375 (CAN); Mt.
Coliseum, Nordegg Malte & Watson 1474,1475 (CAN); Cadomin Moss 10328a (CAN); .
Cadomin Moss 70330 (CAN); Wood Buffalo Park, @ovemment Hay Camp district Raup '
3377 (CAN); Near Pine Lake Raup 3373 (CAN); Bowness Park, Cal I\Y Malte & Watson
Cg:r ); Mt. Coliseum,

Fitzhugh Mtn., Jasper Park Macoun 96074 (CAN,NY); Pyramid Mtn., Jasper Park Pors//d

& Breitung 16354 (CAN); Brule Macoun 96064 (CAN,NY);: Bow River Pass Macoun 14700
(CAN); Moose Mtn. Macoun 72720 (CAN,NY); Banff Park, West of pass Pors/ld & = - -
Breitung 14933 (CAN); Vicinity of Sunshine Ski Lodge, Banff Park Porsitd & Breltung
13603 (CAN); Citade! Mtn., Banff Park Porsild & Breitung 15972 (CAN); Head of Devil's .
Lake Macoun 14723 (CAN); Mt. Shunda, Clearwater Forest Reserve Pors//d 20719 (CAN);

-
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" Poraild & Breitung 16282 (CAN); East slope of Mt.

P

186

;' Vidinity of Talbot Lake,: JaspegfPark Porsi/d 22367 {CAN); North spur of Panther Mtn., '
Banff Park Porsi/d & Breitung 16281 (CAN); North sppur of Panther Mtn., Banff Park
f atterson, Banff Park Pors/fd &
Breitung 16163 (CAN); Spraz River valley, Banff Park Porsild & Breitung 12378 (CAN);
Tie Creek Brazeau National Forest Porsi/d 20786 (CAN); Baldy Mtn., Clearwater Forest

" Reserve Porsi/d 20643 (CAN); Wart Mtn., Mountain Park Malte & Watson 2306 (CAN);
. “Miner's Roof", Q_Aountain Park Malte & Watson 1966 (CAN); Mt. Coliseum, Mountain Park
:Malte & Watson 2057 (CAN); "Miner's Roof", Mountain Park Ma/te & Watson 1993 (CAN); .

"Miner’s Roof!, Mountain Park Malte & Watson 2032 (CAN); Lake Chiniki, ‘Stoney Indian-

. Reservation McCalla 10533 (ALTA); Shunda Creek,.Clearwater Forest Reserve-Cormack

. 722 IALTA): East of DeWinton Brethour stn.(ALTA); Bank of Athabaska River and Fallis
Turner 5109 (ALTA), Northeast Peace-Athabasca delta, Revillon Coupe Doherty 265a
(ALTA); Junction of Spray R. and Bow R., Banff Park McCa//a 6658 (ALTA); 2 km
sbutheast of Cadomin Russe// s.n. (ALTA); 2'km southeast of Cadomin Russe/f s.n. *
(ALTA); Northeast Peace-Athabasca delta, Revillon. Coupe Doherty 265 (ALTA); Cadomin
Moss 10330 (ALTA):- 16 miles northwest of Calgary McCalla 1227b (ALTA); Lake Chiniki,

. Stoney Indian Reserve McCa//a 10533 (UBC); Elbow River valley, vicinity of Calgary

* Moodie 1059 (NY); Elbow River Macoun-22818 (NY);.Lake Louise, Banff Park Macoun

" 65524 (NY); Banff Murray s.n. (SASK); Between Little Lake and.l'8ke Athabasca ,
‘Whitehorn 350 (SASK); Jackfish Creek, East Richardson's Lake Whitehorn & Barber 187
(SASK); Kananaskis Lakes area, Streeter and Marmot Creek Basins Badny s.n. (SASK); 13
miles north Ft. Fitzgerald Cody & Loan 4085 (NY,RM); Along Miette Rd. near mile 9
McCalla 7086 (UBC). o ! Co C

British Columbia: Muncho Lake ‘Rand 2 (CAN); Wicked River near Peace River Raup &
Abbe 3869 (GH); Mt. Selwyn Raup & Abbe 3966 (GH): Mile 385 Alaska Hwy., near Jetsa ‘
River Jackson s.n. (UBC); Nevis Creek Luckhurst s.n. (UBC); Radium Hot Springs £astham
s.n. (UBC); Kicking Horse Valley, vicinity of Field Brown 298 (NY). Summit Lake, Cassiar
district Stra/ey 78465 (UBC), ' o _ g ‘
Manitoba: W. Great Island, Seal River area Ritchie 1879 (CAN) Mauth of Little Churchill.
River Cairnes 89677 (CAN); Hayes River, 110 miles southwest of York Factory Scoggan
5698 (CAN); Hayes River, near Berwick Falls Scoggan 5649 (CAN); Hayes River, 100 miles
southwest of York Factory Scoggan 5805 (CAN,GH); Nueltin Lake, Thlewiaza River
Baldwin 2275 (CAN,GH); éross,Lake, 45 miles north of Lake Winnipeg Scoggan 3429 -
(ALTA,CAN). o o . ‘ . o
'New Brufiswick: Sisson Gorge Hay 72(GH). - . , R
Newfoundland: Burnt Cape, White Bay Tvorn/kosk/ 214 (CAN): Tuckers Head St. Barbe
South District Bouchard & Hay 73112 (CAN); Portland Head, St. Barbe South District Hay
& Bouchard 74029 (CAN); Eastern Point, St. John Bay Fernald, Long & Fogg 2136
(GH,MT); Pointe Riche, between St. John Bay and Ingornachoix Bay Fernald, Long &
Fogg 2135 (GH,MT,NY); Oid Port Au Choix; gt. John Bay Fernald, Long & Fogg 27133 .
(GH,MT.NY); Table Mtn., 2nd dome Méckenzie & Griscom 10477 {GH); Druid’s (or Raglan)
Head, Middle Arm, Bay of Islands Fernald, Long & Fogg 2132 (GHMT NY); Crow’s Head,

St. John Bay Fernald,.Long &Fogg 2134 (GHMT); Burnt CGFB, Pisto\et Bay Fernald et
al. 292091 )/‘2- (GH); Shag Cliff, Bonne Bay, Fernald, Lorig & Fogg 2137 (GH,MT). Green !
' Gardens, Cape St. George Mackehzie & Griscom 11030 (GH.NY); Stanleyville, Bonne Bay °
Fernald, Long & Fogg 2138 (GH); Weést Big Barachois, Middle Arm, Bay of Islands’

‘Fernald, Long & Fagg.2130 (GH.MT); Penguin Head, Middle Arm, Bay. of Islands Fernald, .

Long-& Fogg 2131 {GH,MT); Goose Arm, Blue Cliff Rou/eau 2989 (CAN,MT,NY,RM); St.
John Island, St. John Bay Fernald et al. 29211 (GH); Bard Harbor Hill, Highlands of St.
John Fernald & Long 29212 (GH); Goose Arm, William Whaller Point Rou/eau 177 (MT);
Tucker's Head, Bonne Bay Rou/eau 3365 (MT); Old Port Au Choix, St. Barbe District . .
Penson s.n. (MTUS); Penguin Arm, Deep Cove Rou/eau 981 (MT); Doctor's Hill, Highlands °

- of St. John Tuomikoski 343.(MT); Port Au Port.~Table Mtn. Rou/eau 3746 (MT); -
. Northwest Englee, Canada Bay, between Bide Head and Handy Harbour Rouleau 4653 .
- (MT);'2 miles north Gargamelle on Route 73 Rouleau 8225 (MT), Wigwam Pond, 8 miles

north. Goose Arm Road Rouleau & Rast.10166 (MT); Beachy Point, Bonne Bay,. St. Barbe
District Rouleau 3340 (MT); Fire Tower Mtn_, Little Bonne Bay pond, St. Barbe. District

" Rouleau’ 3809 (MT); Corner Brook Gorge, Humber District Rou/éau 3546 MT); Port Au
' . Choix Peninsula, St.Barbe South District Hay & Bouchard 74026 (CAN.MT); Portiand

.Head; St. Barbe Soith District Hay & Bouchard.74027 (CANMT); Deer Cove, Bateau

' Barrens, St. Barbe South District Hay & Bouchard 74030 (CAN,MT); St. Rams_lnlet, Sandy - Vo

- Barren, St. Barbe South District. qu@Boqéhér‘d 74028 (CANMT).
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Northwest Territories: Good Hope Dut///y 38 (GH); Fairchild Point, Great Slave Lake
Raup 1407 (GH); Fairchild Point, Great Slave Lake Raup 7470 (GH); Liard Range, 15 miles ™
northwest of Fort Liard Jeffrey 423 (CAN); Northwest shore Great Bear Lake between
,Jones Point and Fort Rae Bedford s.n. (CAN); Mile. 16 Enterprisé-MackeénZie River Hwy.
Thieret & Reich 4873 (CAN,NY); Bear Rock, Fort Norman Hume 103416 (CAN); Liard
River between Nahanni Butte and Simpson‘ Crickmay [12 (CAN); Nahanni Mtn, ‘ -
Wynne-EdwardS 8523 (CAN); Nahannt Mtn. Wynne-Edwards 8524.{CAN); Lone Mtn. :
Wynne-Edwards 8525 (CAN); Windy Point, Great.Slave Lake Hvone 102689 (CAN); Old
Fort Rae Russel/ 23 (CAN); Gordon Lake Henderson 30a (CAN); Sawmill Bay, northeast

. Leith Peninsula, Great'Bear Lake Shack/ette 2960 (CAN); Fort Smith Seton & Preble *
78293 (CAN); Artillery Lake Radford 132368 (CAN); Gagnon Lake, Taltson River area -
Scotter 3182 (CAN); Windy River, Northwest Nueltin Lake Harper 2344 (CAN); 0.5 mile
south of Mile .81, Mackenzie Hwy. Ta/bot 2246 (ALTA); Fort Reliance Wi/k.72 (ALTA)
Louise Falls, Hay River Lew/s 570 (ALTA,NY); Yellowknife Bay Morrison 85 (ALTA);
Mackenzie River 4 miles east Trout River Cody & Spicer 171376 (UBC,N¥); Fort Good
Hope Onion, Kennicott & Hard/sty s.n. (NY); Mile 42.5 Yellowknife Hwy. Thieret & .
Reich 6933 (NY); Mile 103 Mackenzie R.-Yellowknife Hwy. Thieret & Reich 7220 (NY); /
Mile 96.8 Mackenzie R.-Yellowknife Hwy. Thieret & Reich 7078 (NY); Mile 96.8 e
Mackenzie R.-Yellowknife Hwy, Thieret & Reich 7081 (NY): Chick Lake, delta at mouth of

~--. upper Donnelly Gubbe 75(14) (ALTA); Chick Lake Gubbe 147(52) (ALTA); Yellowknifg,’

road to Giant Mine Cody 2407 (RM); Ea;t Great Slave Lake, south Portage Inlet JoRnson,
Harris & Traynar, 285 (SASK); East Gréat Slave Lzke, northeast Porter Lake Johnson, '
Harris & Traynor 648 (SASK); 3 miles south Enterprise SkogPund 874 (SASK); For{ Smith
Holsworth s.n. (SASK); 13 mi, W. Enterprise on Hwy 1 Dumais & LaRol 127b (ALTA).

