 CANADIAN THESES ON MICROFICHE

Ny

l* Natlonal Lrbrary of Canada ‘
' Collections Development Branch .

Canadian Theses on ,}
Mtcroﬁche Service =

Ottawa Canada
. K1A 0N4 .

NOTICE .

The quality of this mucrofiche is heavily dependent upon the -
" quality of the original thesis submitted for ‘microfilming. Every
“effort has been made to ensurethe hr%hestqualityotreproduc ;

. hon possible

if pages are mrssmg, contact the unlverstty which granted the
degree . B .

.~ Some pages may have tndlstinct print espectally if the onglnal '
- "pages were typed with a poor typewriter ribbon or rfthe univer- .

o \skty sent us an inferior photocopy

lPreviously copynghted matenals (joutnal arttcles pubtished

tests -etc.) are not filmed.

.Reproductron in full orin part of this mm is govemed by the"

Canadian Copynght Act, R.S.C. 1970, c. .C-30. Please read
the authonzahon forms which accompany this thesis.

“THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

ML 330 (1. 86/09)

' THESES CANADIENNES SUR MICROFICHE

Servucedesthesescanadt nes e
sur mvcroﬁche L S : I )

com

: 'Bnbhotheque natlonale du Canada :
o Drrectvon du développement des collections

AVIS

“La qualité de cette mlcroﬁche dépend gmndement dela qualité
de la thése soumise au microfiimage. Nous avons tout fait pour "

assurer une qualité supéneure de reproductlon

)

: .S il manque des pages, .veurllez communlquer avec Iunwer
- sité qui a. conféré le grade S ,

La qualité W impressnon de certaines ‘pages peut lalsser a ‘

-désirer, surtoutsrlespeges onginales ont été dactylographiées

74 l'aide 'd’un ruban usé ou si f'université nous a fait parvenir . -
" une photocople de quatité unténeure v

~Les documentsqui font déjar objet dun droit d auteur (articles
. de revue examens pubiiés, etc ) ne sont pas microﬂlmgs

' La reproduction meme partiellé, de ce mtcroﬂlm est:soumise.

alaLoi canadienne sur fe droit d'auteur, SRC 1 970, c. C-30.

‘ Veulllez prendre connaissance ‘des formules d’ autorisation qur
’ accompagnent cette thése. ,

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'AVONS RECUE

Canad3

LS,



1]

l* , 'Natlonal lerary SR Bubhotheque nationale
_ot Ca#nada -~ " . du Canada R

' Q\U Car]aduan Theses Drwsuon ﬁwtsron des theses canadlennes

/ Ottawa,Canada\ A T - U T

' KIhON4 - v ' §67466 S R R T
PERMISSION TO MIGHOFII.M — AUTORISATION DE MICROFILMER
o “e Please prlnt or type-——Ecrrre en Iettres moulees ou dactylographler 0 ) N r
Full ﬁame ot Author-—-Nom complet detauteur o T L e '
James C’\rn/orv; HM’“S/ e
Date of Bnrth—Date de naissance - - 7 - - . Country of Birth — Lieu de'naissance - R
2 AugqusT 1954 o | UsaAa
Permanent Adﬂress—Resrdence trxe ' o N T . ‘

L S A SR o , | | |

. . : o N - . L . v R

»

Trtle ot Thems—Trtre de la these , , : — ~ -
A ]{‘f\/tS rotf) oF ~H'\€ .‘ 7@muf /_“.7%‘ ((r’uc;{ér’%’) //”)’"/'/7 AM(ﬂ(q

\ , /"\ //
SN :
N v /
. 4 . \ - s . ’
. \‘ ’
“University — Université - : » ’ ' \ a ’ s ‘ DR
Uﬂwffs,'}\j [ A' L)ff +"’< . S /:' R . . (O
"Degree for. whlch th,ésns was presented —Grade pour quuel cette these fut presentee : o S ‘
Ph D - L |
' ‘Year this degree conterred —Année d’ obtentlon de ce grade ‘| Name of Supervisor — Nom du directeur de thése
. S S - ) e .
- i ' S . ¢ Co . Ty
Permission is hereby granted to'thc;)vATIO'NAL LIBRARY OF L’ autorrsatlon est, par la presente acoordee a Ja BIBLIOTHE:
- CANADA to mlcrofnm this thesis and to lend or sell copies of’ QUE NATIONALE DU CANADA de microfilmer cette these et de
the film. : | e R + préter ou de vendre des exemplarres du film.~ .

\
The author reserves other publlcation rlghts and. nelther the
‘thesis nor extensive extracts from it 'may. be printed or other-

L auteur se réserve les autres drovts de pubhcatlon ni Ia these '

wise reproduced wuthou the author's written permtsston Lot autrement reproduits sans |’ autorlsatlon ecrlte de I’ auteur '
oy SRR \\ TSR ’,: v ‘
Date L ' R ' : Signature

/L/au€VtL@l/\ MM /Lw%- /t/ /WZ,M__

CANevWirn v \ T - e .

3

ni de longs_extraits de celle-ci né" doivent étre imprimés ou. .’



THE UNIVERSITY OF ALBERTA
. . : ‘ ”

L~

T LA

¢

¥

A revnsxon of the genus Braya (Crucnferac) in North Amenca
by _ ,
@ ' J ames Gregory, Harris

1 .

SUBMITTED TO THE FACULTY OF GRADUATE STUDI ES AND RESEARCH

IN PARTI AL FULF ILMENT OF THE REQUIREMENTS FQR THE DEGREE
o I.‘ PR ,,* s _OF. Doctor of Phnlosophy
o " / \

T

jf .‘ / ",_’ v‘ ' ‘Botany |

Department of Botany

EDMONTON, ALBERTA -

 Spring, 1985

CATHESS - S

K -, . . o i . .
Tl : o
\ R ‘ '

~ N

AT

TN



\ { .
.«\ \ " . P
- - 1
- - ° . . . ) '
| ‘ N
THE UNIV_ERS‘I"I‘Y OF ALBERTA s
'RELEASE'FORM o
- NAME OF AUTHOR James Gregory Hamis 7_37 "/ L
-y ‘ i
TI TLE OF. THESIS A revrsron oi rhe genus Braya (Crucrf era€) in North Amer\rca
: NS
DEGREE FOR WHI CH THESIS WAS PRESENTED Doctor of Phnlosophy vk .

"
YEAR TI‘ IS DEGREE GRANTED Sprmg 1985 |

*

Permrssron is hereby granted to THE UNIVERSITY OF ALBERTA LIBRARY o

-

: reproduce smgle copres of thxs thesrs and to lend or sell such cop,res, for prrvate,scho_larly

“or screntrf ic research purposes only

The author reserves other pubhcatron rights, and nerther the thesrs nor extensrve

extracts f rom it mav be prmted or otherwrse reproduced wrthout the author S wrrtten
permission.

(:35 65(. evWOOJ

...........................................................................

o L Peeve, Uk

............................................................................

.....................




THE UNIVERSITY OF ALBERTA -

| SRR
FACULTY OF GRADUATE STUDI ES AND RESEARCH \

- . 3 ‘2
[ 2N . -

4

The undersrgned cemf y that they have read and recommend to the Faculty of
Graduate Studres and’ Research for acceptance a thesrs enntled A revision of the genus Braya

"(Crucrf erae) in North Amenca subnutted by James Gregory Harns in partral f ulfrlment of the-

: requrrements f or the degree of Doctor of Phrlosophy in Botany

A

. Exter_nal Examiner

8

- Date!

e



R R,

i
[
e

.+ For Janet Codp_tr, who opened my eyes to biology.,,'Herievident'l_‘ove of the natural world.

. proved

ey
-
Sy
S
P
i

infectious.

i
—

</

L

¥

e

i

Lo



_:" - ot Abstract

A revrsrdn of the’ genus Braya Sternb & Hoppe is presented f or North Amerrca Studtes of the

l

' morphology (.both tradmonal herbarlurh studres and numerical an o cytology ecology.

A, L ,
are drscussed Kcys to the sectrons species, and varieties a pr red aong with descrrptrons,,

chromosome numbers drstrrbutron maps rllustratrons and comments The f ollowrng frve

~ undescribed varieties are recognrzed B humilis (C.A. Mey ) Robms var. elIesmerenszs
Harrrs B. humzlts var. maccallae Harns B. humilis var porsrldu Harrrs B. glabella chhards
var. prostrata Harris, and B: thorll:i-Wquf % Ostenf. var, glabrata Harris. Proposed as a new
' combination is .B. glabella var. purpu'rascens (R.Br. ) Harns . |

Sectron Braya mcludes a sm

North Amerrcan' species, B. linearis, of Greenland.
SN

Sectron Platypetalum includes B. Jernal 1 demic to. northwes'tern Newf oundland; B. glabella

var. purpurascens of wrde drstrrbutron in the hrgh argtic; B. glabella var. glabella of wide

-

drstrrbutron in arctic, sub -arctic, and alpine regrons. | glabella var. prostrata, eridemic to

northern Ellesmere Island B. longii, another nort estern Newfoundland endemic; B. pilosa of

the Mackenzie Delta area; B. thonld-wul ff‘ Bi var, thor/rld-wul ffii, an endemrc/ of Greenland and
the ‘northern Canadran Arctrc Archrpelago and B. thorrld wul ffii var. glabrata of Banks lsland

and Vrctorra Island Secnon Slsymbnastrum rncludes a single specles B. humtlts of four

N varretres var ellesmerenszs an endemrc of northern Ellesmere lsland var. hunulzs wrdely

drstrrbuted on calcareous sorls in northern North Amerrca var. maccallae, endemrc to the
Rocky Mountams in southern Alberta and British Columbra and var. porsrldu of the Rocky

Mountains and Mackenzre Mountarns

e
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. | I \ lntroductlort A , » | - |

The famrly Crucrferae is a large cosmopohltan taxon of approxrmately 350 genera and 3000

' specres Members of the famrly are drstrrbuted mamly in the north temperate reglons of the B
world with the hrghest concentratron of specres occurrmg in the lands surroundmg the

: Medlterranean Basm (Hedge 1976) The Crucrf erae is composed predommantly of annual to
perennial herbs, but ‘also includes some small shrubs (Benson, 1959)’. L \ |

- \l, L ‘The f amily is economically. very importaht due.t‘o the large fnumber of cultivated .

: vegetables mcluded in it. Cabbage cauhflower broccoh Brussels sprouts kohlrabr kale
turmps radrshes rutabagas water cress, and mustard all belong to the Crucrferae Of
mcreasmg economrc rmportance is. the productron of canola (rapeSeed) orl from some’ specres in
the genus Brasslca ' - |

The Crucrferae appears to be a: natural assemblage of taxa w1th exceptronally dtstinct

f amily limits. The floral structure of the family ,tsdremarltably u-mform;“only r‘arelydo species

deviatefro'rn a generalfamilydescription of the'flowers and fruits. '-Flowers have four'free |

sepals four free petals, srx tetradynamous stamens, and a compound pistil of two f unctronal

carpels “The Qvary develops into an unusual f ru1t umque to the Crucrferae called a silicle if
'less than twice as long as broad, or a srllque if more than about twice as long as broad that 1s
divided mto two locules by a scarious; translucent septum arising from the center of each of the
‘two parretal placentae forrmng a false partmnn At dehrscence the valves (composed of

' ripened ovary wall) fall away leavmg the septum placentae with attached seeds style and

e stigma mtact Although there are exceptlons to this floral arrangement (some spccres may lack

the corolla or have SiX stamens of equal length or more or less than srx stamens) and frurt type

(some spectes produce mdehlscent f l‘LlltS or f1 rutts W1th an mcomplete septum or with f our

f ertrle carpels) the vast majority are as descrrbed “This overall umf ormrty in attrrbutes

considered essentral for classrf 1catron makes it very easy to recogmze members of the f amrly,

. but very dif frcult to separate the members into trrbes genera and sometlmes spécies (Rollins,

. v, m.é
. : i X
P . t
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cotyledon and radrcle characters hrs classrfrcatron recogmzed 10 trlbes Prand ( 1891)

~

: 1959 1982b Al Shehbaz 1973) Rollrns (1982b) has commented on the f act that members of} '
a genus in the Crucrferae wrll of ten have JUSt enough features in common to brnd them mto a-

) separate genus, “but mdrvrdual specres may closely approach morphologrcally members of

closely related genera, . He notes that it is very common f or two o1 more genera to comge
together at the f rmges of their drversrty and suggests that thrs lack of gaps in morphologrcal
drversrty argues f or the relatrve youth of the f amrly, extrnctron has not yet had time to remove
the evolutronary connections between genera. S_tebbrns (1950) and Al;Shehbaz (-1973)«hav.e.
sugges'ted(‘ that this apnarent ;'confluence of trihes‘ and genera may be due toa much lower
extmctron rate in the Crucrf erae than in f amrlres wrth more drstmctly dehmrted genera. |

| Early classrf 1catrons of the Crucrf erae usually stressed one or a few morphologrcal

characters and, therefore drffered srgmfrcantly from one another with regard to the defmmon ) _ |

and delrmrtatron of trrbes and genera (Hedge 1976). Hooker (1862) stressed fruit length and ’

/

t\\\
S

emphasrzed mdumentum characters and recogmzed only four tribes. Hayek (1911) placed

partrcular rmportance on nectary glands and myrosrn cells; he recogmzed 10 trrbes

The two most recent world-wrde classrf 1cat10ns of theCrricrferae have used a larger

number of characters to crrcumscrrbe trrbes and genera. ‘Schulz (1936) in hrs treatment of the

‘ Crucrf erae f or the second edition of Dte naturltchen P _ﬂanzen famzlzen used a varrety of flower,,,

fruit, gland embryo and rndumentum characters to divide the family into 19 tribes and 360 ,

.r'\ /,

genera. Schulz' s system has been crrtrcrzed for placrng too lrttle emphasrs on the North

American c'rucif ers (Rollins 1941), and for the delimitation and arrangement of his tribes

(Janchern, 1942). Janchen (1942) in ht&classrf ication of the famrly recognized 15 trrbes — he

consohdated some of Schulz S trrbes because he felt that the characters used to separate them

“were not srgmfrcz{nt enough to warrant trrbal recogmtron — and changed the sequence of the

‘Generrc dehmrtatron in the Crucrf erae can be so f rustratmg that one conservative botamst
Krause (1902), in perhaps the ultimate example of ' "lumping", proposed that the entire family
be consolidated into a single all-inclusive genus Crucifera. Thrs obviously is not the solution to
the p{oblem and only makes the situation more unwieldy and difficult to deal with, and it
would have required hundreds of nomenclatural changes in the literature.



tribes to better reflect their phylogeny He also transf erred several genera into different’ tribes :
_ (Hedge, 1976). Hedge (1976) should be consulted for a more detailed comparts,enpf Schulz s
| and Ja‘néhen's classifications , ! | U | |
Recent authors have commented on the madequacy of both Schulz s and Janchen s -
classrf ications and have contmued 10 redef ine tribal and genenc boundarres (Vaughan &
Whitehouse 1971 Al Shehbaz 1973 Hedge 1976 Hauser & Crovello 1982 Rollms 1982b)
- Taxonomic problems in the Crucrf erae are most pronounced at the' tribal and generrc levels, but‘, ‘
- : ?specres delimitatton also can be dif f icult in some groups (Al-Shehbaz, l973) The genus Braya: e
.Sternb. & Hoppe, m~the tribe Stsymbrzeae, 1s a good case in point. Braya i isa rather
well;definedlgenus _that includes a nurnber of taxa with' very obscure species boundaries.‘ :
Brayav2 is 'a'relatively -small arctibaniontane ge;tus of circumborEal'distribution “In the
l:astern Hermsphere the genus extends well southward to the mountams of Central Asia, but in

North America it is restncted to more northerly regions and’ extends south of the Fif tieth

»Parallel only in a few wrdelv scattered disJunct populations (Figure l) Braya is’ generally not

i ’ common wrthtn 1ts range and tends to be found in small, isolated populations on suitable

) l
‘ 'habitat Suitable habrtat usually consrsts of barren of ten calcareous soﬂs on gravelbars

g r1verbanks shorelmes scree slopes solif luction lobes, and on disturbed soils along roads and -
airf_ ields. -

' Braya is basedupon B. alpina a species f rom the Tirolean Alps. As distinguishing o

= ChaIaC[erlSLlCS of Braya Sternberg and Hoppe (1815) hsted the closed calyx, very -

wrdely spreadmg corolia, truncate petals crowned style convex and somewhat beaked seeds |

- and cylrndncal torulose siltques Subsequent authors (Robinson 1895 Vasrl chenko, 1939
Hegi 1958) have pomted out the unique ,nature of the epidermal cells of the septum “The cells -
- have very thick walls and are elongated transyersely or very obliquely in relation to the
l‘ongitudinal 'ax'i’s of the silique (Figure 2).- While there are other cruciferous genera that share
one or more of Braya S distmguishing features none share all of them,; and in combination

2Named in honor of Franz Gabriel de Bray presrdent of the KOmgliche Botanische Gesellschaf t
of Regensburg and French Ambassador to Bavana

{
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linearis Rouy. .b. B. glabella s.. (Stippled areas represent cell walls.)
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‘these characterrstrcs delimit the genus very well. ;/

AN

(2]

As additional specres were described, Sternberg and Hoppe s (1815) orrgmal concept of

Y

Braya had to be enlarged to include taxa obvxously closely related to the generic type species, B.

alpina, but drff ering somewhat morphologically Robert Brown ( 1823) erected the genus

' Platypetalum based upon P. purpuraScens from Melvrlle Island in the Canadtan Arctic, a plant

he acknowledged was very srmrlar to Braya, but drffered in the oval-elliptical shape of the

fruits Bunge (1841) later transferred P. purpurascens to Braya. ) - |
. Braya humilis (C.A. Mey.) Robms from the Altai Mountams of Central Asia, was

orrgrnally placed in the genus Stsymbrzum (Meyer, 1830) Robinson (1895) recognr.zed that

stymbrmm humile C A. Mey ex Ledeb is- morphologically similar to both Sisymbrium and

Braya, but has the septal epidermal cells of Braya rather than "Sisymbrium', and transferred the
taxon to Braya. Schulz (1924 chose to keep Sisymbrium humile separate from Braya'—
largely because the siliques are linear and long and the seeds are arranged in a single row, while

the siliques of B. alpina are shorter and the seeds appear o be arranged into two rows — and °

' placed itin the newly erected genus Torularra Currently some Russian and European

o herbarta catalog their collectrons under Torulana but most taxonomists place thrs taxon wrthm

an expanded Braya Even taxonomrsts with a broad concept of Braya recogmze that there are

/

. at least two, perhaps’three, maJor sections or species groups in the genus in North America: B.

humilis's.\., B. glabella s.\., and B. . linearis Rouy.

_The Braya humilis group is characterlzed by the of ten smuate -dentate basal and cauline
leaves, leafy stems (usually with three or more leaves per stem) narrow lmear srquues (usually
10°- 25 times longer than broad) with umserrate seeds and septal epiderrnal cells with very
thick and 1rregular walls (Frgures 2and 3). Fruit shape long consrdered to be of paramount
1mportance in the Crucrferae is very uniform in the B. humilis species group and
mterpopulatron variation is therefore most often treated taxonomically at the subsgpecres or

variety (or even f orm or. race) level. Taxa are usually separated on the basis of minor

differences in style length, stigma shape, and silique -dimensions and pubescence_(Fernald,



e

Figure 3. Generalized illustration of Braya humilis sensu lato.

«
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‘1918'Abbe 1948; Bocher, 1950, 1956; Rollins 1953'B0ivln 1968, 1969). Twenty-seven °

nomenclatural combmattons in five dlf fetent genera have been proposed by various authors at

vartous times to categortze the drversrty in thlS species complex in North America (Table 1).

" 'Most of the combinations have been proposed because of disagreements over. the rank at which

a tazton should be Lreated rather than because of dtsagreements over taxon recogmtton

\Abbe (1948), in his treatment of Braya in eastern North America, recogmzed six
geographlcal races in the B. humtlzs complex These were 1solated populations dif fering
somewhat m\h b1t stigma shape, leaf" margrns sxquue pubescence, and in the drmensrons of the
style, silique, petals sepals and pedrcels Abbe concluded that "there is overlapping of all
characters to such an extent that it would be un Justtftable to propose them s varieties or

perhaps even as forms”; he simply described and numbered the races, one 10 six. SubSequent :

authors have not been at all rettcent about proposing names for Abbe's races, which have been

recognized as specres (B0cher 1950 1956 Sdrensen, 1954) subspecies (Bocher, 1950, 1956

Rollins, 1953), varieties (BOCher 1950, 1956 Boivin, 1968, 1969), and forms (Bocher, 1950\
1956).

n Very little taxonomic work has been done on the Braya humilis species complex in
western North' America (Hooker, 1830; Robinson, 1895; Rydberg, ¥907; Rollins, 1953), even
though interpopulation variation appears to be much greater than in the eastern part o)fXK
continent and ‘the opportunity for ta_gtonomic interpretation, therefore, more pronou’nced.

- The Eraya glabella species complex can be characterized by la basal rosette of mostly
entire (occasionally with one or two teeth) and somewhat fleshy leavesl, a leafless scape (at
most with a single leaf or bract subtending the lowermost silique), shorter and broader siliques
or silicles (usually 1.5 - 7 times longer than broad) with biseriate seeds, and septal epidermal

cells with thinner and more regular walls than those in the B. humilis complex (Figures 2 and

~ 4). Fruit shape is generally quite varrable in this specres group. and mterpopulatton variation is

most of ten treated at the species rank, based principally upon dlfferences in fruit and flower

dtmensrons (Hooker, 1830; Ostenfeld, 1923; Fernald, 1926; Raup, 1934; Abbe, '1948). Eighteen

)
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Table 1. Epithets and nomenclatural combinations proposed for
North Americag members of the Braya humilis species complex,

Braya

B. humilis (C.A. Mey.) Robins.

B. humilis ssp. arctica (Boch.) Rollins

B. humilis ssp. arctica f. biloba Bocher

B. humills ssp. richardsonii (Rydb.) Hult.
B. humilis ssp. ventosa Rollins

B. humilis var. abbei (Boch.) Boivin

B. humilis var. americana (Hook.) Boivin

. humilis var. arctica (Bdch.) Boivin
humilis var. interior (Boch.) Boivin

. humilis var. laurentiana (Boch.) Boivin

. humilis var. leiocarpa (Trautv.) Fern.
humilis var. novae-anglige (Rydb.) Fern.
humilis var. ventosa (Roll.) Boivin

. novae-anglice (Rydb.) Sér.

. no¥ae-angliae ssp. abbei Bocher’
novae-angliae ssp. ventosa (Roll.) Bocher
novae-angliae var. interior Bocher
novae-angliae var. interior f. capitata Bocher
. novae-angliae var. laurentiana Bocher

. americana (Hook.) Fern.

richardsonii (Rydb.) Fern.

. intermedia Ser.

. vestitg Porsild (in sched.)®

. humilis var. maccallae Boivin (in sched.)*

SRSy

ot

Torularia
T. humilis (C.A. Mey.) Schulz
T. humilis ssp. arctica Bocher T

Pilosella
P. novae-angliae Rydb.
P richardsonii Rydb.

Sisymgr}um
S. humile C.A. Mey. in Ledeb.

Arabidopsis
A. novae-angliae (Rycib.) Brit.

B . T

“These epithets proposed on herbarium sheets but never actually published.

e
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nomenclatural combmattons in two genera have been proposed for thrs group in North Amertca

.‘&‘

(Table2). A e

Braya glabella thhards was descrlbed in 1823 by SirJ ohn thhardson (1823)

_ 'Naturahst with Franklin's voyage to the coast of Arcttc Canada from specrmens collected on
_ the Copper Mountams between Great Bear Lake and Coronatton Gulf. In the same year,

Robert Brown ( 1823) named Platypetalum (Braya) purpurascens from plants collected on

Melvrlle Island Northwest Terrltones by members of the Parry Expedttron Both taxa are very

closely: related and belong to the same maJor species complex but Brown S P purpurascens

. represents the more typlcal and W1despread forrn Partly for thxs reason, and because there has

been some conf usion about Whlch descrxptron was pubhshed first and Wthh epithet therefore-

has pltonty the name B. purpurascens 1s most often apphed to thrs specxes group

Nevertheless 1t is clear f rom the 'orrgmal descriptions that 'although both Rlchardson and

Brown Were f amrlrar Wxth each other s work and c1te it in thelr own publlcatlons chhardson is

- 1ef errmg to Brown s unpubhshed manuscnpt and Brown is referrtng to chhardson s already

e

, publlshed work (he cxtes frnal page numbers) The eplthet "glabella" theref ore has priority

over purpurascens and 1 will refer 10 this group as the B. glabella group or complex from

i

here on. L
A thrrd much smaller group, the Braya lmearzs group rs Tepresented in North Amerrca
by a smgle species found on the east and west coasts of Greenland. Braya lmearzs Rouy is also

found in northern Scandinavia and, based on some cytologrcal and hybrldrzatlon studles by

Bocher ( 1966 '1973), appears to be closely related to the type species of the genus B. alpma

from the European Alps.  Braya lmear:s brldges the gap to some extent, between the B.

' glabella and B. humilis: groups The fruits are intermediate iri length between B glabella and B.

humllzs 'T)ut the seeds are arranged roughly into one row as in B. humilis. The leaves tend to be “
long and lmear like B. glabella but with a greater tendency to be toothed, hke B. humilis.

Stems:are leaf ier than those in B. glabella, but somewhat less leafy than those i in B. humzlzs

3In fact, B. glabella has occas:onally been placed into synonymy under B. purpurascens
(Robmson 189s; Scoggan 1978).

A

o



* Table 2. Epithets and nomenclatural combinations proposed for
North American members of the Braya glabella species complex.

0.,

Braya R R ' o A

mmmmu@mmmu&&mmmmwm@mmm

. glabélla Rlchards
. alpina var: glabella (Rlchards ). Wats
. alpina ssp. americana Hook.

alpina var. americana (Hook . ) Wats.

. americana (Hook.) Fern.

. arctica-Hook .

. bartlettiana Jordal

. bartlettiana var. vestita Hult
.- fernaldu Abbe -

henryae Raup

. longii Fen. -

. pilosa Hook. ' ‘ I '

. pilosa ssp. Thorild- wulff: (Ost.). Petro: -~ o
. purpurascens (R. Br.) Bunge = . SRR R

. purpurascens var. dubia (R. Br.) Schulz

. purpurascens var. Sfernaldii (Abbe) Bmvm '

purpurascens var. longii (Fern.) Boivin

. purpurascens ssp. pilosa (Hook.) ‘Hult.
.~pUrpurascens ssp. ‘thorild-wulffii (Ost.). Hult.
. purpurascens var. thorild-wul ffii (Ost ) Boivin
.‘thorild®wul ffii Ostenfeld

.' thordd—wul ffii 2 Var glabrata Porsild (in- sched )' ’

L Platypetalum

P

purpurascens ‘R.-Br.

P. dubium R Br.

i “'Thls epithet proposed ona herbanum sheet but never actually pubhshed

!
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_Becau.se from this group only Bl linea‘ris is distributed in vNorth. America the area address'ed in

, thrsqstudy I will refer to this specres complex as the B lmeans group or complex.

' Very few brosystematlc Studies, other than chromosome counts, have been done on

, Braya in North Amerrca Gaiser (1953) pubhshed chromosome counts for B. humzlzs from

,Colorado and Alaska of n= 32 and 2n=40 respectrvely Subsequent counts have shown that

Garser S counts were almost certamly in error (Mulltgan "1965; B0cher 1966) but they dzd

1ndrcate the probablhty of polyplordy in the genus. ‘ Rollms (1953) and BOCher (1956) found a

rough correlation between chromosome number and pollen size in the B. humzlzs group and,

based on pollen gram measurements suggested the possibility of lower chromosome numbers

eventually berng found in Asrattc populatrons Mullrgan ( 1965) m a paper provxdmg a nurnber

of. chromosome counts in Cardamme and Braya reported several new chromosome counts , |

- from Braya populatrons in Alaska Northwest Terrrtor;]s Alberta Brmsh Columbla and

' Colorado mcludrng the first Teport of tetraplord members of the B, humzlzs complex (Table 3)
Mullrgan (1965) also attempted to. Cross many of the same Braya populattons used fi or

chromosome counts but was only successf ul in one of them between a tetraplord B. humtlzs

' populatlon from the Northwest Territories and a hexaploid B humzlzs populatron from Brmsh

Columbra He reported that the F; hybrlds had a chromOSOme number of 2n=35 and that |

|

' merosrs was very 1rregular all fruits aborted and no seed was set » “ S . N
Ny b . -

Som&sKhat surprlsrngly by far the greatest amount of brosystemauc research has been o
~
done on populatrons from Greenland one of the least accessrble regrons of North Amerrca

,‘These studles of course, have been done mostly by Damsh botamsts such as Holmen ( 1952)

2 orgensen et al (1958), and especrally B0cher ( 1950 1956, 1966, 1973; Bocher & Larsen 1950).
B()ch&\and Larsen (1950) reported chromosome numbers of two West Greenland taxa B
linearis and T orulana (Braya) humzlrs ‘as 2n=42 and 2n= 56 respect1ver fi 1rmly estabhshrng »
x=Tasa base number m the genus. Further counts of Greenland Braya populatxons by
Holmen ( 1952) also fell in the x=7 pattern Holmen counted n= 28 in B. purpurascens and

; ,‘ Counts of 2n 64 in Braya linearis (Westergaard 1948) and 2n=32in B. alpina (Manton,
1932) are also beheved to be erroneous (J drgensen et al, 1958; Mullrgan 1965; Bocher, 1966).
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n=141in B thorzld-wulff i, the first repﬁ)rted non- octoplord in the B. glabella complex

J drgensen and Westergaard (1954) reported counts of 2n=42for B. humdts in Ejtst/G,reenla nd-
B /

- and 2n=70 fo or B mtermedra an East Greenland endemic and the only known decaplord in the
genus

In his thorough treatment of the Braya huimilis complex in Greenland and eastern

North America BOCher (1956) working with plants cultivated in the greenhouse and with wrld ‘

plants, f ollowed the course of meiosis in West Greenland B novae—anglzae and East Greenland
B. mtermedta He found that metosrs was almost completely regular in B. novae-anglzae but
. much less regular in the decaploid B. mter_medza. Meiotic irregularity was also evrdenced by the

“high nurnber of dwarfed 'pollen grains f ound and by reduced seed fertility. Bocher also

conducted cultivation experiments to determine how well'phenotypic diff’ erences observed in the ’

!
f ield would hold upina common garden ‘Based on the results Bocher suggested that East

Greenland members of the B. humdzs complex were distinct from West Greenland members

A

BOCher (1966) conducted f urther cultivation experrments with Braya populations from.

‘Greenland Asra Europe and Colorado He recogmzed that B. linearis and B. alpzna are very
_ closely related but with enough dif ferences tb mamtam them as separate species and suggested
' their close relattonshtp to B. aenea, an’ Asratic specres and to B. glabella B. pzlosa and B n
hem;yae f rom North America B0cher felt that cultivated plants of B novae—anghae ssp

* novae-angliae from Greenland appeared 10 be only subspecrf ically diff erent from those of B.

) novae-angltae ssp ventosa f rom Colorado and that both of these sub pecies were closely related

to ssp. abbei from Newfoundland. | - . B

\\

‘Fmally Bocher (1973) conducted hybridization expefiments between Braya linearis, B.

3 -alping, and B. rosea.* He found that a B. linearis x B alpina cross produced fertile F hybnds
mdi(:tmg a very close relattonship between the two taxa. The B. linearis x B rosea Cross was

‘much less successful. The F hybnds exhibited meiotic chromosome-pairing dtsturbances most

chromosomes dld not pam properly and the plants were stenle

-*Braya rosea is an Asiatic species..

»
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Chemosystematic studies of Braya evrdently have never been attempted. This despite
the i" act that such studies have proved usefu] in other cruc1i' erous genera of parttcular value in-
the Crucrf erae have been the /glucosmolates and seed and 1eaf protems |
The glucosmolates are a group of about 85 naturally occurring amons that upon ‘
hydrolysis with myrosmase enzymes charactenstically break down mto glucose sulfate, and
isothiocyanate (mustard orl). Tt is the resultmg isothiocyanatesthat are r‘esponSible for the -
"pungent aroma and sharp, biting taste associated with plants in the must‘ard iamily The
1sothiocyanates are found only in very mmute quantities or may be- completely absent f Tom
healthy tissues and are f ormed only when the tissues are crushed or damaged (Etthnger and
Kjaer. 1968; Al Shehbaz 1973). |
“The glucosinolates have shown someé promise for chemotaxonomic studies inthe
Cruciferae. The order Rhoeadales of Bessey (1915) included the' families Papaveraceae,
- ) .
‘Fumariaceae, Tovariaceae,'Moringaceae, Resedaceae, Capparaceae, and Cruciferae. All of
these families, with the exception of Papaveraceae and Fumariaceae. contain glucosinolates '
(Kjaer, 1960). | 1t would .seem then,that the Rhoeadales is not a natural order and that the
. Papaveraceae and Fumariaceae should be removed (l(jaer 1963) Interestmgly the same-

’ morphological grounds and they have mcluded only the families that produce glucosmolates in
the order Capparales | |
While it appears that the Capparales isa natural order _partly on the basrs of the
presence of glucosmolates it should be added that several other unrelated families also produce

glucosrnolates Limnanthaceae Caricaceae, Bataceae, Tropaeolaceae Gyrostemonaceae
Salvadoraceae Zygophyllaceae and Euphorbiaceae Clearly the glucosinolates do not provrde
the definitive answer to the classxf ication of families contammg these compounds

| Furthermore the glucosmolates appear to be of very limited value in determinmg

- generic and tribal boundaries in the Cruciferae (Al Shehbaz 1973) Ettlinger and Thpmpson

( 1962) were able to distinguish Brassica from Smapzs on. the basis of differences in \

-
.
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'glucosmolate content, but Al-Shehbaz (1973) could find no distinct patterns of glucosmolate '

. dlstnbutron that set apart the six genera of the tribe Thelypodieae (Stanleya Thelypodzum S

'Thelypodlopm Caulanthus, Streptanthus and Strepzanthella) It appears that the
glucosmolates are much more valuable as taxlnomrc markers at the mterspecn/i‘ ic and
mfraspecrflc levels (Al Shehbaz 1973) N

Kjaer and Hansen (1958) ina study\of Arabis, found that patterns of. glucosmolate

‘ dlstrrbutron correlated qurte well wrth morphologrcal differences between taxa. Al-Shehbaz

(1973) m his brosystematlc treatment of Thelypodium, found that, except for a few species,

the. quahtatlve and quantrtatrve patterns of glucoside dlstnbutron were species- specrf ic. The. ./

, ‘data provrded by the glucosmolates appeared to support the taxonomlc decisions arrived at

through other types of data

Rodman (1974 1980) found that glucosrde -palterns were very useful for detectmg
’]hybrrds He found that Cakile plants suspected of being hybrids on morphoiogrca] grounds
were addmve for numbers of glucosides (i incorporating the glucosrdes of both parents in the
pattern) and 1ntermed1ate for ¢ quantmes of glucosrdes (Rodman 1980). 'This mdrcated quite
' clearly that the suspected hybrlds were in fact of hybrid origin.

Thebrosynthesns of qucosrnolates 1s apparently under direct genetic controi and .the 4
compounds are very stable (Rodman 1974, 1980). Both .of these features make the
glucosihola/te@excelléht taxonomic ‘markers'..

Rodman (1974) found that glucosmolate patterns are of ten very diff erent between
mterspecrf ic and mfraspecrf ic taxa, but sometimes chemrcal vanatron between populatrons
without corresponding morphologrcal differences can occur. He also noticed clinal changes in
glucosinolate content and _concluded that glucosinolate patterns are another taxonomjc
character, very similar to other types of characters rn their patterns of distributior'r,
susceptibilityfto variation and taxonomic usef ulness

Unfortunately plants like Braya with usualiy lxmrted numbers of rather small seeds

do not lend themselves well to studies of glucosrnolate prof iles — there simply is not enough
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seed material available. This is an area of great potential, however, for future long-term

taxé’r\lomic studies of Braya in which adequate quantities of seed might be gathered from
\ ) . &
populﬁtiqns raised in the greenhouse, or when more sophisticated assaying techniques are

developed.

~ Several serological and electrophoretic studies of seed proteins in the genus Brassica

‘have demonstrated the value of these proteins as taxonomic characters in the Cruciferae.

. Vaughan et a/ (1966) used'serologiéal and acrylamide gel electrophoretic techniques in a study

of the seed proteins of Brassica campestris, B. oleracea, and B. nigra to determine the
usefulness _of these techniques for taxonomic studies of Brassica. Their results indicated that
all three taxa could be separéted_immuno-,el‘ectrophoretically. They also found that B. oleracea
ghd B campe_zstris were much more closclf related to each other than they were to B. nigra.
'I‘hfs supports theq‘viéw of Schulz (1924) that B. oIeraceé and B..campestris belong in the section

o~

Brassicotypus and B. nigra belongs in the sectioh Melanosinapi;.
'Vauﬂg'ha;l. et al (1966) also extracted proteins for acrylamide gel sei)aration from seeds

and separated them into globulins.and albximins by dialysis. It was f oimd that the globulin
pattérns of Brassica nigra were diff eren_i f rom\those of the other twc') species; which weré :
ind.istiAngi;xishable from one another, but that all three species had different albumin pattérns.
Thus, acrylamfde gel separétion also indicated that B. oleracea and B. campéstris were more
closely related to each other 'thén to B. 'm’grq. Vaughan et al (1966) concludéd that the seéd
protein composifion of the three species studied supported the previous c;assif ication of these
taxa on morpholpgica] grounds. | | |

| Vaughan and Waite (1967a), using serological techniques,'stﬁd‘ied the differences in
seed proteins'betwecn Brassica and Sin‘apis, Four Brass’iga taxa and Sinapis alba were

examined. On the basis of galactosidase, glucosidase, and ésterase activity, they determined

that Sinapis was distinct from the f our Brassica taxa and that B. oleracea and the two B.

campestris taxa were more closely Telated to each other than to B. nigra. Again, seed

studies supported traditional taxonomic methods.
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Vaughan and Waite (1967b) used the same serological, electrophoretic, and isoenzyme
staining methods to test the hypotitesis that Brassica nigra (n=18), B.,‘“olercicea (n=9), and B.
campestris (n=10) have hybridized to ‘produce the amphidiploids B. carinata (n=17), B.

, uncea (n=18), and B. napus (n=19). Starch-gel electrophoresis and the identification of the
enzy‘me groups present supported the idea that the three above -.mentioned putative hybrids are
in fact of hybrid origin. It was found that in each case, most of the enzyntes present in the

- putative parents were’also present in the suspected hybrids. (Although in a few instances
parent enzymes were not contributed to the hybrid )} Onthe other hand enzymes present in

the putative hybrids were nearly a]ways present in one or both of the parent species. Only in

v

rare instances did the hybrids contain protems that were unique. This was taken‘ by Vaughan
and Waite to support fairly well the hybridization theory mentioned above.

. An additional study by Vaughan and Denford (1968) using acrylamide gel
electrophoresis to examine the seed albumins of Sinapis and several Bragsica taxa supported the
’conclusion‘s reached by Vaughan et a/ (1966), and Vaughan and Waite (1967a, 1967b). In

) .a_ddition, it was found thatB. campestris co;tained 100% of the high-frequency enzyme bands
‘found in the other Brassica taxa, suggesting_ that it is most closely related to the ancestral Stock
of this group.
Vaughan et al (1976) have reviewed the studies done using seed proteins as taxonomic
indicators in the Crucif’ erae’; | |

' vBeing unde{direct genetic control, it would seem that the seed proteins should be_
extremely vaiuable in taxonomic studies and, indeed, from the studies cited above, it appears
that they have already proved themselves useful in the delimitation of species boundaries in the |
genus Bras\sica. But the sarne requirement of reasonably large quantities of seed material for

i glucosinolate analysis also limits the practicality of seed proteln studles in small seeded genera

3Ly -
W feaf enzymes

-such as Braya. Fortunately, some recent studies have mdicated the useful

- as possible taxonomic characters in the Cruciferae.
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Coulthart (1979) and Coulthart and Denford (1982) successfully used leaf enzymes for

electrophoretic analysis of the genetics of an alloploid complex in Brassica. Similar techniques,
employed in determinigg electrophoretic banding patterns of leaf enzymes in Braya, should
prove useful in ptoviding chemotaxonomic characters capable of shedding new light on the

7 — -

-

taxonomic problems in this genus.



II. Materials and Methods .

A. Pield Studtes and Collections - . | - » oy
Fteld work was carried out during the summers of 1981, 1982 and 1983 throhghout a

31gmf icant portton of the range of Braya in-North Amenca Representatxve plants w&re
collected from forty nine populations in Alaska Yukon contmental Northwest Territdries, the
‘ Canadtan Arctic Islands, Brltxsh‘Columbla Alberta Newf oundland Vermont and Gr nland.
- | 'Pressed and dried herbartum specimens were taken T rom all populations. and ltvmg plant were

collected.f rom some of the populattons especxally those that did not have plants with m:\ure
seeds. In addition, durmg the field season of 1981 xmmature f loral buds were collected ax&d
fixed in Carnoy s solution f or later cytologxcal exammatton Informatlon on hab1tat and ant
commumty type was recorded for each populatron sampled |

Plants from several other populations in Alaska, Colorado Baffm Island Greenland

and '_Spttzbergen were collected for me by others and those specxmens have been 1nc1uded in ‘this‘g

study.

" B. Morphology \
Drstrrbunon information and morphologrcal studies were based on’ my own collecttons
and those of the University‘ of Alberta (ALTA)'; as well as on more than 1,000 .herbarium
specimens received on loan f ror_n the f ollowing institutions: |
Biosys'tematics Research Institute, Agriculture Canada (DAO)'; National Herbarium of
Canada (CAN); Brigham Young llniversity (BRY); Herbier Marie-Victorin, University of v~
‘Montreal (MT); 'Gra\y Herbarium of Harvard University (GH); Kew Herbarium and Royal .
‘Botanic Gardens (K); British Museum (Natural Hlstory), (BM); U:niversity ol‘ Copenha_gen
(C); Botanische Staatssammlung, Miunchen (M); Komarov Botanical Institute of the Academy |

of Scrences of the US.S.R. (LE); Aeademy of Natural Sciences, Phrladelphra (PH);
Un1vers1ty of Michigan (MICH).

25
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Herbarium specimens were examined initially for obvious morphological differences

and whether or not these differences correlated with geographic distributions or habitat

&

preferences. In addition to these m‘o(é general studies, 103 representative specimens (see
Append»ix' .1) were measured and scored for 42 morphological attributes (see Table 4) to be
analyzéd avs}ith a computer classification program, TAXMAP, developed by Dr. J.W. |
Carmichaet of th(é‘University of Alberta (Carmichael, 1983). Attributes were chosen from
among those which ha\;e_ been most frequently considered valuable in the Cruciferae along with
others that\appeare;i,usef ul f rom\lmy own examination of herbém'um specimensl. Measufements
were taken "with a hand rule, with ayn_'ocular 'm'icrometer in an American Optical dissecﬁng
microscope, or with a Houston Instrumeﬁt Hipad digitizer and Apple Ii éomputer using the
BIOQUANT IT statistical package. Me’asﬁre@\ents‘cf very small struciurt:? (suéh as seed and -
.style dimensions) were made with the Hipad digitizer and a drawing tube attached to a Leitz
dissecting microscope.

TAXMAP calculates the r.ang.es‘of the attribﬁte values a;d\normalizes _the raw data as
fractions of the ranges. iA weighted averaée relative proxiiﬁity is then c;i¢ula§ed between each
pair of Operational Taxonomic Units (Of‘ U's, or in this case populafions or colleétions)'apd
the OTU's are g.rquped‘ into clusters accmdi'ng to relative discontinuities in proXimities b\ét'chn
clusters. AVtaxo.metricﬂ map is thén drawn on a Calcomp plotter.. The map isa S .I
two-dimensional representation of thé relationships of the clusters to each other. Circles

represent clusters of more than one OTU and numbered points represent single-member

clusters. Arrows indicate the nearest neighbor to each cluster,

C. Greenhouse Studies -
Seeds from each collection, when available, were removed rom pressed and dried

specimens and placed in a freezer for four or five days prior to sowing. Seed germination
' -

Pgicentage under these conditions was very high and no further pretreatment experimentation

was required; seeds from all populations were routinely\ exposed to below-freezing temperatures

) e
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' 10.

11.

12.
13.
14,

15.
16.
17,
18.
19.
20.
21.
22.
23.
24.
25.

26.

27.
28.
29.
30.
31.
32.

33.

34.
35.
36.
37.

M o

Table 4. Morphological attribpt'es used in TAXMAP computer analysis.

Silique length in mm. !
Silique width at widest point in mm. A
Silique width/length ratio
Style length in mm. .
Style width at center in mm.
Style width/length ratio ‘ : .
Style shape (1=sides parallel, 2=somewhat broader at base, 3=much broader at base)
Stigma shape (1=entire, 2 =indistinctly bilobed, 3 = moderately bilobed, 4=broadly
bilobed) '
Stigma breadth (1=same width as style, 2=slightly broader than style, 3=moderately
capitate, 4=broadly capitate) ;
Silique pubescence type (0=none, 1=simple{airs only, 2=mostly simple hairs, some
biforked, 3=simple and biforked hairs equal, 4= mostly biforked hairs, some.
simple, 5=biforked hairs only, 6=biforked hairs, some 3-forked hairs)
Silique pubescence degree (0=:glabrous, 1=glabrous-extra sparse, 2=extra sparse,
3=sparse, 4=sparse-moderate, S =moderate, 6= moderate-dense, 7=dense)
Fruiting pedicel length in mm. ‘
Inflorescence length in cm. >
Fruiting inflorescence density (average percentage of total siliques arising from the top 1
cm of the inflorescence)
Seed row number in siliques
Seed length in mm.
Seed width in mm.
Seed width/length ratio
Petal length in mm.
Petal width in mm.
Petal width/length ratio
Sepal length in mm.
Sepal width in mm. \
Sepal width/length ratio ) ' - ‘
Sepal pubescence type (0=none, 1=simiple hairs only, 2=mostly simple hairs, some
biforked, 3=simple and hiforked hairs equal, 4=mostly biforked hairs, some
simple, 5= biforked hairs only) .
Sepal pubescence degree (0= glabrous, 1=glabrous-extra sparse, 2=extra sparse,
3=sparse, 4=sparse-moderate, S=moderate, 6=moderate -dense)
Plant height in cm. ' e
Stem leafyness (average number of leaves per stem)
Stem branching (average number of branches per stem)
‘Stem rosette formation (0=none, I'=uncommon, 2=common)
‘Stem number per plant ' )
Stem pubescence type (1=simple hairs only, 2=mostly simple hairs, some biforked,
3=simple and biforked hairs equal, 4=mostly biforked hairs, some simple, 5= biforked
hairs only, 6=mostly biforked hairs, some 3-forked) :
Stem pubescence degree (1 =extra sparse, 2=sparse, 3=moderate, 4=moderate-dense,
S=dense) . S
Basal leaf length in cm.
Basal leaf width in cm.
Basal leaf width/length ratio - 4
Leaf pubescence type (0=none, 1=simple hairs only, 2=mostly simple hairs, some

27



38.
39.

28

biforked, 3=simple and biforked hairs equal, 4=mostly biforked hairs, some

simple, 5=biforked hairs only, 6=mostly biforked hairs, some 3-forked)

Leal pubescence degree (O=glabrous, | =extra sparse, 2=sparse, 3 =sparse-moderate,
4=moderate, S=moderate-dense, 6=dense)

Basal leal margin (O=all leaves entire, 1 =rare tooth on some leaves, 2= occasional tooth

on some leaves, 3=frequent tooth on some leaves, 4=most leaves toothed, S=all leaves”,
distinctly toothed)

. Stem habit (1% prostrate-decumbent, 2=ascending-erect)
41,

42.

Septum margin base (0=not sack-like, 1 =sacklike)
Siliques aborted (0=absent or rare, 2=frequeént or common)
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Seeds were sown under a thin layer of sand in 5 inch plastrc pots and the seedlmgs were -
) later]transplanted to 2.5-inch or 3-inch clay pots and ‘placed in the greenhouse,m the Brol_ogrcal B
Scignces Building at the University of Alberta. The ternperature in the greenhouse ranged f rom
about 12° - 16°'C dependingon th_e outside temper‘ature,‘ and naturalli'li‘gh'ting was supplementéd" -
with artif icial lighting to provide about- an 18-hour daylength The intent was not'toy atternpt '
Mto srmulate any partrcular envrronment so much as to provrde an énvironment generally surtable
to most Braya taxa 50 that phenologrcal drf f erences observed between populatrons in the f 1eld
could be observed in a common»garden to see which were envrronmentally controlled and which
were ‘under more strict genetic control. "Some specirnens' from very high 1atitudes did not do
\ﬁ/élizzin the‘”greeni'rouse and had to be rno,ved to»a grotvth chamber and provided with a 24-hour
p.hotoperi‘od . | i
'LLiving plants: also provided yan opportunity for studying}the breeding systerns of Braya.
Plants were examined to deter‘mine’t_heir ability to self -pollinate, and a dissecting' microseope S :
, ‘and fine f orceps were used to caref rrllv rernove stamens f Tom plants prior.‘ to anthesis to check B
for any evidence of agamosper‘mous reproductron A limited number of artificial " |
~hybridizations were also attempted by transferring pollen from the anther of a male donor
f lower to the strgma of an emasculated female recrprent f’lower under a low-power drssectmg
microscope. It was usually quiteobvious under the dissecting microscope if the emasculation
of the recipient flower had been unisuiccesst ul and self -pollination had accidentally oceurred
bec'ause the pollen grains were clearly visible on the stigma. B -

N .
Representatrve specrmens of these cultrvated plants have been preserved in the

" University of Alberta Herbarrum (ALTA) v e
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D Cytology .

o Merotrc chromosome counts from floral buds fi 1xed in the freld were unsuccessf ul and

- all counts were made from the somatrc cells of root trps of plants transplanted to the -

?greenhouse or raised in the greenhouse from seed.

Mitotic chromosome countmg methods were basrcally those of TIJO and Levan (1950)

- v‘ Root trps were pretreated for3 - 4 hours ina 0. 002 molar solunon of 8 hydroxygumohne at 13°

- 17 C, washed for 5 - 10 mmutes in drstrlled water blotted dry and stamed ina watchglass

‘with a solutron of acetrc orecein and lN HCl1 (9 1) for 30 40mmutes, Three or four trmes

' durmg starmng the root t1ps and stain solutron were warmed gently over an alcohol burner..

i

The root tip menstems were then mounted 1n 45% acetrc acid on a mrcroScope slide and the

covershp was nnged w1th a mlxture of paraffin wax and gum mastrc (1:1). The slides

vremame‘d useable for about 6 8 months

:Qhromosomes were counted wrth elth_er _the high-power dry objective (788X) or the oil -

_ immerSion objecfive (1250X) of ‘a vReichert or Ni‘kon microscope Voucher specimens for most ' ,

' counts are deposited i m the Umversrty of Alberta Herbarium (ALTA) §

\//

Drawrngs of some representatrve preparatrons were made from photographs taken with

a Nikon rmcroscope camera system. Because of" the narrowness of the depth of field of the,

rnlcroscoplc image, it was almost always necessary to take a series of three or four photographs

while focusrng through the chromosome preparatron to ensure that all chrOmosomes had been

recorded. Composrte drawmgs were then made from these series of photographs.

E. Enzyme Analysis - : , | | ~
i L1v1ng leaf trssues from Braya plants grown from seed were used for electrophoresrs
Seeds were obtamed f rom plants—collected in the f 1eld as well as from herbarrum specrmens on.

loan from Brigham Young Unrversrty. Seed voucher specirnens are listed‘ in Appendix 2.

‘Some counts were made from plants grown from seeds removed f rom collections on loan from .
Brigham Young University. These counts are vouched for by specimens at the Brigham Young
Unlversrty Herbarrum (BRY) . ‘ o |

i
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, Several seeds from each population we”r{esown in 5-inch plastic pots onto soil and
covered with a thin layer of sand." The seedlings were germinated and raised in a greenhouse
under natural lighting ‘conditions‘7 at about 25°C (temperature f luctuated somewhat depending

on the outside temperature). Plants were well watered.

(
To ensure adequate material f or electrophoresrs entrre vegetatrve ‘basal rosettes were ‘

used for enzyme extractron after between 6 and 10 true leaves had developed ! Because of the

large number of populauons sampledand the small amount of plant materral available from

many of these populauons plants from each populatron were combined and extracted together
Leaf extracts were prepared using the extractron buf fer (0 06 M Tric- HCl, pH 6.7) and” .

extractron techmques of. Coulthart and Denf ord (1982) The extracts were then qurck frozen

- in hqurd mtrogen and stored frozen in the dark untrl just pnor to electrophoresrs

,;Xll enzymes were electrophoresed in polyacrylamide gels, using a single-phase '

| _electrophoresis system modif led from Denford (1970). A s_ingle-density "small pore" gel was. .

cast into 5 mm diameter x 75 mm long glass tubes, to within 1 cm of the top, f ollowing the

procedure‘outlined in 'Coul't'hart (1979). The gels were then run rertically ina Buchler :

' :Instruments "Pglyanalyst” apparatus, throuéh which cold tap water was circulated throughout

the run. This system allowed»12 gels to be run simultaneously ':Enzyme samples in extraction

_ buffer were mrxed w1th 20% sucrose (1 1 to increase the densrtv and layered under cathode

' buf fer onto the surface of the gels wrth a plpette Sample volumes vaned from 30 ulL to 100

‘ul per gel, depending on the stain intensity of the enzyme.. o o
Gels were un for 60 to 70 minutes at a constant current »vof 2.5.mA per tube, until the
" * bromophenol blue marker dye in the cathode buffer had migrat'ed"to “within S mm of the end of
the gel. The gels w‘ere then rem‘oved from the tubesvand tﬂai@f ollowing the procedures and

stain recipes of Coulthart (1979). Enzyme'banding patterns were caref ully compared between
"Seeds were sown between the first and second week of June and the seedhngs were allowed to
grow until between the last week of July and the first week of September.

'Some previous studies (Coulthart & Denford, 1982) have used only one of the first pair of
true leaves to ensure that a uniform phenologrcal stage was sampled, but comparisons of
“electrophoretic banding patterns of extracts from younger vegetatrve rosettes and older
vegetatrve Tosettes in Braya showed no diff erences. -

>
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gels and then recorded asﬁmterpretlve drawings. A dlagram of the banding patterns in the f ive

" enzyme systems is included in Appendlx 3.

L



111 .. Results . \

, A. Morphology
Herbarium specrmens were studied in an attempt to determme‘morphologncal
boundaries between the taxa that have been recognized by various authors in the past (see
- Tables 1 and 2) The results of these studxes to find the obviously dehmltable and definable
North Amemn Braya taxa will be drscussed in later sections. ,
' Speexmens representing 103 »Braya populations were scored for 42 morphological
attributes and analyzed with the computer classif icatl’on program TAXMAP . The clusters
. resulting from the a}nalysisvare listed in Table 5. To aid in the interpretation ot_“ the clttsters,'
each %TU was named as "glab" (B. g_ltzbella comple)t), "line" ¢B. !inearis eonlplex),or "humi"
{B. hu;rilis eomplex) according to the major species group. it appeared to belong to. Following
each name is a_two-letter code indicating the -general location of the population, followed by
the collector's(s') name(s) and collectiort nuntbert . For a more complete list.of the collection
' ."localit_ies for each OTU, as well as the location of the voucher specimens,» ‘vsee Appendix 1. The
resulting taxometrid map is presented in Figure 5.
TAXMAP recognized 19 c;llusters"and 16 isolated OTU'’s, or single-memher clusters.
-The f irst thing that is obvious from the taxometric map is.the clear separatlon of the Braya
glabella group clusters f rom the B. humtlts group clusters. The map is shaped somewhat like a
figure 8 leanlng to the left. The top of the "8" is composed entirély of B. glabella clusters, and
' the bottolm of the "8" consists of B. humilis and B. linedris clusters.‘v The distinction between
the larger species groups is even clearer in the nearest neighbors'map redrawn from Figure'5 to
show only the relatlonshlps of the clusters to thelr nearest netghbor cluster (Flgure 6). The
two larger groups (B humilis and B. glabella) appear as completely separate entities, w1th B.

Imearts combining with B. humilis.

Within the Brdya glabella group thqre are 19 clusters. Many of these clusters are only -

slightly diff erejﬁt'from each other and can be categorized together. Braya glabella var.

ao
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. Table 5. TAXMAP cluster analysis of morphdldgical attributes.
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Figure 6. Nearest neighbor diagram from morphological analysis.
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purpurdscens and var, glabe[la are separated into several clusters and are c.mly part'iaily distincf
from one an‘other. It is not surprising: since the two varieties are only weakly sepalrable on the
basis of dif ferences in \silique shape and cdmpactness of the fruiting inflorescenee, that when
‘cc;mp-ared on the basis of 42 morphologfcal attributes, the essential differences between the taxa
tend’ to be swamped among the many oiher non-essential attributes.

Cluster 15 represents the extreme form of var. glabella, and Cluster 14 the extreme
form of var. purpurasc-ens. Tﬁese clusters are well separated from one another, but they are
linked togéther by clusters containing OTU's more intermedia;/e in nature. In addition to
Clu;ter 15, clusters 9, 12, 13, 25, 26, 27, and 28 contain OTU's with a more var. glabella-like
‘aﬁpearance (i.e. longer,/ narrower siliques and an eldngated fruiting inflorescence). Cluster 14
is the only cluster composed entirely of OTU's with a typical var. purpdrascer‘zs-like appearance
(i.. shorter, broader siliques and a compact f ruifing inflorescencé), but most of the OTU's of
Cluster 2 also fall in this category. In addition to Cluster 2, clusters 4 and 6 contain OTU's of
both morphological forms.” Even though thé varieties are mixed in thése clusters, the two
mor};hological forms are separated within the clustérs; in Cluster 2 the first 11 OTU's are more
§ar. p;zrpurascens-like‘, and the last fafe more var. glabella-like; in Cluster 4 the first three
OTU's are more varb. glabella-like and the last OT U is more var. Apurpu’r‘ascens-like; in Cluster 6
the first three OTU's are var. purpufa;vcens-iike and thé‘ last three are var. glabella-like. The
difficulty in reliably separating the two morphological forms is partl;' due to bridging of
clusters caused by OTU's that do not fall clearly into one group or the other. ’

Clusters 21, 23, an.d 24 are most closély related to Clustef 2 according to TAXMAP, but :
all three are well separated and distinct. Cluster 21 indudes a'si_ngle OTU with prostrate stems,
globose éiliclcs, and very sh‘brt stylesyit corresponds‘to the ta‘xon Braya.thorild-wulffii var.
thorild-wulffii. Cluster 23 is also composed of a single OTU, this one with prostrate §tem;,
broad leaves, and very long styles; it representé B, glabefla var. prostrata. Cluster 24,

consisting also of a single OTU, represents B. pilosa; the OTU can be characterized by the very

large flowers, globose silicles with very long styles, and the erect stems.
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Cluster 22 is most closely related to Cluster 6 according to TAXMAP, but, although

* not readily épparent from the taxometric map, this cluster is also closely related to Cluster 21.

The single OTU making up Cluster 22 is ndarly identical to the OTU in Cluster 21 (i.e. it has
prostrate stems, globose silicles, and very short styles), vbut it is almost completely glabrous in
contrast to the dense pubescence of the OTU m Cluster 21. Cluster 22 represents Braya
thorild—wulfﬁi var. glabrata.

“Cluster 3 includes four OTU's with short, lance-subulate siliques, uniseriate seeds, and
a broadly expanded septum margm .This cluster represents- Braya longii.

Closely related to Cluster 3, are clusters 8 and 20. The OT U s making up these clusters.

- are very similar to those in Cluster 3 except that the floral parts are smaller and the siliques are

more pubescent. These clusteis represent Braya fernald

{w LAy .
Within the Braya humilis graugare 15 clusterd, ol ge cluster, Cluster 1, and several
other clusters most closely related to Cluster 1. Clust A , 17, 18, 31, 32; 33, and 34 are |

very closely related to each other and represent the hrghly polymorphrc B. humdts var. humilis.

“Clusters 5,19, and 30 are aﬁﬁ members of this taxon, but are recognized by TAXMAP as being

dx_stmctrve enough to require some additional discussion.

Cluster § consists of four OTU's, all of them from along the banks of the Mackenzie

‘River or its tributaries. These OTU''s clearly fall wrthrn the normal diversity of Braya humilis

var. humilis, but they are always grouped separately by TAXMAP (this is also true of the
TAXMAP analysrs of isozyme profiles). The reason for this. is that the four OTU's are SO

closely related that they group as if they were four individuals from a single populationﬂ.f Itis

“very likely that dispersal along the Magkenzie River took place after these plants had already

stabilized .into a particular morphological (and enzymatical) form. These OT U's, then,
essentially represent a single elongated pbpulation. Since TAXMAP clusters OTU''s on the
b‘asis of relative differences, these OTU's are always kept separate from other var. humilis

clusters.
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B Cluster 19 consists of two OTU.'sfrom the banks of the Yukon River at Eagle, Alaska.

These are very large robust plants with exceptronally large ﬂowers The reason f or‘ the large
Dy i

flowers rs unclear No chromosome counts have been made from plants in this area but it

v

~ may. well be that they will turn out to be tetrap101d large flowers seem to be correlated with a

<gﬁ'-

-10, These (7TU s represent Braya humzlzs var. m

low plordy level in Braya. These OTU's have been left in var. humzlzs because other plants

o+

-f rom thrs area show a wide varration in flower size from flowers typ‘ical of other var, humilis .

v

’populatrons to flowers much larger than average Addmonal cytological and phytochemrcal

4

study of p nts f rom thrs area may indicate the need\ﬁor taxonomic recognition as a separate
variety of ‘B humllls

Cluster 30 consrsts of a srngle oT U a large hexaplord plant very srmrlar to var. humzlzs
populatrons f rom other Parts of Alaska and’ Northwest Terrltorles but wrth the odd attrrbute

of leaf pubescence of srmple harrs TAXMAP apparently groups the OoTu separately because

of thrs unusual attrtbute In all other morphologrcal attributes, this OTU is well within the

' range of drversrty of Brayanumdzs var humllzs

Cluster 10 consists of two OT U's with very large flowers, often abortlve siliques, and v
very dense pubescence This cluster represents Braya humzlzs var. porszldu
Cluster'16 is closely related to Cluster 10. It consists of three OTU's, also with very

/

large fJowers and of ten abortrve siliques, but with much less pubescence than those in. Cluster

Cluster 35 is a single-member cluster. Plants of this LTU have prostrate stems and

~ very broad siliques. This cluster represents Braya humilis var. éllesmerensis

]

Cluster 29, the only representatlve of Braya lmearzs is shown by TAXMAP to. be most
closely related to Cluster 1.
| The TAXMAP morphological analysis is useful for visually de;nonstrating the
relationships of the various morphologreal forms.in Braya, but it is of much less: value in the
actual dehmrtatxon of the ta}a Taxa whrch TAXMAP recdgnizes as clearly separable agﬁ %‘

usually already clearly separable by more tradrtronal methods of morphologrcal comparison.

¥
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by less significant attributes. This can be overcoine to some extent by a weighting of attributes

B. Greenhouse Studies e

&

s

These easily classified clusters tend to maintain themselves intact despite alterations of the

V'
TAXMAP- data base in the form of addmons of OTU § or attributes. The more diff’ 1cult

groups (e.g. Braya humilis var. humtls B. glabella var. glabella, and B. glabella var.

- purpurascens) show wide fluctuatton in patterns of grouping with alteration of the data base. -
o These difficult taxa are morphologically hrghly vaviable and seem to sort themselves into closely

-related clusters of" slrghtly differing morphologtcal f orm The addrtlon of OTU's may brrdge

the gaps between some clusters but, because clustermg is based on relative srmtlanty segments
of other clusters break away to form new clusters. N

Another problem with numerical analyses is the swamping of distinguishing attributes
but this, in turn allows the possibility of ‘bias entering into the weighting procedures. The
problem of swampmg of dtstmgutshrng attrrbutes can be especially F rustrating in a famrly hke
the Cructf erae, where taxa are of ten separated on the basrs of a small number of diff\ ermg

charactenstrcs The clustermg of Braya thorild-wul ffii var thortld wul ff i and var. glabrata isa

' good example Desptte the fact that these taxa are obvrously very closely related TAXMAP -

does not group them as nearest nerghbors Thts is because they dtf fer in the degree of stem,

leaf sepal, and srlrcle pubescence all attrtbutes of very hmtted value m compartson to the

LTS ‘77

- shared attrrbutes of stem onentatron and srlrcle shape

i

“The opportunity to observe 'plantsy from many:different North American Braya

o populations g:r_owing ina common ga"f’den'proved very useful in determining the extent of

’between* and within- populauon variation in the genus. It was immediately obvious, as soon as

CY

' 'tl;;e first true leaves of the Braya seedlmgs began 10 develop that there were several very

distinct morphologxcal drff erences even at the seedlrng stage, between the members of the B.
glabella complex and the B. humzlzs species complex The former had long, NQIrow, ﬂeshy, and

usually erect leaves the latter had shorter, broader thmner more spreading, and usually more

/
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pubescent. leaves. As usual, B. linearis fell somewhere in between the other two groups; the
very young seedlings looked like those of B. glabella s.1.; but, as they matured, they became
more B. humilis-like. * | | | |

Mature plants of the Braya »glabéll,a speeies complex generally looked quite simila.r in.
the greenhouse to their parents in the field. Silique ‘size aﬂnd‘ shape, style length, and
inf lorescence arrangement were usually fairly stable mdrcatmg that these attributes are -
probably among the most useful taxonomrcally Leaf drmensrons plant height, and hablt were
much less stable Plants from all populatrons generally had much larger wider leaves and
taller stemsr;n the greenhouse than i in nature. Many stems became so tall that they could no
longer support their own we1ght and they would bend down untll they rested on the edge of the
pot and, with thrs new support, begin growing uprrght agam The end result was of ten a bent
or wavy stemn, unable to support 1ts own welght

In general in the Braya glabella group devratron in the greenhouse f rom the
morphology of the naturally occurrmg parents tended to unify the populatlons and obscure the .

differences observed in the field. Braya :horzld wul ff i, B. longii, and B. -fernaldii mamtamed

therr drstmcttveness in the commén garden, but populations which in the past would have been

“

separated into B. glabella s. str. and B. purpurascens seemed to intergrade considerably.

Populations from the Seward Peninsula in Alaska, for instance, were virtually identical in the

greenhouse ‘'with those f rom Alberta, thOugh‘gthis““had not been the case in the field. Tibre was,

however, a tendency for high arctic populations tQ look-more B. purpurascens-like, and for
. o .
lower arctic and montane populations to resemble B. glabella.
The patterns of variation in B}c?ya huin%?'rn the:-'greenhouse were mmuch more
complrcated Greenhouse- grown plants generally bore very llttle resemblance to their

naturally occuITing parents and@y’@h populatmn in the vegetatlve stages, seémed to be

somewhat dif f&fent from the nexw Wlthln three or four weeks of germmatron it was possrble

o~ &

. } to Tecognize and separat@}most of the various B. humilis populatrons on the basis of mrnor

drfferences in leaf shape, dentatron arrangement into rosettes, and pubescence degree and type

@
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Ma‘{{y of these differences were'obscured somewhat as the plants- _matured, Vbut it was common -

for groups of populations from the same geographical region to maintain a certain

distinctiveness throughout the life cycle. Differences observed in the field in -
naturally -occurring B. humilts populations generally held u.p». or actually increased, in a'
c'ommon/.garden. This was not altvays true, however, in an outdoor garden.

In the fall of 1983, I mOved a number of potted Braya hu‘mﬂls plants to a Sphagnum
bed on the roof of the Blologlcal Sciences Building at the Umversrty of Alberta to allow them to.
~ overwinter. Plants f rom many of these populat«%ys dtd,‘n'ot survive the winter ‘(the survmng

plants were almost all from Alberta and Britid o "“@opulatxons) but those that did

survive appeared to be much healthler than greenhouse plants and they tended to be more
uniform in their appearance Almost all were very erect with erect s1hques and long styles.

Thrs contrasted sharply with some of the naturally occurring parent populations, some of

~ which were composed of short plants Wwith ascending stems, and often somewhat spreading -

’

siliques Jt_h shorter styles. Most of 'these cultiuated plants looked very similar to B. humilis .
-ritms frorn eastern North Amerlca The outdoor garden suggested that envrronmental
S can have a great deal of mfluence on the B. humtlzs phenotype

- Greenhouse studies also mdlcated that the age of the plant can have a prof ound effect

“on plant habit in Braya humzlzs Plants from some populatlons were kept ahve through three

growing seasons. Stems appeared to become greater in number less erect, and more branched |
with increasing plant age.

Plants from the single Braya linearis population cultivated, looked much like their wild
parents except that the leaves were longer and broader in the greenhouse.

Greenhouse plants also were used to study the breeding s_ysterns in Braya. Rollins

- (1953) hypothesized that apomixis might be present in Braya, and that apomixis coupled with

polyploidy'would explain "the distinct, but only slightly dif ferent populations of B. humilis"
[+

Abbe (1948) had described frorn eastern North America. Results of this study produced o

evidence of agamospermy m Braya. Emasculated flowers never produced seeds or fruit.

/
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* Cruciferae. and found that, if a broad definition’ of protogyny is accepted (thrs would mclude

N 47
Rather than being due to agamospermy and polyplordy “mrs/ study suggests that the

o

>

' peculiar patterns of morphologrcal varrauon n0ted for the small 1so]ated populatrons of Braya

may be due to polyploidy coupled with autogamy Greenhouse observatron showed Braya to be

. almost completely autogamous, Almost without exceptron as soon as the f lowers would begrn '

to open, the anthers would come into contact wrth the stigma and self pollmatron would occur.
This was especrally true in members of the B. glabella species complex fruit set from
self - pollmatron “w\as almost 100% successful The same was generally true of the B. humzlrs
‘populatrons but I found that a few populatrons (Harris 1409 1470 1465 and to a lesser
extent. 1554) would produce normal self -fertrlrzmg flowers durrng ‘part of the ﬂowermg cycle
and protogynous f lowers at other trmes erther before.or after the normal flowers.