Nova Scotia: IVERNESS CO.: Grand Anse River Ye//owknife Cody & McCanse 2701

i (CAN); N.-bank. Flat River, Mackenzie Mtns. 7. albot T5040-A (CAN); Twisted Mtn. 7a/bot
/ “T5006 (CAN); Liard Range, 13 mi. N'W. Fort Liard Jeffrey 366 (CAN); Smith, Taylor,

;7 "Webster & Slipp 6474 (CANMT). =~ .\ = - . o L
Ontarid Junction of Fawn River and Mink Crgek Moir 816 (GH); North Fowl Lake, Pigeon
River Morton & Venn NA6113 (WAT); Thunder Bay, Current River at Trowbridge Falls '
Garton 1410 (NY,RM); Cavern Lake, 10 miles northnorthwest of Dorion Station Britton

" s.n, (UBC); Cavern Lake, 10 miles northnorthwest. of Dorion Station Garton 75032 (UBC).
.Quebec: llet d’Amour, Bic Scoggan 1759 (CAN); 6 miles up Bonaventure River Scoggan
2185, 2186 (CAN); Granhde Coupe, Perce Scoggan 2187 (CAN); Mt.’St. Alban, Gaspe
Scoggan §12.(CAN); Grosses Roches Scoggan 797 (CAN); Cap des Rosiers Grandtner
6630 (CAN); Grand River Scoggan 1000 ( AN)lr- Cap des Rosiers Scoggan 1364 (CAN).;
Tourelle Scoggan 1338 (CAN); Saint Alban Morisset 71/93.(CAN); Mont Blanc, Perce
Terrill 3962A, 4490ICAN), Cap Tourglle Fernald & Pease 25337 (GH,MT,NY); Grand
Coupe, Perce Paase 20175 (GH); Perce Mitchell 5.n. (GH); Grande Coupe, Perce Fernald
& Collins 1207 (CAN,GH MT,NY); Mont Saint-Alban Marie-Victorin & Rolland-Germain
49412 (GH,MT); Perce Mtn., Perce Wil//iams, Collins & Fernald s.n. (GH,NY); Mont

y Saint-Alban, Cap|Rosier Brunel & Rousseau 17524 (GH,MT); Trois-Soeurs, Gaspe
Marie-Victorin C?t al. 17525 (GH); Mt. St. Alban, Gaspe Co. We//s 38025 (GH); Cape
Rosier, Gaspe Co. Pease 20797 {GH); Between Balde and Baie des Chaleurs, Bonaventure
River, Bonaventure Co. Co/l/ins, Fernald & Pease 5905 (GH); Anticosti Island, Riviere

~Chicotte Marie-Victorin & Rolland-Germajn 27547 (CAN,GH,MT,NY); Antjcosti Island,

- Riviere Vaurseal Marie-Victorin & Rollgnd-Germain 27546 (GH,MT); Gaspse Peninsula

- Clausen 3188.(NY), Gros Morne, Gaspe Co. Fefnald & Weatherby 2476 (GH); Monts
Appalaches, near "\Cj_?ge Rosier Stebbins 825 (GH); Anticosti Island, Riviere Saumon

Rousseall 52228 (MT); Anticosti Island, Riviere Saumon Rousseau 52213 (MT); Anticosti
+  Island, Riviere Vaure#l Rousseau 52136 (MT); Anticosti Island, Riviere Vaureal Rousseau
* ' 62119 (MT); Anticosti Island, Riviere Chicotte Rousseau 52346 (MT); Anticosti Island,
= » Rivierg Chicotte Mar/e-Victorin & Rolland-Germain 25361 (CAN,MT); Cap Bon-Ami,
- Gaspe Peninsula Grandtner, Rousseau & Gerardin 8106 (DAQ); Ste. Anne des Monts,
Gaspe Macoun s.n.-(NY). : C ' \ B
Sas ngoh-wiz\; Vicini? {C .
. Lake Athabaska Raup 6222 (CAN,GH,NY); Charlot Point, Lake Athabaska Raup 6260 .
{CAN,GH,NY); Fish Hook Bay, Leke Athabaska Raup 6577 (CAN,GH,NY); Charlot Point,
. Lake AthabaskayRaup 67127 (GH); Camsell Portage. Lake Athabgska Raup 6794  ~ .
. (CAN,GH,NY}; Cornwall BaKf Lake Athabaska Raup 6519 (GH¥Charlot Point, Lake -
~ Athabaska Raup 6231 (CAN,GH,NY); Fish Hook B/% Lake Athabaska Raup. 6557 (ALTA),
# _ Near lake on Tazin River, "Black Lake dogtooth” Harper s.n.(CAN); Quillwort lake, south

)

?_'“y .87

of Hasbala Lake Argus 162-63 (CAN,GH,RM,SASK); Charlot Point,  *
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.Ionchophylla subsp. /onchophyl la..

- i \“‘ . S ey ) ,_, ; _ﬁ‘;
' Ha bala Lake Argus 998‘ 62 lNY SASK) Quollwort l.ake, sout( Hasbala Lake. Mrgus 81 7- 62
{SASK); Clearwater River, Smoothroclg Falls, 2.5 km below Gould Rapids Harms & .
Wiight 25748,25929 (CAN,SASK); 2 km west Island Lake, 8 km west Cluff Lake Yoy
' Skoglund & Wright 24418 (SASK); '8 km west Cluff Lake Harms 23889, 23889A (SASK);"
- Mile 142 Hwy 105, Wollaston Lake Rd.; 1 mile south Hidden Bay Harms 22233 lSASK)
Yukon: 7 mites! east of Little Atlin Lake, ‘Raup & Correll 11191 lGl:l) ‘Burwash Creek -

between Steward River crossing and Dawson City' Langenhe/m 4730 Mile 1021

" Alaska Hwy., Kluane Natl. Park G.W. & G.G. Douglas 9297 (KLUANE); Congdon Creek "
Horse Plot #5 Destruction Bay £//jot 15 (KLUANE), Kluane Natl, Park Headquarters Mile -
1019 Cobus 736 (KLUANE); 2 km east Bates Lake G.W. & G.G. Douglas 9263 (KLUANE); .
Mile 1054 Alaska Hwy., _near Arctic Institute, Kluane Natl. Park.G.W. & G.G. Douglas -
7495 (KLUANE); Halfbreed Creek, 17 lgE southsouthwest Burwash Landing, Kluane Natl,
Park G.G. & G.W, Doug/as,562 (KLUA ) N shore K Kluane Lake, Blg Arm H M. & L.G,
Raup 12366 (C) ‘

Road, 0.5 mils west of Aldska Hwy. GW. & G.G. Dotiglas 5825 CAN) il 1022 Alaska . (
lqé)

o ‘ N
U.S!A.. Minnesota: COOK CO South Clearwater Lake Butters & Abbe 93 (GH) LAKE
CO.; 85 mlles north Duluth, north shore Lake Superior Lakp/a 3095 (GH,BM). Q

Ve

Collectlons of A /onchophy//a from Lake Superlor and vncnnity have been

prev10usly recognized as A. wilsonii Rydb. Magunre (1943) has suggested that thls taxon
may represent a hybrid between A /onchophy//a and A angustifo//a subsp tomentosa
With the exception of one anomalous spemmen which was found to have numerous
lmear entire, glabrous Ieaves (Br(tton s.n.; UBC) all éollec\fons are typlcal A ‘
/oncho(ohylla., . 7 : | . \ -

: N : \ BN ‘

S In 1927 Rydberg reduced A chionopappa to A. arnoq/ossa and described the

Newfoundland A. ch/onopappa@s A. fernaldii. Fernald (1933) was unable to detect any
dnfferences between A. chlonopappa from Gaspe Anticosti Island New Brunswmk and .
Newfoundland and lnferéntlally reduced A. ferna/dl/ to A ch/onopappa Maguire (1943)
'has notlced that plants frOm Newfoundland are usually somewhat smaller and more
narrowly-leaved that those of Quebec. The greater number of herbarlum specumens

exﬁmined during this study showed no dlf{ferences between _Newfoundland and Quebee
. ) ! g' . o ' : M ' ‘

\ , ,

‘ Arn/ca gaspens/s was proposed by -ernald in 1905 for plants snmllar to A

ch/onopappé but havmg larger less hirsute achenes oblanceolate bracts more sharply

‘toothed llgules and a creamy-whlte pappus These plants are confluent with A | B

»

vk,

S T AR\ WO

- Hwy. Schofield & Crum 7463 uB ) Mlle 114 Alcan Road Williams s.n. JBC); Roadside,. .

L}
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‘7b Arnlca lonchophylla subsp arnogloasa (Greene) Maguare Brlttonla 4. 4’31 1943
‘A arnog/ossa Greene, Pittonia 4 166 1900. A; /onchophy/la var arnOg/ossa (Greene)
Boivin, Nat Can. 87:27. 1960 TYPE 'Black Hulls near Fort Meade, S. Dakota. June ll

‘ 1887. W.H. f'orw‘vd 232 112" (HOLOTYPE Us!, PHOTQ CAN!) Flgure 37. Generallzed

"

ilustration Flgure 38, ' U e N

A\ " b il

‘,4 arcanaA Nels,, Bot, Ga; 37 276 1904 TYPE: Doer Creek Blg Horn Mtps
Wyoming. July 26, 1902. Goodd/ng 377. fide Maguure(1943) .

a

'\‘-' ~

A. rydbergl/ dub/aA Nels. ex Hayward Bot Gaz 85: 384 1928 —
' TYPE; Dark Canyon Deadwood South Dakota fide Magunre (1943)

o .
qugts 1.7 to 4 5 dm hlgh caul/ne /eavas 3 to 5 palrs Iower cauline /eaves 4 5

‘ to 11.0 cm long 1.2 to 3. 0.cm broad broadly lanceolate to sometimes ovate ‘margins
Yenticulate to occas:onally dentate glabrous to rarely scantly short-pilose, 5 to 7 |
nerved; cap/tu/a 3 to 7, rarely solltary or8, 7. 0to 13 0 mm broad 9.0 to 13.0 mm
hlgh ,oer/c//nlum glabrous to rarely’ sparse-pllose whlte evudently stlpltate glandqlar
/nvo/ucra/ bracts 6.1 to 10. 0 mm Iong, 1.21t02. 4 mm broad spanngly pilose v
otherwuse glabrous Qtnpltate glandular v /gu/ate f/orets 7 to 10 )O 0 to 17. 5 mm Iong

3.0 to 5 0 mm broad. the lobes O 2to'1.1'mm long d/sc f/orets 5 O'to 8.5 mm long.

co narrowly goblet- shaped moderately pllose stnpltate-glandular «he tube 2.0 to 3.2 mm '

' Iong achenes 3 0 to 5.0 mm long snort-stlpltate glandular chromosome number 2n—38

, , " I R -, ’/‘

I N ‘ “_v N
'l

DISTRIBUTION AND HABITAT;’Extremer Iocalnzed in the Big Horn Mountains of

* l

| ,northcantral Wyommg and h 8 Black Hllls reglon of $outh Dakota (Flgure 36) Ap&barently -

vquute rare. Plants of mbls rocky so;ls and open woodlands

- o
» o ' s

" REPRESENTATIVE. SPEClMENS U.S.A., South Dakota: Black Hils Prart 130 ) Box . -

" 'Elder Creek, Black Hills Rustéy s.n. (NY) CUSTER CO:: State Game Park Over 76272 (US); "
. Custer Peak Hayward 1778 RM); Near ‘Sylvan Lake Osterhout 2529 (RN); Needles Trail,
. Harney‘Pesk Region Aayward 1947 (RM); LAWRENCE CO.: 5 miles wast Nemo, .. -
.. . Ponderosag Woods Johnson' 178 (NY); Piedmont and Little Elk Creek Rydberg 823 o
"\ (NY;US); & miles west Nemo, Fonderosa Woods Johnson 243 (NY); 2 1/2 miles east, 5
_mlles north Savov Woods at Bndle Vell Falls, Spaarflsh Canyon Stephens & Brooks :
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. Figure 37 - Holotype 9fﬁ,Ar‘n/‘cé Jonchophy//a subsp. arnoglossaiGreene) -
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Flgure 38 Generaln:ed nllustratson of Am/ca Ionchaphylla ssp amog/assa
: (modnfned from Rydberg 823 lUS]) Lo T
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40421 (GH): Deadwood Mayward 1379 (RM); MEADE CO.: Piedmont Pratt s.n. (NY); Black