There has been a recent renewed 1nterest in protogyny in the Cruciferae (Rollins, 1971;
Al- Shehbaz 1977). Bateman (1955) stated that there is no protogyny in the Crucxferae but
this has been shown to have been too broadly stated. Rollins (1971) found ; protogynous .
f ldwers to occur in Ara’l)is constancei, Johnson (1'9i1) i’fi' A. holboellii and A. sparsiflora, and
Al-Shehbaz (1977) in 24 of 91 cruciferous species cxammed from 472 populatrons in Iraq \
These 24 species represented 19 different genera >

Al- Shehbaz (1977) summarrzed the prevroﬁsly reported occurrences of protogyny in-the

cases where the anthers have not yet dehisced when the flowers have [ ully opened) protogyny

had been reported in at least 61 species from 33 genera and nine different tribes, mcludmg a

‘report of protogyny in Braya alpina (Kerner 1895). Protogyny in the Crucrferae is evrdently

much more common than once beheved

The cases of protogyny I have observed in Braya humilis appear to be more pronounced

i

than most " Not only does the stigma protrude from the unopened bud, asit does in most other'

" teported 1nstances of clear-cut protogyny but often the flower never opens at all. The sepals

petals, and stamens wrth undehisced anthers srmply wither and die in bud. In the greenhouse

with no_available pollinators, these protogynous pistils never set seed on ‘their own., "If-
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artificially pollinated with pollen from normal autogamous flowers, they set seed and produce
normal f ruit.b' It would appear that some B. humilis bopulations have der/eloped protog&ny asa
means 6f promoting eutcrossing in these nQrmall.y self -pollir;ating populations.

Another e)éception to the general rule of autogamy occurs in B. humilis varieties |
maccallae and porsildii. These tetraploid taxa eroduce'flowers about twice the size of those in
var, humilis and’ are evidently almost completely self -_inc_omr)atible. Members of these
varieties, at least in the greenhouse, almost rrever set seed from self - pollination.® This is not
due simply to mechanical vproblems with the anthers contacting the stigrna; eren when
artificially self - pollinated, seed set does not occur. When the flowers are artificially
cross-pollinated'with pollen from other pOpulatiorls normal fruit development take's place.

T This is srmrlar to the situation obsetved in some other gerera (Oenothera Tri follum) where
artif’ 1c1a11y -induced autotetraplords remain self -incompatible, at least in part, due to dommance
- of one of the S alleles present in the drploxd pollen grain, so that there is a full reaction of the
dominant allele ‘with’ the style, just as would be the case in diploids (Lewis, 1947; Pandey,
1956). ‘ |

© This pattern of xedogamy in tetraploids?® tt/ith large flowers, reduced seed set, reduced
fruit maturation, and narrow distribution; and autogamy in higher polyploids with smaller
f‘ lowers, normal seed set, consistent fruit development, and wrder dlstnbutron follows closely
the characters outlmed by Ornduff (1969) as common in xenogamous and autogamous plants
It should be pointed out, however, that not all tetrap101d populatrons were self - mcompatrble
One tetraploid population of Braya humilis var. humilis (Harns 1168, from ‘Alaska) had smaller
flowers and regularly deveIOped mature f ruxts with vrable seed as a result of self pollmauon

There seem to be no Cross- compatrbrhty barrlers or at most only very weak barriers, in

* the genus. ersses between different quya populations were almost always successful. This

*Very rarely fruit will develop in these varieties wrth no apparent cross pollination having
taken place. But this'may be due srmply to the occasional accidental introduction of insect

- vectors into the greenhouse. :
- 1*They are probably very ol aploids, because diploids are unknown in the genus, and are
likely behaving as diptcjcrs)m,{ ‘ , .
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was even true of crosses between populations with different chromosome numbers,_and between
‘populatrons from drfferent species groups In almost all cases, viable seed would result.

The Fx\offsprmg of 1nterpopulatronal crosses between populatrons of the same
chromosome number were usually fertile, but tht‘s was not always the case. Some populations,
even though members’of the same taxon and morphologrcally very similar, produced sterile F,
offspring. In all of the few cases observed sterrlrty was due to aborted pollen grains and the |
female gametes were apparently normal; when backcrossed with male gametes of either of the
pare"r’ttal populations. normal seed set and fruit development took place. It is probably to be : |
‘Vexpected that-these)normally isolated, self apolllnating populations are often different enough

" genetically to show reduced f ertility m the F, generation when crossed, and this might well be
typical of a signif icant portion of the isolated populations.in the genus. Crosses between
- popﬂlatlons of drff erent chromosome numbers that resulted in odd ploidy levels (i.e. Sn) in the
<F, also produced vigorous F, individuals, but these were alwa§s sterlle
A few ‘hybndrzatlons of populations from drf ferent specres groups were also attempted
»Crosses between tetraplord Braya humilis populations and octoplord B glabblla populatlons
produced seeds but these seeds have not yet been sown. The mtermedrate nature of the
hexaplord B. linearis makes the idea appealing that it may have arisen from a similar
hybridi;ation between members of the B. glabella and B. humilis complexes. Whether such a
hypothetical hybridization was between a tetraploid B. humilis and‘ an octoploid B. glabella'is,
of cou"rse. speculation. Itis equally'possible that such a hybridization could have been between
" a tetraploid B. glabella and an octoploid . B. humilist The fact that B. thorild-wul ffii, a
tétraploid member of the B. glabella complex, and octoploid B. hugtilis are both found in
Greenland the only locality of B linearis in North Amenca perhaps makes the latter
‘ alternatrve more plausrble In any case, it will be interesting to note any srmrlantres between

the F,'sof these artificial hybrrdrzatlons and naturally-occumng B. linearis.

Q
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C. Cytology

Somatic chromosome counts were made for 44 North American Braya' populations. ‘A
complete list of these counts as well as informati_on on the collection locality of each is included
in Table 6. | | |

.Some difficulty was experienced in obtaining counts due to the f airly high. numbers of
relati'vely small chromosomes in Bra){a\. A certain count from a taxon with 56 somatic |

| chromosomes usuallu required that several hundred dividing cells be eramined bef ore a ;
"perfect” squash was located While there is some room for error due to the possnblhty of '
overlappmg chromosomes no ev1dence of aneuploidy was f ound in any of the populauons :
counted all counts were multrples of the prevrously reported base- number of 7 in the genus
(Bocher & Larsen 1950 Holmen 1952 Jdrgensen & Westergaard 1k954 B()cher 1956 1966
Mulhgan 1965)

When cé,unting chromosomes in Braya, it is at once obt'ious that there is a great .
difference in size between the largest andthe smallest chrorno;siomes‘in each snecies ( Frgure 7).
The largest chromosomes appear to be about twice the size of 'the small_est in B. humilis s 1. and .
B. glabella s.l., and about three times the "sivze of the. smallest ’irh.'B -lineuris This‘disparity in
chromosome size has been reported by other worl;e‘:s (Bbeher & Larsen, 1950 Bocher, 1956

- 1966 J 6rgensen et al., 1958; Mulligan, 1965) and has been suggested as a poss1ble cause of the
everal erroneous counts publlshed for Braya ( Mulhgan 1965)
Mulligan (1965) has also commented on the difference in size between somatxc
chromosomes of B. humilis s.1. and B. glabella s.]. — chromosomes of the B glabella group are
" somewhat larger than those of the B. humtlls group (Figure 7). This observatlon was borne

L

out in the present study ¢

]

North Amerrcan members of the Braya glabella specres group are octoplord wrth the

exceptlon of B. thorttd-wuiff 7i, a tetraploid.

B. fernaldii.



51

3741

$69L stewn(g

1278

89¢1

9961
1238
il

1 o1dey

aLpTT
L2 241

88¢1

[4%4]1
IeeT

SOl
60¥1

0LPT .

0491
6591
4141
8¢91
8911

L791
1861

- 69L0T
Li444
‘e 12
‘e 19
XYAR
1691
viLl
€Ll

0L

0EeT
TEET
6951
1331
9¢L1

sutey

>

SUIBH
Sty

—

SLIIBH
StileH
SLIIeH

ey

.Ah a
SLIBH

-0

stirey
SuIey

—_—

SlIIeH
SLIBH
SLIIBYH
suiey
SLIIBY]
SIIIBl
suIey
SUIBH

L on R e R e e S

SUIeH f
suIey [
yspPm S
nng -y
usPM g
uspem g
ysPM d
SuIeH °f
SUIeH f
SUIRH °f
StIRH [
SLIey [
SIIBRH [
suIey °f
sutey °f
suiey [

SETERT)N

93piy  19yied ‘Yied “NEN  Jjueg VLTV

333pION JO MS TIN wey ‘VITV

. ssed asioy

3up{aty Jo g wy ¢ "B ‘YA3ID ‘yieg ‘yied ‘[1eN jjueqg ‘viTv
a)e] eidemung IBau JAORD BXSEQRYIY ‘YIBJ [IEN Iadser ‘viv

- sjjeq S%B::w

Jjo Mm anp wy 91 ‘B> ‘1aary eidemung J:mm ‘NeN Iadser ‘viv
URIOpE) JO ggS enp wy 6] ‘8 ‘Iaary EEE«U ‘VLIV

3_5 Aquinom saoqe yeSsid IN JO SIND AQUSnoim ‘INOWHEA
Ayueddp o1 peosr uo agpug

1aary 1addopy wory wy g7 ce3 ‘roary @_EEU Y1 2A0Qe ‘YHSVIV:

uondunf B3 MO[eq WY 7 ‘Bd ‘IOAIY BUBUE], ‘VNSVTV

: “AmH
$Jed 'O uo jjourm jied BN HBUSQ jOo N WY §'C ‘VISVIV
AUWON  JIBOU "IN [IAUY ‘VHSVTV

‘AmH

isdwag uo 9'ggy Wy 1B 1Ay Y00y 32 uospIeydy ‘NOMNNA
"My saisdwag uo 6T wy ‘sseq Apuig ‘NOMNX

»3: wisdwag uo (97 wy I AApdQ .Zou5>

JOATY INOIL 1B CAMH JNZUNOBW ‘I MN

Juissond Amy AMZUIYOBW 1B 1oAY PIEr] ‘IMN .

YATUL 1B BRI 1A AIZUNORW ‘IMN

9YET Mo jO pedy ‘yied [I1EN Jjueg VLTV

SI3ATY m:SEU pue  1addoy jo DUINJUOd  ‘YASVY TV

punoi3dwe)

‘Yd IOJ[32UBYD iBAU  12AlY oEoI Junany ‘yred ‘1eN OYoxA “'O'g
Ied ‘Aoid 9B oydunw *'O'g

. Aeg ooypnig ‘VIASVIV

Aeg soypnid ‘vISVIV

£eg soypnid ‘VISVTV

Aeg soypnid ‘yaSVTV

Aeg o0ypnid ‘VYSVIV

EoE 3SLID ‘puRlS] 21SWSAN IMN
piof eIpuexaly ‘pue[s] o1wss||g ‘LMN

e

piol.] eipuexaly ‘pue|s} -aYawso||g ‘IMN

pioff efpuexaly ‘puejs] asawss| ‘IMN

SWON Jedu "IN AUV ‘VYSVIV

QUION Jedu ‘I [IAUV ySVIV

Iae| eISEQRYIY ‘IR [IBN 1adSEp VIV

UIIOPED  jO JSS Snp wy 6] "BD ‘IaAly {euipie) VIV
- uewIoN ade) ‘QIIN

esoy

%
9

95
9

“9¢
96
[44

[44
[44

[44

47

[44
[44
[44
[44
[44

.

T4 4
8

8T

8T

9
9
95
9
9%
9

198

9
9
9
9%
9%
9
9%
0z

“suonejndod vApig UBdLIIWY. YUON I0J SJUN0D JWOSOWOIYD .st ‘9 Jqef

s o

‘8)

‘BY

‘BY
"8l

"B

"BD

‘BD

spuuny

piqnp

Dj12qv)3

SRA - sijuny g

IBA Dpaqo1d g

“1eA Djjaqoi3 g

nppusaf g
uoxe]




52

"

It

STLT surey
LTLT suIey
06L1 SuieH
€551 SWIEH
6£91 stlIeH
pe9T SUIBH
6791 SUIBH
7 uosuyor
o1 sty

— M

I

b by

— Hy

BY3INg ‘pueSp ardwsafig . ‘LMN

3A0) Apue§ pue 33BaBg WIOd UsImiIaq ‘(1IN

piofjwong s1puog ‘ANVINAHAD

el jwwng aaoqe sadojs ‘yled "a01d IW suoi§ 'O'd

I3IB[) BLIOIAs JO SSUIBIOW [BUIWIdY ‘YIed ‘11BN Jjued ‘VIIV
PIotd 9a0qe wY 7 "BO 1aary 9siOH Buppry ‘jyred BN 0yox “O'd
: aye] plerowd  jo peay ‘yied "IN Oyox 'O'd

- ssed 1AIS0OH *OAVIOTOD

S1I04 IR 9Ul JBAU  ISATY UOHIWISIA ‘NJBd ‘[1BN ABUu2100Yy ‘"O'd

8¢
9

o

8
8¢
8¢
8T

95

‘Bd
‘B

nf/ims-ppisoys
H3uojp

spapauj}

ST

Hpis4od  1ea  sppuny

E]

IDYwIOW  “3eA Sj|puny wg



Figure 7: Iilustra’tion of . mitotic cfiromosomes of 'Brdya species; a. B. humilis var.
porsildii (Harris 1639); b. B. humilis var. humilis (Harris 1232); c. B. humilis var.

humilis (Harris 1568); d. B. glabella var. glabella (Harris 1569).
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One count is reported for B. fernaldii. This is the first reported chromosome count

from this species. As expected, B. fernaldii is octoploid, as are most other members of this
complex.
B. glabella var. purpurascens

Nine new counts were made for this variety; all are actoploid. Four of the counted

populations are from Ellesmere Island, and the other five are from Prudhoe Bay, Alaska.

B. glabella var. glabella " "
Four new counts of var. glabella are reported. Two counts are from Alberta and the

other two are from the Seward Peﬁinsula in Alaska. All counts a}e 2n=>56, octgploid.

B. longii
A single count was made for B. longii. 1t is octoploid. This is the first reported

chromosome count for this species.

B. thorild-wulffii var. thorild-wul ffii

A single count is reported for this species. The population counted is from northérn. . =
oL b T ‘”4'-:’

PRI

/_/E}@sla\nd; it is tetraploid. This count is in accord with several other counts in this

‘Species of n=14, 2n=28 reported by Mulligan (1965), Holmen (1952), and Bocher (1966).

o

‘.

e : o . . A A
evidently uniformly hexaploid. The great disparity in chromosome size noticed in this spg’ciegﬁ; R
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B. linearis
A single count is reported, from Sondte Stromfjord in western Greenland. The count

was 2n=42 as expected from previous counts of this species (Jérgensen et al., 1958; Bocher &

Larsen, 1950; ;IOcher. 1966). -

B humilis var. maccallae

both re tetraplord These agree thh previous counts in this v,anety by Mulhgan (1965) wrth

-

North American members of the Braya humilis spefjgs complex form a polyploid series

comprised of tetraploids (2n=28), hexaploids (2n=42), octoploids (2n=156), and decaploids

(2n=70).

B. humilis var. humilis

Twenty -three counts are reported‘f or this variety. Three of the populanons are
tetraplords two are from British Columbia and the third is the f irst- reported tetraploid
population of B. humilis from Alaska. \Twelve populations are hexaploid, mainly From Alaska,
Yukon, and ‘Northwest Territories, brxt also including a single _eount each f rom’Alberta\‘and :
Vermont. Eight populetions from Alberta, British _Columbie, and Colorado afe octoploid. -

n ®

“

o thé exception of a single count of 2n=42 by Mulhgan from a populatxon in Jasper National

Park,‘..Alberta (J.A. Calder & K.W. Spicer 33838 DAO 278310). Mulligan's annotation on

the voucher reads, "n=21II (metaphase ), 2n=42 on plants taken from this location June

28, 1962". wa duplicate sheets of this collection (DAO 278302, 278303) are not annotated.

Jtappears that this is a mixed collection; DAO 278302 and 278303 are clearly B. humilis var.

humilis and DAO 278310 is B. humilis var. maccallae. Mullrgan s count of n= 21, 2n=42
almost certainly came from: var. hunulrs mdmduals rather than from var. maccallae plants.

Unfortunately, the annotation label has been placed on the var, maccallae sheet. Braya h);u'lis

o



© ) [

“ var. maccallae is apparently always tetraploid.

‘B. humilis var. porsildii
Two counts are reported from var. porsildii. Both counts, .one from Alberta, the other
'// ‘ . 3 . . ) . » v
from British Columbia, are tetraploid. These counts agree with previous counts in this group -

N : .
by Mulligan (1965). Braya humilis var. porsildii appearts to be invariably tetraploid.

. Tetraplmds are the lowest known plordy level in Braya. The drstrlbutron of tetraplord

populatrons of B humilis in North America is very Testricted in. comparison to the distribution

“of hexapl‘olds and octoploids (Figure 8). Tetraplords are known from the Rocky Mountams"ln .

Alberta and Brrtrsh Columbra f rom the southern Mackenzie Mountams in Northwest

Terrrtorres and from a single p0pulat10n along the Copper RlVCl‘ in southeastetn interior

Alaska

' I-lexaplords on the other hand, are found in the same areas as tetraplmds but’ also
\’/
extend north and west through Alaska Yukon and western Northwest Terrrtorres/to Ellesmere :
AIsland and northeastern Greenland The only known count from eastern ccymental North

.Amerrca from Vermont,- rs also hexaplord SR '

7/
/S

Octoplords, though perhaps not as widespread as hexaploids are also distributed more

v Ve

broadly than tetraploids They are known from the Rockv Mountams of Alberta and British

Columbra the Mackenzre Mountams in Northwest Terrrtorres f rom an isolated populatron in"

the Rocky Mountams of Colorado and frorn western Greenland Whether hexaplords are /,7

: actually more wrdespread than octoploids remains to be seen however; counts from most of the

: B. humrlrs populatrons in eastern continental North ‘America have never been made These \agll
almost certainly prove to be erther he);aplord or octoploid.

Decaplmds (2n=70) are extremely restrrcted in therr occurrence bemg known only

from northeastern (Gireenland.
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D. Enzyme Analysis

Plants from 46 Braya populations'and one Draba population'were analyzed for_
- differences in leaf enzym'e composition in",five enzyme sy_stemst esterase (EST), isocitrate
dehydr.ogenase (IDH), phoSphoglucomutase (PGM), phosphoglucose lsomerase (PGI), and
' superoxide dismutase (SOb).
The purpose of the analysis was not to »determine the genetics ‘of various Braya,
populations. This would require breeding studies to determine which bands are due to
" allozymic variation ata single locus and which are due to the presence of multrple loci
(Gottheb 1977; Soltrs pers?nal commumcatron) and is beyond the scope of this study.

Rather, the patterns of enzyme banding were used as mdependenttaxonomxc attributes (Figure

.@9) . To aid in determining similarities in banding patterns between pOpulations each band was,

treated as a separate attnbute and scored according to relative densrty (1 e O = band absent 1

= light band, 2 = medium band, 3 = dark band). “The bandmg scores for each populatlon

were then analyzed using TAXMAP Each enzyme system was run separately and then all five
were ?un together |
The results of the computer analyses of bandmg patterns in the IDH, PGM PGI, and
‘ SOD gels were’ completely chaonc populatrons wete clustered in an apparently random fashion
(Figure 10). Banding patterns in these four enzymes did not correlate with major specres
gronps chromosome numbers or geographical distribution (Table .. The results of the EST
TAXMAP analysis, on the other hand, correlated well with the d1vrsron of the genus into ma]or
. groups based on morphology, with chromosome number, and wrth geographrcal drstnbutron
Apparently EST is much more useful as an mdrcator of taxonomrc relatronshlps in Braya than
are IDH PGM, PGI or SOD. A possible reason for this will be drscussed later in the text.
" The results of the esterase TAXMAP analysis are found in Table 8, ;t%nd the correspondmg
taxometric map in Figure 11, .L ‘ | ‘ fg e

. The EST analysrs (as well as- the morphologrcal analysrs) pornts out the' drstmct

sepatation of the Braya glabella and B humilis specres groups and the ihtermedlate position of
6

e
¥

s

VoL
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4 B: lmearls Most members of the Braya glabella specres group are, placed in'a smgle cluster,
Cluster 3.. The only exceptions are a populatron from Svalbard whrch groups wrth B lmearis
o0 f orm Cluster 9; single- member clusters 10 and 11, whrch are most closely related to Cluster
3; and Cluster 12, a population of the tetraplord B thordd-wul ff i. The grouprng of the srngle
populatron of B. lmearzs mcluded in the analysis with B. glabella clusters suggests that, at least ‘
':on the basis of EST i 1sozymes 1t 1s most clo/sely related to the B. glabella specres complex
“The members of the Braya humilis species complex are grouped n{’to seven major |
' clusters that can be correlated wrth geographical drstrrbutron and chromosome number. Cluster '
.1 mcludes hexaplords from Yukon Terntory Cluster 2. mcludes hexaplonds from Northwesb:
Terrrtorres 1 Cluster 4 is- made up of octoploids f rom Alberta Cluster'5-is composed mamly of
».octoplmds f rorn Alberta but mcludes a srngl° hexaplord f rom Alberta Cluster 6 1ncludes a
tetraplord from Alberta and one from Brmsh Columbta and Cluster 7 ‘and 8 are made up of -
' hexaplords from Alaska Of the smgle member clusters Cluster 17 an octoplord from

~

' Co]orado is most closely related to Cluster 14 ‘an octoplord f rom Alberta Cluster 18 a

- hexaplord from Vermont is most closely related to Cluster 8, hexaplords from Alaska as ‘is

Cluster 19,a tetraplord rfrom Alaska Cluster 20 a hexaplord from Yukon Terrttory, is most

. closely related to Cluster 17, the Colorado octoplord Surpnsmgly Clusters 6 and 15 both
e b

; tetraplords f rom Alberta and Brmsh Columbra are most closely related to clusters belongrng to

the B, glabella specres cOmplex

L3

Cluster 13, the Draoa populatron mcluded for compartson rs very 1solated from any of

the Braya clusters Thrs limited evxdence supports the notron that the taxa in quya form a

)

L natural group and are more closely related to éach other than they are to members of other -

!

'relatedgenera R v, o oL

The srmplest patterns m the ]K:ST gels are f ound in tetraplord populatrons frorn Alberta

¢

and Bntrsh Cohimbra Th:s suggests that polyplordy has probably contrrbuted to the mcreased

. . B ‘- N
................. & ) “ .

,“Cluster 2.appears as a smgle dot rather than asa c1rcle in the taxomefrrc map, even though lt :
is composed of Tour populations. - This is because the FST banding patternswere rdentrcal m
these populatrons and therefore there 1s no mterpOpuIatron vartatton inthe cluster ’

\
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| |
“me complexlty in hrgher polyploids. Two tetraplord populauons (Harris 1168 and 1634),

however have EST rsozyme patterns at least as complex as those in the hrgher polyplords The

_reason for this is unclear, but possrbly ¢puld haVe been caused by hybrldrzatron of these

populations w1th other tetraploid populatrons of different isozyme make -up.

- The patterns of clustermg in the EST analysis show that, at\ least w1thm Braya humilis,

v

populatrons from the same geographrcal region often have fairly similar esterase profiles, and

. that these enzyme srmrlarmes may correspond to morphologrcal srmrlarmes (e.g. clusters 1, 2,

4 5 and 7. Thrs is.not always the case, however Cluster 8 mcludes two w1dely separated

SN

N ) ﬁ: >
: populatrons one from the Seward Peninsula and the ot.her from south- central hlaska wl%;hw ;Z" "

- w
are morphologically quite different. Taylor 1is a Iarge robust plant wrth many . &7

" multi- -branched stems and Harris 1331 isa small plant wrth one or f ew s1mple stems The -
s [ 2

~ closest netghbor t0 thrs cluster is Cluster 18, a single- member cluster from Vermont
o Srmrlar esterase prof iles in plants from the same area probably mdrcate that drspersal A
wrthm the area has occurred since the EST 1sozymes stabrhzed into a more or less umform
5 pattern This is especrally apparent in the taxa compnsmg Cluster 2, all from along the
Mackenue Rrver and all w1th 1dentrcal EST patterns , _
Probably because therew%;or;l;y a smgle {f’plordy iev,el in the group (exce@t f or Braya
thorzla’-wul fﬁz which groups separately), populatlohs of the B glabella complex show much less
' varratron in EST bandmg patterns than do B. humzlzs populattons Populatrons from across
North Amerrca all tend to cluster together, or very near one another Thrs contrasts wrth the . }
TAXMAP analysrs of morphologtcal attributes, whrch showed a greater range of dwersrty in .
the B glabella group than in the B humtlzs group. - .

Patterns of EST. bandmg are very useful asan mdependent indicator of relatedness
.between ponulattons especrally in cases where this is not apparent from the morphology ?ST ;
' vprof‘rles have in some cases, mdtcated a close relattonshrp betweén morphologtcally different
‘populatrons and a lesser degree of relatedness between some morphologrcally srmrlar :

4

" populatlons Thxs mf ormatron is very 1mportant for determmmg phylo;enetm relatronshrps m



»

.

1

e

‘ »

i



e

IV. Discussion ' L

)

It is clear, based on morphology and enzyme chemistlry, that the genus Braya can be divided

into three distinct groups, to this point referred to simply as the B. glabella, B. linearis, and B. Q
humtlts specres groups. It would seem useful and desrrable to recognize these groups ‘

; taxonomically as separate mfra -generic taxa wrthm Braya Turczaninow (1842) has provided

- names for three sections w1th1n Braya which correspond well with the three groups envisioned

within the genus in this study section Platypetalum f or the B. glabella group, section Braya -

——

(Eubraya) for the B. linearis group, and section stymbrzastrum for the B, humdrs complex 1

wrll use Turczaninow's section names throughout the the f ollowmg discussion. A key to the

» o

sections as well as a descriptron and discussmn of each are provrded in the Taxonomy section

of this work. . - o -

. ' . o : .:f,.' .
The North American members of Braya sect “-Platypetalum can be divided into four

diStmct morphological subgroups The tax( f the section, tb this point, is

straightforward; the four subgroups are Well- tfined and readily separable. Likewise, the first

two subgroups present no read' t%);(onomic prob ems.  The first subgroup, of the section

. -Platypetalum consists solply of B pilosa, a rarg/and unigue species of very:limited distribution

5

The second subgroup mcludes B thorzld-wul 'ffi b

, a very distinctive high arctic endemic of North g

_Amenga, which can be dwrded into two consistéqtly distinct, geographically separate varieties.
~ Real taxonomic problems in the section Platypetalum are almost enti'rely within the "
third subgroup, CQnsisting of Braya glabella and its varietieSy Braya glabellg isa wide-ranging
s;pecies‘ cotnp‘osed of many i_solated, inbreeding.and somewhat distinct populations. .None of *
these populationy(however,can ‘be consistently grouped into subgroupS'distinctiVe enc‘)ugnto
v?arrant taxonomic recognition,at the species level. It seems wisest, and certainly 'most .
“practi‘cal, to recognize a single pol)tmorphic species. ’

t

There are some general morphological trends in Braya glabella that correlate with '
n&%ﬁ
geograpl;ical dlstrrbution Three of the most drstmctive morphological f orms have been

: :"recogmzed in thrs treatment as, varietres of B. gIabeIla Two of- these varieties var. glabella and

‘4
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var, purpurascens are not always completely distinct, and it would be equally tenable to unite
them mto a smgle variety. I have chosen to recogmze both varletles in part, because thrs

reflects a more traditional approach to the Classrfrcatron of this grqup. A more detailed.

. discussion of the classification of B. glabella follows in the Taxonomy section of this work.

Q.

“The lastsubgroup of. Br'aya sect. Platypetalum‘includes two species, B. longii and-B,tr

fernaldii, both of limited occurrence in northwestern Newfoundland. Both species are
A4

apparently closely related to B. glabella, but they are readily separable from that species by a

number of attributes of“ the frurts and inflorescence. Braya longii and B. fernaldu are also very B “

closely related to each other close enough that they could well be treated as a single species of
two varieties. However, they are consrstently distinguishable one fromﬂ)ther though

admmed]y o;ﬁhe basis of characters subject to a great deal of varratron in other taxa in
$

ally well ~treated as separate specres I hhve chosen the latter altemattve
y¢ E .

;” .
at least in part, because it is in accord wrth tradmonal treatments of these taxa by prevrous '

authors (Fernald 1926; Abbe 1948).and I see ltfﬁe reapon to muddy the nomeaclatural water -
13
in a case that could be argued equally well e;the)r way. ’

-

Braya sect, Braya is represented in North Amenca by a srt’féle specres B lmeari% %f

Greenland. There has been some conf usron in the past about the relatronshrp between B.

‘ lznearzsand B. glabella and whether the species might be conspecific (Gelert, 1898 Geltung,

1934, Serdenf aden 1930, 1931 Ostenfeld 1926) Crossmg experrments by: B0cher (1966), as
well as evidence f rom the wall thrckemngs of the eptdermal cells of the srhque septum, have

shown B. linearis to be very closely related to B. alpma of Europ& the t)Ape specres of thlS
sectron and of the genus, and both of these species to he much closer mor hologrcally, to B.
humilis than to B. glabella Braya linearis seems to be clearly distinct- frorﬁ both B. glabella
and B, humzlzs enough so that it presents few problems of classrfrcatron

1 have-not seen suf ficient Asran ‘material to 'state unequrvocably that the seetion

' Stsymbrzastrum is monotyprc but, at least m North Amenca this appears to be the case.

There seems to he no relrable way of sepai\atmg the sectron mto groups drstrnctrve enough to

-



76

~warrant specific or, in most‘cases, even subspecific or varietal .recognition.
| The probl_em of classification stems’»frorn the tendency of Braya lﬁhxilis tof orm small n
" populations, of fairly uniform‘ lndividuals, tlrat are each somewhat dlff erent f rom the next
. population (Rollins 1'953) but may be quite similar to some distant populations. Bocher
‘. (1956) has recogmzed elght ta;a among the slightly dlf fermg populatlons of Greenland and
. eastern North Amenca BOCher s classification is ﬁssentral‘ly unworkable, even in eastern North

Amerrca where the populatrons are geographrcallg separate; but in the West where the

based on minor morphologlcal varratron between pQiygs ons would aimost certainly require the-

R . »
recog*f wrdely dispersed subspecies or varieties, spannmg continents, and obviously not

' more closely related to each other than to other nearby populatrons of slightly drfferent

@

appearance. " o a "y

P

This tendency in Bra_ya humzlzs f or some wrdely separated poqgaulanons to resemble one
another more than they do rPIany nearby populations may be due o several factors. Some
Alaskan populatrons provlde evidence to suggest that separate hybndrzatron events may, at
times, lead to similar morphologrcal forms. Hexaplord populatrons probably often arise ‘ \

. Eh

through hybndrzanon of tetraplord and octoploid populatrons Hexaplords f rom along the

Mackenme River and throughout central Alaska are often very large robust plants with- large,

event, but leaf pubescence and Egevrdence mdrcate that thrs 's probabl}‘not the case.

Ny

Throughout B. humilis, leaf pubescence of brf urcate hairs is the general rule These harrs may |

e . S N S



‘be accompanied by a few simple or trii'f urcate hairs, but bifurcate hairs are almost always -

dominant. There are, however, at least five populations f rom south-central interior Alaska

r

with leaf pubescence essentxally entrrely of simple hairs ( Harns 1168 & 1174 ALTA H.M.

Laing 90 CAN; L. A, Spetzman 561 CAN; W.J. Cody & T.J.M. Webster 5876 DAO; D. &1

RS

Taylor 1 ALTA) (he of these populatlons (Harris 1168) grows a10ng the banks of the Copper

hexaploid,‘ﬂgrows nearby on the high, sandy banks of the Chitina River, near th’e confluence

with the Copper River. 'These populations differ morphologically. The hexaploid is a very .

" ‘large, robust plant, much liké other hexaploid populdtions from along the Mackenzie River. In

’ -fac't it is ‘with these populations that it is most closely related according to the TAXMAP  *

.,

‘ fna\ller,' with -

analysrs of morphologncal attnbutes (see Table 5) The tetraploid is 1t 1 ]
smaller leavegs W fewer stem branches; 1t looks more like some Rock%ountam populations

than it does its hexaplord nerghbor Yet these Alaskan populatrons have simfile hairs. s

=2

populations of differing plondy level‘bmust be more closely related) to each other than they% :

ather morphologrcally similar, but geographlcally distant populauons of matchmg plondy

level.}? It would appear that’ hybrrdrzatron in drfferent areas may- have produced hexaplords

Erd

whrch bear some morphologxcal characteristics attributable to ploidy level. Mulligan (1965) has

noticed that hexaploids are more vanable than tetraploids and octoploxds in style length, pod ﬂ

i

size and shape and life span. . Although some general patterns of morphologrcal appearance are
apparently dependent on ploidy level it should be stressed that most often, drfferenees in
chromosome number are not accompanred b)ﬁ)bvrous morplﬁ)logrcal differences. It makes
’httle practical sense to recogmze separate species srmply because of a diff erence in ploxdy level’y

when it is not poss1ble to dlstrngursh the chromosome races morphologrcally Indeed in Braya,

such a classrf ication would not be functronal in the Canadxan Rocky Mountains, tetraplord

_hexaplord and octoploid populations of B. humzlzs var. humzlls are scattered inan apparently P

I I SR '.‘---.\.--

“12This is borne out by the TAXMAP analysis of EST 1sozyme patterns (see Table 8). The .

Alaskan tetraploid is shown to be‘_most closely related ta the neighboring henaplord
N _ - ’ , ’ S N ;
":‘ . “ ) N | . . + .. ’ t) | v ‘ ’ ( )

~River near Chitina, Alaska and is tetraplord Another population (D. & J.: Taylor 1) th1s one

S unhkely that thrs attrxbute arose mdependently in each of these populatrons and these Alaskan |

g

'
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random fashion into small, isolated populations which form assorted morphological forms with

' little or no regard to ploidy level. -

Similarities 'be‘twee'n widely scattered Braya humilis populations are caused als‘o by
phenotypic plasticity; plants growmg m srmrlar habrtats of ten have a tendel‘logg to tpymble one
another. Evidence of this, provided by common garden studres of eastern and westérn B.
humilis populatrons ‘has been dtscussed preVrously

Some morpholOgrcal srmrlantres between distalit populatrons are lrkely caused by the

fi rxatron f ollowrng estabhshment by one or a few mdrvrduals and subsequent mbreedmg, o_f

Srmrlar allele%gr dif %,;ent populauons Although this may account for some long -distance

nnterpopufatlon srmrlarmes paradoxrcally, it rs probably this same process of genetrc depletron

“and f ixation, postulated and demonstrated in many groups of flowermg plants (Stebbms 1942
i

. 1957 Solbrig, 1972; Babbel &Selander 1974; Nevo, 1978; Soltis, 1982) that is most responsrble

J

f or the drstmctrveness of many Braya humilis pepulatronf

eems probable that the variation

between populatrons of Braya humzlzs is best explarned b‘; ;persal of segments of the

'[

: overall species drversrty perhaps of ten as single colonizing, autogamous individuals, rather than

. by drvergence due 0 allopatrrc specratron “This f ounder effect, coupled with autogamous
reproductron has ledtoa srtuatronw essentrally the same as that in some apomtctrc groups, the

specres rs composed of many small farrly unrform and often rsolated populatrons of slightly

"’* mn’f erent morphology Some evrdence for this drspersal theory of varratron is found in the

essentrally ra;?dom drstrrbutron patterns of the varrous 1sozymes in the IDH PGM, PGI, and

' -SOD enzyme systems All of these enzymes have very c\ntrcal and specrf ic functrons in the

-

__{-metabolrc pathways of plant cells and have apparently tolerated very little i xsozyme alteratron in ~

_Braya as the group has evolved It appears that all of the varratton in these enzymes found in -

Lo »
the genus today has been prese?,sptce the group drverged and that rsozyme pattems in varrous .

¥

Bra ya. populatrons are due to random patterns of drspersal o\l‘ the drversrty rather than to- the

hrghly unhkely paral 1 evolutron of these rsozymes in wrdely scattered populatrons and in

;drstantly re_lated taxa \v&th_ln the genus.

78
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I have chosen then, to follow what seems to be the most logical course, and I have
recognized a single species, Braya humilis, in this section., ~The vast majority' of North
American populations of B. humilis have been placed in a large polymorphic variety,‘var.
humilis. Only the most distinctive groups of variants, those consistently separable from var.

humilis, have been recognized as three additional varieties of the species.

o

Phylogeny A ! .
Braya appears to be & natural group with well-defined generic boundaries. It is very
unusual for members of othér truciferous genera to be confused with Braya, or for Braya

, specxes to be confused wathwﬁeﬁigenera On oc’casnon Arabis lyrata can look superf icially very

.

. g \\q -
by iy w o My

muth like B. humilis var. humilis, and the two specnes may at times be found growing in close

proximity to each other. U

er examination, however, it is clear that A. lyrata and“B.

humilis dlf fer sharply in crm l attributes of the silique; the siliques of A. /yrata are somewhat

)

flattencd parallel to the septum and the epidermal cells of the s111que septum are thin- walled
and 1sod1ametrtc in contrast to the terete sxhques and thick - walled elongated septal eptdermal
tcells of B. humzlzs This coupled tyt.h,the fact that 4. lyrata has a base chromosotne number of
x=8§, and Braya a base’ number%f x=§7 indicates that any superf‘ 1c1a1 morphological srmtlartty
between \t;re two specxes is due to convergence rather than relatedness Whtch genus is most
closely related to Braya is no_t clear Most of the genera placed by Schulz (1924) wrth Braya in

the subtribe Brayinge are S d

Amencan Medtterranean or Asran in dtstrtbutxon and I have

4

pate any of them with Braya. These ge\nera are 'grouped

not had an o;portumty 1o colll

together on the basis of their srmple leaves non- glandular hairs, small seeds that Are

A

non-mucilaginous when moistened, non-cordate leaf. bases, and non-connecting nectar glands.

. - \ 4
that Brayinae is a natural group.

-

Based on cytologtcaldata (Rollms 1953; Bocher 1956) and the supgosmon that the.

greatest specxes diversity i in Braya is found in the mountams of Central Asia (Gams 1933;

. -

* Given the limited number of characters used to circumscribe the subtribe, it is not at all certain

»
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Handel-Mazzetti, 1941; BOCher. 1966, 1973), this region is considered to be the area of origin of
the genus. It remains to be seen, hotvever if species dirersity is actually greatest in Central
Asia; Itis very lrkely that many of the Central Asiatic taxa will turn out to be csnspecific with
North American plants when compared in detail, and it may well be that species drversrty is
actually higher in northwestem North Ametrcat than in Asia. The area of greatest species
diversity, howew, is not n'ecessarily the:center of origin of a genus, so the geographical origin’
of Braya couldﬂ well be in Asia or North America'regardless of the number of species presently
found in each area. o . _ N '

There are many problerns in reconstructing the phylogeny of Braya. The first is the
lack of a fossil record. The present-day distribution of Braya is very similar to that of many
other genera bélieved to have formed the Arctotertiary Geoflora, and it is \}ery tikely' that the
gerrus arose during this time period. Many contemporaneous woody plants have left abundant

. : » L .
fossils, but most of the herbaceous plants of. the Tertiary, often components of drier, more

" upland habitats, have left little or no fossil reford. N

-

Another ;h'oblem is the lack of information about the Asian Braya species, particularly
their cytology and phytochemlstry Detailed morphologlcal comparisons of Asian and North
American taxa are also required to determine the sectional status of the Asian plants. It i

vresehtly difficult to unravel the relationships between the three sections of Braya when it is

A

uncertain whether all three sectioas\\p;rhaps additional sections, are present in Asia.

Additional insight into the relatidnships of the sections could probably also be gamed if

diploid taxa were known. Unf ortunately this is not the'case However, very f ew chromosome

-counts of Asjan populations have been made, so it 1s possrble that drplords will eventuall ‘be

found there As mentioned earlrer pollen measlrements of Asratrc B. humdzs populations

(gollms. 1953; Bocher, 1956) suggest that some may mdeed be diploid. _— - \\

_There is also some evidence that Braya pilosa, a North American species of very limited -
e .

. distribution, may be diploid. The large flower size and blossom f ragrénce found-in plants of

this species 'suggest that it is of a lower ploidy level than other members of the section

. .



!

. ;/ ' .

Platypetalum. Large flowers are correlated with lower chromosome number in B, humrhs, and

fragrance (otherwise unknown in Braya), as well as large f lower size, havq been cdrrelated with®

- xenogamy and lower chromosome number by Ornduff (1969) in a number of flowering plants.

Unf ortunately, there are no recent collections of B. pilosa, so I have not been able to obtain a

.. chromoseme count for this species. A survey of -pollen sizes in the section Platypetalum

‘indicates, however, that B, pilosa may havé a very low chromosome number. Pollen grain§ .
8
averaged 26 9x 25 6 1 in B. pzlosa (Richardson s.n. K), compared with 31.9 x 26.25 4 in the .

tetraploid B. thoryd-wulffii (Harris 1725 ALTA), 34.5 x 32.3 4 in one population of the

octoploid B. glabella var. glabella (Harris 1330 ALTA), and 36.5 x 32 8uin another populatton

of B. 8labella var. glabella (Cody & Webster @59 DAO). The measurements show a

reasonable correlauon in pollen size and chromosome number, 51m11ar to- that found by Reollins
(1953) and, BOCher (1956) in B hurmlzs and suggest ‘that B. pllosa may have a lower .
chromosome number than the tetraploid B. thorrld—wul ffii. o ‘ ‘i

Braya also dogs not lend itself well toa cladrstrc approach to phylogenetlc' ‘
mterpretatron pnmarrly because of insufficiefit information abo?ft an out- group This makes
it very difficult to ascertain which character states are ancéstral and which are derived. Hauser
and Crovello (1982) list 32 characters from the Crucrf erae and the states of these characters in
two hypothetrcal ancestors of the Thelypodieae (i.e. Cleome frora’the Capparaceae and
Macropodium, the only Asian representatrve of the Thelypodxeae) consrdered by some to be
the most pnmrtrve tribe in the family. In a‘ddmon Hauser and Crovello list the states
consrdered to be primitive by several taxonomists such as Rolhns (1939, 1942, 1956), Payson
(1923), Al-Shehbaz (1973) Hedge (1976) and Cronquist (1968). Unf ortunately, almost all of -
these 32 characters are non-deviating i in Braya and provide little 1nformatron about the

A

duectron of evbolutlon in the géhus. .

<

.

The highly reticulate patterns of speciation in Braya, due to hybridization, also make

cladistic analysis difficult. It is very common for well-differentiated species to form fertile

seed when Rybridized, and some geographically distant snecies (e.g. B. linearis and B, alpina)

”
1

M

=

£Y



- patterns provides some evidence that this may be the case (see Figure 11). Cluster 6 ‘consists\\ '

| basis of EST profiles, to Cluster'3 (or the closely related Cluster 11), the cluster containing the

of two tetraploid members of the section Sisjmbriastrum, and Cluster 15 is a single tetraploid

82

1
¢

will even produce fertile F, offspring. Even intersectional crosses are poésible, and may have

>

led to the f ormation of new sections. Thus, the patterns of speciation in the genus af'e much
: ) ,
more complicated than the regular dichotomous branches envisioned in most cladistic
phylogenies. | | | |
Despite the dif’ ficulties in“authengicating the p_hylogeny of B;aya, it is still possible,
especially within_ sections.‘to rlote obvious evolutionary trends.and to suggest, basecl on the
evidence available, what seems the most pausible evolutionary history of the taxa in'the genus.,

Additional evidence, particularly that of a cytological or phytbchemicol nature, will,

undoubtedly demand alterations, perhaps very significant alteratidhs, of the hypotheses: . - -
o !

presented here. ‘ e , T
It is natural to assume that taxa of lower chtomosome number are more am.ient‘ than
higher polyploids and that the taxa of lowest chrorﬁosome number in secuons Platypetalum and

stymbnastrum are probably more closely related to the ancestral stock than are the taxa of i

higher ploidy level from each section. This would also.xmply that the taxa of lowest N .
. ' ) ! A :

chromosome numbor from each sectjon should be more closely related to members of the \

opposite section than should the higher polyploids. The TAXMAP analysls of EST enzyme \

{ \
v

member of the same section. Both Cluster 6 and Cluster 15 are most closely rqlated,, o“hthe

[

bulk of the members of the section Platypetalum.

As has been mentioned, sect. Braya seems to be inteimediate to sections Platypetalum

and Sisymbriastrum, but it is not certain whethel this is because sect. Wtral tothe .

other two sectlons o\ﬂither it is of recent orng n anjd arose through hybndlzanon of the other |
sections. The only taxa known to belong to sect Braya are B lmeari’s of East and West .o
Greenland and Scandmavna and B. alpma, of the Tyrolean Alps Bocher (1973) has shown -

that the two species are very closely relatcd they form fertile Fl of f sprmg upon hybndlzatlon
RS i

(25
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Itis clear that B. linearis and B. alpina arose from a common ancestor How then can their
present distributions be egtplamed"

Gams (1933) has suggested that one lme of the ancestral stock migrated northwest
from Central Asia, becoming Braya lineans and that another line migrated through the

mountains of Asia and Europe, becoming B. alpina. If thrs were correct, it would suggest an’

ancient orrgm for sect. Braya, the species would be paleopolyploids (senSu Fava\rger 1961)

&

-having once been wrdely distributed, but now restrrcted to a few small areas and havrng lost all

By

of their. drplord ancestors. This would mean that sect. Braya would Ikely bgree/stral)the

other sectrons of the genus, and it would explain the intermediate nature of this section.

- .

Handel-Mazzetti (1941) proposgs a sirnilar migration from Ceritral Asia northwest to.

-7

- Greendand in Pliocene or early Pleistocene time and the subsequent mrgratron south to the

R

Ty wﬁean Alps early in the P’lﬁtstpcene at a time when conditions were favorable. Later

glacratrons rsolated the two s.gments of the population and isolation has srnce led to the

'
0

drvergence of the two spectes

Bocher (1973); on the othet hand favors the alternatrve vrew that the ancestor of

A,

Braya linearis angd B alpina arose in’ Nor;th Amerrca/Greenland and that mxgrauon has been

* ‘from west to east across the North Atlanuc (In support of this theory, BoCher pomts to the

' w

distribution of ”keveral east-arctic species (e-.g. Draba sibirica, Ranunculus auricomus var.
\\ - u : .~ ’

. glabratus, Arenaria pseﬁdoﬁigida, and Carex parallela) that only teach East Greenland, unlike

' from the west alongghe same pathway as that envisioned for B. linearis*’B alpina. As

B. linearis, which is also found in West,Greenland. Bocher also lists several species (e.g.

E Carex nardina, C. scirpeidea, Arenaria humifusa, Draba crassifolia, Erigeron humilis, and

-

Campanida uniflora) believed to be west-arctic in origin that probably reached Scandinavia

4

: arguments against an east to west migration from Central Asra Bocher draws attentron to the

5 S X} ‘5 S ‘

drstribuuon of Braya to the east of both"B' ’1‘ nearis and B. alpma as well as to



e

7

to small mches m t’he mountarns where they fi mally attained their present status as two closely
\, ’

-

related geographrcally separated taxa."

I tend to favor the vrew of Bocher, th‘ét li’raya linearis and Bﬁ alpind aro;e from a
North Amenca/Greenland ancestOr Johnson and Packer (1967) in revrewrng Favarger’s
v (1961) crrtena for determining the age of polyplords list as bemg lr*;ely paleopolyplords

“l . l
occur are classified m another sectxon and drf fer (o] markedly to be consrdered ancestors of

the polyplotds Braya lmeans and B. alpma do. form a parttcullr sectron of Braya. pne W1th
[ .
no known drplmds or lower polyplords and the dlplords or at least the lower polyplcy(ds are

{

be consrdered “?mcestors | thmk 1t very llkely that the species of sect. 5raya are ‘

' Amenan spectes of sect Braya appears to be s/omewha ermedrate to' B

/

' humzlzs and it has often been confused wrth these two specres (Al;be 1948) . ‘ The results of the L

:two TAXMAP analyses présented in this work also suggest the ultermedr € nature of B. |
’ \\ lmearzs The TAXMAP analysrs of E!T proflles groups B Imearts wrth sect Platypetalum

but the TAXMAP anal’ys? of mbrphologrcal attnbutes groups It wrth sect stymbnastrum B

R A sunple hybndrzatlon of a tetraplo:d Braya from secttcln Platypetalum or -

. -
S:symbnastrum with an octoplord Braya from the opposrte section would account for the

LR A . . N i
S _ AT [ . -

..

b

polyplord species forming a partlcular sectron of a genus in whrjl the drploxd speéres 1f they o

. - o«
classif 1ed‘1 another sectron These lower polyplords however do not, "differ tog markediy te- ‘

-,



‘chromosome number of 2n= 42 as well as f or the great dtsparrty in chromosome size m B.

/

'lmearts As mentpned in the Results sectton of thrs text, snmlar aruf icial ¢ crosses have ‘been

g

T successf ul in the greenhouse but F1 s have nOt yet been cultrvat from the seeds Wrth the
| abundance of chromosome races 1;1 both sect P Platypetalum and stymbnastrum rn northern hy
xNorth Amertca at least- at the present time, it is not dtf f 1cu1t to trnagme suchia hybrrdrzatlon'
'takrng place Thts would support BOCher $ (1973) postulated North Amencan/Greenland | b
: origin pf a Braya lmeans~B\‘ alpma ancestor and obvrate the necessrty of explammg the absence .
of Braya between -Europe and’ Central Alsra As Handel-Mazzettr (1941) and BOCher ( 1973)
: have pornted out thlS ancestor must have crossed the Atlantrc in early Plerstocene times to have
had the trme requlred to become as rnorphologtcally distinct, f ollowmg subsequent 1solatlon as
| the two extant specres now are “
Some of .the difficulties encountered in determmmg the phylogeny of the sections of
Brayct are allevrated to some extent wrthm the’ sections. | Since d1plords or lower polyplords
almost certarnly gave rise to the htgher polyplords chara ter states in the lower polyploids can
be considered- ancestral to tho?e in the hrgher polyplords Some gener:l trends i in character state
transf Ormauons m Braya can be 1dentrf1ed wrth thlS method |
rgt decrease in f lower size and a srmulta'neous loss of self - mcompaubrlrty are trends ’
commot‘lZ to sectlons Platypetalum and S:symbrzastrum In sect”’. Platypetalum a loss of :

blossom £ ragrance accompanies reductmn inf lower size. The srquues of sect. Slsymbrlastrum

are fairly umform but in sect Ptatypetalum there isa transf ormatron séries from globose

. srlrcles with of ten f enestrate septae to narrow lance-subulate srltques W1th entrre septae

Within sect. Platypetalum ther pear to be four dtstrnct subgroups The fi 1rst

~ subgroup consrstmg of B. ptlosa perhaps a clrplofd the second of B. thorzld-wulff Gica -
| tetraplmd the thrrd of B. glabella, an octoplord and the last 1nc1udes B longu and B. fernaldu
both octoploids. Assuming that it can eventually be shown that B ptlosa is actually diploid, -

this specxes is the Jogtcal place to start in dlscussmg the phylogeny of the sectron
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L Braya pllosa has only been found inan unglacrated area near the Mackenzre Delta. It -

mayql; that thrs specres as well as other drplord specres extended south along the Rocky

l

Moﬁntarns and gave nse/to many of the extan(t polyplord Braya taxa. Favarger (1961) and
' Packer (1974) have commented on the relatrvely krge number of dtplord specres in the Alps
and in- the Rocky Mountams andJ ohnson and Packer (1967) have demonstrated‘ that dtplords

\..'

tend to occur more frequently in more stable habitats, such as unglacrated mountains and qther .

“ stable envrronments and that polyploids-are more frequent in less stable envrronments such as

: lowland glacrated areds. It may be that/ﬂolyplord Braya taxa arose from montane drplords and

then moved out onto\ewly exposed habrtats as they became avallable as the 1ce receded No

\“
drplord Braya taxa are nowknown from the Rocky Mountams but the taxa of lowest known

e

T~

chromosome number tetrap]ords are mcated in and near areas believed to have escaped
glacratlon- el ; ) _? ,' ' v

/lt is not drf frcuIt to 1mag1ne Braya thorzld wulff 1] arrsmg from B. pllosa oraB.

£

pzlosa -like ancestor both specres have globose srhcles (usually densely pubescent) and both

-/

someumes have a fenestrate septum In addltron ‘the septal eprdermalﬂ wall thrckemngs in

e

B pilosa and B thonld-wul ff iare. somewhat thtcll\er and more 1rregular than those in other

,

members of the sectron On the. other hand the erect habtt/ large ﬂgwers and very: long styles

m B. szosa are. certamly very different from the prostrate habtt small flowers and ofteri 9 : '

% Ki

almost non -existant styles of B:. thorlld-wul fﬁz; the phylogenetrc connection between the two
species is probably' not very recent or ‘ver'y direct, Bocher (1';)66)' f ound only a single pair-of .
large chromosomes in B thorild-wul ff 7i, SO 1t is unlrkely that the spec1es atase as a srmple .
autopolyplord | _
Braya thortld-wul ffii var.. glabrata is very closely related {o var. zhorzld—wul fﬁl drf fi errng
only in degree of pubesce)e The fact that lower polyplords as well as most other Braya taxa
are drstmctly pubescent mdrcates clearly that var glabrata arose as a minor varrant of var.

;

tborlld~wulffl, . » _ | ' : v

e
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How and when Braya gldbella may have arisen is not clear. Vartety purpurascens is

Q

-closest morphologtcally to B pzl&sa and B.thorild-wul ffii, and it is probably ancestral to the

]

other vartetres of the spectes but whether it arose directly from B. thorrld-wulff i o1 from other

‘extinct diplbids or tetraploids‘.is uncertainr The dif f erence}in silique‘shape ‘and stem habit

~ betweén var purpurascens and extant taxa of lower plordy level suggests an allopolyplord origin

o mvolvmg at least one extmct taxon

Braya glabella var. prostrata is clearly closest to var. purpurascens on the ba51s of

: srhque shape and style length but it shares some attrtbutes wjt B thonld-wul ffii whtch suggest )

" that mtrogressron with thts specres has contrrbuted to its dtvergence as a. separate taxon.

‘ 'Braya ,glabella var. prastrata is known only from northern Ellesmere Island, where it
N -

’grows in very close proxrmtty o B. thorild-wul ff i var. thorild-wul fﬁz and rt is the only B.

glabella taxon that eahrbtts the prostmte stems thin leaves, and robustness of B. thortld-wul ff i,
lt seems more_ than a comcrdence that the only variety of B. glabella to share attrrbutes with B.

thorrld-wul ffiiis f ound growmg m the same localtttes as that specres It must be menttoned

a though that the morphologrcal srmtlarmes between -Braya thortld-wul ffii and B. gldbella Var

/

prostrata could also be acéounted for by a genettc response to similar envrronmental condmons

'Y

" This, seems unhlkely, owever, because populatlons of B. glabella var. purpurascens f rom the

/
same area, and f" rom other areas mhabrted by B thorzld wul, ff i, do not show these srmtlartttes

-

Braya glabplla var. glabella has srhques generally somewhat narrower and longer than
|
those in var. purpurascens and it has obviously arisen from that vartety Separatron of the

two varieties isfno 'entrrely complete in fact and they of ten exhtbtt somewhat overlapplng ‘

: Braya longii a d B. fernaldii are known only from a-few restricted localities in

northwestern Newfoundland. These spectes are obvrously very closely related and both dtff er

- f mm B, glabella in the size and shape of the srhques and in the shape of the septum margm

The septum margin m B. longii and B. fernaldii is very broadly expanded. so much so that it

usually forms a sack-like pouch surrounding the base of the lowermost seed in each locule.

]
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’ ferna[dti) and it may theref ore, be: the co\nnectmg link between the latter two specnes

- (2n= 28) and self 1ncompat1b1hty of B humilzs var maccall& aB_ var

-~ lines.from the apcestral stock

o zhorzld-wul ff i may have played a role in the formatron of var, eIlesmerensts asa dlStlnCl

& -

. ‘ ' L , SRR - 88
. - ' . " N i . il M , '.4 ..

R Morphology and EST patterns clearly show that both of these spec:es are most closely related tL

B, glabella var. glabella and almost certamly dlverged from that taxon The TAXMAP analysts*

of morphologncal attnbutes suggests that B. longu is more srmﬂar to B. glabella than is »

4

The phylogenettc relattonshxps between the taxa in sect stymbrlastruih are somewhat »
R A .

" more apparent than those'in. ot.her secttons This is probably because the entrre section consists

x

R

“ofa smgle species wath f our farrly closely related varieties. The low chromosome number ’

rsildii,fand the
e PO :

“simple EST prof ile of var. porszldu suggest that they are more prlrrlltrve than varrettes humilis -

and ellesmerensts The two varieties look very srmllar morphologlcally drf fering only in the
degree of pubescence but EST i 1sozyme profi 1les in the two taxa are qurte drff erent, suggestmg CL0T
that the two varretres are not as closely related as they appear. Pethaps they represent sepqrate '

Braya humzlts var. porszldu seems to be closer morphologrcally to var. humzlzs than does

var. maccallae Varlety humtlts probably‘ arose directly from valk porstldll orfroma:

: porszldu -like ancestor. . : T

It seems reasonably certain that Braya humzlzs var. ellesmerenszs arose relatrvely

recently. from var humzlts since it is restncted to the high arctlc and itis geographrcally
1solated from all other Varretles Varxety ellesmerenszs 1s also closer mbrphologlcally to var.

' humzlzs than it is to other varieties. It seems lrkely that 1ntrogressron between B. humilisand B.. . _ ~

Ty
Q

variety. This possibility is dlscussed in some detarl in the Taxbnorny section of the thesrs

/
“ Based on the conclusrons in the precedmg drscussron a dtagram xllustratmg the most

hkely evolutlonary history of Braya is presented 1n Figure 12



a

Figure 12. Diagram of pbétulg;ed evolutionary history of North American’ Braya
speciés. N

(Even dashed lmes md1cate uncertain - connections; broken dashed lines mdxcate

hybndlzauon or mtrogresmon)
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post-glacial times.

9y
Phytogeography

Lookmg at the present dtscontmuous drstrtbutton of Braya species, it is not dtf ficult to -

1magme that in pre Plexstocene times they, or their ancestors, had a much n_}gle continuous

? Part of this lack of success has likely been due to the absence of long distance dispersal :
mechanisms in Braya but by far the most important factor has been the glacial eradication of

the edaphrc condttnons requtred by the genus from a large portion of its former range.

e

- Members of the. genus Braya are almost entirely, if not entirely, restricted to calcareous soxls
Braya humilis is perhaps the most stnklng example bemg widely drstnbuted on sedlmentary
sorls in western Canada and Alaska, but complet ly absent from the granitic rock and soils of

the Canadian Shield. Figure 13 shows the distr 'on of B. humflts supenmposed on the

anomalous 'areas of sedimentary rock within the Shicld along the southwestern coast of Hudson

Bay, and along the margins of the Shield in western Newl‘ oundl}md Anticosti Island Quebec,
and in norihern Vermont The sharply éef ined distribution llml[S of B. humdts in Ontano and
Mamtoba attest to the mabxhty of thrs specres to invade regrons ‘of gramtrc sorls ‘

Braya glabella is also almost entrrely absent f rom the Canadian Shield, but it does
encroach slightly onto the margins of the Shteld at Bathurst Inlet Spence Bay, Rankin Inlet
Repulse Bay, the Ungava Peninsula, and southern Baffin Island The lack of wulespread
mrgratlon onto grantttc soils, however, mdrcates-the likelihood that these borderline populattons :
may in fact be growmg on local anomalous areas of calcareous soil within the more wndespread ‘
granitic soils. ) ‘ "

In order to adequately explain the present - day dtstrtbutron of Braya in North Amerrca

it is necessary to postulate the survrval of segments of the populatron in unglacnated areas to the

¢ b . . . . : 4
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Figure 13. Distribution of Braya humilis in relation to approximate limits of granitic

soils of the Canadian Shield (cross-hatched area).
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north and south of the ice-sheet, as Weil' as in localized ref ugial areas thal escaped glaciation
even though surrounded by ice. |

The idea of glacial refugia has 'long been invoked to explain the high incidence of
endemic ﬁnd disjunct taxé in the Gulf of St. I;'a_wrence region o\f eastern Canada with .
counterparts in western North America (Fernald ;\*1925; Marie-Victorin, 1938; Morisset, 1971).
Morisset (1971) has notéd that geological evidence sixggésts a mlicii more e)'(tensive. glaciation in
the éulf of St. Law'rehce thari origimally envisioned, and that this casts som‘e doubt on thc'
valid\ity of Fernald's "nunatak theory". He also points out that the extfeme environment likely’
to have prevailed in these nunatak refugia piecludes the-survival of the many delicate disjuncts |
and endemics fpund in the area. | )

The periglacial envirdnmcnt of nunatak reﬂ&ia at full ‘glaciation may indeed present a
problem in explaining the survival of many of the Gulf oi St. Li\i\vrence: Neiwfoundland
ende_:micé. but this is certainly riot tile case with Braya. Braya. species are well-adapted to

extreme environments in the Arctic and are f ound at the limit§ of land in Canada and
| Greenland.. | ' -

Whether these riunatak refugia existed or not in eastern North America will probably
remain controversial for some Atime, but there is a general consensué of opinion that these
disjunct and endemic species musi have survived glaciation somewhere in the area. ‘Ives (1963)
and Morisset‘(1‘9'7l) suggest that largi areas of ’the‘continental shelf must have been* dry land
during glaciation and that plants may have survived in these fairly mild coastal refugia. _

Wherever the refugia méy have been located in eastern North America, it appears
inescapable that at least Braya }ongii and B. fernaldii, and perhaps also B. humilis, survived
glaciation in close proximity to their present-sl.ay distiibuti‘ons in Newfoundland and the éulf
of St. Lawience region. Given their very specific edaphic requirements, which would Iiave
pfevented step-wise migration across large areas of .granitic soil, the only pthe: ;Itérna;ive to
explain the distribution of B. longii and B. fernaldii is long. distance dispersal . Long distance

A

dispersal is sim‘ply n‘oi adequate to explain the distributions of the many endemic and disjunct'
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plants (including B. fernaldii and B. longii) found growing in the same general region.

The distribution of Braya humilis along the sduthwestcm coast of Hudson Bay requires
a different explanation. This area was compfetely '?glaf:iated. with no chance of plant survival '
anywhere in the area. There appear to be only\ two pbssible explanations for the present-day |
distribution of B. humilis in the region. \

The most liliely‘one is that Braya humilis migraked southward with the advaycing ice
and has ‘gradually moved northward again in post-glacial times aiong the narrow corridor of
sediméntafy bedrock extending from Hudson Bay down past the limits of glaciation in
Minnesota and Wisconsin (see Figure 13) Although I have not seen specimens of B. humilis
from the Lake Superior region, populations have been reported from as far south as Isle
Royale, Michigan and from the‘north shore of Lake Superior (Fefnald, 1950; Gleason, 1952;
Scoggan, 1978). It is not difficult to imagine 'that B. humilis Eould have moved northward
relatively rapidly along this corridor along the many rivers and streams in the area.

Another possible explanétion is long dis;mce dispersa:u. It must be admitted that Braya
humilis — or any _quya species for that matter — does ndt make a likely candidate for long
distance dispersal. There are no ébvious morphological adaptations for dispersal of any kind,
short or long range. On the other hand, self -compatibility is the ge.neraln rule in Braya, so .that
even a single introduction, reg;rdless of how remote the'likqlihood, would stand a googl chance
of being sgccqssf ul, Itis not unreason.able to suggest that transport of propagules from
populations in wesiern Canada conceivably could have taken place along the waterways leading
‘to Hudson Bay in early post-glacial time, or that birds might have ‘ingested seeds or carried
them along these same waterways and deposited them near Hudspn Bay.

The distribytion of the extremely‘ disjunct populations of Braya humilis var. hurizili:v in
central Colorado suggest that Brayc; also moved south in western North America as suitable
environmental cénditions developed. Until recently, only é singlé Colorado population was

known. It consisted of approximately 500 individuals restricted to about 0.77 hectares of

frost-scarred calcareous slope at 3700 m in elevation. ,Since 1980, four or five additional
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populations have been discovered in the high mountains of Colorado (Johnston, 1984). These
Colorado populations are f)robably isolatgd relicts left behind on small a‘reas of favorable alpine
habitat as the climate warmed and other Braya populations in the region became extinct.

The area of greatest diversity in Braya humilis in North America is centered m the
Canadian Rocky Mountains. The distribution of both B. huﬁllis and B. glabella support the
now generally a;cepted view that portions of the Rocky Mountains and ad jécent foothills
remained unglaciated at the peak of‘ the Pleistocene glaciations (Packer, 1971; Packer and Vitt,
1974; Wolf et al, 1979). -

or the‘f our North American varieties of Braya humilis, three are found in the
Canadian Rockies. Of these three varieties, one, var. rﬁaccallae. is strictly endemic to the
Rockies. Another, var. porsildii, is found in the Rockies of southern Alberta and then again in
the northern Rockies of British Columbia northward into the Mackenzie Mountains of \
Northwest Territories. A single record from Graham River, British Columbia ( Mré. J.N.
Henry 501 PH) falls between the two main centers of distribution. These varietieg have the
lowest chromosome number (2n= 28)»kn0\yn in the species, as well as distribution ranges much
more restricted than the higher polyploid members\of war. humilis (Fig. 8). This follows the
pattern noted in many other povlypiloid complexes, where polyploigs tend to be more aggressive
and better able-to expand their range than their diploid (or in this case, functional diploid)
progenitors..

) The simplest method of explaining the distribution of these two varieties is to assume
that they survived glaciation in the same general areas where they are now found, either in the
Rocky Mountains, or in the Mackenzie Mountains, or in both places. 1t is known that much of
the Mackeniie Mountains remained unglaciated (Prest, 1969;-Cody, 1971) and it is very likely
that Braya'; humilis populations survived there. Assuming post-glacial migr'ation south to the
Rocky Mountains would explain the distribution of B. humilis var. humilis and var. porsildii
but would not be adequaie-to éxplain the distribution of var. maccallae. Esterase isozyme

. evidence suggests only a distant relationship between B. humilis var. maccallae and var.
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porsildil, too

nt to have a{isen since glacial times by & recent Rocky Mountain divergence.
It is much m fkely that B. humilis populations survived glaciation in both the Mackenzie
" Mountains and Rocky Mountains.

v

Since these tetraploid varieties obyiously did not arise from more widespread hexaploid
and octoploid Braya humilis populations, the only other explanation possible for their
present-day distributions is to assume that tetraploids survived in unglaciated portions of
“Alaska or the Yukon, migrated south in post-glacial times, and subsequently became extinct in
the north. This explanation requires some causative hypothesis for the selective extinction of
tetraploids in the north, as well as for their survival in the same regions of the Rockies, and
seems highly improbable.

The concentration of Braya glabélla var. glabella in areas of the Rocky Momin'ins
suspected, on the basis of geological and other botanical evidence, of having escaped glaciation
.(Packer and Vitt, 1974) strongly suggests that this species, as well, survived in the Rockies
during the Pleistocene. |

The wide distribution Qf Braya populations on appropriate habitats in unglaciated parts
of Alaska and Yukon is undoubtedly due to pre-glacial establishment in these areas. This
region has almost certainly served as an important center for migration of Braya back into
glaciated parts of Alaska, Yukon, and at least the southern parts of the Canadian Arctic
Archipelago.

An.othcr important center of migratibn. at least for the Arctic Afchipelago. may have
been within‘the archipelago itself. Hultén (1937). Porsild (1955), Packer (1963), and Brassard ‘
(1971) have suggested that ice-free areas must have existed in the high arctic to account for the
incidence of endemic and disjunct species there. Prest (1969), on the basis of geblogica]
evidence, has indicated that 'pafts of the coast near the Mackenzie River Delta, Banks Island, as

well as smaller aréas in northern Ellesmere Islagd remained free of ice during the last

. s » L
glaciation. These re}; ugial areas would have served as centers of migration for plants after

—
o

glaciation.
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The results of this study support the hypothesrs that these high arctic ref ugia exrsted

.Brassard (1971 Fig. 1) has pro uced a map shoWrng equrformal progresswe areas of endemrc

plant specres of the North Amerrcan Artctic, Three of these areas in the Arctrc Islands are

: .par,tlcularly l'lCh in endemrc-plants and include all 21 of the endemrcs recogmzed by Brassard. . -

It is interesting to note that two of the endemrc taxa recogmzed in this study (B. glabella var.

' prostrata and B. humllzs var. ellesmerenszs) occur in, or very near one of these thiree areas, in ..

’

_ ‘northern Ellesmere Island. It would seem that the only reasonable explanatron for this hrgh

: composmon in

‘incidence of endemrsm is the survrval of these taxa at or near their present areas of drstrrbutron
: durmg the last glacxatron “Plants from these ref ugial areas were probably rmportant in the

recolomzatron of much of the Arctic Archrpelago and perhaps also parts of Greenland

" In summary the drstrrbutxon of" Braya in North Amerrca was probably more
contmuous at one time than 1t is today Glacrauon ehmmated Braya, as well as all other plant
and anrmal lifg, from most of ‘its former range and, at the'same [ll’l’lt,_ altered the”bedrock

Qsignif icant part of ‘borealv North America‘ making it unsuita‘h'le for

recolomzatron by calcrcolous plants Populanons of Braya survrved glaciation to-the north and

v

“south of the 1ce sheets and in unglacrated ref ug1a1 areas within or between the ice- sheets

Pl .
Braya has beerr fairly successf ul in recolomzmg appropriaté habrtat in glacrated areas where the

requrred _calcareous substrate still remains.

s s
Ak g



V. Taxonomy -
 Braya Sternb. & Hoppe .

" Denkschr. Kgl.'Bot. Gesellsch. Regensburg. I.1:65.1815.