‘Hilis, near Fort Meade Forwood 632 1/2 (US); PENNINGTON CO.: Rapid Canyon Over
1633 (US); Rapid Canyon Over 71638 (US); 8 1/2 miles Wwest Rapid City Stephens &

. Brooks 31790.(NY); Wihite Tail Peak, 5 or 6 miles southwest Rock ford Barr 1057 (RM);

. Rapid'City Canyon (Dark Canyon) Hayward 826 (RM); Hatney Peak Trail Lee s.n. (RM);
Harney Peak tfayward 1702 (RM); Harney Peak V/sher 1672 (RM); Harney Peak, Sylvan
Lake 1¥rail Mc/ntosh 1066 (RM). ',

~ "Wyoming; JOHNSON CO.: Big HormMtns., 'North Fork Crazy Woman Creek, 13 miles

southwast Buffalo Martman 9686 (RM); SHERIDAN CO.: Big Lorn Mtns,, 1 mile
northwest Freeze Out Point Hartman 10209 (RM).

i

A .
Arnica lonchophy//a subsp. arnoglossa is a rare taxon, being restricted to the

\ ’

" Blaék Hills of South Dakota and the Big Horn mountains of Wyoming. It is readily
. " N : ] .
. distinguished from A. fonchophy!/a subsp, /onctopfy//a by its broader leaves, narrower
" disc corollas, and glaﬁdular but sparsely puberulent !eavés, disc corollas, periclinium and

’ . involucral bracts,
N .

4

. . . 4

The type of A. arcana was not seen during this study, and had already been

placed in synonymy under A. /onchophy//a by Ediger and Barkley {(1978). Rydberg
(1927) has described this species as possessing short-plumose light-brown pappus,

orénge—yellow ligules, and short-petioled basal leaves. It is doubtful if this species
, Y .
belongs in A. /¢nchophyl/a. “

. o
Arnfca rydberg// dubia A. Nels. was listed by Hayward (192‘8) as.a new addition
i \to the flora of the Black Hills. The origin of this name is «ddubtful for it is not reported in

any of Aven Nelson's earlier works. Maguire {1943) hzjs described this name as' a nomen

.

"+, nudum, since no description was ever assigned.'The authoritive citation, ex Hayward,

may be erronous since Ha ward f fobébl had'no i téhtio‘n' of describing a new species,
py Y P DIy \ 1 c 9 P

[5Y
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Appendix 2, Characters used ln‘numevrlclal analyses

l

1.°(1,2,3,4)* Plant height (cm), 2. (1 2 3,4) Basal leaf length (cm). 3. (1 2, 3 ,4) Basal leaf
width (cm) 4, (1,2,4) ‘Basal Ieaf Iength/wldth ratno 5. (1,2,3,4) Capitula w:dth {mm), 6,
(1,2,3,4) Capitula height (mm), 7. {1,2,3,4)-Achene length {mm). 8, (1,2,3,4) involucral
bract length tmm), 9. (1,2,3,4) Involucral bract width (mm), 10, (1,2,4) ln,volucrel braat
lengthiv/-width ratio. 11. (1,2,3,4) Ligule tooth Iengthy imm). 12, (1,2,3,4) Ligule length
imm), 13.(1,2,3,4) Ligule width (mm). 14, (1,2,4) Ligu'le length/width ratio. 15, (1,2,3,4)
Ligule number (per capitulem). 16. (1,2,3,4) Capitula hurnber (per“stem)_ 17.42.3,4) Discl
corolla fength (r;\m).‘. 18. (2,3,4) Disc corclla tube length (mm); 19. (2;3,4) Cauline leaves
(number of pairsi. 20. (2,4) Number. mejcr vains per leaf. 21, (1,2,3,4) Habit; stem
unbranched/ stem branched. 22. (2,3,4) Stem pubescence: glabrous to sparse/-
. moderate/ dense. 23, (1,2,4) Stem giand‘ularity.: absent'pr inconspicuous/ ab.undant. 24,
(1,2,3,4) Leaf margin: entire/ entire to occasionally denticulate / denticclate‘to
- occasionally dentate/ dentate. 25.:(2,3,4) Leaf pubescence: glabrous to sparse/
_moderate/ dense 26. (1,2,4) Leaf glanddlarity- absent or inconspicuous / abundant. 27.
(2,3,4) Basal leaf petuole sessule (or subsessule) or very short and broad wmged/ narrow
or broad wmged and shorter than blade/ slender Wlnged and approximately equalmg the
blade. 28. (2,4) Basal leaf apex: acute or acuminate/ obtuse, 289. (2,3,4) Basal leaf

shape: linear to narrcWIy Iancecléte/ narrowly to broadly I‘anceolate/.broadly'lancedate \
{to sometimes ovate)/ narrowly oblong to oblanceolate/ oblanceolate to spathulate/

elllptuc to elliptic-lanceolate. 30 (1.2,3,4) Perichmum and peduncle pubescence ‘glabrous
’.to sparse/ moderate/ dense 31. (1 2,4) Penchmum colour white / yellow to
yellownsh—gold 32.(1,2,3,4) Penchmum and peduncle( g}lanculanty absent or ‘
mconspncuous/ abundant 33. (‘I 2, 3 4) Involucral bract pubescence sparlngly pulose
otherwise glabrous/ pilose-at base, glabrous above/ pilose throughout/ dense

' woolly-vnllous. 34 (1 2, 3 4) Involucral bract shape: narrowly Ianceolate/ broadly _

‘ lanceolate_/ oblanceclate. 35. \1,2,3,4) Involucral bra,ct, gla_ndularlty.vabsent or

Y

‘Numbers in parentheses represent the ‘numerical analysls in whuch the character
was used., See text” for. addmonal nnformatlon R
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\
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| mconspicuous/ abundant 36.11, 2 4) Capitulum position: erect/ nodding. 37 2,4

| Capltulum shape broadly hernnsphenc/ campanulate-turbinate, 38, (2, 4) ngule margin:

‘ .entire to mmute!y de\nncu|at\e/ prominently dentate, 39. ‘(‘2,4) Disc oorolla pubescence.
glabrous to sparse/ moderate/ dense. 40, (2,4) Disc corolla glandularity: absent or
inconsplcuous/ abuneant 4t (1,2,4) Achene‘ pubescenEGv sparsel'y hirsute‘above
middle, gla\brous below/ sparse hlrsut‘s throughout/ densely hnrsute throughout 42,
{1,2,4) Achene glandulartty absent or mconspicuous/ abundant, 43, (2,4) Dense tufts of
hair in axils of basal Ieaves absent/ present 44, (1) Percent pollen stamabmty 0-94%/

9%100% 45, (1) Geographic dnstnbutlon western North Amernca/ eastern North

America/ northern North America and U.S.S.R.
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Appendix 3. Data matrices used in numerical analyses
. 1 . .
3 .
. A
4

ANALYSIS- 1, ARNICA FRIGIDA - LOUISEANA

'
o

(2A4,21F2,0,1X,F4,1 F5.1,F4.1 F3. 1 2F4 1 F3 1 F4 1,2F3.1 F4 2,
F4.1,2F3.1,F4.1,F3.0,F2.0)
A-665190221001101111 1 2 K 0001 193350903913511538
10.02,54,00.6014.03.84.26.7 0 0
A-72042100110111112100017, 1 1205531733213)09535
10.42.64.00.5714.53.34.6 5.7 00
A-2938'022100110111112 1ooo 1 193370953915311 74.1
10.92.83.90.3717.03.84.57.00 0 '
A-371890221001101111121000116.5 37,.3 8.84.310.810.53.6
11.32.44.80.5519.03.45.6 8.5.0 0 ‘ ‘ o .
A-56257022100110111111%100011552386.83.514.710.73.7
9.52.43.90.4513.02.84.7 65,0 0, ‘ o
A-174540221001101 111210001 16.047.710.74.510.510.5-9
8.32.53.30.4016.94.04.2 6. 0 0 ' , ' .
A-1606702210011071111270001-110.041.014.72.815511.3-9
10.51.95.70.6016.33144.89.700
A-52390221001101111.12 10001 167443133331079640
8.52.14.20.4713.02.84.68.300
A-106702210011011111210001111.038.38.84.411.311.34.6
8‘.55?0{1.30.7316.13.54.7 9.7-90 . _ . . S
A-785302210011011111210 bo 1110.043,711.33.912.511.33.8
9.32.43.80.9316.33.74.58.700 ‘, ,
A546022100.1101111111000118.055.815.23.711:311.735
12,42.06.30.6318.53.45.45.7 00 Lo -
A-5470121001101111121000118.250.213.33.812.011.03.9
9.82.14.80.3518.33.25.755 00 " .
A-544022100110111111 ,10"001 18.044.011.83.713.410.63.8
10.72.44.40.7214.73.2456.300 . . :
A-44902210011011111 11000.1 1 1034281253414310739 ,
9.72.44.10.6615.72.86.5 5700
A-4560022100110711111 1ooo 1 1 1104201064015011 .04.0
8.62.04.90.6815.83.64.3 6.0 0 0 )
A-17457.012100.1101 111111 0001 1904331253516814342
10.02.54.00.6013.32.65.27.500
A-1607022100110111111 1000 1 1704451503019016040 ,
£11.62.84.1-9-9-9-9-900
A-4380221001101111 1 1 10001 170285100291551059
11.12.64.30.5314.73.893.85.50 0
N-21339010100100100101.01 100 1 1144451333418715238
10.93.53.10.8717.63.84.6 740 1 )
N-2140010100100100.10101.1001 14051 41433619715042
12.43.43.71.0219.84.445 9.6 0 1
N-21410.1010010010010101 1001 1346092063021 213836
11.33.33.50.8418.84.54.2 9.0 0 1 ,
‘N-2142010100100100-10 1 011 oo 1 14649 11353620617440
11.93.63.30.8817. 65.13.69.201 ‘
N-2143010100100100.10 1 01 1001 (/024041462,817813034 .
10.33.92.71.2718.04.14.5 8.0 0' 1 -
'Q-260820101001001001010 1 1001 1334081353018712328 ‘
10:62.73.90.9515.94.03.9 9.5 0.1
026083910100100‘1 001010 1 1001 138350884017515041
\ o . o



226

4
o \

[o2]
(o]
W -

: 90.8216.63.25.29.00 1
Q-2608401010010010010 101 1001 163474955018513039
10.13.43.00.5016.23.44.8 8.6 -9 1
29216010]0010010010101 10011394181153620515340
12.03.563.51:1816.04,04.0 9.0°0 1
N-7403101010010010010107 100}85493140351901239
11.43.63.2-9-9-9-9-9°0.1 -
0*490280101'0,0‘1;00‘10010101 100 1 1304381133916313738 ~-
11.03.23.50.92:9-9:9-90 1
BC-452 02000000010110101 1001133355784617713045
11.13.13.60.9425.23.96.5 8.0 0 2
, BC-8380201000001.1110201° 100173183832217012350
9.4332.81.221.34.44.87.50 2
BC-8160201001001.11 10101100180185852215013045
10,03.82.61.6016.24.33.810.0 02 -
BC-1103.020 1001001 11 10101 100150147632311010042
8.33.32.50.9017.83.84.7 9.0 0 2
BC-7827.01010000071 1110101 100190223952314010535
10.43.53,01.1016.02.85.710.0 0 2
BC-105070201002001-11101011001 10629395311801059
©10.13.33.10.3321.84.05.5 8.5 0 2
BC-6064502010010011110101 100172 1710'9.31.814.710.34.0
8.84.12.10.5814,72.75.4 9.0 0 2
© BC-81811020100000101 101011001 1273301432320311748
- 10.83.33.31.2323.75.94.0 9.0 0 2 »
BC-784300201002001.11101011001 110533113471901109
10.43.43.10.3714.73.04.910.0 0 2 .
YT-33010100000 11 1101011001 165340903817013047
11.33.53.21.2028.83.77.810.0 0 2
YT208020100100101101011001 1574101073814310736
8.63.12.81.1020.35.43.811.00 2.
YT-421010100000 10 1 10101000116825893281481089
111.31.76:61,0018.33.85.19.70 2 - \
YT-469020100100 10 1 1010110011703271073]12014348 ‘
12.72.74.71.3820.44.84.3 8.0 0.2 :
YT4700201001001011020100012154201373116013047
10.31.95.41.3020.33.16.511.0 0 2 \
YT-47102010010010 1 1020110012&853813440]9514050
13.23.53.82.2032.64.37.6 9.8 02
YT-474020100100101101701100118.441.39.84.214.316.75.0
'11.83.53.42.5427.95.35.3 9.0 0 2 o o
YT-476 020.70010010110101100 118.560.814.64.223.516.85.2
12.63.04.23.9534.45.46.412.7 0 2
) YT47702010010041011010110012306702073221015051
. 13.03,24.12.3235.95.76.312.0 0 2
. YT47802010010010110101000 1 1653971402820014040_
S 11.81.86.41.7222.14.54.913.5 0 2,
© . YT-376701010000010100101 10012404131333114314741 -
* '11,83.04.02.0025.04.26.0 8.5 -9 2
YT-6345020100000 101 10102000177230633716810840 |
10.32.05.21.5022.74.25.410,0 0 2 ,
YT-827101010000010 1 10201 1001 1754001073715310750.
9.23.13.01.4016.03,05.312.0 0 2 |
YT-975502010010011110 1 010001 19013731133320311049
9.53.42.81.9019.04.74.011,7 0 2.
. YT-100800101000-0011110201100 1 1032431002414511 04.4
10.63.82.80.8319.33.85.110.0 0 2.
YT-11307 020 1000001011010 1 1001 9831 012. 02. 6150‘13 042
9.43.22.92.5021.34.44.811.50 2
YT-12168 020100 100 10 1 1. o ! 02 1001 2958002073915517056-
13.33.93.42.4029.35.85.1.8,0 0 2. .
¥T-1376002010000010'11 0202 1001 193688‘17&4020 115849‘

-



>

" 11213832180318427611702 ~
N ,NWT83010100100111101011001132435904820011033
©10.92.83.91.8017.54,73.710.0'0 2"
‘_NWT15300201001001011010110012054601203815511040
"11.33.13.61. 30235465175g2 -
NWT-3964 020 T00 100 1 1161011001103400150271501109
.8.14.12.21.7024.36.63.7 7.0 0.2 |
NWT-6647 0201001001 11,?010150011555001373618013040
+13.03.14.21.6030.83.88.19.00 2 . \
NWT'-9197010100~00,01'11 101011001
32.0100.014.37.020.711:74.9 12.33.14.00.9030.04.66.5 8,5 0 2
AK-19 0 1 010000010“.11020200011935471005520016{&7
11.92.35.21.0026:35.54.810.0 1 2
AK460201'0010’0‘101102021001115167931816510538
9.03,52.61.4017.55.13.4 8.5 -9 2
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- Appendix 4. Pollen viability

Arnica loulseana T , . . ' o

Canada, Alberta: Porsild & Breitung 16067 (CAN) 1%, Farr s.n. (PH) 2%; Breitung 17457

{ALTA)-3%; Macoun 65520 (CAN) 0%; Breitung 17454 .(NY) 1%; Lee s.n. (ALTA) 0%; ' -

- Waeber 2446 (GH) 0%; Dumais 6274C (ALTA) 1%; Porsild 22666 (CAN) 1% Scoggan
16440 (CAN) 1%; Porsild & Breitung 16280 (CAN) 0%; Calder 37189 (DAQO) 0%, Straley
1607 (DAO) 0%; Norris 72 (DAO) 1%; Laing 37 1 (CAN) 0%; Breitung 17457 (ALTA) 1%

. Mortimer 438 (ALTA) 1%; Brown 665 (GH) 0%; Scotter 8797 (DAO) 0%, Porsild &

. Breitung 16164 (CAN) 0%; Kuchar 511 (ALTA) 0%, S .

Arnica frigida subsp. frigida. ' R C o y
Canada, British Columbia: Beamish, Krause & Luitjens 681811 (CAN) 0%; Raup & -
Correll 10507 (CAN). 0%; Taylor; Szczawinski & Bell 916 (CAN) 0%, Taylor, Szczawinski
& Bell 1103 (CAN) 1%. Northwest Territorles: Youngman & Tessier 83 (CAN) 0%; Welsh
& Rigby 12060A (CAN) 0%; Cody & Johansson 12878 [DAQ) 0%: Scotter 22746 (DAQ) - .
0%: Scotter 12353.(DA0) 0%; Cody & Spicer 17721 (DAO) 0%; Scotter & Zoltai 25751
(DAQ) 0%; Cody & Scotter 19193 (DAQ) 0%; Cody & Brigham 21009 (DAO) 0%; Cody &
Brigham 20938 (DAQ) 0%; Cody 17253 (DAQ) 0%; -Calder 34252 (DAQ) 6%; Calder
33864 (DAO) 0%; Cody & Ferguson 10057 (DAQ) 0%; Lambert s.n. {DAQ) 1%; Spicer -
1615A (DAO) 0%; Findlay.129 (DAO) 0%. Yukon: Youngman & Tessier 600 (CAN) 2%,

" McEwen 208 (CAN) 0%; Schofield & Crum 8271 (CAN) 2%; Raup, Drury & Raup 13580
(CAN) 1%: Raup, Drury & Raup 13465 (GH) 4%; Porsild & Breitung 8948 (ALTA) 1%; * :

Porsild & Breitung 10047 (CAN) 10%; Porsild & Breitung 10080 (CAN) 2%; Murray 1776
(CAN) 5%; Cooper 33C (NY) 0%; Porsild & Breitung 10467 (CAN) 1%: Porsild & Breitung.
11054 (CAN) 2%; Campbell 469 (CAN) 12%; McNeish s.n. (CAN) 1%; Raup &-Raup 12514
(CAN) 0%; Beamish, Krause & Luitjens 681725 (CAN) 15%; Freedman 291 (CAN) 0%;
Raup & Correll 11214 (GH) 4%; Clarke 292 (CAN) 8%; Douglas 6345.(DA0O) 6%; Scotter
21169A (DAO) 0%. ‘ . T
U.S.A., Alaska: Ward 1478 (CAN) 0%; Norberg s.n, (GH) 95%; Shetler & Stone 3162
(CAN) 3%; Spetzman 4262 (CAN) 3%; Spetzman 1891 (CAN) 5%: Hettinger 367 (CAN)

* 0%; Hettinger 51 (CAN) 2%; Spetzman 835 (CAN) 0%; Schweger 56-116 (ALTA) 0%;
Harris 1208 (ALTA) 95%; Harris 1366.(ALTA) 99%; Hatris 1302 (ALTA) 91%; Harris
1192 (ALTA) 6%; Packer 2654 (ALTA) 0%; Welsh 4434 (NY) 2%; Nelson & Nelson 3492
(GHE)3%: Scamman 6265 (GH) 0%; Scamman 3770 (GH), 91%; Scamman 3942 (GH) 94%;
Scamman 1674 (GH) 5%; Scamman 679 (GH) 25%; Scamman 191 1A (GH) 98%; Scamman
5108 (GH). 18%; Harms 2954 (GH) 88%; Staender 31 (ALA) 1%, Brophy et al. (ALA) 99%; .

. Ebersole & Bowman (ALA) 0%; Ward: & Rothe 45 (ALA) 0%; Helmstetter-80-208 (ALA)
_13%: Helmstetter 123-79 (ALA) 4%; Murray & Johnson 6687 (ALA) 0%, Springer s.n.

(ALA) 0%; Becker 23 (ALA) 85%; Jorgensen T-191 (ALA) 3%; Drury 1768 (CAN) 81%;
Drury 1903 (GH} 97%: Donaldson :184A (ALA) 60%; Brockman s.n. (ALA) 0%;. - .

' Shaughnessy 72-114 (ALA) 98%; Parker RM-75 (ALA) 7%; Racine 99 (ALA) 8%; = . = |

. Robertson 184 (ALA) 97%; Thomas N-11-52 {ALA)97%; Harms 4317 (GH) 87%; Smith ..~ °
. 2610 (ALA) 98%; Richey s.n. (ALA) 96%; Hulten s.n. (GH).0%; Koranda & Shanks 22939
" (NY) 0%; Calder 5621 {DAQ) 4%; Porsiid & Porsild 243 (CAN) 2%; Laing 203A (CAN) 25%;

. Porsild & Porsild 95 (CAN) 98%; Wood & Wood 459 (CAN) 85%; Porsild & Porsild 807

~ (CAN) 95%; Porsild & Porsild 1166 (CAN) 97%; Spefzman 5166 (CAN) 0%; Murray 2015

- (CAN)_5%;'Drur¥ 1501 (CAN) 98%; Gjaerevoll 19 (CAN). 95%; Raup 66 (CAN) 99%. Welsh

- 4217 (NY). 0%; Taylor & Taél'or 19113 (NY) 93%; Drury 4104 (GH) 95%; Schofield 2129 =
__ (DAD) 98%; Norberg s.n. (GH) 86%; Wiggins 13813 (GH) 4%; Schofield 1850 [DAO) 3%; . .

" Porsild & Porsild 150 (CAN) 0%; Richey-S.n. (ALA) 85%; Williams 3593 (ALA) 88%; = -

- - Cooper. CV-685 (DAO) 41%; Pegau 273 (ALA) 97%; Staender & Staender 27 (ALA).O%;

‘ Chapman 51 (ALA) 0%; Densmore 253B (ALA). 96%; Racine .167 (ALA) 1%; Murray & .. =

. Johnson 5067 (ALA) 96%; Parker 235 (ALA) 75%; Kassler 81 (ALA) 95%; Kelso 82-48 - . .-

' (ALA).97%; Parker 196 (ALA)2%; Murray & Johnson 6101 (ALA)- 1%; Alf et-al. (ALA) 7%;

~ Batten 498 (ALA)'O%; Batten & Batten 75-185 (ALA) 0%: Batten & Batten-75:369 (ALA) .

- 0%; Parker 274 {ALA) 97%; Cantlor & Gillis 57-452 (US) 0%; Yokel 41 (ALA) 3%; Geist -

" s.n. {ALA) 0%; Lipkin 80-135 {ALA) 15%; Viereck 5009 (ALA) 95%; Komarkova, Hansell & -

" Seabert 379 (ALA) ‘Osg;jr‘ohn,e 54-238 (ALA) 40%; Altvs.(ALQ\ 0%; Frohne 54-314-(ALA) -~ -

. g . ' Lo
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99%. .