Perenmal or rarely btenmal herbs pubescent thh branched or srmple hairs.or rarely
- essentially glabrous, of ten purple txnged caudex srmple or branched stems erect, ascendmg or
‘ , decumbent, simple or branched, foliate or scapose; leaves alternate, basal or basal and caulme,
' simple, enti're,. dentate, or pi_nnatifidc, sessile or rarely petiolate, sometirnes fleshy; flowers in
- dense subcapitate ‘or corymbose racemes .the pedicels;ascending .or erect, not subtended by‘ -
.bracts (except .occasionally the lowermost) sepals 4, erect or slightly spreadmg, ovate,
subequal w1th a scarious margxn petals 4, wrdely spreadmg truncate whrte ar purple tinged,
especially the claw; stamens 6, tetradynamous anthers cordate, obtuse; styles vartable in length;
sttgma btlobed or entxre fruits sﬂrques or srhcles in a compact orT. elongate raceme, 1 25 many ‘
trmes longer than broad, terete or shghtly compressed parallel to: the septum ovord
~oval- -elliptic, oblong or linear and subcylmdrrcal often torulose; septum epidermal cells
thlck walled and elongated transversely or obhquelv in relatlon to the longxtudmal axis of the
fruit; seeds 10- many untserxate or brsertate oval- ovate sllghtly convex, somewhat beaked
i cotyledons mcurnbent, x=7.. o »
Type species: Braya alpina Sternb. & Hoppe. Figure 14. :

A fairly small genus of circumboreal arctic, sub-arctic, gnd alpine distribution.

Key to the North‘Arrierican SectiOns of Braya
Ia. Stems leafy (usually 2 or more leaves per stem) frutt a sxllque lmear subcylmdncal 9-

33 times longer than broad; seeds umserrate (at least in North Amencan spec1es) ...... )2

. '1b. - Stems scapose (occasronally with a single leaf or leaf y bract); fruit a silique or silicle, '

ovoid to oblong-lanceolate, never linear, 1.25 - 8 times longer than broad; seeds biseriate

s

(except in B. longi/i'and B. fernaldii)...... e e et aer s en e ea i v....section Platypetalum -

9 .
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: Figure 14. Type specimen of Brayq alpina Sternb.\f&. Hoppe.






. . AN
. o . , N

N 102‘,"
N

AN

"2a. Cauline leaves usually Jor less per stem; basal leaves usually more than 20 t\tmes\longer
than broad frumng mflorescence usually dense and crowded near top of stem matu&e s1hqucs
usually less than 12 mm long, 9 - 10 times longer. than broad............. .section Braya

2b. Caulme leaves usually 3 or more per stem basal leaves ysu lly less than 20 ttmes longer
1
than broad; frultrng inflorescence rarely dense and usually scattered. along the*stem mature

. srquues often more than 12 mm long, 12 - 33 times longer than broad sectron stymlzrtastrum,

/

)b
I

Braya sect. Braya.

* Brayasect. Eubraya Turcz., Bull. Soc.nat. Mosc, XV.2.p.280. (1842)

Stems more or less leafy with 1 - 3(4)'leaves per stem, usually simpl’e' basal leaves

linear to lmear spatulate dentate wrth lor2. teeth per srde or. entrre usually more than 20

\\

txmes longer than broad cauline le&ve&of ten mdrstmctly petrolate fruit a srhque linear,
- sub- -terete, torulose, 9 - 10° trrnes longemn sbroad,; septum eprdermal cell wall thrckenmgs very
thrck and rrregular seeds more or less unrserrateEl ast in North Amerrcan representatxves)
| Type specres Braya alpzna Sternb & Hoppe _ |
S

The section Braya is represented in North Amenca by a single specres

Because the name of Turczamnow s section Eubraya contravenes Artrcle 21 of the
“International Code of Botanical Nomenclature (1978) I have adopted the sectton name
‘ "Braya in accordance w1th Artrc]e 22 of the Code The type species is automattcally{he same

as the type specres of the genus.

‘Braya linearis Rouy»,'lllustr.’ pl. Europ'. rar. XI:84, Tab. CCLIV. (1899) Figure 15.

- -

~.

. l’lants perennial from a tﬁroot. (4)7 - 14(~18)Cm tall; caudex simple or branchedi;

TN

N . . : PN <

stems 1 to several, erect, mainly simple (occasionally branched), leafy, usually deep purple, |

%



I
Figure 15. Illustration of Braya linearis; a., »entire pltnt- (natural size); b.;_ silique

x 6). o o | ™

0
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\ s

rnoderately pubescent with ntostly bif urcatf/ appressed hairs; basal leaves linear to

' 1inear-spatulate obtuse dentate with 1 or/2 teeth per side or entire 5°- 30 mm long, 0.5 -
2.0(3.0)mm broad at w1dest point, green to deep purple, glabrous to sparsely pubescent with
brf urcate and srmple hairs; caulme leaves 1 - 4 per stem, similar to basal leaves, but often
narrowed at the baseto form an indistinct pettole;ﬂ'owers several, arranged in a dense capitate
raceme; pedicels spreading?erect, 0.5-2.0mm lonvg m flower, 1.0 - 4.5 mm long in f ruit, ,
puhescent; sepals 1.8 - 2.8 mm long, 1.0 - 1.4 mm broad, obtuse, green to purple-/tinged\with a
seabrous margin glabrous to lightly pubescent with simple and bif urcate hairs' petals 2.5 -
3.5(4. 0) mm long, 1.3 - 2. 0 mm broad white or purple tmged especially the claw fruiting

. Iraceme densely compact to elongated; siliques lmear cylmdrrcal straight or often somewhat
curved, more or less torulose, (5)9 - 12(14) mm long, 0.9 - 1.3 mm wide, erect orqascend‘mg,

k ‘deep purp]e to greenish, glabrious to lightly'pubesce'nt with simple and se'ssile bif urcate hairs;
style 0.3-0. 5 mm long ‘stout; stigma weakly bllobed to entire; seeds 0.8 - 0.95 mm long 0. 35
0.55 mm wide, umserrate to weakly biseriate.

Dry or nmxst“calcareous soils, and alkaline clays and sands at margins of _evaporation

j ;;qqls on rir/erbank terraces‘ and moraines. Western Greenland between 66° - 72° N lat., eastern
Greenland petween\72' -4 N_-lat., and northern Scandinavi.a.»' Figure 16.>'

N=21, 2n=42, S

Type: Norway, western Finmark, le ano, J.-M. Norman s.n., LY (holotype), photo
in Rouy 1.;c.! | V - »

Braya linearis extends from the west and east coasts of Greenland to northern
Scandinavia. The specres is apparently very closely related to B. alpma of Europe. Both of
these species are probably of hybrid origin; it appears that the species of sectron Braya most
likely arose through hybridization between members of the sections Platypetalum and

Sisymbriastrum. -



Figure
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Braya linearis tends to look more like B. humilis, and B. alpina'more like B. glabella.
Esterase isozyme studies of B, ‘linearis indicate a closer relationship to B. glabella than to B,
humilis. This contradictary morphological and.enzyme eyidence sdggests the intermediate
nature of B. linearis.

Despite the somewhat intermediate appearance of Braya linearis, it can usually be
readily distinguished in the field from both B. glhbella and B. humilis. -

Representative specimens: GREENLAND: Ingnerit Fjord, Magdliq, 71° 7 N., M.P. Porsild & .
R.T. Porsild s.n. (MT, CAN); Gem. Umanak: Vorzugsweise N-geneigte Hinge S tiber
Marmorilik, J. Poelt & H. Ullrich 55/83 (ALTA); Sondre Stromf jord, ca. 3 km E of airfield
along river, J.G. Harris 1765 (ALTA); Sondre Stromfjord, ca. 2.5 km E of airfield along
river on old riverbank terrace, J.G. Harris 1790 (ALTA); Pakitsupilordlia, Qinqua Kujadleg,

Beschel 1 2107, 12108 (CAN); the S coast of Andrée Land, 73 18' N 25° 52'sW, Seiden faden
434b (CAN); Ella Isl., Cape Oswald, 7. Sdrensen 3577a (CAN). .

Braya sect. Platypetalum Turcz., Bull. Soc. nat. Mosc. XV. 2. p. 279. (1842)
, | _

\

‘Stems scapose (occasionally. witﬁ a sinéle leaf or leafy bract subtending f\}xe‘lower}noét
5ower or fruft); leaves entire or occasidnally_ with 1 orw;l weak teeth per side, often fleshy; fruit
a silique or silgle, ovoid to oblong-lanceolatc, 1.25 - 8.0 times longer than broad; septum
epidermal cell wall th‘icke-nings quite iegular; seeds biseriate, or réreiy more or less uniseriate.

Type species:i Braya glabella Richards.

‘,Braya sect. 'Plizt)}petalum corresponds. to the B."glabé.lla species complex discussed
previously in this work. In North America the section is composed bf five specx:es ana three
additional varieties.

Turczaninow (1842) did not designate a typé species for any of the three sections he
erected in Braya, necessitating the designation of a type. He described Braya sepf. |
P)aiypetalum as having oval -'oblbng siliques and listed Platypetalum purpurascens, P. dubium,

4

and B. rosea as members of the section. It is clear that Turczaninow did not have a clear

undérstanding of the relat'ionship between P. purpurascens and B. glabella and of the nature of

- s,
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the srhques in this group — he included B glabella in hlS section Eubraya (along with B

alpma) on the basrs of the "linear-elongate " sxhques an inaccurate descrlptron of the siliques

of both B.’ glabella and B alpina. 1t is now obvious that B. glabella and B. alpina are very
different from each other, and that B. glabella and P. purpurascens are conspecific. Bfrzya
glabella is therefore the oldest legitimate species in this section and the obvrous chotce to serve “

v

as the type species.

K]
1Y

Key to the North American specres of Braya sect. Platypetalum |
la Fruit a srlrcle the length 1 - 2 times greater than the width; stems erect and the petals
longer than 4.7 mm or stems decumbent to prostrate and the petals shorter ..................... 2
1b. Fruit a silique or long silicle, the le.ngth 2.5 - 8'times greater than the width; stems erect or ‘

ascending (rarely decumbent to proStrate) and the petals mostly shorter than 4.7 mm ......... ..3

2a. Petals 47 - 6.6 mm long, 3.0 - 5.1 mm broad; style '1-_.25 - 2.0 mm long, slender; stems
erect; plants of Mackenzie River Delta region ............. Cerrereaia B. pilosa
2b. Petals 2.0 - 3.7 mm long, 1.0 - 1.5 mm broad style 0.25 - 0.75 mm long, stout; stems
decumbent to prostrate plants of northern Greenland and northern and western Canadian -

v T ‘
Arctic Archrpelago e e et e e e B. thorild-wulfﬁi

3a. Siliques lance-subulate; the margin of the septum very broadly eipanded at the base and
f ormtng a sack- hke pouch enclosmg the base of the lowermost seed in each locule seeds f ew ,

arranged more or less in a single row

.....................................................................

—
3b. Siliques oval-elliptic to oblong-lanceolate; the margin of the septum expanded, or not at

all expanded, at theb'ase, but never forming a sack-like pouch around the lowermost seed;

seeds few to several, arranged more or less in 2 TOWS ........ e eeeeenas B. glabella
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4a. Petals 2.8 - 3.7mm long, 1.0 - 1.3 mm wide, not distinctly divided into blade and claw;
siliques pubescent ...... LT e P B. fernaldii
4b. Petals 3.7 - 4.8 mm long, 1.5 - 2.3 mm wide, distinctly divided into blade and claw:

siliques glabrous (or essentially $0)..................... e —————— B. longii

Braya fernaldii Abbe, Rhodora 50:12, (1948) Figure 17.
B. americana’(Hook.) Fern., Rhodora 28:203. (1926) in part
. B ‘ l
B. purpurascens yar. fernaldii (Abbe)- Boivin, Le Natur. Canadien 94, p. 646. (1967)

Plants perennial from a taproot caudex simple in younger plants but becoming

multi-branched thh age stems 1 to many, erect scapose (occasxonally with a single leaf or

leafy bract subtendmg the lowermost flower or frunt), 2.0-7.0(100) cm tall, moderately to
«densely pubescent with bifurcate and simple hairs, often purple or purple-tinged; leaves basal,

entire, narrowly spatulate oblanceolate obtuse (5 10 30 (40) mm long, 1.0 - 3.0 mm broad
|

- . at widest point, sparsely cxhate along lower margins, green to purple-tinged; leaf bases

membranous and broadly expanded near paint of attachment; f’ lowering inflorescence densely
capitate; sepals 2.0 - 2.6 mm long, 1.0 - 1.4 (1.5) mm wide, obtuse, sparsely pubescent with
simple hairs or glabrous, green or purple-tinged, with a scarious margih; petals 2.8 - 3.7 (4.0)
mm long, (0.85) 1.0 - 1.3 mm wide, gradually and indistinctlytdivided into blade and claw,
whi}/or rose-ptirple- fruiting inflorescence dense and congested with overlapping siliques,
capxtate or elongated pedlcels 1.0 - 2. 6 mm long erect -ascending; siliques lance- subulate
(3.6)4.0 - 7. 0 mm leng, (0 7)1.0-15(1.7) mm w1de at the W1dest point, densely to
moderately pubescent with bifurcate and 31mple hairs; septum margins broadly expanded.at the
base, encircling the base of the silique and forming a sack- hke pouch around the bottom of the
lowermost seed in each locuie; style (0.55) 0.65 - 1.0 (1. 2) mm long; stigma narrow or broad,
bilobed to entire; seeds (0.9) 1.0 - 1.3 mm long, (0.4) 0.5 - 0.65 (0.75) mm broad, more or

less uniseriate.

(%}



Figure Y7. Hlustration of Braya 'longii and B. fernaldii, a. B. longii (natural size);
b. silique, dorsi-ventral view (x 7); c. silique, lateral view (x 7); d. B. fe;naldii

(natural size); e. silique, lateral view (x 9); f. silique, dorsi-ventral view (x 9);;;

v
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‘Limestone barren's‘-- Northws‘fstern N‘ewfoundland‘. Figure 18

2n=56. - |

"l‘yp'e: Newfoundland, P-ist‘olet Bay, boggy depressions in limestone barrens, Cape
Norman_ ,b 18] uly‘ 1925, Wt‘eéahd, Griscom & Hotchkiss 2‘8434 . GH! (holotype), PH! Figjure

r

19,

. Braya fernaldii Ablﬂs one. of two closely-related northwestern Newfoundland
endemrcs Braya fernaldu and B. longu share a number of attrrbutes that separate them from
.the: other membefs of the B. glabella specres complex -Both specres have short narrow fruits -
densely crowded into congested racemes (the apparent congestton is accentuated by the ‘ N
' arrangement of the f ruits; they are erect ascendlng almost appressed 10 the scape, and

overlappmg those above); both have short narrow lance-subulate srquues with more or less |
umsertate seeds and both have a unrque srhque septum margm broadly expanded almost
wmged at%e base encrrchng the base of the ]owermost seed in each locule in a sack- lrke '
pouch and contrlbutmg to the lance subulate shape of the srquues in lat_egl,as well as |
dorsiventral view (see Figure 17).

Braya fernaldii differs from B. longii in 'the shorter, narrower petals, _which are not ,
separated. into a distinct blade and claw, and in the fairly densely pubescent silicju’es.

Fernald (1926), mainly on the basis ot style dength, felt that Braya’”fernaldii was
conspec1f ic w1th Hooker's (1830) B. alprna B americana of Alberta, and proposed the new
.combination B amerzcana (Hook.) Fern. for the AlbertaandNewf oundland populauons

, ~ Abbe (1_948) subsequently pomted out the differences between the Alberta and Newf oundland
plants and the’obvious interrelate‘dness of Fernald's B. longii and B. american ~and proposed
the epithet B. fernaldii in recognition of Fernald's contributions to our undersgnding ‘of the
Newtoundla‘nd flora. | -
Representatrve specrmens CANADA NEWFOUNDLAND Cooks Harbour (about 3.5 miles

~ south of ), E. Rouleau & P. Morisset 8519 (MT); Burnt Cape, Pistolet Bay, J.G. Harris .
1733 (ALTA); Cape Norman, J. G Harris 1736 (ALTA); Straits of Belle Isle, one mile back
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Figure 19. Type specimen of * Braya fernaldii Abbe.
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of SaVage Cove, M.L. ‘Fernald & B. Long 28428 (GH, CAN, DAO- photo), M.L. Fernald,
'A.S. Pease & B. Long 28438 (GH); St. Barbe Bay, limestone barrens néar Ice Point, K. M.
Wiegand, F.A. Gilbert, Jr. & N. Hotchkiss 28429 (GH); Straits of Belle Isle, limestone
barrens back of Big Brook, M.L. Fernald & B. Long 28431 (PH); Pistolet Bay, northern
- half of Burnt Cape, M.L. Fernald, K.M. Wiegand, A.S. Pease, B. Long, L. Griscom, F.A.
Gilbert, Jr. & N. -Hotchkiss 28432 (RH) Pistolet Bay, Cape Norman, X.M. Wiegand, L.
Griscom & N. Holchkiss 28433 (GH); Straits of Belle Isle, limeston¢ gravel barrens, Boat
Harbor, M.L. Fernald, K.M. Wiegand & B. Long 28435 (GH, PH); Straits of Belle Isle,
swale near mouth of brook, Watts Bight, A.S. Pease, L. Griscom, F.A. Gilbert, Jr. & N.
Hotchkiss 28436 (GH); Straits of Belle Isle, gravelly limestone barrens, Four Mile Cove, M.L.
“Fernald, K.M. Wiegand & B. Long\28437 (GH); Pistolet Bay, Cape Norman K.M. .
. Wiegand & B. Long 28440 (GH)

L

-

- Braya glabella Richards., Bot. App., Franklin's \Narr. ukJ our. Arctic Sea, ed. 1, p. 743. |
(1823)

Plants perennial from a thick taproot caudex srmple or branched stems 1 to many,‘ 2 ‘

erect or ascendmg (rarely decumbent to prostrate) scapose (often with a single leaf or leaf y

: bract subtending the lowermost flower or fruit), (1.2) 3.5 - 17.0 (22 7) cm tall, lightly,
moderately,’ orf densel); pubes-cent with srmple, bif uﬁrcate,\ or trlf urcate haire. often purple or

| purple'tinged; leaves basal, en‘tire or SOmetirnee wéakly toothed Wt'th 1 or 2 teeth per side,
linear-oblanceolaté to broadly spatnlate-, ob‘tUse, often somewhat fleshy, (4) 8 - 60 (79) mm
long, (0.3) 0.6 - 4.0 (6.0) ‘mm Wide at widest point, sparsely to moderately pubescent with
simple or bifurcate harrs often w1th a tuft of long splmple hairs at the apex, green to deep
purple leaf bases membranous and broadly expanded near point of attachment; flowering
mflorescence mostly capltate' sepals (1.6) 1 9 +-3.7mm long, (0- 7) 1. 0-20 mm wide, obtuse,

" sparsely to densely pubescent wrth smple or occasxonally bifurcate hairs or glabrous green or
purphsh w1th a scarious margin; petals (2. 1) 2:4.- 45 (4 7) mm long, (0.75) 1 0-3.0(3.2)

- mm wide, abruptly and distinctly divided into blade and claw or gradually; and only indistictly

divided into blade and claw; \trbite to purple-tinged' fruiting infloresbenee dense and capitate 10

' scattered and elongate pedicels (0. 9) 1.9-7. 5 (8. 6) mm long, ascending-erect to spreadmg,

: srhques oval -elliptic, oblong cylindrical or narrowly lanceolate somewhat toru10se or not at all,

l (3.0) 5.0-125 (15~0) mm long, (0.8) 1.1 - 3.0 (3.6) mm wide at wrdest pomt, sparsely to



seeds (0.75) 0.9 - 1.6 (1. 7) mm long,-0.4 - 0.8 (0.9) mm broad, blserlate \
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- densely pubescent with simple, b'if urcate, or occasionally trifurcate hairs or glabrous, green to

dark purple; style (0. 35) 0 5-1.6 (2.0) mm long; sugma narrow or broad, bilobed {o entire;
-

!
B

Brayar glabella Richards. is perhaps the most poorly understood Bra}a speéies. Itis )
extremely variaBle from one poj)ulation to another and, to some extent, even within
populatioris. Previous authors have split the species into several taxa on the basis of
diff érences in sil.ique shape a’l‘! pubescenqg, style length, stigma breadth and lobing, leaf sha'pe.
and dentation, and inflorescence lenéth. While ii is true tﬁat many populations o'f B. glabella
appear to be strikingly distinct on the basis of these attributes, when a large number of
specimens are examined from throughout the emife range of distribution the perceived
morphological gabs quickly blur into a bewildering array of overlapping forms..

Q

Richardson's original collections of Braya glabella and the original collectioﬁs of

Brown's Platypetalum purpurascens happen to fall near ’the opposite edges of the spectrum of

diversity in the species tis not av all surprising that Brown (1823, 1824), as well as the
overwhelmmg majority of subsequent authors, recogmzed the two taxa as separate and distinct
“species; indeed, the type specimens of B. gIabeIla and P. purpurascens appear to be very

different. But, when the entire range of variation is observed, the two morphological forms

flow together to the point thét it is impossible to draw a sharp boundary. line between them.
Abbe (1948) commented on the range of variation to be found in this éroup even
within a single pbﬁulation. " He collected 58_individuéls from a population at Richx'nond',’ P.Q.
(E.C. & L.B. Abbe 3819) and found that the plants ranged from specimens that fell very
nicely. within the range of variation of "typical" Braya purpurascens-as descrlbed by Brown

(1823) and illustrated by Hooker (1830, Tab. XXIII) "...into the robust type of specimen

—_

from Southampton Island:..". Hﬂd Abbe had access to authentlc f rumng materxal of B.

T~

glabella he almost certamly would have Tealized that the robust specxmens from Southampton

Island (for example, Malte 120677) are near perfect matches for typxcal " B g This, in

! -



120

fact, appears to be the pattern in the group; specimens from the North American high arctic
are more or less B. purpurascens-like, and plants from lovyer arctic, sub-arctic, and montane
: region‘s are generally .more B. glabella-like, but it is almost always possible to find plants in any
population that look somewhat out of place and'appro‘ach, morphologically, plants of the
alternate morphological form. The populatlons on and near the northern coast of ‘continental
North America appear to be in the zone of overlap, and it is here that the‘ greatest difficulty is
encountered in at‘tempting to segregate specimens into' .one or the other of the two f orms. This
is especially true in disturbed areas (such as bulldozed areas near DEW line sites and around the
Prudhoe Bay oilfields, and along roadways) where normally mbreedmg isolated populations
come together.as they move onto the newly available habitats, gene flow again begins to take
place, and plants from the_sarne population may exhibit an extreme range of diversity. A -
collection from Prudhoe Bay, -Alaska (Welsh 20769, BRY) serves as an excellent example (see
Figure 20). The collection consists of three fruiting specimens, all remarkably different f rom
each other. The upper left plant is quite tall with a greally elongated inflorescence
(characteristics usually attributed to B. glqbella) and oval-elliptic fruits (a characteristie
usually attributed to B. purpurascens); the upper right plant is much-.shorter and less erect,
with very broad extremely' bilobed stigmas; the lower left plant halS'very"eréct stems, .a‘ more
condensed frumng inflorescence, oblong to oblong- lanceolate siliques, and exceptronally long
styles with much narrower, less brlobed stigmas.

On the basis of morphologlcal and chemical evidence, it is diff icult to justif y the 7~
recognition of more than one species in this very plastic group, but it does seem desirable to
divide the species into three rather weak varieties. Many populations wrll be readily separable
into one of these three varletres but other populauons will undoubtedly def y unequ1vocal

3

placement, partrcularly those from areas where the ranges of the varretles meet,
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Key to the varieties ol B. glabella
1a. Siliques oblong to narrowly oblohg-laneeolate, 3.5 - 8.3 times longer than broad; mature
f rulting inf lorescences often loosely elongated; plants of lower arctic, sub-arctic, and montane
CISUIBULION o veoe oo oo oo eeeeerieneearranes ereie. VAL glabella
1b. Siliques oval-elliptic to oblong-elliptic (rarely broadly oblong lanceolate), 2. 5 3.7 times
longer than broad; mature fruiting inflorescences ofteri densely compact; plants of high arctic

~ distribution .............. v rreenentaeaaae N e T 2

2a. Stems ascending to erect; leaves usually somewhat ﬂeshy at most 4 mm wide; sxllques S -

10 mm long; styles 0.5 - 1. 2 mm long; plants of wide distribution in high arctic .............;..var.
. ‘ '} ‘ ’

~

 purpurascens
"2b. Stems decumbentto prostrate (occasionally weakly ascending); leaves not fleshy, up to 6
mm wxde siliques 8 - 12 mm long; styles 0.8 - 1.8 mnNong plants of northern Ellesmere \
Island ............... e, Crvrerereearaeis SUTTOOTRTPRR Tereertee et var. prostrata
Var glabella Figure 21 4_ : | o . o ~ \

B. alpina var. glabella (Richards.) Wats., Bibl. 1. N. Amer Bot. p. 510 (1878)

B. alpm_a var. americana (Hook.) Wats., Bibl. 1. N. Amer Bot p. S1. (1878)\' '

B. alpina B americana Hook., F1. Bor.-Am. I.p.65. (1830)

B. americana (Hook.) Fern., Rhod. 23:203. (1926) in part.

B. bortlettiana Jordal, Rhod. 54:36. (195_2) | |

B. bartletliana var. tzestita Hult., Ark. f. Bot. 7, 1,p. 66. (,1968)

. B. henryae Raup, Contrib. Am. Arb.. VI. p. 167. (1934)

Plants 4.7 - 17.0 (22.7) cm tall; stems usually erect, sometimes ascending: leaves
- occasronally “ﬁth lor2 weak teeth per side; fruiting mﬂorescence often loosely elongated

s111ques oblong to narrowly oblong lanceolate 3.5- 8 3 times longer than broad often curved.

e

. ‘.L/
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Figure 21, Illustration of Braya glabella var. glabella; a., c., and e. entire plants

(natural size); b., d., and f. siliques (x 5).
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Usually barren often calcareous, sorls and gravels on gravel bars, drsturbecl srtes lake@

and sea shores, scree slopes and solrfluctron lobes Southernmost 1slands of the Canadran ‘

Arctrc Archrpelago south through the Mackenzie and Rocky Mountains to Athabasca Glacrer

and Cardinal River, A]berta. west to Seward Pemnsula,~ Alaska, east to Hudson Bay. Frgure

M

2.

2n=>56.

Type Copper Mountains, Northwest Terrrtorres Richardson s.n., BM! (holotype)
Frgure 23.

) An admittedly very lcr::aterogeneous taxon var. glabelltz has SOmetimes been ditrr‘de’d into
' two or three specres on the basrs of slrght differences in srhque shape and structure |
'{} ~ Hooker (1830) felt that plants from the Rocky Mountams were only mfraspecrf 1cally
drstmct from the European Braya alpina and etected the mfraspecrfrc taxon B americana under
that spegres Hooker based his B amerzcana on the longer styles f ound in the North American
'plants Itis now clear that B. glabella differs f rom B. alpma in several fundamental attributes,
as has been dlscussed previously in 'thls work, and that the two. species are only distantly -
related.yb | o T .
\Raup (1934) "des‘cr“ibed Braya hgrtryae ‘frﬂm plants collected in northern British
’ Columbia (Mrs. J.N. Henry 347, PH!), distinguishing it from _other populations on the basis
of  the long siliques, conspicuously broader at the-'base, and thelong s,tyles. ‘ While it is true that
Raup's type material looks noticeably different from most other B. glabella populations,' these
.,:attrtbutes — style length silique length,-and even silique shape — are extremely varrable in the
group and show very lrttle correlation with each other l\}any populations, in an apparently
'_random drstrrbutron may show one or the outher of B. henrya.e S drstmgurshmg attributes, and a
few scattered populations (Harrrs 1569 ALTAY,; Strutz 2027 BRYY; erhams 3271, BRY') are -
near perfect matches with the_ type materralr of B. henryae. ’But esterase prof 1les show that

" these isolated'populations are always most closely related to. other‘n‘earby non-B. henryae-like



Figu_re *22. Distribution of Braya glabvellav var. glabella in' North Amnerica.
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~ Figure 23. Type specimen of Brayd _glabella Richards. var. glabella.
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B. glabella populations rather than to'each other. .

Similarly, Jordal (1952): described Braya barllettiaéz'a from a émall_ pobulatidn of plants
from the Brooks Range, Alaska (L.H. Jordal 2291, MICH!) on the basis of the very indistinct

septum midnerve and the glabrous siliques, both highly variable cha_r‘acte‘rs of very little

’ t

tatonomic value in the group.

| The supposedly distinguiéhing attribﬁtés of Brayb heqryae: and B. bartlettiana are within
‘thev norrh{zl gén'e‘tic diversiiy of B. glébella var. glabella and appear fandomly in @solated |
populations ‘th'r01ighout> the range of the variety. It is not at all L;n"ig‘xpected §r surpriéing that
popula;iéns of plantsin a genus such as Bfgzya, wifh a distribdtion pattern and breeding éystem
of small, scat_tered and isﬁlated, self -pollinatingbpopulatiolns, likely often founded by dne ora
few individuals, would show only a‘part of the yariation of .the en‘tire species or variety.
Attempting td provide epithets for each of thesve small, vari‘anl population»s makes little

- practical sense.

Representative specimens: CANADA: ALBERTA: Persimmon Range, Wilderness Prov. Park, -
J.G.  Packer 3381 (ALTA); Cardinal River,ca. 19 km due SSE of Cadomin, J.G. Harris 1555
(ALTA), G. Pegg 3352 (ALTA); Cardinal Divide, ca. 12 mi S of Cadomin, M.G: Dumais &
G. McPherson 5143 (ALTA, CAN), M.G. Dumais & J. Traquair 6391 (ALTA): Prospect
Mtn., 10 mi SW of Cadomin, P. Mortimer 305 (ALTA); Cataract Creek near Pinto Lake, S.

: Brown 1459 (PH); Jasper Natl. - Park, Athabasca Glacier, next to small pond, J.G. & M. ,
Harris 1569 (ALTA); BRITISH COLUMBIA: pass NE of Robb Lake, Mrs.. J.N. Henry 347
(PH); mountain near source of Akie River, Mrs. J.N. Hepry 590 (PH); Alaska Hwy., o

Summit Mt., A.E. Porsild & A.J. Breitung 11946 (CAN), HM. Raup & D.S. Correll
10482, 10594 (CAN); Alaska Hwy., W end of Summit Lake, J.A. Calder & I. Kukkonen
27446 (DAO); Racing River at mi 418 Alaska Hwy., J.4. Calder & J.M. Gillett 24671 }
(DAO); NORTHWEST TERRITORIES: Mackenzie Mountains, near Little Divide Lake, W.J.
Cody 16701, 16577, 16653 (DAO); Mackenzie Mountains, near June Lake, W.J. Cody :
19863, 17061, 17106, 17238,17452 (DAO); Mackenzie Mountains, 10 mi NE O'Grady Lake, -
W.J. Cody 16953 (DAO); Mackenzie Mountains, mi 44 Canol Rd., W.J.. Cody & R.L.

Gutteridge 77 20 (DAO); Mackenzie Mountains, Plains of Abraham, W.J. Cody 19080 ,
(DAO); Mackenzie Mountains, Carcajou Lake, W.J. Cody & F.M. Brigham 20507 (DAO);

Mackenzie Mountains, Mirror Lake, W.J. Cody & F.M. Brigham 20413 (DAOQ); Nahanni

Natl. Park, Nahanni Plateau, G.W. Scotter 23571B (DAO); Great Bear Lake, N shore of

Dease Arm, A.E. & RT. Porsild 4698 (ALTA, MT, C, CAN), 4699 (CAN): Rankin Inlet,

J.M. Gillent 15765 (CAN); Cape Dalhousie, 70° 20' N 129° 55 W, A.E. & R.T. Porsild 2760
(CAN, ALTA, C); Tuktoyaktuk Penin., C.B. Larsen & W.H. Owen 74-4261 (DAO); Sea

Coast of Arctic America, J. Richardson's.n. (BM, K); Bathurst Inlet, near Goulburn Lake;

G.W. Scotter & S.C. Zoltai 31730 (DAO), R.E. Miller 220 (CAN); Spence Bay, D.B.O. -

Savile 3870 (DAO); Cape Parry Penin., G.W. Scotter & S. Zoltai 25553, 25904, 25790

- (DAO); Atkinson Point, AE. & RT. Porsild 2621 (CAN); Liverpool Bay, Nicholson Island,

"A.E. & RT. Porsild 2889, 28894 (CAN), G.W. Scotter 7185 (DAO); Mackenzie River
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At

Delta, N end of Richards Island, A.E. & R.T. Porsild 2229 (CAN, MT), A.E. Porsild 16828
(CAN, MT); BaffinIsland, Lake Harbour, N. Polunin 1121 (CAN); Baffin Island, Frobisher
Bay area, V.C. Wynne-Edwards 9183 (CAN); Banks Island, 122°3S N 71" 12 W, S.M.
Stirling s.n. (CAN); Banks Island, Mary Sachs, J.D. Lambert s.n. (DAQ); Banks Island,
Bernard River, W.J. Maher & S. MacLean 147 A, 148-B (CAN); Victoria Island, Minto
. Inlet, Anderson s.n. (K); Victoria Island, Cambridge Bay, R. Marris 11802 (BM), A.E.-
"Porsild 21620, 21619 (CAN), S. Stephens 1137, 1038, 1051, 1069 (CAN); Victoria Island,
vicinity of Holman Island trading post, A.E. Porsild 17290 (ALTA, CAN); Southampton
Island, Air Base, D.X. Brown, B.R. Irvine & B.A. Oaks 1627 (CAN) Southampton Island,
Southampton, M.0. Malte 120677 (CAN, MT, C); QUEBEC: Hudson Bay, Richmond Gulf, .
‘S side of Gulf Hazard, E.C. & L.B. Abbe 3819 (DAO, PH, BM); Wakeham Bay, Hudson
Strajt, M.0. Maite 120191 (CAN); SW coast of Ungava Bay, near Tasiujaq, K.L. Maclnnes
© 5140 (MT); YUKON: Ogilvie Mtns., Dempster Hwy. mi 110, 4.E. & RT. Porsild 23630,
23629, 23628 (CAN); Richardson Mtns., on Yukon-Mackenzie border, J. 4. Calder 34216
(DAOQ); Richardson Mtns., 5mi N of Horne Lake, J.A. Calder 33952 (DAQO); ca. 13 mi due
W of Sam Lake, S.L. Welsh & J.K. Rigby 10345 (BRY); U.S.A.: ALASKA: Prudhoe Bay,
K. Ostler & B. Welsh 2074 (BRY) ‘M. Williams 3484 (BRY), R. Marris 19410, 19350
(BM), G. "Halliday A220/75 (BM); Seward Penin., Teller Rd., mi 44, M. Williams 3389
(BRY); Seward Penin., Teller Rd., mi 18, Cleveland Creek M. Wzllzams 3268, 3271, 3382
(BRY), A. Strutz 2027 2092 (BRY) Seward Penin.; Teller, Walpole 1934 (CAN), A. Strutz

~ .353 (BRY); Seward Penin., Kigluaik Mtns:, mi 49 on Nome-Taylor Hwy., J.G. Harris 1371

(ALTA); Seward Penin., near Bluff, 4. £, & R.T. Porsild 1239 (CAN); Seward Penin., Anvil
‘Mtn., ca. 7km NNE of NGme J.G. Harris 1330, 1332 (ALTA), E. LePage 23884 (GH)
A Strutz 1118 (BRY), S.L. Weish 5924 (BRY); Seward Penin., Cape Nome, E. LePage
23824 (GH); about 12 km SE of Cape Sabine on northwest coast, S.G. Shetler & K.J. Stone
- 3201 (CAN); Arctic Coast District, Cape Beaufort, £. Hultén s.n. (BRY); Ogotoruk Creek,
68706 N 165" 46' W, A.M. Johnson 339 (ALTA), J.G. Packer 2362, 2098 (ALTA), 2098
(DAO); Utukok Rlver Driftwood Camp, 68° 55 N 161° 10 W, K. Holmen s.n. - (C); Alaska
Range, Upper Dry Creek, L.A. Viereck & K. Jones 5953 (CANY; Donnelly, mi 240
. Richardson Hwy., W.J. Cody & T.J.M. Webster 5859 (DAO); Donnelly Creek Campground,
mi 237.9 Richardson Hwy., 4.R. Batten, J.C. Dawe & D.F. Murray 78-75 (DAQO); Whistler
© Creek f loodplain, mi 223 Richardson Hwy., A.R. Batten & J. C. ,Dawe 78-15 1 (DAO);
~Alaktak Half Moon 3, 70° 45' N 155°.00' W, L.A. Spetzman 2513 (BRY, CAN); Meade River,
70° 40' N 156° 55 W, R.D. & M. Wood 372 (CAN); about 110 km SSW of Point Barrow, S.G.
- Shetler & K.J. Stone 3452 (CAN); Arctic Natl. Wildlife Range, Ambresvajun (Last) Lake,
A.R. & C.G. Batten75-476 (DAO); Konghkut River, 152 mi NNE of Arctic Village, L.R.
Hettinger 291 (ALTA); Bullen, 70° 10" N 146" S0' W, G.W. Argus & W. Chunys 5798 (CAN).