U.S.S.R.: Petrovsky s.n. (ALTA) 16%; Nechayer, Plieva & Yurtsev sin. (ALTA) 0% |
Sekretareva, Sytin & Yurtsev s.n. (ALTA) 0%; Sekretareva, Sytin & Yurtsev (ALTA) 9%,

a “Shamurin & Yurtsev s.n. (ALTA) 0%; Korobkov s.n. (ALTA) 0% Katenin et al. (ALTA) Q%;

Karenin & Petrovsky s.n, (ALTA) 0%; Korobkov s.n. (ALTA) 0%; Korobkov s.n. (ALTA) 1%;
Korobkov s.n. (ALTA) 0%:; Yurtsev s.n. (ALTA) 0%; Afonina s.n. (ALTA) 0%; Zimarskaya at
al. s.n. (ALTA) 0%; Nechayev, Plieva & Yurtsev s.n. (ALTA) 0%. Tl

L

Arnica frigida subsp. griscomii

i Canada, Newfoundiand: Ferngld, Long & Fogg 2139 (bAO) 1%; Féi‘nald‘, 'l.-’oh ) & Fo g '

2140 (GH) 1%; Fernald, Long & Fogdg'2141 (DAO) 4%: Fernald, Lohg & Fogg 2142 (GH)

" 1%; Fernald, Long & Fogg 2143 (GH) 3%; Fernald et al. 29216 (GH) 0%; T uomikoeski 343

‘Breitung

(CAN) 1%; Hay & Bouchard 74031 (CAN) 4%. Québec: Fernald- & Smith 26085 (NY) 0%; ~
Fernald & Smith 26083 (MT) 0%; Marie-Victorin et al. 43028 (DAQ) 0%. . - '~ = . 5

Arnica rydbergli'. T, oL -
Canada, Alberta: Porsild & Breitung 12786 (CAN) 0%; Ringius 1148 (ALTA) 0%;
Dudynsky 7840 (ALTA) 0%: Breitung 14027 (ALTA) 2%; Breitung 16674 (NY) 0%
17514 (NY) 0%; Krajina s.n. (UBC) 0%; Ringius 1165 (ALTA) 6%; Kuchar 517
(ALTA) 1%; Packer 1969-473 (ALTA) 0%; Kuchar 2714 (ALTA) 0%; Packer 1969-424b
(ALTA) 0%; Pegg .17 19 (ALTA) 0%; Lee s.n. (ALTA) 0%; Kondia (ALTA) 0%; Porsild &
Breitung 16117 (CAN) 0%; Porsild & Breitung 16162 (CAN) 0%; Porsild & Breitung

13211 (CAN) 1%: Porsild-& Breitung 13448 (CAN) 0%; Porsild 22626 (CAN) 0%; Macoun

65521 (CAN) 0%:; Porsild & Breitung 15517 (CAN) 0%. British Columbia: Vrugtman

' 620050(UBC) 0%; Taylor & Szczawinski 774 (UBC) 0%; Morrison s.n. (UBC). 0%; Beamish ‘
& Vrugtman 610601 (UBC) 0%:; Calder & Saville 10527 (UBC) 0%; Verbeek 95 {UBC) 0%;

" Hainault 76968 (ALTA) 0%; Beamish & Vrugtman 60702 (UBC) 0%; Weber 2284 (UBC) .

55%; Fodor 612 (UBC) 0%; Krause 682020 (UBC) 0%; Williams & Luigens 4 (UBC) 0% .

~ McCalla 2886 (ALTA) 0%; Porsild. 18377,{CAN) 0%; Macoun 86036 (C ‘

' 26934 (CAN) 1%; Bearnish et al. 750092 (UBC) 0%; Straley. 1574 (UBC) 0%; Thompson & ' -
Thompson 406 (NY) 0%; Chariey 3 (UBC) 0%: Selby 744 (UBC) 0%; Johns 554 (UBC) O%:;

AN) 12%; Macoun.

Straley 1660 (UBC) 0%. '

" 0.S.A. Colorado: Ciokey 4383 (NY) 1%; Goodding 1838 (NY) 4%; Goodding 1688 (NY)

5%: Rollins .135 1 (NY) 62%; Mackenzie 310 (NY) 48%. ldaho: Christ & Ward 14548 (NY)

'Q%: Christ & Ward 14865 (NY) 3%; Hitchcock & Muhlick 10934 (NY) 7%: Christ 12552

(NY) 9%.-Montana: Lackschewitz 9098 (NY) 22%; Hitchcock & Muhlick 12867.(NY) 1%;

" Hitchcock 16826 (NY) 5%; Lackschewitz 4591 (NY) 9% Lackschewitz 5208 (NY) O%;

Hitchcotk 18594 (NY) 0%. Utah: Goodrich 1477 1.(NY) 3%; Goodman & Hitchcock 1538
(NY) 0%; Payson & Payson 5082 (NY) 2%. Washington: Douglas & Douglas 3990 (ALTA)-
0%; Thompson 15035 (ALTA) 0%; Straley 1677 (UBC) 21%; Straley 1496 {UBC) 0%;

" Allen 229 (NY) 1%; Meyer ‘1562 (NY) 3%. Wyoming: Rollins 998 (NY) 6%; Hitchcock

. 'Smith 1158 NV 3%, - v

16380 (NY) 0%; Hitchcock ]66._88‘(NY)"0%;‘Evert 6193 (NY) 6%; Evert-2315 (NY) 1%;

Arnicafulgens . . . L
_Canada, ‘Alberta: Shaw 2462 (ALTA) 88%:; Boivin & Perron 12374 (ALTA) 84%; Bradley
“s.n. (ALTA) 82%; Moss 9791.(ALTA) 97%; Breitung. 16047 (ALTA) 85%; McCalla 11648

', {ALTA) 98%; Klar 472 {ALTA) 81%; Klar 1174 (ALTA) 96%; Brinkman 2068B (ALTA) 95%; -
~ Survey 725 (ALTA) 87%; Moss 1075 (ALTA) 94%;:Moss 3247 (ALTA) 96%; Nagy & Blais.
- 985 {UBC) 86%; '.Stralxy 2748 (UBC) 87%; Brink s.n, (UBC) 80%; Aikenhead's.n. (ALTA) - .
95%; Brinkman 2 144 (ALTA) 96%. British Columbia: Johhs 530 - -

. .4382 (PH) 98%; Coulter s.n. (PH) 39%; Straley 14 ( 3
. PH)88K: Montana; Fitchoock & Muhick: 12307 (PH) 88%; Hitchcock 160

" 91%;-Kvisle s.n. (ALT:

(ALTA) 99%; McCalla 11663 (ALTA) 88%; McCalla 11866 {ALTA) 91%; Dumais & Young = .
. 15562 (ALTA) 96%; McCalla 11664 (ALTA) 98%! Moss 9831 {ALTA) 50%:; Boivin, Hubbard
. & Alex ‘9548 (ALTA) 84%; Boivin & Alex. 9381 (ALTA) 91%:; Rusconl s.n. (ALTAY 81%;. " .
"§cott 1300 (ALTA) 96%; Cormack 363 (ALTA) 91%; Cormack 175 (ALTA) 87%; Moss -

90 (ALTA) 62%;-Moss 954 (ALTA) 93%; Sexsmith' 239 (ALTA) 26%; Brinkman: 1634

(UBC) 82%; Moss 8170 (ALTA) 78%; Manitoba: Macoun 12725 (MT) 98%. """

-~ "8B%; Breitung 4312 (ALTA)'92%; Tripp s.n. (ALTA)80%. .« .o oo oo
+/US.A,, Coforado: Goodding. 1492 (PH) 85%: Clokey 3959 (PH) 97%; Bethel & Clokey . - -
(UBC).17%. Idatio: Maguire 17 3.
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" Saskatchewan: Boivin & Perron 11817 (ALTA) 88%; Boivin & Perron"_:1;',2,083{'(»“'1'111\)7

3UCI93%: -
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» . Sjraley 1497 (UBC) 72%; Blankinship 310 (MT) 96%. North Dakota: Lunell s.n. (PHY 95%. "
regon: Hahsen 744 (NY) 85%. Washington: Sandberg & Leiberg 103 (PH) 97%; Beattie
Lawrence 2334 (PH) 97%; Thompson 8344 (FH) 73%; Downen 109 {ALTA) 83%, -

_ Buksdorf s.n. (MT) 50%. Wyoming: Nelson 148 (PH) 92%; Williams 2363 (UC) 96%;

- ‘Straley 1184 1 (UBC) 88%. e U

Arnica sororia © - C ¥ : e R
Canada, Alberta: Klar 1210 (ALTA) 95%; Scott: 1268 (ALTA) 98%; Scoggan 16720 .
(CAN) 95%; Breiting 15768 (ALTA) 95%; Lewis s:n. (CAN) 96%; Sanson s.n. (CAN) 58%;
Porsild & Breitung 16395 (CAN) 95%; Cormack s.n. (ALTA) 95%; Boivin & Alex 9672
(ALTA) 98%; Cormack 106B, (ALTA) 97%; Dore & Breitung 11702 (ALTA) 86%; Goulden
& Goulden s:h. (ALTA) 94%; Willing s.n. (ALTA) 61%; McCalla 6714 (ALTA) 96%; -
Brinkman 54 13 (ALTA) B7%: Suis's.n. (ALTA) 98%; McCalla 3693 (ALTA) 94%; McCalla
' 8748 (ALTA) 86%; Brinkman 960 {ALTA) 84%; Stringer s.n. (ALTA) 90%; Moss 1172
. (ALTA) 82%; Kuchar. 2537 (ALTA) 96%; Hermann 12800 (ALTA) 87%; McCalla 2012
(ALTA) 99%; Bradley s.n. {(ALTA) 84%; Brinkman 2280 (ALTA) 87%; Survey 918 (ALTA)
© 71%: Soper s.n. (CAN) 96%. British Columbia: Eastham 11565 (CAN) 81%; Macoun
14712 (EAN) 91%; Macoun 14713 (CAN) 99%; Macoun 14710 (CAN) 98%; McCalla '
/81657 (ALTA) 93%; McCalla 9552 (ALTA) 62%; McCalla 95 19 (ALTA) 96%; Hardy 15008. *
" (UBC) 98%: Vrugtman & Campbell. 610402 (CAN) 80%; McCabe 6427 (UC) 97%; McCabe -
6392 (UC) 70%; McCahe 2337 (UC) 97%; McCabe 1301 (UC) 86%;'Macoun 69321 (CAN), . .
93%; Calder et al. 18 H33 (UC) 77%; Calder & Saville 8037 (UC) 89%; Wilson 195 1/2. oo
(Ugg) gg%; Krajina 650624 14 (UBC) 55%; Calder et al. 17345 (UBC) 88%;Rose 7926
(UBC) 83%. ‘ R ‘
U.S.A., California: Baker & Nutting s.n. (UC) 97%; Babcock & Stebbins 1822 (UC) 56%:" -
Babcock & Stebbins 1788 (UC) 95%; Austin s.n. (US) 97%; Applegate 866 (US) 98%.
Idaho: McCalla 4765 (ALTA) 95%; Davis 1151 (UC). 91%; Davis 3787 (UC) 92%; Davis
438 (UC) 59%; Abrams 717 (UC} -87%; Holmgrén & Holmgren. 7963 (UC) 98%; Maguire &
. Holmgren 26659 (UC) 94%; Maguire & Holmgren 26325 (UC) 99%; Hitehcock &'Muhlick
13927 (UC) 96%; Nelson & Macbride 1256 (LIS) 97%. Montana: McCalla 4743 (ALTA)
-81%; McCalla 4510 (ALTA) 94%; Barkley & Rose 2450 (UC) 97%; MacDougal 134 (US)
50%; Moore s.n. {UC) 89%; Kirkwood 1338 (UC) 97%; Hitchcock & Muhlick .11499 (UC)
82%; Hitchcock 17983 (UC) 86%; Hitchcock 17768 (UC) 81%; Hitchcock 17902 UC}- .
98%. Nevada: Nichols & Lund 239 (UC) 94%: Shipley s.n. (US) 60%; Raven & Solbrig
13460 (NY) 68%. Oregon: Maguire & Holmgren 26430 (UC) 97%: Cronquist 7360 (UC) -
. 94%; Cusick .1929 (UC) 93%; Leiberg 2387 (UC) 87%. Utah: Maguire et-al, 13815 (UC) . -
. 91%. Washington: McCalla 4461 (ALTA).81%; Beattie & Chapman 2264 (UC) 96%; -
Beattie & Lawrence 2461 (UC) 97%; Rogers 505 (UC) 94%; Gaines & Scheffer 550 (UC)
98%; “John & Pickett.6204 (UC) 99%; Suksdorf 8759 (UC) 41%; Rogers 551-(UC) 91%;
. Hitchcock 17412 (UC) 97%; Constance & Beetle 2744 (US) 86%. Wyoming: Anderson o
+.+ 322 (UC) 82%; Uttal 5069 (PH).60%. ' S o e