" Var. prostrata J.G. Harris var. nov. Figure 24.

11

Differt a var. glabella et var. purpurascenti caulibus prostratis et foliis latioribus tenuioribus. -

Stems dectMent to prostrate or Weakly ascending, 3.5 - 15 cm tall, moderately to
densely pubescent with long simple, and at times bifurcate hairs; basal leaves usually broad'and,

not particularly fleshy, 9 - 45.mm long, 1.5 - 6.0 mm wide, glabrescent with a few scattered,

o



- Figure 24. Illus_tration of Braya élabélla‘ var. prostrata; a. entire plant (natﬁral size);

b. silique (x '4.5).
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long‘, simnle (or rarely bifurcate) hairs mainly along the margins; leaf bases very broadly
expanded, often wider ihan the leaf blades, rnefnbranous; sepals 2.4 - 3.7 (4.0) mm long, (1.0)
1.4 -2.0mm wi%é, glabrescent »ﬁm a faw scattered, long, simple hairs‘; petals (3.0) 3.5- 4.7' K
mm long_, 1.6 -3.0 (3.2)‘ mm wide; siliques oblg.n_g-elliptic to broadly oblong-lanceolate;
straight or curved, not torulose, (6.8) 8.0 - 12. O mm long, 2.5 - )3 .6 mm wide, sparingly to
moderately pubescem w1th stiff simple or occasxonally blfur:ate hairs; style 0.8 - 1.8 mm long,

stout; stigma capitate to not at all capxtate, bilobed to sub-entire; seeds 1.4 - 1.7 mm long, 0.7

- 0.9 mm broad. - l

Dry or damp sand and silt on baarén slopes and plains. Known only from the type
loaality and nearbyx areas on northefn Ellesmere Island. Figu;e 25. )
"2n=56. |
‘Type. Canada Northwest Terntones Eliesmere Island Hazen Camp 81'49’ N 71 2
W, "sandy level delta plain, 1 172 mi. WSW of Camp" 28 July 1962, D. B O. . Savile 4764A

DAO! (holotype). Figure 26.

Braya glabella var. prostrata is one of three high arctic Braya endemics in North
America. The variety'is, in most instances, readily separable from var. purpurascens, its
closest relative, on the basis of the decumbent to prostrate stems, the broader, less flgshy
leaves, the larger siliques, and the longer styles.

Represematxve specimens: CANADA: NORTHWEST TERRIT ORIES Ellesmere Island,
Fosheim Penin., Slidre Fjord, S.D. MacDonald 297 (CAN); Ellesmere Island, Fosheim

Penin., 79° 57 N 85° 02 W, PF Bruggemann 835 (DAO); Ellesmere Island Eureka, P.F.
Bruggemann 81 8 (DAO).

Var. purpurascens (R. Br) J.G. Harns comb. nov. Flgure 27.
- Basionym: Plalypetalum purpurascens R.- Br., Chloris. Melv1ll p. 9 & 50. (1823)

("

P. dubium R. Br., Chloris. Melvill. p. 9. (1823)
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Figure 26. Type specimen of Braya glabella var.

v

prostrata Harris. /
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Figure 27. ‘In_llustration, of "Braya glabell’a"va'r. pz)rpura&cens;' a., c., and e, entire
plants* (natural size); b., d., and f, siliques ‘(x 5).
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™ .  + B purpurascens var. dubia Schulz, Pflzrch. IV 105. pp. 235&364 (1924)

/\\B arctica Hook ., Parry 's 2nd Voy. App p. 387 (1825)

'B. purpurascens (R. Br.) Bunge ex Ledeb., Flor. Ross.1:195: (1841)

. } Plants 3 5+-10.5 ( 12 8) cm tall stems usually ascendrng, sometrmes erect leaves often;
| /fleshy usually entrre (rarely with 1 or 2 weak teeth per sxde) f rumng inf’ lorescence often ;
/» densely compact siliques oval- elllptrc to oblong elhptrc 2.5 - 3 7 times longer than broad,
/ ' ~usually strarght. h
\ _ | ' Usually barren,of ten calcareous, soils and gravels on solifluction lobes, ‘gr‘avel‘bar's,
d_isturbed sites, rocky slopes, and sea shores. Northern coast of continental North America
north through the Canadian Arctic Archipelago to the limits of land; circumpolar. - Figure 28.
N=28, 2n=56.

. Type: "Melville Island", Mr. James Ross s.n., BM! Figure 29,

Rober_t Brown (1823) originally placed'this taxon in his newl}l erected genus

v F@I,atypetalum. In his view, it differed from Braya in the oval-elliptic and convex, rather than
C& o ' } o B :
oblong and sub-cylindrical, shape of the fruits. As more collections of Braya became

available, it became obvious that the genus included taxa with a variety of silique shapes, and

Bunge (1841) transferred P. purp_urascerts and P. dubium to Braya, the latter as a synonym of
" B. rosea. Platypetalum dubium, segregated from P. purpurascens by Brown (1823)~based on

the entire, rather than bilobed, stigma, the shorter style, and theg;more pubescent scapes, V

-appears to be only a minor variant of typical P. purpy{;dscens — style fength, stigma lobing, -
and scape pubescerrce are extremely variable in this group, “even ‘within a single.pbpulation —

and has been placed into synonymy under an enlarggd Braya purpura;gens bg most subsequent
“ vﬂ’
S, by ” *4‘ N
. authors I will, therefore, refer to the two' tax a S”B ﬁurasoens in the followrng discussion.
] \ B
“ Abbe (1948) even witionly very hrmted materral to work with, realrzed the. close

o)
: r«‘elauonshrp betweeh Braya glabella and- B. purpurascens and became suspicious that the two

&
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- Figure 29. Type- specimen . of Braya glabella var. purpurascens (R. Bf) Harris.
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might comprise a single species:
"There is no evidence against Braya glabella of Richardson beihg conspecific with B,

purpurascens (R. Brown) Bunge. The chief difficulty is the lack of positive evidence

\

cofxcerning the nature of the mature siliques and of their‘arrang‘emem on the scape.
Should these support the pessibility that the two are conspecific, then the name B.
-glabella wouid have to be substitll\ted'ﬁof B. purpurascens.” - |
It appears thbzixt B. glabella and B. purpurascens are indeed conspecific and only warrant
recogvnition as bejng varietally distinct. Because the epithet "glabella" (Richardson, 1823) was
validly puf.;lishedi before the épithet " purpurascens;‘ (Brown, 1823), B. glabella has
* nomenclatural priority over B. purpura;vcens. This is sémewhat unf ortunate; B. purpur@scens
is fnuch befter known in tﬁe literature than B. glabella and the plants iﬁ }his variety are more

- widely distributed than those in var. glabella.

CANADA: NORTHWEST TERRITORIES: Bernard Harbour, F. Johansen 320 (CAN), 320a
(CAN, BM); N shore of Lake Ferguson, R. Hainault 2090 (DAQ); Spence Bay, D.B.O.
Savile 3829 (DAO); Boothia Isthmus, Tareornitiok, C. Laverditre 97 (CAN); Repulse Bay,

- Melville Penin., P.F. Bruggemann 35, 55 (DAO); Cape Parry, J.A. Parmelee 2945, 3004
(DAO), 2944 (DAO, ALTA); Clinton Point, J.A. Parmelee 3206 (DAO); Axel Heiberg
Island, Thompson Valley-area, M. Kuc 251 (CAN), Beschel 10913, 11107 (CAN), 10786
(CAN, DAO); Axel Heiberg Island, NW of Middle Fjord, Besche) 13152, 13186 (CAN); Axel
Heiberg Island, vicinity of Upper House, M. Kuc 548, 254, 2532, (CAN); Axel Heiberg Iﬁand, ;
Diana Lake at head of Mokka Fjord, A.E. Porsild 18673 (CAN); Axel Heiberg Island, ‘
Crusoe River, M. Kuc 202 (CAN); Baffin Island, Frobisher Bay, J:M. Gillett 8§50 (DAO),’
H.A. Senn & J.A. Calder 4020 (DAO, MT), 3898 (DAO; PH, BM), D.D. Bartley 110
(CAN); Baffin Island, Longstaff Bluff, J.A. Parmelee & J.R. Seaborn 407 l(a) (DAO);
Baffin Island, Arctic Bay, N. Polunin 2524 (CAN); Baffin Island, Col de Pangnirtung, J-L.
Blouin 722 (CAN); Baffin Island, head of Clyde Inlet, V.C. Wynne-Edwards 8851, 9027,
8922 (CAN); Baffin Island, Lake Harbour, M.0. Malte 120294 (CAN); Baffin Island, .
Tavener Bay, E.W. Manning 69 (CAN); Baffin Island, N side of Mallik Island, R. Hainault
& R. Norman 5944 (CAN); Banks Island, 73° 30’ N 118' 05 W, G.W. Scotter 20692, 20690
(DAO); Banks Island, 73° 06' N 118° 53 W, G.W. Scotter & S.C. Zoltai 31356 (DAO); Banks
Island, 73" 30' N 120° 20' W, G.W. Scotter & S.C. Zoltai 311014 (DAO); Banks Island, 73° 29’
N 115 21' W, G.W. Scotter & S.C. Zoitai 31343 (DAO); Banks Island, De Salis Bay, T. H.
Manning & A. Macpherson 39 (CAN)*A.E. Porsild 17626, 17625 (CAN); Banks Island, N
of Cape Lambton, A.E. Porsild 17567 (CAN); Banks Island, Cape Kellett, M. Kuc s.n.
(CAN); Banks Island, Bernard River, W.J. Maher & S. MacLean 27 (CAN); Bathurst
Island, 75 42' N 98° 40' W, M. Gauthier BI-74-27 (DAO); Coats Island, east coast, A4.E.
Porsild 5904 (CAN, MT); Cornwallis Island, Resolute Bay, J.G. Harris 1726 {ALTA), W.B, ;
Schofield 613 (DAO); Devon Island, Truelove Lowland, J.G. Harris 1719 (ALTA), P. ’
Pakarinen s.n. (ALTA), G. Courtin 14 (ALTA); Ellesmere Island, Eureka, C.R. Harington
329, 330 (ALTA); Ellesmere Island, Hazen Lake, Hazen Camp, D.B.O. Savile 4545 (DAO);
Ellesmere Island, Craig Harbour, M.0O. Malte 118933 (MT, CAN), R.W. de F. Feachem 364
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(BM); Ellesmere Island, Grise Fjord, J.G. Harris 1691 (ALTA); Ellesmere Island, Hilgard
Bay, C.R. Harington 33.(CAN); Ellesmere Island, S shore of Hawkins Lake, P.F. ‘
Bruggemann 222 (DAO); Ellesmere Island, Fosheim Penin., P.F. Bruggemann 825 (DAQ);
Ellesmere Island, Alert area, C.R. Harington s.n. (ALTA); Ellesmere Island, Alexandra
Fjord, J.G. Harris 1720, 1723, 1724 (ALTA); Ellesmere Island, head of Tanquary Fjord,
G.R. Brassard 1966 (CAN); Ellesmere Island, Bache Penin., M.0. Malte 118896 (CAN);
Ellesmere Island, 8 km due E of head of N arm of Makinson Inlet, W. Blake, Jr. 6 (DAO);
King William Island, 68° 47 N 97° 40'W, J. Woodruff s.n. (DAO); Melville Island, Winter
Harbour, G.4. McMillan 77297 (CAN); Prince of Wales Island, 72° 35N 98° 55' W, E.
Macpherson 193 (CAN); Prince of Wales Island, 72° 42’ N 98° 14’ W, J. Edmonds 48 (DAO);
Prince Patrick Island, Mould Bay, S.D. MacDonald 114 (CAN); Somerset Island, N shore of
Hazard Inlet, D.B.O. Savile 3812, 3592 (DAO); Southampton Island, Coral Harbour, R.
Marris 9377 (BM), W.J. Cody 1947, 1618, 1583, 1200 (DAO), 1545, 1194 (DAO, MT), S.
White 761040, 761032 (DAO), J.A. Calder, D.B.O. Savile & I. Kukkonen 24235 (DAO),

- A.E. Porsild 21748, 21749, 21750, 21751, 21752, 21753 (CAN); Southampton Island,
Snafu, D.X. Brown 557 (CAN); Southampton Island, 2 mi N of foot of Duke of York Bay,
D.K. Brown 1753 (CAN); Southampton Island, Munn Bay, R. Marris 9528, 10298, 10297
(BM); Southampton Island, Kirchoffer River, R. Marris 965 9 (BM); Victoria Island,
‘Wollaston Penin., A.E. Porsild 17218 (CAN); Victoria Island, Cambridge Bay, Beschel
1348t (CAN), J.A. Calder, D.B.O. Savile & I. Kukkonen 24187 (DAO), S. Stephens
1034, 950 (CAN); Victoria Island, Walker Bay, A.E. Porsild 17493B (CAN); Victoria
Island, Read Island off S coast of Wollaston Penin., A.E. Porsild 1 7195 (CAN);

. GREENLAND: Nfgssuaq Halvg, Kugssinerssuaq, M.P. & R.T. Porsild s.n. (MT); Umanak
area, S of Marmorilik, J. Poelt & H. Ullrich 56/83 (ALTA); Atanikerdluk, Nugqsuak Penin.
C.0. Erlanson 3258 (DAO); Thule, G.A. Kingston s.n. (CAN), W.B. Scho field 630
(DAO); Inglefield Land, Reuselaer Bay, J.C.F. Jedrow s.n. (CAN): Inglefield Land,
Robertson Bay, N. Humphreys 21 (DAO); Polaris Bay, J.M. Powell 419 (CAN): Hold With
Hope, E shore of Loch Fyne, A H.F. Webbe & R. Marris 6226, 6178, 6224 (BM); Hudson
Land, Stordal Delta, A.H.F. Webbe & R. Marris 6628 (BM); Hudson Land, Lower Stordal,
A.H.F. Webbe & R. Marris 6614 (BM); Hudson Land, Upper Dybendal, R. Marris 6593,
6594 (BM); E. Jameson Land, Klitdal, R. Marris 1431 (BM); Wollaston Forland, W side of
‘Lindemanspasset, R. Marris 5833 (BM); Scoresby Land, Fleming Fjord, R. Marris 660,
653,723, AR465, H75.(BM); Erik Raudes Land, Mackenzie Bay, Myggbukta, C.G. & E.G.
"Bird 282, 327, 218, 301 (BM); Erik Raudes Land, Payer Land, Revet, C.G. & E.G. Bird 5
(BM); Ella Island, Cape Elisabeth, Seiden faden 1030 (CAN); Clavering Island, T. Sdrensen
4240 (CAN), 7. Vaage s.n. (CAN), C.G. & E.G. Bird 33, 39 (BM); S of Musk -ox Fjord,
G. Seidenfaden 1009 (MT); Charcots Land, X. Holmen & S. Lz gaard 52 (DAQ,'CAN);
Heilprin Land, Brénlund Fjord, K. Holmen 6008 (CAN), B. Fredskild 281 (CAN); Heilprin
Land, Kedelkrogelv, B.[ Fredskild 245 (CAN, DAO); U.S.A.: ALASKA: Arctic Natl.

Wildlife Range, Nuvagapak Point, D.F. Murray 3132 (BRY, DAO); Prudhoe Bay, B. Welsh
etal. 1247b, 1246a, B. Welsh 1233 (BRY), A. Strutz & J. Shelton 2240 (BRY), M.
Williams 3483 (BRY). ' ‘ '

'

Braya longii Fern., khodora 28:202. (1926) Figure 17.

B. purpurascens var. longii (Fern.) Boivin, Le Natur. Canadien 94, p. 646. (1967)

 Plants perennial from a taproot; caudex simple in younger plants but becoming

multi-branched with age; stems 1 to many, erect, scapose (occasionally with a single leaf or
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leafy bréct subterfding the lowermost flower or f rui}), 3.0 11.0 (15.0) cm tall,vlligh'fly
pubescent with simple and bif urcate hairs, often purple or purple-tinged; leaves basal, entire, "
narrowly spatulate- oblanceolate ~obtuse, (5) 10 30 (50) mm long, 1.0- 3.5 mm broad at
_wxdest point, sparsely cxlxate along lower margms green to purple tinged; leaf bases
membranous and broadly expanded near point of attachment: f lowering inflorescence densély
capitate; sepals 2.0 - 3.0 (3.5) mm long, (1.1) 1.2 - 1.7 mm wide, obtuse, sparsely pubescent
- with simple hairs or glabrous, green or purple -:tinged, with a scarious margin; petals 3’17 - 4.8
'(5;0) mm long, 1.5 - 2.3 mm wide, distinctly and ab?uptly div{ded i}atd blade and claw, wholly
white or the blade white and the‘ claw purple-tingec;; fruiting inflorescencé dense and congested
with overlapping siliques, capitafe or elongated; pedicels (1.2) 1.5 - 4.5 (4.9) mm long,
erect -ascending; siliques lance-subulate, (3.0) 4;0 - 8.0 (10.0) mm long, k(0.7) 1.0-15Q.7D
mm wide at the widest point, glabrous or occasiona'ily very sparsely'pubescent; sepium margins
broadly expanded at the base, encircling the l;ase of the silique and f orming a sack-like pouch
around the bottom of the lo§vermost seed in each locule; style 0.5 1.0 (1.2) mm long; stigmé
narrow or bréad, bilobed to entire; seeds 1.0 - 1.4 mfn long, 0.5 - 0.85 (1.0) mm broad, more
or less uniseriate. |
| Dry limestone barrens. Known only from near phe type lbcality at Sandy Cove, Straits

of Belle Isle, Newfoundland. Figﬁre 30. | |

én=56. ‘ e ‘ /

/

Type: Newfoundland, Straits of Belle Isle, gravelly and peaty limestone barrens, Sandy
(or Poverty) Cove 25 July 1925, Fernald Long & thbert 28424, GH! (holotype), PH'
Figure- 31 - : o

Braya longu Fern. is a very narrow endemxc spemes of calcareous soils in northwestern
Newf oundland Itis vcryfclosely related to the somewhat more widely distributed B. fernaldii,
sharmg the shape and arréﬁgement of the siliques, the more or less uniseriate seeds, and the

unique nature of the silique septum margin. Braya longii differs from B. fernaldii in the



Figure 30. Distribution of Brajza longii.
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Figure 31. Type specimen of Braya longii Fern.
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' longer and broader petals, whrch are separated 1nto a dtstmct claw and blade and in the

glabrous or nearly glabrous siliques. N

F‘ernaldﬂ( 1’926) named the species in honor'.of its discoverer; his-friend and traveling
, »companion,' Ba—yard Long-.'-f' . |

1

Representatrve specimens: CANADA NEWFOUNDLAND between Savage Point and Sandy

Cove, J.G. Harris 1727 (ALTA); Straits.of Belle Isle, Sandy (or Poverty) Cove, M.L.

‘ Fernald, B. Long & B.H." Dunbar 26723 (GH, PH), M.L. +Fernald & L. Griscom 28423 - - /

(GH, PH); Straits of Belle Isle, Savage Point, M.L. Fernald, K.M. Wiegand, A.S. Pease, B.

“Long, F.A. Gilbert, Jr. & N. Hotchkiss 28425 (PH, CAN), M.L. Fernald & B. Long .
28426 (GH, CANDAO-photo); Straits of Belle Isle, Yankee Point, M.L. Fernald, K.M.

ol S o Wtegand & B. Long 28427 (PH). :

Loy . L . L3

‘Braya pilosa Hook Fl " Bor:-Am. I: 65, Tab. xvn A. (1830) Figure 32. :

A ‘B purpurascens f pzlosa (Hook.) Schulz In Pﬁlanzenrerch 86 (IV. 105) 235 (1924)

4

B. purpurascens s_ubsp. pilosa (Hook.) Hultén, Crrcumpolar plants II. P./18. -(1970)

Pla:/s perennial from a"stout taproot; caudex branched and usually /covered with a
thrck roug layer of marcescent leaf. bases stems 1 to séveral erect to ascendrng scapos/e
(occasronally with a single leaf or leafy bract subtending the lowermost flower or frurt) 4 5 -

9.5 cm tall, lanate-prlose leaves basal entrre moderately to densély prlose mainly at margins

and apex with mostly srmple harrs (a few bifurcate harrs also 1 may be present) linear to

hnear -spatulate, obtuse 7- QO (30) mim long, 0.7-2. 0 mm broad at widest point and
~ gradually tapering towards the base leaf bases membranous and broadly expanded near pornt

of attachment; flowers 5to many ina dense corymbose raceme ( 1nf lorescence somewhat more
elongated in fruit); pedlc’els spreadirng;erect, 1'; 6 mmy long, .moderately lanate; sepals 2.8 - 3.5
- mirn‘IOng, (1.3) l 6-2.5 mm broad, obtnse .with a scarious margin lightly 10 mode‘ﬂ:tély
pubescent with srmple and brfurcate harrs petals entrrea4 7 - 6.6 mm long 3.0- 5.1 mm
broad with a short claw- and broad orbrcular blade ‘white; silicles ovoid, about 5 mm long 3 4.
mm broad; valves distinctly convex, densely pubescent when immature and becoming more

moderately pubescent when mature with short s’lmple-and bifurcate hairs; style 1.25 - 2.0 mm

7
y

e
e
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Figure 32. Tllustration

.

A

of Brgya pllosa

a. entire plant (natural size); b.

i
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long, slender; stigma broadly expanded, obscurely bilobed; seeds ca. 0.8mm long, 0.5 mm

* broad, about 8 per locule, biseriate.

Sandy seashores. Known only f rom the type localigl at the mouth of the Mackenzie
River and areas in close proximity along the coast of the Beaufort Sea between the Mackenzie
River delta and Cape Bathurst. Figure 3.

Type: Arctic Sea coast (accordmg to Hooker, "Mouth of Mackenzre Rrver lat, 70° "),

. chhardsansn K! (holotype) Fxgure 34, CAN! !

., Braya pilosa Hook."is a very, distixfgtive, but poorly understood taxon. When he

described the plant, Hooker (1830) had only flowering individuals with immature silicles to

- work from and he Wwas apparently uncertain whether 0T not the plant was actually a Braya. He

il
placed a question mark behind the genus name and stated, "... in all probability, it ought to
constitute a new genus". And, indeed, without the advantage of matufe fruits for

exammanon Hooker's suggestion of a new genus would seem justified. The f lowers are much

)

_ larger than those in an§ other Braya and, accordmg to Rlchardson (1830) they are fragrant

with a smell similar to lilac blossoms. Fragrance has not been associated with any other
members of the génus. In addition, the ovaries are ovoid, nearly globose, in shape with

markedly convex valves and an exceptionally long style, over half the length of the ovary.

Lack of fruiting rnaterial has continued to cause Conf nsion about this taxon. Porsild
(1943) reported the collectron of frumng specimens of Braya pl[osa from a number of localmes
near the Mackenzxe Delta (Porsild 2229 2621, 2760 and 2889 CAN!). He based hrs

1dent1f ication upon perceived differences between these specimens and typical B. glabella,
noting the " slio:r«t soft nubescence of simple and bifurcated gray hairs " the less eIOngated

fruiting 1nflorescence the broader siliques, the somewhat longer styles and the paler seeds.

» 3

An examlnatlon of authentxc f rurtmg specimens of Braya pzlosa (chh@'dsonﬁ.éa n., 1848

l’These specimens are included on a smgle very congested, herbarium sheet at Kew, apparently

mixed thh the holotype specimens, and it is impossible to be certain Wthh individuals are part

. ,;
s
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quickly dispels any doubt about the nature of the species. Although Hooker's illustrations
(1830, Tah. XVII A) of B. pilosa were of specimens with immature fruits, his drawings of the
silicles match perfectly with more mature fruits. iBy way of contrast, the specimens cited by

Porsild (1943), supposedly represenijpg fruiting specimens of B. pilosa, bear very little

resembience to Hooker's illustrations of the species, and, in fact, are much closer to Hooker's

~

illustration (1830, Tab. XXIII C.) of Platypetalum purpurascens.

In addition, Porsﬂd § specimens are not at all pilose; the styles, though some are qu1te

< long, are extremely vanable in length; the basal leaves are often toothed, much-like the leaves

of typical Braya glabella; the siliques are extremely variable in shape and many are distinctly -
narrowly oblong-lanceolate and near perfect matches for typlcal B. glabella siliques; and the
withered flower parts, still present on some specimens, are obviously nowhere near as Jarge as
those in B pilosa. |

Mhrray (1983) hes suggested that Richardson's collections do not belong to Braya at

all, but rather are specimens of Draba corymbosa R Br. ex DC. and that the normally yellow ~

Draba petals have faded to off - whxte upon drying._

Fruiting specimens of Braya pilosa diff er'51gmf icantly from Draba corympbosa. The
leaves of D. corymbosa ate much shorter, wider, thinner, more acute, and more densely
pubeéeent than those in B. pilosa; the styles of D. corymbosa‘ are much shdrter than those of B.
pilosa; the valves of the silicles of D. 'corymbosa are distihctly flattened while those of B. pilosa‘
are distinctly convex; the epldermal cells of the septum in D. corymbosa are thin-walled,
isodiametric, and 1rregu1ar shaped (typical Draba epndermal ce]ls) while those in B Dpilosa are

very typical Braya epidermal cells, characteristically thickened and transversely or obli uely
N q

elongated. Braya pilosa is undoubtedly a Braya.

Why there are no recent collections of Braya pzlosa is unclear. I have seen no ~
authentic specxmens of this species collected since 1850. Perhaps th\e plant is of extremely

limited and sporadic occurrence. Perhaps it is extinct.

"13(cont’d)of the various collections represented. Fortunately, all of the spec1mens are very

clearly members of the same taxon,
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\

Representative specimens: CANADA: NORTHWEST TERRITORIES: Arctic 'coast, W of

‘Cape Bathurst, Captn. Pullen s.n. (K, CAN-photo); Sea Coast, Arctic, J. Richardson s.n..

(K, CAN-photo); Arctic America, Franklin Exp. s.n, (K).

4

Braya thorild-wulffii Ostf., Medd. Grénl. 64, p. 176. (1923)

Plants perennial from a long taproot; stems 1 to many, simple, decumbent to prostrate
or occasionally ascending, often bent or wavy, scapose (rarely with a single leaf or leafy bract

subtending the lowermos_i flower or fruit), (3.0)5.0 - 9.0(14.0) cm long, quite densely villous

. with simple and bifurcate hairs or essentially glabrous, green to purple-tinged; leaves basal,

entire, spatulate to linear-spatulate, obtl;se, (5)10 -30(40) mm long, 1 - 4 mm bfoad at widest

point, ciliate with long, mostly simple, hairs and often with a tuft of hair at the apex, green to

purple-tinged; leaf bases membranous and broadly expanded near point of attachment;

inflorescence of 3 to many flowers, densely clustered in flower, becoming elongated in fryit;

. . . J/
pedicels spreading-erect, almost non-existant in flower, 1.5 - 4.0 mm long in fruit, densely

" lanate or glabrous; sepalst.O;- 3.5 mm long, 1.0 - 2.0 mm broad, obtuse, pilose or glébrous,

green to purple-tinged; petals entire, scarcely longer than sepals, 2.0 - 3.7 mm long, 1.0 -1.5

mm broad, not distinctly divided into claw and blade, but tapering gradually from the narrow

-blade to the base, white to purplish; silicles ovoid to globose, (4)5.0 - 8.0(10) mm long,

( 2.5»)3.0 - 5.0 mm broad, densely pubescent with bi~f urcate and simple hairs or glabrous; style
short, from almost pon-exiStant to 0.75(1.0) mrﬁ long, stout; stigma broadly bilobed to entire:

gectzds (1.1)1.2 - 1.4(1.5) mm long, (0.5)0.7 - 0.8(0.95) mm broad, biseriate.

» Key to the varieties of B. thorild-wulffii \A »

la. Scapes, pedicels, sepals, and silicles densely pubescent ........... e .....var. thorild-wulffii

lb; Scapes, pedicels, sepals, and silicles essentially glabrous.............coeeeeerevnnn.. var. glabrata

i
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Var. glabrata J.G. Harris var. ng'v.‘ Figure 35.
Plantae similis var. thorild-wul ffii sed differsin inflorescentii‘s fructiferis glabris,

This variety is similar in all repects to var. thorild-wulffii except that the scapes,

)

inflorescence, and silicles are almost completely glabrous, in sharp contrast to the densely

pubescent scape, inflorescence, and silicles of the,
Dry sand (and cl'ay'.’)'. Banks Island and Victoria Island. Figure 36.’,»
Y, ;
Type: Canada, Banks Island, Bernard River, 73°22 N 121'47' W, 6 August 1963, Maher

& Machan cat. no. 139-€AN! (holotype). Figure 37.

I would in some cases be rather hesitant to recognize a new variety solely on the
presence or absence of pubescence, particularly in light of Rollins's (1958) work in Dithyrea,
where he found that silicle pubescence was controlled by a single gene. The situation in Braya

thorild-wul ffii is somewhat different from that in Dithyrea however; mixeg populations of

glabrous and pubescent individuals have never been reporied in B. thorild-wulffii and the two

varieties are evidently completely allopatric. It seems wisest' to recognize these two
geographically i\solated, s'trikingly di‘ff erent morphological f orr‘ns as separate \}érietiés pending ;
genetic stu&dies poséibly indicating only minor genetic dif 'fer‘encé‘s. |

This taxon was first recognized e;iistinct by Porsild, who proposed th¢ epithet
" glabrata” on the type specimen, ‘bUt never actually published the' name.
Representative specimens: CANADA': NORTHWEST TERRITORIES: Banks Isiand, 73 13 N

119°32' W, G.W. Scotter & S.C. Zoltai 31227 (DAO); Victoria Island, 70° 40~N 107" 23’ W,
W.D. Stretton 18 (DAO). o ' , :

PO

Var. thorild-wulffii Figure 35.

B. purpurascens Porsild pro parte (non Bunge), Sarg. IV.p.46. (1943)

{
\/



. : . 3 .
Figure 35. Illustratjon of Braya thorild-wulffii; a. var. thorild-wulffii, entire plant

. (natu_ral size); b. silicle '(x_6); c. var. glabrata, fruiting stem (x 3).
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of Braya thorild-wulffii Ostenf. var. glabrata Harris.
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arciic endemic. It is somewhat surprising that it has af tim&%
'_(Hul'tén 1970) or varietal (Boivin 1967) sfatus under B: purp

members of the B. glabella species group in the &cumbent us

;thorzld-wulff i is the only known tetraplord member qf the oth

. - ‘ - Im

B. purpurascens subsp. thorild-wulffii (Ostf.) Hultén, Circum. plants II. p. 18.
(1970) : - _ v

B. purpurascens var. thorild-wulffii (Ostf.) Boivin, Le Natur. Canadien 94, p. 646.
(1967) .

B. pilosa subsp. thorild-wulffii (Ostf.) Petrovsky, Flora Arct. URSS, p. 52.° (1975)

Dry, often calcareous, gravel,' sand, and clay barrens, often on south-facing slopes.
Northern Greenland, Ellesmere Island, Axel Heiberg Island, Prince Patrick Island, and

Melville Island Figure 38.

N= 14 2n 28.

" Type: Greenland Gunnar ‘Andersson Valley, 111 uly 1917 Th Wulff s.n.

154

“

Braya thorild-wul ffii Ostf . var. thorild-wulffii is a vgiedisginctive North American high -

J gi\;en onl§ subspecific -

ascens. It differ$ from other
3 ly very rqbust\, scapes in the
ovoid, densely pubescent silicles with very ﬁhort styles, and in the plordy level. Braya |

erwise octoplord B glabella

£
complex (B. pilosa may be an exception — it may be dipio‘id).

v

Representative specimens: CANADA: NORTHWEST TERRITORIES: Ellesmere Island, -
Hazeh Camp, Lake Hazen, W.J. Maher 176 (DAO), D.B.O. Savile 4412 (DAO), D.B.O.,
Savile 4456 (DAO), D.B.O. Savile 4470 (DAO), D.B.O. Savile 4574 (DAO, ALTA), D.B.O..
Savile 4740 (DAO), D.B.O. Savilg 4 764B (DAO): Ellesmere Island, Eureks, J.G. Harris .
1725 (ALTA), P.F. Bruggem(yl 912 (DAQ), Beschel 11151 {CAN); Ellesmere Island, head
of Tanquary Fjord,'G.R. Brassard 1966 (CAN); Ellesmere Island, south shore of Hawkins

. " Lake, BR.F. Bruggemann 223 (DAO); Ellesmere Island, sandy shore, Caledonian Bay, 1. ~
- Waterston W194C/72 {CAN); Ellesmere Island, Cape Sheridan, J.P. Kelsall 46 (CAN);
" Elle8mere Island, Ravine Bay, S.D. MacDonald 34 (CAN}); Ellesmere Island, Parr Inlet, S.D.

MacDonald 33 (CAN) Axel Heiberg Island, Thompson Valley, SE of Striae Hill, Beschel

11071 (CAN); Axel Heiberg Island, Drana Lake at head of Mokka Fjord, 4.E. Porsild 18674

(CAN); Prince Patrick Island, MolﬁdaBaY. S.D. MacDonald 115 (CAN), P.F. Bruggemann
526 (DAQO):Melville Island, Winter Harbour area, M. Kuc s.n. (CAN); GREENLAND:
Heilprin Land, Brénlund Fjord, K. Holmen 6628 (DAO), B. Fredskild 265 (DAO, CAN)
-B. Fredskild 282 (DAO CAN) Lllh Snends(") 76 45’ N lat. along eastem coast, 4. -

- " : e .-
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Lundager 80763 (CAN) Skaerf jOI'd Haard Fegdejord(?), T. Sdrensen s.n. (CAN) Polans
Bay, near mouth of river, 81° 36' N 61° 26’W J.M. Powell 423 (CAN).

b d

- Braya sect. Sisymbriastrum Turcz., Bull. Soc. nat. Mosc. XV.2. P. 280, (1842)

%

L ST : :
Plants perennial or rarely biennial; stems leaf y and often branched; leaves pmnauf 1d

~ dentate, or occasionally entire; f ruit a srllque linear, terete or slightly compressed paral]ef to
the septum, torulose (only rarely not tarulose), 12:- 33 times longer thzn broad; septum
epidermal cell wall thickenings very thick and irregular; seeds uniseriate.

= Type species: Braya humilis (C.A. Mey.) Robpins.
i . o

S
RN

1 ~,

Braya sect., stymbrzastrum is compnsed exclusxvely of the members of the &‘b&wulzs

species. com lex as discusse eviously in this work In North America the secmon inghudes a
p .

-~

single species with four varretles ) ' _ : Y

Though Turczanmow (1842) did not desrgnate a type species for the sectlon — nor did

he list representauve specimens — it is clear from;ge dlagnosrs "caule f OIlOSO "...foliis

pinnatifidis...", and "Srllquarum forma cum Eubraya 6onvemt that only the members of the
? B -

B. humilis group would fit here. Exactly how Turczanmow envisioned his sect.  °

i3

Stsymbrtastrum however is unclear he hsted no ‘representative specnmens and he contmued to

1
ace B. humtlls in the genus stymbrmm Most authors today agree that S. humile C. A Mey.

is indeed a Braya, and Turczaninow's sect. stymbrzastrum seems tailor: made for this species -
group. Since Turczanmow did not designate a type specres for the section, I have chosen B,

e Py
humilis, the oldest legmmate eprthet in the section, to serve as the type species.:

4

Braya humilis (C.A. Meyer) Robins. in Gray & Wats., Synopt. Fl. N. Am. 1.1, p; 141

[1895)

1

P in

©
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Plants perennial or-rarely biennial from a taproot; caudex sirnple, becoming branched
with age; stenrs I to many, strict, ascending or rarely prostrate, f oliose, 3 - 33.cm tall,
sparingly to densely pubescent with simple, bifurcate or trifurcate hairs, of ten purple or .
purple- tmged basal leaves narrowly or broadly oblanceolate obtuse emrre sinuate- den ate or .
shallowly pmnatrf id, petrolate to cuneate, 3 55 mm-long, (0.4) 0.8 - 9.0 mm wide, ciliate, N
especrally'at the base glabrescent to densely pubesCent with simple; brf urcate and trifurcate '

halrs ge'en to deep purple; cauline leaves 3-10, generally hke the bésal legves but usually

,reduced upwards mflorescence dense and subcaprtate in flower densely compact or more often
grfatly elongated in frult sepals l 5-3. 1 (3 6) mm long, 0.6 - 1.8 mm wrde obtuse

‘ e @
glabrescent tq moderately p): scent wrth’}fork’ed or rarely srmple harrs green or purple- tmged

lb
caducous or somewhat persxstent petals 2 5 6.9 (7. S) mm long (0 7)0.9 - 4.0 (4.2) wide,

white or rose-purple (often purple‘-tmged at base only); fruiting pedrcels spreadmg to erect, « -

Luy
o

( 1.0)’;21.5“ - 7.0 (8.0) 'mm long; siliques linear, subcylirrdrical or slightly pressed parallel to

the septum, very fOrulose to not at all to'rulosez curved or straight, (7'.5-;_: ' mm long, 0.6 -
1.2 (2.0) mm broad, glabrescent to densely poubescent'with simple or,brarrebed hairs, green‘.to
dark purple; style 0.2 -:1.4 (1.7) mm long; slender 10 broad strgma narrow or capitate, bilobed
to entire? seeds 0.7 - 1. 3 mm long, O 3 - 0.75 mm wide, umserrate
w humilis is an extremely polymorphrc species of ‘wide distribution. The éreat
srty in the Specres is ap.arently caused and mamtamed by polyplordy and mbreedmg of
1solatedq>opulatrons Geographrcally separate populations often look\very diffes erent, but they

Wally grade into one another through a serres of morphologrcal mtermedrates “As has been

drscussed prevrously it is 1mpossr_§)le to subdrvrde the complex into consxstently recogmzable

: specres, it seems most prudent to recognize a htghly varrable species. Most of the.

U\‘ " .
variation of B humilis is mcluded in the variety humilis, and only the most\grstmctlve

morphologrcal forms have'been sengated out as three ad'drtlonal varieties of thespecres.
o ' T

~ \ .

¢
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+Key to the North American varieties of B. humilis
1a. Siliques 1.2 - 1.8 mm wide, not torulose; stems simple, becoming prostrate in fruit; plants
of northern Ellesmere Island................. e e, e var. ellesmerensis
1b. Siliques 0.6 - 1.1 (1.3) mm wide, usually more or less torulose; stems simple or branched,
ascending to ereet; plants of “various distribution ............................ 2

~ : . Lo

- 2a. Flowers small, average petal length lesythen S mm; most flowers developing normal

siliques; leaves often dentate or pinnatifid; plaﬁ’ts 21“ wid¢ distribution in North America .........
............................ 1var humilis
Pty -
2b. Flowers larger average petal-slength grﬁter tharf”‘ 5 r&m most or many f lowers not
B B ‘W, 1*(4

oy

develBBmg normal s1ll€fues abortmg, leaves seldom dentate or pmnatrf id, entire) plants of the

RSN v

/ R ’ o ) . .
3a. Leaves and stems glahrescent to moderately pubescent; plants of river banks, flood plains

and occasionally moraines, in ,the southern R0cky‘Moun'tairis of Alberta and British‘Columbia .
e e ................ ............... ’:/‘*’ .............. et var. maccallae

3b. . Leaves and stems densely pubescent plants of alﬁ-ne scree slopes, glacial moramcs and
.occasnonally gravel bars, b&the Rocky Mountains of Alberta and British Columbra and the

-

Mackenzie Mountains of Northwest Terrrtones...i, ......................................... var. porsildii

K

. W : \
Var. ellesmerensis J.G. Harys var. nov. Fi '
- v ’ ‘ : \
Plantae similis var. humili sed differt in caulibus prostratis et siliquis latioribus.
Stern's ascending, becoming prostrate in fruit; simple, 3 - 16 cm tall, moderately -t

- , \
pubescent with bifurcate and simple hairs, purple or purple-tinged; basal leaves oblanceolate®

petiolate or merely cuneate at the base, pinnatifid to entire; 7 - 45 mm long, 1.5 - 6 mm Wlde,-

N

kg
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-Figure %9 Illustration of Braya humilis var. ellesmerensis; a. entire plant (natural
~size); b. silique with valve removed (x 4).
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] . A
moderately pubescent with simple and bifurcate hairs, green to purple-tinged: cauline leaves -

4; sepals (1.9) 2.5 - 4.2 mm long, (1.1) 1.3 - 2.2 mm wide, pubescent with*long simple and
bifurcate hairs; green or purple-t:inged: petals (3.0) 4.0 - 5.6 mm long, (1.3) 2.,0 - 33 (‘3.8)
mm wide, distinctly and abruptly divided into claw and broad blade, white or purple-tinged;
siliques 9 - 25 mm long, (1.0) 1.2 - 1.8 (2.0)~mm wide, straight or curved, not at all or on‘lEy
weal(ly torulose, fairly densely to moderatelypubescent with simple and'_»bifurcate hairs; septum
often fenestrate with circular perforations at fegulac intervals longitudinally or with a nafrow,
elliptical, longitudinal split at the base or both' style 0.3 - 1.0 mm long, stout° stigma capitate
and broadly bnlobed or less often not capxtate and only indistinctly bilobed: seeds 0.9-1.1 mm

S .
long 05 O7mm wide. . {

! <

Sand, clay, and gravel slopes and plams Known only from the type locality and
/

nearby areas on northern Ellesmere Island. Figure 40.

——

2n=42. | | ‘ ‘ “» . “ ~\
Type Canada Northwesx Terntones Ellesmere Island, "HaZen Camp, 81° 49’&\' 71° 21 .
LW, Mlevel delta plam 1172 mi. WSW of Camp™, 28 July 1962 D. B 0. Savile 4763 PAO
278278' (holotype) Flgure 41, DAO 278277' \
(- ;\ |
Braya humzlts var. elIesmerens:s isa f airly distinctive endemxc of northern Ellesmere
Island. The vanety differs from other vanenes of B. humilis in the greater sxhque width, in the w
prostrate habit of the fruiting stems, and in the f enestrate septum. o .
... The plant is yery robust and this, along with the prostrate habit and often ’broad
' bllobed stlgmas is very reminiscent of the general appearance of Braya thorild-wul ff iand B.
_ glabellq var. prostrata, also of the high arctic. In fact, all three of these taxa were collected
frpm the same locatlon on Ellesm e Is\and as three consecutive collection numbers by Savxle \
(4763, 4764A 47648 DAO)_ ThlS is very\cunous because prosHate and- decumbent stems are . \ ~

very unusual in both B. humzlzs and B. glabella it seems an unhkely comcxdence that these three |

different taxa, all w1th prostrate to decumbent stems, would be found in the same lsolated "
I . . ///\ / ‘ ) ' N
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Figure 40. Distribution of Braya hymilis var.
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Figure 41..Type specimen of Braya humilis (C

- . " o ‘ 'hA‘

A.-Mey.) Robins. var. b”elylesmerens‘is )
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TR T S R S |
}locatlon Just by chance It appears that gene flow of some kmd has or 1§ takmg place RN

E between the taxa, Lt is mterestmg 10 note that chromosome counts have been made for all -
° "t

P - three of Savrle s collectxons}Mulhgan 1965) and they all have a dlfferent-ploxdy~level Braya

thorzld wulff Ti was found to be’\ 2n= 28 B. humilis var. ellesmerenszs 2n 42, and ‘B, glabella
. e L o

)

var. prostrata n= 56

Perhaps gene flow has taken place through, mtrogressron between B humtlts and a

hypothetrcal hexaploxd hybrid of B thonld wul ff i and B glabella var prostrata It is'not
’ uncommon ta fi md plants that seem to fall somewhere between typrcal B. thordd wul ff i and B

" o _' gIabelIa var prostfaia It is possable that chromosome counts of these mtermedxates may
| \-eveal hexaplord hybrld mdlvrduals It may also be the case that these postulated hexaplord - |

: hybnds are ill- adapted and not pers:stmg
Y g )

Representattve specrmens 'CANADA: NORTHWEST TFRRITORIES Ellesmere lsland ‘ o
- Fosheim Peninsula, P.F. Bruggemann 831 (DAO); Ellesmere Island, Hazen Camp, 81°49'N
715:21' W, -3/4 mi. -N of Camp, D.B.O. Savile441] (DAO) Ellesmere Island head of

Tanquary FJord G.R. Brassard 1338 1453 (CAN)

~ T

B N : ,"
oo ./
1 B s

[y

'y
/
!

e - o ) ,

N . . L ! ; -

Var humlhs /F 1gure 42

1

Basmnym Srsymbnum humzleCA Meyer m Ledeb., 'Ic pl. ross: II ., p. 16.- (1830)
L B. humilis ssp.‘a,rcttc,a (Boch.) Rollms, Rhéd.'s5 .115. ‘»(1953) _

' B. humilis ssp. arctr’caf bildba- Bocher, Medd. Grénl. / 24, 7;23 (1956)
.humilis sSp. rzchardsonu (Rydb) Hult ‘Ark. f. Bot. 7,1, p. 66 (1968)
.'hur’nilis“ ssp. ventosa Rollins, Rhod. 55 114, (1953) |

. humilis var. abbet _(Bdch.). Boivin, Phytolog. 16:299.' ( 1968)‘

. humilis var..ar.nericamzﬂ(Hook) Boivin, Pytolog. 16-300~’ (1968) !
. humilis var. arctica (B0ch ) Bowm Phytolog 18:285. (1969)

.hum\tl‘is var{ mterror (B0ch ) Borvrn Phytolog 16: 300 (1968)

B R R T R R

. humilis var. laurentzana (Boch.) - Borvm Phytolog 16:300. (1968)

Le W



Figure 42, Ilustr
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ation of Braya humilis .var. humilis; a., c.. apd e, entire plants -
. . ‘ b . v,,t N o e, . .
. (ndwral-size); 'b., d., and f, siliques. (x 4.5). f . T
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B. humilis var. lelocarpa (Trautv) Fern., Rhod 39:276. (1937) -

B, humtlis var. novae-angliae (Rydb) Fem ‘Rhod. 20:201. (1918) Co " |
B. humilis var. ventosa (Roll.) Boivin, Phytolog, 16:300. (1968) - |

B, novae-angllae (Rydb) Sdr , Medd. Gronl 136, 8: 22 (1954) A Sor

B novae—angliae ssp. abbei Bocher Medd Grdnl 124 7: 21\ (1956)

B. novae-angliae gsp. ventosa (Roll) Bocher Medd Grenl. 124, 7:21. (1956)

B. novawhglrae var. mtenar BOCher Medd Grdnl 124 7 20 (1956) ’

B._(novae-clznghae(_var. mterlor'f . capitata B , Medd. Grbnl 124, 7'20 ( 1956) g
E B. nb\"ae-angliae var. Iaurentiana Bocher, Pt::d\:‘vml 124 7 19. (1956)

B amerzcana (Hook) Fern. Rhod 28: 203 (2926) in part

B.'rtchardsonu (Rydb) Fern Rhod 20: 203 (19103 -

B. mtermedra Sérensen, Medd, Gronl. 136, 8:15. (1954)

‘ v ,Torularza humilis (CA Mey) Schulz Pflanzenr 1V, 105, p 223 (1924)

T. humtlzs ssp arcuca B0cher Medd Grdnl 147, 7: 29 (}950)

<
-

leosella novae—anghae Rydb Torreya 7:158 (1907)
P rrchardsontr Rydb Torreya 7: 159 (1907)
, Arabzdopszs novae—anghae (Rydb. ) “Britton in Brrtton & Brown, III Fl, 2ed .II Wp.
176: (1913) | | |

r

E Plants with most of the variation of the spemes stems ascendmg to erect; branched Vor |
simple; petals 2. 5 4 9 (7 5) mm long, (0 7 O 9.2 3lmm wide; flowers usually developmg
normal srhques |

| Sandy gravelly soil along streams and rivers, lake shores roadsrdes morames and
‘ solrfluctlon soils. Wldely distributed in northers North America from Alaskakeast to Great
.BearL'ake south through the Rocky Mountains to southern ‘Albertaand British Colurnliiak
(with isolated occurrences in Colorado) north through the western Canadran Arctrc

. e’

, Archrpelago in isolated locations to northern Ellesmere Island 1solated popul;.trons in western. -
\ . . . .' . . ’ 0



S

~ shore of Lake Superior. -Fjgure 43, K

and eastern Greenland, Hudson Bay, Newfoundigd, Anticosti Island, Vermont, and the north .

N=,14.'21, 28, 35; 2n=28, 42, 56, 70.

44 ALTA photo'

. . 3

a

. * ~ '
The long hst of synonyms of Braya humtlls var .- humilis attests to the taxonomic

conf usion which has prevailed in this taxon throughout the last 150 years Various epithets .

have been proposed for many of the morphologrcal forms of the _specres across Nort Amerlc\a,

and the confusion caused by this abundance of names.for only slightly-different pophlations
. . . .
has been compounded by numerous transfers and changes-of rank..

I have already discussed Abbe's (1948) six numbered races of Braya humilis in eastern

North America, and Nwill not go into the subject again in detail. Sufficé it to say that I agree

P

w1th Abbe that these six morphologr } forms do not warrant taxonomic Tecognition. The

- diff ere&:es between the forms are shgh and somewhat overlappmg. and very similar f orms can

‘be found in western B humtlls po ulatrons Inf act in a common garden several populatrons

from the Rocky Mountains were essentially 1dentxcal to naturdlly occurrmg populatxons from
/

eastern North America. Only the Newfoundland and East Greenland races, the two most

drstmctrve of Abbe’s six races, perhaps requtre some additional drscussnon \L .

I3

Race 4, from. Newf oundland. is composed of very short; dwarfed plants which look

‘ marked’ly dif ferent from most other populations of’ Braya humilis. Bocher (1956) considered

—

the Newfoundland race to be a subspecies of B. novae—angltae and named it subsp abbei, after

'E.C, Al‘be. Boivin (1968) 1atertransferred the epithet to B. humzlzs as a variety of that

snecie_s. These Newfoundland plants are known only from dry limestone ledges of Table

cw

Mountain, near Port & Port Bay. Fruiting‘attributes are similar to other eastern B. humilis
populations, and it seems likely that the dwarf ed habit rnay be just a phenotypic response to its

ex‘posed environment. Cgmmon garden studies would be useful in determining une_quivoeably

n/ o | A 188
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the correct status of this population. qu the time being, I have chosen to take a broad view of
B. humilis, one that allows the submergence of the Newfoundland race with.in the variable var.
humilis, ' \

Abbe's (1948) Race 6, from East Greenland, differs from other eastern North
American populations of Braya humlt’s‘ in the shprte‘r styles, the bifobed stigmas, the usually
simplc’stems. and in E)he somewhat broader and more spreading siliques. Bocher (1950) chose
to recognize the East Greenland mate{ial’as a separate subspecies of Tomiarla humilis, subsp,
arctica. Rollins ‘(1953) transferred the taxon to Braya, and Boivin (1969) changed the rank
from subspecies to variety, as B. humilis vér. arcuca., ‘

As envisioned by Bocher (1956), B. humilis subsp.-‘arcuca ranges from East Greenland
through the Canadian Arctic Archipelago to the'Mackenzie Delta area. Itis tfué that most B.
humilis populatibns within this region dispiay most of the attrifmtes mentioned above and are
réadily separable from other eastern North American popula;tions. ) The problem lies more in
dist}nguishihg this high arctic niaterial from western North American and Asian plants.

Bocher (1956) maintains that Braya humilis subsp. arctica differs f fqm. ‘Asian B.
humilis in the size of the flowers, siliques, sgyles, ind pedicc;ls, and in the shape of the stigma.
A comparison of East Greenland and Asian B. ;ulmilis collécuons, hoy;/ever, indica'tcs‘tliat the
differences in these attributes do not hold up reliably; there is a tremendous overlap m all of
them. I can see no justif fcation for maintaining the East Greenland-Canadian Arctic Islands
populations as distinct from typical Asian B. humilis.

| Also in East Greenland, is another morphological form, the decaploid Braya
intermedia. Sérensen (1954) thought it likely that B. inter)nedia arose as a“hybrid between B.
purpurascens (glabella) (2n=>56) and B. linearis or B. humilis (both 2n=42), and perhaps this
is the case. Séurensen listed several attributes that sﬁpposedly distinguish B. intermedia from B.
linearis and B.‘ humilis, the most important of which are the broader, more torulose siliques,
the widened torus, the el}g'r'lgated style, and the chromosome number (2n=70). As a type

specimen, Sérensen chose a plant with very short, broad siliques that look quite different f r.om

v
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those in most B. Aumills populations. The specimens listed as paratypes, however, have
siliques very similar to those in many B. humilis plants from the area. This, coupled with the
variablility in torus width and style length, make it nearly impossible 1o reliably separate 5.
Intermedia, as envisioned by Serensen, from neighboring hexaploid B. humills populations. 1t
should also be noted umvs(liques essentially identical to those on Sérensen's type specimen are
occasionally found on Alberta B. humiifs plants (Porsild & Rreitung 16086, 16028, 14713 .
CAN). These plants also have a high percentage of aborted ovules; perhaps they are also
decaploid.
Despite the unique chromosome number and the somcwhal”unusual silique shape,
Braya in;ermedia is not consistently distinguishable from B. humilis var. humilis, and the two
names are considered here to be synonyms. The earliest naxﬁe. B. humilis var. humilis, is ,
therefore, the valid name of the taxon.
In the continental Northwest Territories, Yukon, and Alaska, the high arctic form of

Braya humilis grades into a largcr. more branched, and generally more densely pubestent
morxhologlcal form which extends south through Albem and British Columbia. Rydberg
. {(1907) separated this western North American material from typical Asian B. humilis as

Pilosella richardsonii ( B. richardsonii (Rydb.) Fern.) on the basis of the thicker leaves, the

short, dense pubescence, and the thicker, more torulose siliques. Rydberg apparently had very

few collections to examine or he would have seen that these purported differences are
. completely unreliable in seﬁarating Asian and North American B. humilis; thesc attributes are

A

entirely overlapping and extremely variable.. In fact, these r;onhwcstcrn North American B.
humilis populationsnare. as has been noted by Rollins (1953), more similar to Asian plants than
are those from other areas of North America. There is little question that B. vrichardsonii must
be placed into synonymy ur;dcr B. humilis var. humilis.

The differences between the northwestern North American and East

V Grcenland Canadhm Arctic Islands forms of Braya humilis also are not reliable enough to

allow taxonomic separation. Many of the continental plants are not at all densely pubescent,
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) scarcely or not at all bra‘nched‘ and quite s'mallt 'wh’r'lei many of the high arctic plants can be

D | * ‘qulte pubescent very bran hed (e g, 'the type specrmen of Tomlarta humzlzs ssp..arctica from
East Greenland) and qurte tall - Cody and Porsrld (1980) have noted that high arctic’ plants ,
L have more sprcadlng sﬂrques than do the contlnental plants, and i deed this.is a general trend

but it is not nearly universal enough to rehably drstrngutsh specrmen from the two regrons

In the Mackenzre Mountams and Rocky Mountams Braya h ‘ llls 'populatrons are at
' therr most diverse. The plants there Tun the gamut of morphologrcal *xtremes of the attrrbutes -
used to characterrze B, humzlzs forms m other areas. This i is probably die to the somewhat
: more contrnuous drstrrbutron of the specres in these areas and to the pres¢nce of three diff erent
’ chromosome numbers 2n= 28 2n 42 and 2n 56( There seems toben tenable alternatrve '
to mcludrng mOst of these rnorphologrcal forms wrthm B hwmlzs var. hu ilis.

: )
‘ Rollxns (1953) erected Braya humzlts subsp ventosa for the isolat

‘ populatxons of the ~
| 'specres f rom central Colbrado he felt that the Colorado plants differed fr m the eastern North
Amerrcan T orms about as much as drd those of Bocher S (1950) subsp arctica. The Colorado

“plants do look different than the eastern plants, but they are identical to pla ts’ from some
2’" Alberta populatrons Some other Alberta populatrons ln turn, are very: srmrlar té the eastern
- plants. . | | |
Common garden studles mdreate that the low stature and ascendmg stems of Colorado :
»plants and some Alberta plants is envrronmentally controlled (these plants are all generally
f rom srmrlar habitats on alpme scree slopes) When cultivated in the greenhouse they are much
. more erect wrth longer styles, and they appear very much like plants growing along rrvers and
_ streams in Alberta British Columbra eastern Canada and Vermont There appears to be no
‘ .
reason to marntarn subsp. ventosa as. drstmct from Braya humzlzs var. humzlzs A
From the North Amerrcan center of drversrty in the Rocky Mountains and Mackenzre
’Mountams Braya humzlzs seems to radrate out segments of the species drversrty in varrous _~"
dtrecttons Large multl branched short -styled f orms range north through the Mackenzre

River Valley to Inuvik, and west through the Yukon to central Alaska These f orms g%ad‘ually
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.give way to smaller less branched forms wrth spreadmg srquues that range from: the Mackenzre ‘
‘ Mountarns north through the Canadran AICth Archrpelago to eastern Greenland and west
along the Arctrc coast to the Seward Penrnsula in Alaska. Erect, long-styled forms with .
: slender s111ques from the Rockies are dlsjunct to eastern contrnenta] North America and western
Greenland | |

Seen in this hght with the East and West Greenland populatlons of Braya humzlzs |

- connectmg back to the bank of drversny in, western Canada along separate-morphologlcal

L pathways it is not surpnsmg that the East Greenland populattons are. somewhat drf ferent from

 the West Greenland and eastern North Amerrcan populattons

Representatrve specimens: CANADA: ALBERT A: Jasper Natl. Park, roadside ditch, E.H.
Moss 4957 (ALTA, CAN, DAO), E.H. Moss 4601 (ALTA, CAN, DAO); Jasper Natl.
Park, rocky river fan, S. Scott's.n. (DAO); Jasper Natl. Park, Suhwapta, Mrs. C. . )
Schaffer 855, 856 (PH); Jasper Natl. Park, Athabasca, Mrs. C. Schaffer 854 (PH); Jasper
Natl. Park, Devona Wardens Cabin, P.W. Stringer 536 (ALTA); Jasper Natl. Park, Jasper .
" Lake, P.W. Stringer 537 (ALTA); Jasper Natl.' Park, Fiddle Creek, Athabasca River, W.-
Spreadbough 19252 (CAN); Jasper Natl. Park, Talbot Lakearea, J. Cuddeford s.n. (DAO)

-~ Jasper Natl. Park, upper Athabasca River, J. Cuddeford s.n. (DAO); JaspénNatl Park,

~ below Morro Péak along Athabasca River, J.A. Calder & K.W. -Spicer 33838 (DAO 278§03 2
278302); Jasper Natl. Park, Vine Creek, between Grassy Ridge and De Smet Range, L.R.  /
Hettinger 57,68, 313 (ALTA); 6.mi. E of Jasper Natl. Park boundary on David ThOmpson

- Hwy., M.G. Dumais & K. Anderson 2878 (ALTA) 13.mi. E-of Jasper Natl. Park. /-

boundary on David Thompson Hwy., M.G. - Dumais & K. Anderson 2242 (ALTA);J asper : ‘,
Natl. Park, Athabasca Valley, S spur.of De Smet Range, A.E. Porsild 21287, 21288 (CAN);
Jasper Natl. Park, base of Mt. Grenoch above Devona Road, 4.E. Porsild 20886 (CAN)
. Jasper Natl. Park, near mouth of Willow Creek, R. Boonstra & L.N. Carbyn71 (ALTA);
- Kinky Lake, ca. 5 mi. E of Jasper Natl. Park gate, M.G. Dumais 6264 (ALTA)[ Jasper
‘Natl. Park, near "Kiefer's-Kozy Kabins" camp, G.H. Turner 5206 (ALTA): ] asper Natl.
Park, Sunwapta River, Columbia Icefield, F.J. Hermann 12723 (ALTA);] asper Natl. Park,
" Sunwapta River ca. 16 km due SE of Sunwapta Falls, J.G. Harris & M. Haryis 1566 ’
- (ALTA); Jasper Natl. Park, 1 mi. "N of Athabasca Glacier, I. Corns s.n. (DAO); Jasper
_ Natl. Park, Athabasca Glacier near Sunwapta Lake, J.G.. Harris & M. Harris 1568
(ALTA); Jasper Natl. Park, Columbia Icefield, ca. 60 mi. SE of Jasper, H.J. Scoggan
16433 (CAN); Jasper Natl. Park, Columbia Icefields; terminal moraines, A.E. Porsild &
- A.J. Breitung 16334 (CAN); Entrance, Alta, at Jasper Natl. Park gate, G. Pegg 2078
(DAO); Jasper Natl. Park, Jasper Lake, D.D. Sharp A164, A213, A193, B112 (ALTA);
.. Jasper Natl. Park, near E gate, J. Mclean s.n. (DAQO); Jagper Natl. Park, head of .
Sunwapta Valley, S. Brown 1372 (PH): ] asper Natl. Park, Mistaya River, 44 miles S of
Jasper, A.E. Porsild 21312 (CAN); Banff Natl. Park, upper drainage of North = .~
Saskatchewan River, A.E. Porsild & A.J. Breitung 14713 (CAN); Banff Natl. Park, North
- Saskatchewan River, near junc. with Howse River, A.E. Porsild & A.J. Breitung 16086 .
(CAN); Banff Natl. Park, junct. of North Saskatchewan and Alexandra Rivers, A. E. Pars,zld
& A.J. Breitung 16028 (CAN); Banff Natl. Park, North Saskatchewan River N of
Saskatchewan Crossmg, B. Boivin 5157 (DAO); Banff Natl. Park, Sa_skatchewan River above
Bear Creek, S. Brown 911 (PH); Banff Natl. Park, junct. North Fork of West Branch



Saskatchewan River, S. Brown 1006 (CAN); Banff Natl. Park, "The Loop", W.C. McCalla
- 3825 (ALTA); Banff Natl. Park, on road around the Loop, Hanson 22318 (CAN) Banff -
‘Natl. Park, roadway, Lower Park, N.B. Lansons.n. (DAO); roadside E of Banff Natl.

- ‘Park, D. Puellet ( Pelluet? ) 264 (ALTA, CAN); Bow River Valley, E of Banff Natl. Park,
S. Brown 81 (PH); Banff Natl. Park, Bow River Valley, S slope of Mt. Cascade, AE. oo
Porsild & A.J. Breitung 12389 (CAN); Banff Natl. Park Lake Louise; moraines-and alpine -
slopes near Victoria Glacier, A.E. Porsild & A.J. Breitung 15703 (CAN); Banff Natl. Park,
rocky ground; Lake Louise, W.C. . McCalla 2273 (ALTA); Banff Natl.- Park, Molar Creek, P. -
Achuff PA7029 (DAO); Banff Natl. Park, Mistaya Creek near Mt. Patterson, A.E. Porsild -
& A.J.. Breitung 16228 (CAN) ‘Banff Natl. Park, head of Bow Lake, J.G. Harris 1638 o
(ALTA); Banff Natl. Park, Bath Creek, ca. 5 km E of Kicking Horse Pass, J.G. Harris 1640 )
(ALTA); Banff Natl. Park, Bali Pass S of Shadow Lake, A.E. Porsild-& A.J. Breitung

15467 (CAN); Banff Natl. Park, Parker Ridge, J.G. Harris 1743 (ALTA); Banff Natl,
"Park, slopes of Mt. Saskatchewan, A.E. Porsild & A.J. Breitung 16059 (CAN); Banff Natl.
Park, head of Chaba Lake, S.. Brown 1213 (PH); Banff Natl. Park, Saskatchéwan River
Crossing, J.A. Calder 23935 (DAO), 1. Corns I1C7039 (DAO); Calgary Elbow River Valley,
G.H. Turner 3775 (ALTA), M.O. Malte & W.R. Watson 16 (CAN), W.C. McCalla 8650.
(ALTA); Macoun 18174 (CAN), W.C.  McCalla 7389 (ALTA); White Goat Wilderness, P.

Lee 160 (ALTA); Escarpment Creek, 51°51'N 116" 17 W, P. Mclsaac & B. Hamrell 969
(ALTA): Silver City, Macoun 2085 (CAN); Waterton Lake Macoun 10327 (CAN); Windy
Point; i. W of Nordegg on the David Thompson Hwy.; M.G. Dumais & K. Anderson
2960 (ALTA), M.G. Dumais 4759 (ALTA, DAO); Lac des Axcs, S bank of the river, W of
Kananaskis, M. Dumais 7073 (ALTA); 6 mi. Sof Kananaskis Forest Expefiment Station,

A.E. Porsild & J. Lid 19273 (CAN); Kananaskis, J. Macoun s.n. (DAO); North
Saskatchewan Rlver‘, 48 mi. SW of'Notdegg, E.H. Moss 11004 (DAO); Lower Rock Creek

Valley area, near E boundary of Willmore Wilderness Park, G. Brown 64 (ALTA); Clearwater -

- Forest Reserve, Saskatchewan Crossing, A.E. Porsild 20494 (CAN), A.E. Porsild 20493 .
(CAN): Clearwater Forest Reserve; Mt. Shunda N of Nordegg, 4.E.. Porsild 20703 (CAN);
~ Brazeau Natl. Forest Reserve, mouth of Whltehorse Creek, A.E. Porsild 20826 (CAN); .
‘Prospect Mtn., 10-mi. SW of Cadomin, P. Mortimer 356 (ALTA); Cardmal River, ca. 19km
due SSE of Cadomm J.G. Harris. 1554 (ALTA) 10 mi. N of Grizzly: Creek along road N of -
the Kananaskis Lakes, 7. Mosquin & M.H. Benn 5213 (DAO); Ram Mitn., between North
Ram and North Saskatchewan Rivers, SW of Nordegg, M. Dumais 7694 (ALTA) BRITISH -
COLUMBIA: Yoho Natl, Park, A.E. Porsild 18350 (CAN); Yoho Natl. Park, chkmg
Horse Valley, S. Brown 212-(CAN, PH); Yoho Natl. Park, chkmg Horse River near
Chancellor Pk: Campground J.G: Harris 1627 (ALTA); Yoho Natl. Park, S side of Kicking
Horse Creek, J.G.” Packer 1969-38 (ALI%{éBumams at Kicking Horse Lake, J. Macoun
2083 (CAN); Yoho Natl. Park, Kicking Horse River 1. mi. W of Field, W. C McCalla 7538
- (ALTA); Yoho Natl: Park, Mt. Stephen at Field, J.A. Calder & D.B.O. Savile 12084 o
(DAO); Yoho Natl. Park, Kicking Horse River opp.. Mt. Stephen, W.C. McCalla 7540
(ALTA), W.C.. McCalla 9565 (ALTA); Yoho Natl. -Park, Field, B .C., E.M. Farr s.n.
- (PH); Yoho Natl. Park;, 10 mi. S of Field on Hwy. 1, R.L. Taylor & L C. Sherk 4938
(DAO); Yoho Natl. - Park, Kicking Horse River below Wapta Falls, W.C. ‘McCalla 7485
(ALTA); Yoho Natl. Park, flats at head of Emerald Lake, W.C. McCalla 7031 (ALTA);
Yoho Natl. Park, Yoho River near Takakkaw Falls, J.G. Harris 1630 (ALTA); Kootenay .
'Natl. Park, Vermilion River near the Paint Pots, J.G. . Harris 1641, 1642 (ALTA); Kootenay
Natl. Park, Vermilion River ca. 14 km above Kootenay Crossing; J. G Harris 1643 (ALTA)
. Kootenay Natl. Park, Marble Canyon, RG.H. Cormack s.n. (ALTA) Kootenay Natl,
 Park, Ochre Bend Trail, XK. Seel 55 (DAO); One mi. NE of junct. of Martin and Blaeberry
Creeks, R.L. Taylor & D.H. Ferguson 18404 (DAO); Kootenay River at Canal Flats; R.L.
Taylor & D.H. Ferguson 3899 (DAO); Columbia Valley, flats of the Columbia River,
Golden, B.C., A.E. Porsild & A.J. Breitung 16536 (CAN); Junct. of Waitabit Creek and
Columbia RlVCI’ R.L. Taylor & D.H. Ferguson 1746 (DAO); Mt. Kinbasket, Big Bend
Hwy., JW. Eastham 16017 (DAO) Base of Kinbasket Mtn. on NE side of- Kinbasket Lake

l
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) along Blg Bend Hwy J A. Calder & D B.O. Savile 11979 (DAO) Middle channel of
" Kinbasket River, Kinbasket Lake, R.L. Taylor'& D.H. - Ferguson 770 (DAO) ; Kinbasket; Big
‘Bend Hwy., JW. Eastham 16307 (ALTA, 0); Kechika River, 20 miles N of Sifton Pass,

N.C. Stewart 13191 (CAN); Munchd Lake Prov. Park, Alaska Hwy. km 700, J.G. Harris
1551 (ALTA), W.J. Cody & K.W. Spicer 16332 (DAO); Alaska Hwy., Trout River N of -
Muncho Lake Prov. Park at mile 482, J.A. Calder & J.M. .Giilett 25561 (DAO); Muncho
Lake Prov. .Park, N of Muncho Lake, A.E. Porsild 22347 (CAN); Munchb Lake Prov.