. Arnica angustifolia subsp.. angustifolia o e
' Canada, Alberta: Pegg 1714 (ALTA).0%; Mortimer 415 (ALTA)'43%; Moss 4923(ALTA) - :
17%;-Moss 12682 (ALTA) 0%; Kuchar 508 (ALTA) 0%;" Boivin & Gillett (ALTA) 8%; - L
Downie 54 1B (ALTA) 0%; Downie 544 (ALTA) .1%; Mortimer 426 (ALTA) 0%; Mortimer .~ . .
. 483 (ALTA). 15%. British Columbia: McCalla. 7015 (ALTA) 49%; Taylor et.al. 121 (UBC)

\ '0%; Beamish et al. 730354 (UBC) 4%; Rose 78464:(UBC) 0%; Buttrick 688 (UBC)-26%;- -
Beamish ef al. 730343 (UBC) 2%; Taylor et al. 1366 (UBC) 21%. Manitoba; Scoggan - . .
6382 (MT) 0%:; Scoggan 5896 (MT): 17%; Porsild 5506 (MT) 46%; Gillett 2011 (MT)-0%; - . -

. Gillett 2462 (MT) 0%; Wolf s.n. (ALTA) 0%;-Wolf s.n. (ALTA) 0%. Newfoundiand: Forbes: .

' . s.n. (GH) 0%; Fernald & Long 29207 (GH):5%; Fernald & Long.29215 {GH) 3%; Fernald, .. - -
‘Pease & L:ong:29208 (GH) 22%; Fernald, Long & Fogg 2124(MT).0%: Loken 9 (MT) 1%; .~ ©
" Fernald, Long & Fogg 2125 (MT) 2%; Wynne-Edwards 7111 (CAN) 0%; Wynne-Edwards. _..-*
. 7136:(CAN) 0%; Abbe 572 (GH) 0%; Woodworth 432.(GH) 0%; Woodworth 428 (GH) - =" = "
. 0%; Viereck 639 (ALA) 0%; Woodworth 43 1:(GH) 0%; Abbe & Hogg 568 (GH) 0%; . . .~ - -
- 'Palmer g.n. (PH) 3%; Abbe & Odell 569 (CAN) 4%; Ives 12 (CAN). 0%; Wynne-Edwards ' =~
. 7502 (CAN) 4%; Gardner:315.(GH). 0%. Northwest Territories: Welsh & Righy 12021
. AALTA) 11%; Cody & McCanse 2207 (MT) 0%; Porsiid 5802 (MT) 0%;:Younkin 106 (ALTA)...
. . 0%:Hernandez 202 (ALTA).59%; Kershaw 803 (ALTA) 0%; Wilk -11 (ALTA) 32%:Wolf .. - @
© 7+ sin: (ALTA) 0%; Hernandez'244 (ALTA) 6%‘:"Ca%&:-,McCanseiZSZB (US) 0%; Lambertet . - - -
*al. 65081304 (UBC) 10%; Perret & Kelsall 10/(UBCY 24%; Porsild & Porsild. 1973 (01 5%; ' ..

L
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. Simmons 2585 (0) 0%; Lindstrom s.n. (O} 15%; Lindstrom s.n. (O) 23%; Hainault 4027 (O) "
. . 0%; Hainauit,3847.(0O) Q% Kershaw 798 (ALTA) 3%; Reid 420 (ALTA) 68%; Findlay 40 - ‘
(ALTA) 2%:-Porsild & Porsild 2947 (ALTA) 57%: Porsild 6865 (ALTA) 26%; Porsild.. .~ " .~
{17072 (ALTA) 17%:; Harington 400-(ALTA),46%; Bliss s.n. (ALTA) 23%; Savile 4567
HALTA) 52%; Ross 3 (ALTA) 15%; Haag 140 (ALTA) 59%; Owen & Hickman s.n. (ALTA)
' - 6%; Raup & Soper 9384 (ALTA) 69%: Porsild & Porsild 2530 (MT)41%; Senn & Calder -
3803 (MT) 7%; Calder 2153 (MT) 30%; Choque s.n.. (MT). 6%; Bruggemann 632 (MT) 39%;
Sims 62488 (UBC) 0%; Matthews s.n, (UBC) 0%; Oldenburg 46-2108 (UBC) 3%; = - :
" Oldenburg 54-207 (UBC) 5%; Bruggemann 797 (UBC) 8%. Ontario: Moir 2082 (MT) 0%
- Scott s.n. (UBC) 0%;‘Bal_dwin"78,9% (CAN) 5%; Baldwin 7678 (CAN) 0%. Quebec: Legaum.‘«
6791 1MT) 0%; Lemieux s.n. {(MT) 6%; Maclnnes 5174 (MT) 0%; Ouellet s.n. (CAN) 0%; '
Abbe, Abbe & Marr 3549 (CAN) 0%; Malte 126984 (CAN) 0%; Polunin 192 (CAN) 0%,
"' Porsiid 21885 (CAN) 0%; Malte -120206 (CAN) 0%; Abbe & Abbe 3805 (GH) 0%; Dutilly &
' Lepage 13262 (GH) 0%; Abbe & Abbe 3254 (ALA) 0%: Hedberg 67-371 (O) 0%;- : ,
'+ . Spreadborough 14385 (NY) 0%. Yukon: Noels.n. (UBC) 15%; Raup, Drury & Raup 13148'
- {UBC) 10%; Beamish s.n. (UBC) 17%; Langenheim 4 130.(UBC) 98%:; DUdynskJ 7801 .
" (ALTA) 99%; Dudynsky 7806 (ALTA) 99%; Dudynsky 7826 (ALTA) 95%; Dudynsky 7802
. (ALTA) 99%; Dudynsky 7822 (ALTA) 23%; Dudynsk ‘7823 (ALTA) 10%; Dudynsky 7829 -
e (ALTA) 17%; Mitchell 53 (MT) 43%; Hettingér 227 (ALTA) 99%; Packer 1458 (ALTA) 23%: .
. . Raup & Raup 12366 (US) 42%; Collier 29 (US) 95%; Eastwood 235 (US) 99%; Neilson -
© o 691 (US) 28%; Raug & Raup 12886 (UBC) 1%; Beamish et al. 681223 (UBC) 16%; :
" Beamisgh et al. 681265 (UBC) 0%; Noel 26 (UBC) 20%; Porsild & Breitung 9756 (0) 0%;
" Murray & Murray (ALA) 0%; Murray 1616 (ALA) 38%; Murray & Murray 776 (ALA) 10%;
Porsild & Breitung 9756 (ALTA) 5%; Greene 295 (ALTA) 75%; Greene 226 (ALTA) 54%;
~ Lambert & Morrison 6507 1602 (UBC) 0%; Beamish et al. 681443 (UBC) 44%; Beamish et
" al. 681350 (UBC) 0%; Raup & Correll 11212 (UBC) 21%; Parmelee 2855 (UBC) 16%:
Downie 499 (ALTA) 77%; Dudynsky 7805 (ALTA) 0%; Dudynsky 7803 (ALTA) 70%;
. Dudynsky 7804 (ALTA) 75%; Peterson 2 (ALTA) 84%; Peterson 3 (ALTA) 99%. . |
‘U.S.A., Alaskas Nelson & Nelson 3677 (US) 95%; Mendenhall s.n. (US) 99%; Mertie 's.n.
(US) 95%; Anderson & Gasser 7218 (ALA) 97%; Mendenhall s.n. (US) 88%; Schrader s.n.
(US) 99%: Scamman_ 1667 (US) 99%; Harms 2703 (C) 96%: Harms 2761 (C)} 98%; "
‘Dudynsky 7808 (ALTA).96%; Dudynsky- 7807 (ALTA) 99%: Cantlon & Malcolni 58-0150-
. (US) 0%; Murie:35, (US) 5%; Schrader & Hartman 51 (US) 6%; Dudynsky 7811 (ALTA) 8%; ¢
Dudynsky 78 10:(ALTA) 2%; Murray 6838 (ALA) 42%: Shetler 1058 (ALA) 99%; Murray
3324 (ALA) 50%; Lipkin 80-121'(ALA) 6%; Geist s.n. (ALA) 10%; Geist s.n. (ALA) 48%; -
Packer 2113 (ALA) 62%; Hettinger 456 (ALTA)'0%; Thompson 1826956 (US).15%;
. Holmen s.n. (C) 0%; Dean 42 (ALA) 89%. . . = " . ° e ‘ o
- Greenland: Laegaard 1328 (C) 0%; Bay & Fredskild 413 (C) 10%; Brink s.n. (C) 24%;
... Fredskild 6276 (C) 5%, Ahdersen & Hanfgarn 557 (O} 0%; Vaage s.n. (O) 0%; Astrup &
‘Kliim-Nielsen- 724 (C) 0%; Raup, Raup & Washburn 385 (C) 0%; Marris 9 (C) 0%; Moore
.. PM15.(C) 3%; Behrndt s.n. (C) 0%; Tulinius.7 (C} 0%; Gelting 31'(C) 0%: Sorensen 3026 .
s.7*{C) O%; Andersen & Hanfgarn 2 (C) 0%: Andersen & Hanfgarn 268 (C) 0%; Argent.& T
¢ . Argent 24/18774 (C) 0%; Elkington s.n. (C) 0%; Spearing'et.al. 141 (C) 0%; Bartiett 45 . . .
oo (C) 0%: Povelsen s.n. {C) 0%;, Schiotz s.n. (C) 0%; Gelting s.n. (C) 0%; Bennike s.n. (C) O%;. -
» ¢ Oligard 68-1333 (C) 10%; Hansen & Holt 383 (C) 27%; Kruuse 1119 (C) 32%; Holt 1651 -
T (C) 25%; Alstrup 69266 (C) 21%; Oligard 68:252 (C) 2%; Ba‘z 78-1701 (C) 0%, Holt- 1220
~(C) 0%;: Holt 1305 (C) 6%; Bocher 573 (C) 3%: Holmen s.n. () 0%; Harris 1748 (ALTA} *.
o 3%; Porsild:s.n: (MT) 0%; Porsild s.n. (MT) 6%;:Porsild & Porsild MT) 51%. . .-~ °" . .
0 Norway:Lundmark- 19 (0) 5%; Friesvs.n.-"(O);G%;*LUhdmark s.n. (0).2%; Nyland s.n.(Q)* . - .
- 13%:.Engelskjon s.n. {0) 3%; Lundmark s.n. (0):2%: Resvoll-Holmsen s.n..(O)\1%; .. .= . -7
" Lundmark s.n. (0)5%; Bleyt's.n. (OF 3%; Luridmark s.n. (O) 1%; Lundmark's.n. {0) 2%; " .. . °
' “Engelskjofi s.n. (0) 6%; Engelskjon-s.n. (0) 2%: Fridtz 20388 (0) 4%; Fridtz 20387.(0) . .""" |
. :2%:; Fridtz 20390 (0) 7%; Fridtz. 20393.(0) 3%;'Noto s:n. (0) 1%; Sivertsen E6 (0) 6%; ' --. . °
Senum sin; (C) O%: - 7t 7 T e e T T e
:SPItqurst‘n:...L‘ig s.rv.. (C) 0%: Neilson 10115 (C) 0%; Hadoc s.n. (O) ,‘O%rl.‘gxg‘e sn.(00% - - .
“‘...‘-:\)n,i:ae,lspn .n. (0) 0%; Spicer s.n. (O) 0%; Halliday H540 {O) 0%:; Resvoll-Dieset sn. (O o f
'Swedan: Aim 1555 (0) 2%; Nordstrom:s.n. (ICEL) 0%; Bjorkman s.n. (ICEL) 3%; AIm.&. . ;. - ¢
engwalt.s.n. (C) 0%, Einarsson's.n. {ICEL) 5%, " .0 00 v e ,

rica Gngustifolla subsp, tomentosa | |\ oL e
‘Canads, Alberta: S.F.F. 176(ALTA) 2%; Pegg 1725 (ALTA) 0%; Macoun 96013CANY. . "+ -

it
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27%; Lambart 372 (CAN) 35%; Malte & Watson 2306A (CAN) 0%; Kuchar 2802 (ALTA)
10%:; Ringius 1382 (ALTA) 2%; Raup & Abbe 3939 (ALTA) 49%; Porsild & Breitung-

15968 (CAN) 3%, Porsild 22625 (CAN) 14%; Moss 10328 (ALTA) 46%; Porsild & . . '
Breitung 16261 (CAN) 0%; Malte & Watson 607 (CAN) 0%; Maita & Watson 1486 (CAN) -

" 0%: Kindle 93493 (CAN)'42%; Macoun 96015 (CAN) O%; Porsild & Lid 19313 (CAN) 5%; - . -

'Porsild & Lid 19393 (CAN) 4%; Porsild 20787 {CAN) 4%, Packer 4187A (ALTA) 11%; .
* Packer &.Silber (ALTA) 0%; Mortimer 597 (ALTA) 1%; Dumais 7504 (ALTA) 3%, Lee & ..
Peterson 56147 (ALTA) 26%; Carroll 497 (ALTA) 56%; Kondla 1840 (ALTA) 30%; Packer
' 3063 (ALTA) 46%; Porsild & Breitung 14244 (ALTA) 10%; Dudynsky 7844 (ALTA) 8%;
‘Downie 54 1A/(ALTA) 43%; Downie 535 (ALTA) 1%;"Downie 536 (ALTA) 0%; Dudynsky
. 7852 (ALTA) 44%; Forbes 774100 (ALTA) 5%; Dudynsky 7842 (ALTA) 44%.; Forbes ,
7.7/ 133A (ALTA), 39%; Dudynisky 7728 (ALTA} 38%; Dudynsky 7836 (ALTA) 34%, British’
Cotumbia: Beil. 160686 (UBC) 0%; Selby 199 (UBC)'10%;: Beamish et al. 681107 (CAN) . .
0%; Macoun 96011 (CAN) 0%. Newfoundland: Fernald, Lbng & Fogg 2128 (MT) 8%; -
Fernald, Long & Fogg 2127 (MT) 5%; Hay & Bouchard 74032 (MT) 1%; Fernald, Long & . b
Fogg 2129 (MT) 1%. Northwest Territories: Crickmay -113.(CAN) ‘0%; Raup & Soper ; o

. 9730 (CAN) 0%. Yukon: Porsild & Breitung 11 053 (CAN) 0%, - :

 U.S.A., Montana: Lackschewitz 4436 (NY) 0%; Hitchcock & Muhlick 12965 (NY) 0%. " . .

RS o ; : Y W, v ‘
: Arnica lonchophylla subsp. lonchophylla- - =~ . - ‘ R S '
- . Canada, Alberta: Porsild & Breitung 16163 {CAN) 8%; Porsild 22367 (CAN) 9% Porsild

"'& Breitung 16281 (CAN) 57%; Porsild 207 19 (CAN) 40%; Macoun’ 14723 (CAN) 12%; - .
Porsild & Breitung (CAN) 16%: Porsild & Brejtung (CAN) 20%; Macoun 96064.(CAN)} 9%; .

Macoun 96074 (CAN) 19%; Malte. & Watson 1542 (CAN) 31%; Malte & Watson 1290 -+ "~
_(CAN) 15%; Moss 10330 (CAN) 14%; Porsild & Lid 19395 (CAN) 12%; McCalla 10533 ~ ' -
"(UBC) 15%; McCalld 12276 (ALTA) 17%; Doherty 265 (ALTA) 34%; Russell s.n. (ALTA)
14%; McCalla 10396 (ALTA) 22%; Brethour s.n..(ALTA).41%; Cormack 722 (ALTA) 16%;
Porsild & Breitung 12378 (CAN) 2 1%. British Columbia: Luckhurst s,n. (UBC) 48%; * .

* Jackson 1854 (UBC) 16%; Rose 78465 (UBC) 17%. Manitoba: Scoggan 3429 (ALTA)

16%:;, Baldwin 2275 (GH) 18%. Newfoundland: Fernald, Long & Fogg 2133 (GH) 38%; -

Fernald, Long & Fogg 2 136 (GH) 49%: Fernald,’Long & Fogg 2135 (GH) 47%; Fernald, = - .
Long & Fogg 2132 (GH) 34%; Fernald, Long & Fogg 2137 (GH) 14%; Mackenzie & , = . -
Griscom 11030 (GH) 13%; Fernald, Long & Fogg 2.138 (GH) 10%; Fernald, Long & Fogg
2130 (GH) 22%; Rouleau 2989 (NY) 18%; Routeau 177 (MT) 8%; Rouleau 8225 (MT) 8%; - ° -
Rouleau 3546 (MT) 16%; Hay & Bouchard 74026 ' (MT) 59%;. Hay ‘& Bauchard 74027 (MT) '

. 33%. Northwest Territories: Raup 3376 (GH) 17%; Raup 3374 (GH) 12%; Bedford 1925 -

. (CAN) 5%: Harper 2344 (CAN) 16%; Scotter 3182 (CAN) 38%; Shacklette 2960-(CAN). N
24%; Henderson 30A(CAN)'45%; Hume(?) s.n. (CAN) 20%; Crickmaz 112 (CAN) 14%;,
Thieret. & Reich 4873 (CAN) 46%; Thieret & Reich 6933 (NY) 42%: Cody & Spicer 11376 N

' (UBC) 35%; Morrison 85 (ALTA) 29%;’ Lewis 570 (ALTA) 7%; Wik 12 (ALTA) 28%; Talbot '
2246 (ALTA) 8%; Thieret & Reich 7081 (NY).59%. Nova Scotia: Smith et all 6474 (MT) -~
2%. Ontario: Moir 816 (GH) 20%; Garton 1410 (NY) 16%; Britton s.n. (UBC) 23%; Garton
15032 (UBC) 14%. Quebec; Pease:20175 (GH) 20%; Marie-Victorin.& Rolland-Germain,

‘275647 (GH) 12%; Fernald &.Colling 1201 (GH)' 14%* Marie-Vijctorin & Rolland-Germain .
49412 (GH) 9%; Clausen 3188 (NY) 6%; Fernald & Weatherby 2476 (GH) 14%;.Stebbins ~ .

825 (GH) 7%; -Rousseau 52213 (MT) 19%; Rousseau 52119:(MT) 12%; Grandtner et al. .
8106 (DAO) 17%. Saskatchewan: Argus 162-63 (GH) 1.1%; Raup 6222:(GH) 3%; Argus .-

- . 998-62 (NY) 23%; Raup 6260 (NY).34%. Yukon: Raup & Correll 11191 (GH) 12%; '

. (UBC) 46%.

" “Arnica lonchophyila subsp. armoglossa .

'.Douglas & Douglas 5825 (CAN), 11%; Williams s.n. {UBC) 27%; Schofield & Crym 7463 3
.U.S.A; Alaska: Taylor ét al. 19284 (NY) 64%. Minnesota: Butters & Abbe 93 (GHI14%;: .

- U'SA. South Daxota: Staphens & Brooks 31790 (NY) 91%; Stephens & Brooks 40471 . -
 *|GH) 75%; Qver. 1638 US) 40%; Over 16212 (US) 84%; Pydberg 823 (US) 86%; Johnson . -
243 (NY) 86%; Johnson:178 (NY).85%; Pratt 130 (NY) 36%; Rusty s.n.(NY) 65%. -
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" A. frigida subsp. frigida . .- o R
' .. Canada, British Columbla: Summit Lake, Stone Mtn. Prov. Park,Downie 452; Summit ‘ .
‘Lake, Stone Mtn. Prov..Park Downie 525. Yukon: Km 32.5 Hwy. 9 Downie 469, Km ., ' - I
34.5 Fwy. 9 Downie 470;Km 38.6 Hwy. 9 Downie 471, Km 73.5 Dempster Hwy. .
"Downie.474; Km 75 Dempster Hwy. Downie 476; Km 76 Dempster Hwy. Downie 478; ,
. Km 80 Dempster Hwy.-Downié 477; Km 1717.5 Alaska Hwy., Kluane Park Dowpié 628, -
Km 1912 Alaska Hwy., SSE Beaveér Creek Downie 674. . R
U.S.A., Alaska: Mile 2568 Richardson Hwy., 12 km. S. Déelta Junction 'Downie 503, Mile
.. 250 Richardson Hwy. Downie 504; Mile 254 Richardson Hwy, Downie 662; Donnelly’ -
. .-Dome Downie 5189; Mile 259 Richardson ng.‘ Downie 660; Mile 231 Richardson Hwy.,
' Darling Creek Crossing Downie 663; Mile 193 Richardson Hwy. Downie 666; Mile 84.8
_ Steese Hwy. Downie 505; Mile 89 Steese Hwy. Downie £50; Mile 99.5 Steese Hwy.,
" Fish-Creek.Crossing Downie 657; Milé 106 Steese Hwy., Eagle Summit Downie 506;
. ‘Mile 115 Steese Hwy. Downle 656; Nile 39 Elliott Hwy., 30 miles SE Livengood Downie , |
' 508: Mile 39,3 Elliott Hwy. Dowriie 508A; Healy Downie 509; Hwy. 3,1 km N.Denali \ -
‘Park entrance Downje 642; Mile 246 Hwy. 3, S Healy Downie 644; Mile 256 Hwy. 3 »
Downie 645; Mile 13 Hwy. 8 (Denali.Hwy.) Downie 515; Mile 22 Hwy. 8, Tangle Lakes
- Campground Downie 5§16, Mjle' 11 Hwy. 8 Downie 517; Mile 106.5 Glenn Hwy., Caribou.
Creek Downie 514; Mile 1412 Alaska Hwy:,'SE Delta Junction Downie 668; Hwy. 1, 12

o

miles S Tok Downie 638; Mile 102.5 Hwy. 1 Downle 639; Mile 67.5 Hwy. 1, Carison ~
Greesk Downie 640; Mile 40 Taylor Hwy. Downie 475. = - o R TS

-~ A.frigida subsp. griscomil .~ -~ " T , S

" Canada, Quebéc: Mt. Saint-Alban; Forilion Natl. Park Downie 537. Newfoundtand: SW
_Port Au Choix Downie 533; Pointe Riche Dowrnie §34." = - he : .

A. louigeana T o e cLo ! o
.Canada, Alberta: Moraine Lake, Banff Nat|. Park Downie 449; Peyto Lake, Banff Natl. .
Park Downie 450; Columbia Icefields, Jasper Natl, Park Downie 544; Bald Hills, Jasper © .~

Natl. Park Downie 546; Bald Hills, Jasper atl. Park Downie 547, ' = Lo

.

*A. fulgens o K .o - Lo _
Canada, Alberta: S. junction Hwys. 36 and'9 near Hanna Downié 654; S. junction Hwys.
1.and 41 near Medicine Hat Downie 559; S. Cypress Hills Downie 562; 0.5 km N. Bare = . .,
~ Creek, Hwy. 41 Downie 563; Bare Creek Reservoir Downie 565; Hwy. 880, N. Aden- ‘
. Downije 571F. . " ./ . T R T P AP, e
_U.S.A., Montana: Toole County, 15 km W. Sweetgrass Downie 770; Liberty County,
.near Port of Whitlash border crossing:Downie 712; Pondera County, S.W. Conrad on
" "Hwy. 219 Downie 713;-Judith Basin County; junction Hwys. 80 and 87 Downje 714,
. "...Wyoming: Big. Horn Couinty, E.-Médicine-Wheel! Archeological Site Rd., Big Horn Natl.
- | Forest 'Downié 698; Johnson County, S,W. Buffalo Downie 699: - ST

LR

CLACsOrOrle L v et

" Canads, Alberta: Hwy.'1, 2 km E. Suffield Downjé 557; Hwy. 41, E. Medicine Hat- - .~ .
""" “Downige 558; Manyberries-Downie 568, Peridant Orielle Downie 569.. W. Pendant Orielle
.+ .Downjie 570. Hwy. 880, N.:Aden Downie 571S; W. McNab, N.W. . Watner, Downie 672; ~* .
-‘-.\S’.:s'ld,e'MilkfBiv'gr:,Rjdg&Re,servoirfDoWn.é'.573.,,Brltishpolumbia:‘,Was‘a,. N. Cranbrook' - . -
", - Downie'703;S: Kamloops on Hwy. 5 Downig:707; Near. Tranquille, N.W. Kamloops ' .-
1 Downde 08, vt R T
Lo UGSGAL Méntana: ‘ . wto

.. Wheatland.County, 0.5 miles E.. Shawmut, Hwy. 12 Downie 717.

:Canada,-Alberta: Jas er Natl:"Park, Bald Hills: Down/e 723; Banff Natl. Park, Wah-wah .0
‘Ridge.. vic.; Sunshine Ski ‘Lodgre,;ao_wniejsl; ‘Waterton Lakes Natli. Patk-;‘;Upgér‘, Lake ..
Carthew on Carthew-Allison Trail Downie 732; Waterton Lakes'Natl. Park,-Carthew ' = '
‘summit-Downie 733. - - .. > S P T T T
U.S.A., Wyoniing: Hwy. 30 at Nash Fork ‘Camggrb(mdfD,ownie-z6\9_7;.Me'dicine, BowNatl.. - . .-

‘Forest, Rd. to Mediciné Bow Peak Downie 693; Medicine-Bow Natl. Forest, 3 kmW.'

Jheatiénd Courity: 12'imiles W, Harlowton, Hwy. 12 Downie 716; . o7




- MilrrobLake quniel695; Medicine Bow Natl. Forest, 2 km W. Mirror Lake Downie 696."
. A. sngustifolia subsp. angustifolia ' , ‘ e S 2
Canada, Alberta: Jasper National Park, Columbia Icefields Downie 544; Jasper National -
.. Park, Mt. Edith Cavell Downie 721; Jasper National Park, Bald Hills Downie 722; Cardinal .
' " Divide Downie 725; 1 km E. Klewi Wayside, Wood Buffalo Natl. Park Downje 580; 8km . =
. S. Pine Lake Campground Downie 583, British Columbia: Muncho Lake Provincial Park
Downie 454; Muncho Lake Provincial Park Downie 61 9; S: Muncho Lake Provincial Park
o Downie 618; Km 750 Alaska Hwy, Downie 621; Km 895 Alaska Hwy. Downie 623;,.Km
906 Alaska Hwy. Downie 624; Km 625 Alaska Hwy. Downie 625; Muncho Lake
- Provincial Park Downie 622. Northwest Territories: Km 174 Hwy, 3 Downie 602A; Km
» © " 160 Hwy. 3 Downie 604; Km 327 Hwy, 3 Downie 596; Km 308 Hwy. 3 Downie 5§97; -
Km 282 Hwy: 3 Downie 598; Km 180 Hwy. 3 Downie 6071, 5 km E, Hay River, Hwy, 2.
Downie 575; Km 76 Hwy. 5 Downie 578, Km 133 Hwy: 5 Downie 679; Km 68 Hwy. 5,
8 km S, junction Hwy. 6 Downsie 5§77; 1"km N, Blue Fish Creek, Hwy. 3 Downie 5971;: |
Fort Providence Downie 606; Km 233 Hwy. 1 Downie 608; Km 299 Hwy. 1 Downie ‘
670: 1 kmE. junctionHwy. 7 and Hwy. 1 Downje 672; Km 168 Hwy. 1. Dowple 690;
Km 379.Hwy. 1 Dowrnie.611; 56 km'N. Fort Liard, Hwy. 7 Downie 615; Km 222 Hwy. 3
. Downie 599; Km 174 Hvyé. 3 Downie 6028; Km 142 Hwy, 3 Downie 605,.Km 262 -
Hwy. 1 Downie 609. Quebec: Fort Chimo Hedberg 1959 (Botanic Garden, U. of
Copenhagen); No locality information.. Bocher 10050 (Botanic Garden, U. of Copenhagen);
No tocality information. Bocher 13666 (Botanic Garden, U. of Copenhagen). Yukon: Km
1074 Alaska HWwy. Downie 456; Km 1790 Alaska Hwy: Downie 678; Km 354 Kiondike -
Hwy. Dowriie 684; Km 1193 Alaska Hwy. Downje 459; Km 1341 Alaska Hwy. Downie
467; 16 km S. Haines Junction Downie 480; 88 km S. Haines Junction Downie 487; Km
134 Klondike Hwy. Downie 484; Km 218 Canol Road Downie 489; Km 174 Canol Road
Downie 497; Km 13 Canol Road Downie 522; Km 2 Canol Road Downie 527; Km 380
Campbell Hwy. Downje 496; Km: 1618 Alaska Hwy. Downie 497 Beaver Creek Downle -
672: Km'1878 Alaska Hwy., Koidern Downje 676; Km 156.5 Canol Rd. ‘Downie 494; Km
272 Klondike Hwy. Downie 686; Km:36 Hwy. 8, S.W. Tagish Downie 687, Km 471 =~
Klondike Hwy., N. Pelly Crossing Downie 466; Km 610.5 Klondike Hwy., NW. '
" McQuesten. Downie 467; Km 5 Dawson Boundary Rd. No. 9. Downie 472; Km 12
Dempster Hwy. Downie 473; Km 646 Klondike Hwy. Downie 479; Km 547 Campbell .
. Hwy. Downie 487; K 1812 Alaska Hwy. Downie 675; Km 1 192.5 Alaska Hwy. Downie
. 523; Kluane National Park:-Downie 629. : S g . ‘ ‘
U.S.A., ALASKA: Mile ;1359 Alaska Hwy. Downie 520;.Mile 1309 Alaska Hwy., o
between Tetlin and Tok: Junction Downie 636; Mile 1239 Alaska Hwy. Downie 631; Mile
' 1264 Alaska Hwy.,"Northway Downie 633; 2 miles S. Tetlin JunctionrDownie 835 Mite™
263 Richardson Hwy., S. Delta Junction Downie 659; Mile 1372 Alaska Hwy. Downie .
». 669; Mile 1324 Alaz;;aAHwyf.fDownieﬁ? 7; 60 km E.S.E. Tok Junction Downie 501; Mile
1. "1396 Alaska Hwy.. Downie- 502; Mile 314 Parks Hwy.,"N. Nenana Downie 649; Circle
"'~ Hot Springs Rd. Downie-655; Mile 275 Parks Hwy.'Downie 647. . - o .
' Gréenland: Holstginborg:Bocher 4749; Sor.. Stromfjord Bocher 12080; Sdr. Stromfjord, -
Sgndﬂu?dalen Bocher' 13354; Lyell's Land, Polhemsdal ' Bocher, 6059; Disko, Godhavn
't Bocher 8158; Disko, Brededal Bocher 8895; Nugssuaq peninsula, Marrait Bocher 1.
Scoresby Sund, Nordvestfjord Bocher 10796. @ - . = . uc 0 L
Sweden: Torne:lappmark, Jukkasjarvi, Loupakkte Ni/sson s.n. (Botanical Garden, U. of . -
vooUppsalal., ot S e
Norway: Troms; Tromso, Mt. Flojfjell. Ni/sson s.n. (Botanical. Garden, U. of Uppsala)... "

] o

L USSR .Gydap,-ﬁéninsula; Sibiria (V.L. Komarov Botanical. Institute, Leningrad); No " .
s locality in,,qgmfd“n; Coll: No. 2965. (Main Botanic Garden, Moscow); No locality. -~
| . information;. Coll. No. 632. (Main Botanic Garden, Moscow). "~ - ..o 70 e

A . ."v AL angustifolig subsp. tomentosa " L e e e

-+ ', .»Canada, Alberta: Ram Mountain Downie 535,636; Jasper National Park, Signal Mtn; . v
v Downie 724; Cardinal Divide Downie 728,729; Mile 92 Hwy..4, N. Coleman Downie 734, .
~“... . Ram Mountain Downie.535A; Cardinal Divide Downie 541A; British Columbja: Muncho .~
S s ‘bake Provincial Park: Downie 620, Northwest Territories: Hwy. 7 near Liard River . - .
S U Dowinle 746, . . i e cn T T D e e

oy DL TR E2 L e e
. S . !

A0« Canada, Alberta: Wood Buffalo National Park,.Km 26.Hwy. 5 Downie 581; Wood




. o e e e 24T

"+ Buffalo Natl. Park, 2.km N. Pine Lake Campground Down/e 582; Wood Buffalo Nati.

Park, S. Pine Lake Downle 584; Wood Burfalo Natl: Park, 20 km S. Pine Lake Downie
585. British Columbia: Km 935 Alaska Hwy. Down/e 455. Northwest Territories: 13
.km E. Hay River, Hwy. 2 Downie 576; 11 km N.W. Enterprise, Hwy. 1 Downie 586; 43
km N. Fort Providence, Hwy. .3 Downie 592; 60 km N. Fort Providence, Hwy.'3 Downie
' 593; Km 92 Hwy, '3 Down/e 594; Km 167 Hwy. 3 Downje 603; Km 192 Hwy. 1, W, -
~ Hwy, 3 junctioh Dowhie 607; Km 212 Hwy. 7 Downie 613. Quebec: St Lo o
Joachim-de-Tourelle-Down/e 530, Yukon: Km 245 Klondike Hwy., Fox Lake Downle - -
. 463; Km 378 Campbell Hwy., 15 km S, Ross River Downie 488, - : LT
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