Park, E side of Muncho Lake, J.4. Calder & J.M. Gillett 25590 (DAQO); Racing River, at

mile 418.8 Alaska Hwy., N of Racing River Brldge S.L. Welsh & G. Moore 7345 (BRY);

. Racing River at mile 418 Alaska Hwy., J.A. Calder & J.M. Gillett 24672 (DAO); Racing.
'River at mile 416 Alaska Hwy., J.4. Calder & J.M. Gillett 25463 (DAO); Tetsa River, mile
379 Alaska Hwy., S.L. -Welsh & G. Moore 7300 (BRY); Alaska Hwy., mile 437, T.M.C. »

Taylor, A.F. Szczawinski, & M. Bell 274 (CAN DAO); MANITOBA: Churchill area; E.

- Beckett 26a (CAN), J.M. Gillett 2242 (MT DAO), W.B. Schofield & H.A. Crum 6586

(CAN), D.K. Brown 741 (DAO, CAN), WG, Dore 10006 (DAO), 10143 (DAO, CAN),
P.Q. MacKinnon 22 (DAO), H.J. Scoggan 13894 (CAN), H.M. Raup 1967 (CAN); York °

Factory, H.J. Scoggan 6176 (CAN); Limestone River near.Gillam, W.B. Schofield 1102

(DAO); NEWFOUNDLAND: Region of Port 4 Port Bay, Table Mountain, M.L. Fernald & =
H. St. John 10837 (PH, MT, DAO-photo); NORTHWEST TERRITORIES: Nahanni Natl.:
Park, Direction Mtn., B.J.J. Meuleman M5011-(DAO); Nahanni Natl. ‘Park, Nahanni
Plateau, G.W. Scotter 23596, 23562 (DAOQ); Nahanni Natl. 'Park, confluence 6fFlat and

40),

South Nahanni Rivers, A.L, Cairns 1206 (DAO), G.W. Scotter 24175, 24176 (DAO);

Nahanni Natl. Park; vicinity of Virginia Falls, G.W." Scotter 23628, 24192, 22799

(ALTA), H.M. Kershaw 96 (DAO), A.-H. Maish 6575, 6000 4896, 6217 8(DAO)
G.W. Scotter 23523, 23340, 23375,23392, 12361, 12919, 12267, 12261, 12921 12440,

©23512,12802, 12947, 12790, 22740 (DAO); Mackenzie Mountains, near cpnﬂuencc of N:
'Nahanni and Mackenzie Rivers, A.E. Porsild 16635 (CAN), V.C.. Wynne-Edwards 8477,
8478, 8479 (CAN); Mackenzie Mountains, Canada Tungsten Mine area, W.J. Cody & K.W.

. Spicer 16371 (DAO), K.W.: Splcer 1597, 1662 (DAOQ): Nahanni Range, W end of Little

Doctor Lake, W.J. Cody & K.W. Spicer 12128 (DAOY); Nahanni Range, W end of Cli Lakeb
W.J. Cody & K.W. Spicer 12303, 12259 (DAO); Mackenzie Mountains, Carcajou Lake,

 W.J. Cody & F.M. Brigham 20519 (DAO); Mackenzie Mountains, Florence Lake, W.J.

Cody & F.M. Brigham 20980 (DAO); Mackenzie Mountains, Mirror Lake, W.J. Cody &
F.M. Brigham 20414 (DAO); Mackenzie Mountains, Tern Lake, W.J. Cody & G.W. Scotter
19518 (DAO); Carcajou River, mi. 23E Canol Rd., W.J. Cady & R.L. Gutteridge 7774 -
(DAO); Mackenzie Mountains, Keele River area, W J. Cody 20049 (DAO), E. Kvale & K
Haggard 265 (DAO), W.J. Cody & G.W. Scotter 19356, 19205, 19370, 19166, 9268
(DAO); Mackenzie Mountains, Twitya River ca. 2 mt W of Deca Creek, W.J.. Cody &/G. w.

) Scotter 19456 (DAO) w.J.: Cody 19995 (DAO) Mackenzie: Mountams June Lake Area, .

© 8601 (CAN) J.G. Harrzs 1657 (ALTA) Llard vaer at Mackenzxe Hwy cros mg J.G.

Harris 1659 (ALTA); Mackenzie Hwy., Trout River, J.G. Harris 1670 (ALTA); Mackenzie
River, 10 mi above Sans Sault Rapids, A.E. Porsild 16722 (CAN); Mackenzie
River-Yellqwknife Hwy., mi. 39, J.W. Thieret 9100 (DAO); Great Bear River, Mt. Charles,

JA.E. & RT. Porsild 3294 (MT, CAN); NW shore of Great Bear Lake, between Jones Point
“and Fort Rae, R. Bedford 1925 (CAN); Great Bear Lake, N shore of McTavish"Arm, A.E. &

R.T. Porsild 5177 (CAN); Great Bear Lake, mouth of Haldane River, A.E. & R.T. - Porsild
5039 (CAN); Mackenzie River, Bear Rock, A.E. & RT. Porsild 3383 (CAN), A.E. Porsild

16710 (MT, CAN); Norman Wells area, ‘J.K. Rigby 40 (BRY, DAO), W.J. Cody & R.L.

Gutteridge 7339 (DAOQ), 7329 (ALTA, DAO), W.J. Cody 2808, 13166 (DAO), 2815 (DAO,
MT) Mackerme River Delta at Inuvnk J G Harris 1432 (ALTA) Mackenzie River Delta,

Kershaw 771 T
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Jackfish Creek, J.D. Lambert s.n. (DAO); Mackenzie River Delta, C_ampbellfLake, AE. &
R.T. Porsild 1991, 1925 (CAN), W.J. Cody & F. Kehoe 12692, 12715, 12723,12732 .
(DAO); Liverpool Bay, Nicholson Island, 4.E. & R.T. Porsild 2890 (CAN), A.E. Porsild
16780 (CAN); Tuktoyaktuk Penin., C.D. Larsen & W.H. Owen 74-4201 (DAO); N side or
‘Richards Island, Mackenzie Delta, W.J. Cody. & D.H. Ferguson 10007 (DAO), A.E. & RT.
Porsild 2228, 2234, 2235 (CAN), A.E. Porsild 16826, 165%(@,«;151); DEW line site, Pin 1, -
Clinton Point, J.4. Parmelee 3208 (DAO); Cape Dalhousie, A.E. & RT. Porsild 2761 .
(CAN); Atkinson Point, A.E. & RT, Porsild 2622 (CAN);LCipe Parry Penin., near the

" Horton River, G.W. Scotter & S. Zoltai 25853 (DAO); West Cache Creek, S.L. Welsh &

N 'J.K. Rigby. 12064 (BRY); Ellesmere Island, Hazen Camp, Lake Hazen, W.J. Maher 36

(D?),C.R. “Harrington s.n. (ALTA), P. Kevan's.n.- (ALTA), D.B.O. Savile 4669, 4455
(DRO), 4544 (DAO, ALTA); Eglinton Island, M. Kuc s.n. (CAN); Banks Island, Masik . .

‘River, M. Kuc s.n.- (CAN); Banks Island, De Salis Bay, A.E. Porsild 17624 (CAN); Banks .
1sland, Sachs Harbour, 4.E. Porsild 17517 (CAN); Victoria Island, vicinity of Holman Island.

a

trading post, A.E. Porsild 17291 (ALTA, CANY, 17292 (CAN); Victoria Island, Wollaston

** Land,D. Jenress 411 (CAN); ONTARIO: funct. of Fawn and Poplar Rivers, D.R. Moir
893 (CAN, MT); 32 mi from mouth of Black Duck River, D.R. Moir 1931 (MT); Fort
Severn, /. Hustich 1435 (CAN); junct, of Fawn River and Mink Creek, D.R: Moir.743

L (CAN); Winisk and Shamattawa River junct., W.K.W. Baldwin 7890 (CAN); Severn River,

. opp. mouth of Beaver River, D.R. Moir 244 (CAN); Severn River, Hudson Bay, J. Macoun
2087 (CANY); Lake River, James Bay, 4. Dutilly & E. LePage 16782 (DAO); Albany, James -

" 'Bay, A. -Dutilly & E. LePage'15941 (DAO); Winisk River, Hudson Bay, A. Dutilly & J.

. F.F. Marie-Victorin'& Rolland-Germain 24846 (PH, MT,

‘Frenette 40063 (MT); Attawapiskat River, junct. with Muketei River, A.E." Porsild, W. KXW .
Baldwin, H." Sjrs & G. Sjors 19980 (CAN); down river from Atik Island, W.K.W. Baldwin-
7600.(CAN); Polar Bear Prov. Park, Cape Henrietta Maria, H.G. Lumsden 3021 (CAN); 60 .
- miles up Kapiscon River, W.J.: Wilson 54009 (CAN); mouth of Ekman River, D.B. Dowling
" 34555 (CAN); Moose Factory, James Bay, W. ‘Baldwin, I.. Hustich, J. - Kucyniak & R. e
Tuomikoski 718 (MT, CAN); A.E. Porsild 4636 (CAN); Moose River, Moosonee, James
‘Bay, A. Dutilly & E. LePage 15441 (CAN, DA§), T); Moose and Abitibi Rivers, 4.
Dutilly & E. LePage 36534 (MT,"DAO, CAN); QUEBEC: Anticosti Island: Galiote River,

_ ) N); Jupiter River, J. Macoun
(335113)2086 (CAN), F.F."~ Makie-ViCtozin & Rolland-Germain~24845 (MT),; F.F.. '
Marie-Victorin & Rolland-Germain 24847 (MT), F.F. Marie-Victomn & Rolland-Germain
24848 (PH, MT), F.F. Marie-Victorin & Rolland-Geermain 24849 (MT, CAN, PH); Chicotte
River, F.F. Marie-Victorin & Rolland-Germain 24850, 27202 (MT, CAN); Britk River, F.F.
 Marie-Victorin & Rolland-Germain 27203 (MT, PH); Riviere des Caps, F.F. “Marie-Victorin &

" Rolland-Germain 27208 (MT); McKane River, F.F. Marie-Victorin & Rolland-Germain 27263

~(MT, CAN); YUKON: Yukon River above Rink Rapids, J.- Macoun 58380 (CAN); Cassiar

Mtns., 60° 12 N'130° 28 W, W.H. Pdole 115 (DAO); Ingersoll Islands, M.W. Gorman 993
(CAN); Bonnet Plume River, 65° 01' N 134° 05°'W, P. Vernons.n. "(DAQ); near Porter Creek,
Whitehorse area, J.M. Gillett 3547 (DAO); Porter Creek;, 3 miles N of Whitehorse, J.M. .
Gilletr 3487 (MT, DAO); Mclntyre Creek 3 miles N of Whitehorse, J.M. Gillett 3469 (DAQ);
Rose-Lapie River Pass, Canol Rd. mile 116, 4.E. Porsild & A.J. Breitung 10062 (CAN);
Rose-Lapie River Pass, Canol Rd. mile 118, 4.E. Porsild & A.J. Breitung 10138 (CAN);
Rose-Lapie River Pass, Canol Rd: mile 105, A.E. Porsild & A.J. Breitung 10899 (CAN);
Neat conflux of Dezadeash, Kaskawulsh & Alsek Rivers, 12 mi. SW of Haines Junction, 4.M.
-Pearson 126 (CAN); St. Elias Mtns., Kaskawulsh River Valley, 4.M. Pearson 67-284
(CAN); St. Elias Mtns., Steele Glacier and vic., D.F. Murray & B.M. Murray 1406 -
(CAN); Alaska Hwy. mi. 1133, ca. 0.4 km W of Donjek River bridge, G.W. Douglas 10300 .
- (BRY): Vicinity of Mackintosh (Alaska Hwy. mi. 1022), ca. 8 mi. W of Mackintosh, W.B.

- Schofield & H.A. Crum 7551 (CAN); Kluane Lake at mi. 1070 Alaska Hwy., S.L. Welsh &
'G. Moore 7884 (BRY); south end of Kluane Lake at mi. 1054 Alaska Hwy., S.L. Welsh & G.
Moore 7848 (BRY); Slims River Valley, ca. 2 km W of Slims River, G.W. Douglas & G.G. -
Douglas 8475 (BRY, DAO); mountains above Vulcan Creek, S end of Kluane Lake, W.B.
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Schofield & H.A.  Crum 8210 (CAN); S end of Kluane Lake, M.P. Porsild & RT. Porsild
13 (CAN); Ogilvie Mtns., Dempster Hwy., km 160, J.G. Harris 1470 (ALTA); Windy Pass;
Dempster Hwy:, km 155, J.G.” Harris 1409 (ALTA); Dempster Hwy., Engineer Creek’ '
Campground at km 194,J.G. Harris 1413 (ALTA); Ogilvie Mtns., 65° 30 N 137° 05 W, L.H:
Gregn 12 (DAO); Ogilvie Mtns., Dempster Hwy. mi. 83, R.T. Porsild 1514, 1701 (CAN);
Ogilvie Mtns., Dempster Hwy. mi. 110, A.E. Porsild & ‘R.T.‘ Porsild 23632 (CAN); Ogilvie
- ‘Mtns.} Dempster Hwy. mi. 148, R.T. -Porsild 2018 (CAN); Richardson Mtns., Rock River,
- Dempster Hwy. km 438.6; J.G. Harris 1465 (ALTA); Firth River at junct. with Muskeg
Creek, S\L.-Welsh & J.K. Rigby 10565 (BRY); Rampart House on the Alaska-Yukon border, -
J.E.H. rtin 100 (DAO); GREENLAND: East Greenland: head of Franz J oseph Fjord,
- Seiden faden &ng (CAN); GaussPenin., Western Parallel Valley, G. Wangs s.n. (DAO);
~ Vibeke 56, Ole\Rémers Land, F.H. Schwarzenbach 511m (C); Krumme Langsé, Ole Rgmers
 Land, F.H.  Schwarzenbach 1253 (C); Charcots Land, 71* 54 N-29° 00' W, X. Holmen & S.
 Lzegaard 613 (C); west side.of Loch Fynes Btind Fjeeldmark, Gj.q‘S‘eiden faden 196 (C); Hinks
Land, Nordvestfjord, Scoresby Sund, G. Halliday 127/ 71 (CANY); Ella Island, Cape Oswald,
- I. Sdrensen 3556b, 3575¢c, 4223,'3562a, 3575¢ (C); Musk-ox Fjord, G. -Seidenfaden 292.b
(MT), 332 (C), J. Vaage 5.n. (CAN); Ynter Island, Blomsterbugten, G. _Seiden faden 401
- (MT); Ymer Island, Carl Jacobsen Bugl, T. Sdrensen 3060a (C); Clavering Island, ,
- Granatelv., T. Sdrensen 4231 (CAN); Clavering-Island, Green Valley, T.- S4rensen 799
(CAN); West Greenland: Sondre Stromfjord area, T.W. - Bocher 489 (DAO), A.E. Porsild
8§46 (CAN), D.C. Nu325 (CAN), H.G. Vevers 197 (DAO); Itivdleg Fjord, Quiqua;
M.P. & A.E. Porsild $.n. (MT); Ui.‘S.A.:’ALASK.A':_Delta-J unction area, M.* Williams 2483
(BRY), W.J. Cody &[T.J.M. Webster 5481 ¢DAO, M), J.G. Harrisd388 (ALTA), W.J.
Cody & T.J.M. Webster 5634 (DAO), W.J. Cody & T.J.M: -Webster 6013 (DAO); near -
+ Farewell Lake, 62° 32'N 153° 37 W, W.H.  Drury, Jr. 2540 (CAN); McGrath region: W.H.
Drury, Jr. 2231 (CAN); Circle airfield, L.4. Spetzman 5023 (CAN); S bank of Yukon River
-atCircle, S.L. Welsh & G.. Moore-8466 (BRY); Anvil Hill, Nome, E. - LePage 23861
(DAO); Pump Station #3, Alyeska Pipeline Haul Road, B. “Welsh etal. 1199 (BRY); Colville

" River, ca. 13'mi S of Arctic River, X.J. Stone 738 (BRY); Upper Sheenjek‘ Valley, 8 mi N of
- Ambresvajun Lake (Last Lake), A.R. Batten & C.G. Batten 75-236 (DAO); White Mtns., O.

-G jaerevoll 503 (CAN); George Parks Hwy., 5.5 km N of Denali Natl. Park turnoff, J.G.
Harris 1232 (ALTA); Alaska Range, Richardson's Hwy. between Summit and McCarty, 4.E. .
Porsild & R.T. Porsild 422 (CAN); Seward Peninsula, Anvil Mt., ca. 7 km NNE of Nome,
J.G. Harris 1331 (ALTA), S.L. Welsh 5948 (BRY), M. Williams 1544, 1544a (BRY); "«
Seward Peninsula, south coast near Bluff, A.E. Porsild & R.T. Porsild 1238 (CAN): Onion
Portage, 2 mi up Ambler River from village. of Ambler, C. Schweger & B. Schweger 93-46
(ALTA); North end of Walker Lake, S slope of Brooks Range, G. Smith 2471 (CAN); Eagle
Bluff, ca. 1 mi NW of Eagle, S.L. Welsh & G. ‘Moore 8633 (BRY), A.R. Batten & J.C.
Dawe 78-240 (DAO); Taylor Hwy., Jack Wade area, Forty Mile River, M. Williams 2145
(BRY); Bank of the Yukon River at Eagle, J.G. Harris 1393 (ALTA); Along Copper Riverpy
ca. 0.5 kmr above confluence with Chitina River, J.G. Harris 1168 (ALTA); near hiead of

- Chitina River, H.M. Laing 90 (CAN); along road to McCarthy, ca. 10 km from Copper River
Bridge, J.G. Harris 1174 (ALTA), D. Taylor & J. Taplor 1 (ALTA); Tanana River néar
Johnson River, L.A. Spetzman 561 (CAN); Richardson Hwy. near Salchaket Lake, W.J..

Cody & T.J.M. Webster 5876 (DAO); COLORADO: slope of North Star Mountain, W of -
Hoosier Pass, R.C. Rollins & W.A. Weber 51288 (GH), B.C. Johnston 2371 (ALTA), H.D.
Ripley & R.C. Barneby 10393 (GH), R.C. Rollins, W.A. 'Weber & C. Livingston 5153 -
(GH), A.E. Porsild & W.A. Weber 23099 (CAN), W.A. Weber 8753 (M), E. Hulten &
W.A. Weber s.n. (DAO); VERMONT: Willoughby CIliffs of Mt. Pisgah, SE tip of '
Willoughby Lake, J.G., Harris 1742 (ALTA), C.G. Pringlé s.n. (PH), F.H. Horsford s.n.

(PH), W.W. Eggleston & A.J. Grouts.n. (PH), G.G. Kennedy s.n. (PH), WW. .
Eggleston 205 (PH), C.H.- Knowlton s.n. (PH). - : T

¥
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Var. maccallae J.G. Harris var. nov. Figure 45,

Differt a var. ellesmerensi et var: humili petalis grandioribus et siliquis saepe abortivis.

4

| Stems ascendmg to erect, srmple or somettmes b 'nched 4'- 23 c¢m tall, moderately

pubescent with bifurcate and srmple hatrs basal leaves from a pronounced rosete,
/M

.oblanceolate rounded or narrowly obtuse - séssile wrth a uneate base to dtstmctly _petiolate,

‘entrre or occasnonally sinuate- dentate 5 50 mm long1 - 7mm wrde glabrescent to-@ ’

moderately pubescent with bif urcate and srmple hairs; caulme leaves 3- 5 (7) often much

[ . ‘
reduced, often arising f rom very near the stem basgsa-nd grvmg an almost scapose—appearance' T

.sepals 2. 3 3 6 mm long, 1 2 1. 8 (2 0) mm wrde sparingly <o moderately pubescent wrth long
- bifurcate and srmple hairs, green to lightly purple- tmged petals (4.4)4.9 - 6. 7 (7 2) mm long, ,
(2.1) 2.3 - 4.0 (4. 2) mm wrde usually drstmctly and abruptly dn(tded mto a narrow claw and

.- broad blade whrte or the claw occasionally purple tmged srllques more or less torulose often

~aborted ‘and undeveloped when fully developed 9 - 24 mm long, 0.7 - 1 2 mm wide, moderately

to densely pubescent wrth bifurcate and simple harrs style (0.4) 0.7 -1.3 (1. 5) mm long, fairly

stout; strgma not at alt caprtate to moderately capitate, entire to bilobed; seeds 0.9 - 1.3 mm

long, 0.45 - 0.65 mm wide.

,  Sandy, gravelly‘river banks and flood plains .OccasCually moving onto glacial
moraines and slopes jndemrc to the southern Rocky Mountams of Alberta and British
Columbta Frgure 46. |

N=14, 2n= 8. o | )
Type: Canada, British'éolumbia; Yoho National Park, "flats of Kicki_ng Horse River,

opp. Mt. Stephen and east of Field, B.C.", 24 Jun_e 1943, W.C. McCalla 7539, AL’l‘A!_

(holotype). Figure 47. ,' C I : | j



Figﬁfe 45. lllustration of Braya humilis var. mécb&[lae; a. entire plant (natural size);

b. silique (x 7); c. aborted silique (x- 10).
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" Figure 46. Distribution of Biaya humilis var. maccallae.
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Figure 47. Type specimen of Braya humilis (C.A. Mey.) Robins. var. maccallae

Harris. . ‘ ’
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Braya humills var. maccallae differs from other B. humilis varieties in the mostly entire
leaves in a dense basal rosette (the cauline leaves are much reduced and arise from near the base
of the stem, giving an almost scapose appearance to the plant), the exceptionally large flowers,
and thc high percentage of aborted(siliques. Variety maccallae is superf iéially very similar to
var. porsildii, differing only in the glabrkscent to moderate leaf and stem pubescence, and in
habitat preference (var. maccallae prefers floodplains and gravel bars, while var. porsildii
préf ers alpine slopes and moraines). The esterase isozyme profiles of . var. maccallae, however,
are much more complex than those of var. porsildii, suggesting that the two varieties are ﬁot as
closely related as might dtherwise be expected. ‘

Boivin first recognized that the taxon was distinct, and proposed, but never actually
published, the name Braya humilis var. maccallae. The name honors W‘.C. ‘McCalla, collector

of several representative specimens of the variety, including the type specimen.

Represeritative specimens: CANADA: ALBERTA: Banff Natl. Park, flats at junct. of No.
Fork and West Br, Saskatchewan River, S. Brown 1004 (GH, PH), 1006 (PH); Banff Natl.
Park, on bank below the L. Louise - Jasper Road, mile 50, W.C. McCalla 7076 (ALTA);
Jasper Natl. Park, Sunwapta River near Beauty Ck., /. Corns s.n. (DAO); J asper Natl.

- Park, Sunwapta River, about mile 50, E.H. Moss 4852 (CAN); Jasper Natl. Park, along
Sunwapta River between Jasper and Baf¥f, 4. Love & D. Love 6629 (DAO); Jasper Natl.
Park, 10 miles NW of the Columbia Glacier, T. Mosquin & L. Mosquin 4691 (DAOQO); Jasper
Natl. Park, below Morro Peak along Athabaska River, J. A. Calder & K.W. Spicer 33838
(DAO); BRITISH COLUMBIA: Yoho Natl. Park, Kicking Horse River, ca. 2 km above
Field, J.G. Harris 1634 (ALTA); Yoho National Park. sandy flats of Kicking Horse River
opp. Mt. Stephen and easwof Field, W.C. McCalla 9566 (ALTA); on old gravel bar in
Kicking Horse River, 3 miles E. of west Yoho Natl. Park gate, R.L. Taylor & D.H.
Ferguson 2427 (DAO); Wapta Moraine, Yoho Valley, E.M. Farr s.n. (PH); Yoho Natl.
Park, near Mt. Stephen Bung. Camp, W.C. McCglla 7009 (ALTA); Yoho Natl. Park,
alluvial plain at the head of Emerald Lake, J.G. Harris 1629 (ALTA), W.C. McCalla 7452
(ALTA), 7030 (ALTA); Yoho Natl. Park, Emerald Lake, S. Brown 328 (PH), C. Schaffer
s.n. (PH), J. Macoun 16 (PH); Kootenay Natl. Park, Lake McArthur, F. XK. Butters &
EW.D. Holway 153 (GH). » '

4

Var. porsildii J.G. Harris var. nov. Figure 48.

Brayae humili var. maccallae aemulans, differt caulibus et foliis dense pubescentibus,

¥
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#" Figure 48. Illustration of Braya humilis var. porsildii; a. entire plant (natural size); .

b, silique (x 7); c. aborted siligue (x 7.5).

-
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Stems ascendmg to erect (rarely decumbent) srmple or occasnonally branched 3 17
(25) cm tall, densely pubescent with bifurcate and simple hairs; basal leaves m a dense rosette,

oblanceolate, rounded or narrowly obtuse distinctly petlolate or merely cuneate at the base,

usually entire but at trmes weakly sinuate- dentate 3-30mm long, 1-5mm wrde densely

pubescent with brfurcate and simple hairs; caulme leaves 3 - 5; sepals (2.0) 2. 3 - 3 7 mm long, -

D

(1 1)1.3-1.8mm w1de pubescent with blf urcate and simple hairs; petals 4.4:-6.9 mm long, -

- (1.9)2.3- "4.2 mm wrde drstmctly and abruptly divided into claw and broad blade, whlte

srllques more or less torulose, often aborted and undeveloped when fully developed (8) 9-25"

mm long 0. 8 1 2'mm wide, densely pubescent wrth bifurcate and srmple harrs style 0 7 1.3

(1.5) mm long fanlv broad; strgma not at all caprtate 10 moderately caprtate entire to brlobed :

seeds 1.0 - 1 .3 mm long 0.45 - O 68 mm widé.

Dry alpme scree slopes glacra<t morames and gravel bars of ten on lrmestone gravels -
and soils. Rockv Mountams of Alberta and British Columbla f rom Banff north to the
Mackenzre Mountams of Northwest Terrltones to about 65° north latltude Fxgure 49.v

. 2n=28.

Type: Canada, Alberta, Jasper National Park, "Lateral moraines of Athabaska
Glacier” ,'»28'.1 uly 1946, A.E.- Porsild & A.J. Breitung 16335, CAN! - (holotype). Figure 50.
. G { ’ : . » ' v“\
|
Braya humilis var. porszldu is distinguished. f rom other varieties of - the species by the

| very densely pubescent entire leaves, the very large f lowers and the hlgb percentage of aborted

srquues. The drstrnctlve morphology and: untque esterase 1sozyme banding patterns of these
plants support the segregauon of this taxon as a dlstmct variety.

The srmple enzyme profiles, low chromosdme number (2n=28), and- ;
self - mcompatrbrltty suggest that var. porszldu may be the most primitive North Amerrcan
varrety of Braya humzlzs This varrety or an ancestor of it, may have given rise to the other B.

humilis varieties. *



Figure 49. Distribution of Braya humilis var. porsildii.
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Figure . 50. Type - specimen of Braya humilis (C.A. Mey.) Robins. var. porsildii

Harris.
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The taxon was first recognized as unique by Porsild, who proposed the name Braya
. vestita on several herbarium sheets. The name was never published however; and, becayse the

. - epithet vestita has already been p;oposed as a variety of B. bartlettiana (Hultén, 1970), 1 have
. . \ , v

named the variety , instead, in honor of its discoverer, A.E. Porsild, in recognition of his

invaluable cont,ribu‘tions to our understanding of northern plants.

Representative specimens: CANADA: ALBERTA: Jasper Natl. Park, vicinity of Athabasca
Glacier, A.E. Porsild & A.J. Breitung 14495 (CAN); Jasper Natl. Park, Columbia Icefield,
ca. 60 miles SE of Jasper, H.J. Scoggan 16439 (CAN); Jasper Natl. Park, H.M. Laing 291
(CAN); Jasper Natl. Park, Columbia Icefields area, S. Kojima s.n. (DAO) Jasper Natl.
Park, shoulder of Athabasca My, E.H. Moss 4928 (ALTA, CAN); Jasper House, Rocky
Mountains, Burke s.n. (GH); Banff Natl. Park, North Saskatchewan River at Saskatchewan
Glaciet, B. Boivin 5083 (DAO); Banff Natl. Park, ridge between Mt. ~Athabaska and
Saskatchewan Glacier, near mile 114 on Banff-Jasper Hwy., A.E. Porsild & A.J. Breitung
14586, 14554 (CAN); Banff Natl. Park, Parker Ridge, 4. Harmon s.n. (ALTA-photo);
Banff Natl. Park, Lake Louise, moraines and alpine slopes near Victoria Glacier, 4.E.

Porsild & A.J. Breitung 15704 (CAN); Banff Natl. Park, Nigel Pass, /. Corns s.n. (DAO)
Banff Natl. Park, terminal moraines of* Victoria Glacier above Lake Lou1se J.G. Harris

1639 (ALTA); Banff Natl. rk, alpine slopes of Mt. Saskatchewan, 4.E. Porsild & A.J.
_Breitung 16060 (CAN). BRITISH COLUMBIA: vicinit it Pass, Rocky Mts., H M.
"Raup & D.S. Correll 10564 (CAN); Alaska Hwy.,; North Tetsa RYer. east of Summit at mile
380,-J.4. Calder & I. Kukkonen 27395 (DAO); Stone Mountain v. Park, Summit Lake,
J.G. Harris 1553 (ALTA); just SW of Good Hope Road at mile 66 on Cassiar Road, J.4.
Calder & J.M. Gillett 24769.(DAO); north of Muncho Lake at mile 474 Alaska Hwy., J.A.
Calder & J.M. Gillett 25544 (DA®); along Toad River at Mile 432 Alaska Hwy J.A. Calder

& J.M. Gillett 25343 (DAQ); Graham River, Mrs. J.N.- Henry 501 (PH): below Mt. St.

;- George at Mile 393 Alaska Hwy. west of Summit, J.A. Calder & J.M. Gillett 26575 (DAO);

' Prospectoxg s Valley, F.K. Butters & EW.D. Holway 139 (GH); NORTHWEST . =
TERRITORIES: Mackenzie Mts., 64" 47 N 129° 37 W, E. Kvale & K. Haggard 227, 235
(DAO); Nahanni Natl. Park, 61' 185N 124" 12 W, S, Talbot T 6077-16 (DAQ); Mackénzie s
Mts., 62°24' N 12714’ W, E.R. Rowlands 9 (DAO); Nahanni Natl. Park, South Nahanni '
River, Deadman Valley, Prairie Creek fan, H.M. Kershaw 99 (DAQ); Liatd River between
Nahanni Butte and Simpson, C.H. Crickmay 51 (CAN); Carcajou Range: Carcajou Lake,
W.J. Cody & F.M. Brigham 20540, 20954 (DAO); Mackenzie Mts., 62° 55 N 126" 38' W, E.
Kvale & K. Haggard 14, 62 (DAQ); Carcajou Lake, thtle Keele Rlver P, M Youngman &
-G. Tesszer 725 (CAN)
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“Appendix 1. 'Collec;i'ons used for enzyme analyses
Braya fernaldii = N
CANADA: NEWFOUNDLAND: PilStOICt Bay, Burnt Cape, 151 34'N 55" 45' W, dry limestone
-gravel barrens, 12 August 1982, J. Harris 1733a (ALTA); Straits of Belle Isle, Cape Norman,
SI"3T' N 55 54' W, limestone gravel barrens, 12 August 1982, J. gHarns 1736 (ALTA)
) Braya glabella var. glabella ' ; A »
CANADA: ALBERTA: Cardinal River,.ca 19 km due SSE of Cadomin, gravel river bank, 22
August 1981, J. Harris 1555 (ALTA); Jasper Natl! Park, Athabasca Glacier, margin of
small pond on terminal moraines, 25 August 1981, J. Harris & M. Harris 1569 (ALTA);
U.S:A.: ALASKA: Prudhoe Bay, ca. 1 mi ENE of Deadhorse Airport, gravelly bluffs, marginal
Sagavanirktok River, S August 1981, S. Welsh 20769 [C] (BRY); Seward Peninsula, Anvijl
Mtn., 7 km NNE of Nome, scree slopes, 9 July 1981, J.- Harris 1332 (ALTA); Seward - »
, Penmsula Anvil Mtn., 7 km NNE of Nome, disturbed roadside gravel, 9 July 1981, J. - Harris
1330 (ALTA); Seward Peninsula, Kigluaik Mts., mile 49 on Nome-Taylor Hwy., 65° 00' N 164°
38 W, talus slope, 14 July 1981, J. Harris 1371 (ALTA); Seward Peninsula, Teller Rd.,
Nome near mile 18, Cleveland Creek, llmestone knoll, 9 August 1974, M Wzllzams 3271, A.
- Strutz 2027 (BRY). . :

/

Bra ya glabella var. purpurascens

CANADA NORTHWEST TERRIT ORIES .Ellesmere Island Alexandra Fjord, 78 53 N 75°
55" W, barren soil on solifluction lobes on steep hillside, 24 July 1982, J. Harris & O. Kukal
1720 (ALTA): Ellesmere Islanti, Alexandra Fjord, sandy gravel bars along river, 24 July 1982,
J. Harris 1724 (ALTA); Ellesmere Island, Grise Fjord, 76" 25 N 82° 55' W, gravelly soil near
airstrip, 18 July 1982, J. Harris 1691 (ALTA); Devon Island, Truelove Lowland, 75" 33' N 84
.40' W, moist gravelly soil, 22 July 1982, J." Harris I719. (ALTA); Baffin Island, 71" 59' N 79"
14'W, July 1982, G. Scotter 67295 (CAFB); U.S.A.: ALASKA: Prudhoe Bay, ca. 1 mi ENE
of Deadhorse Airport, gravelly bluffs, marginal Sagavanirktok River, 5 August 1981, S. Welsh
20769 [A, B]** (BRY); Prudhoe Bay, adjacent to the Crazy Horse Motel, disturbed tundra
community with some reseeded grasses, 6 August 1981, B. Welsh 1233 (BRY); Prudhoe Bay,
- abandoned airstrip near pump station #1, gravel-covered tundra, disturbed community, 6 -
August 1981, B. Welsh et al. 1246a, 1247b (BRY); Prudhoe Bay, 22 July 1978, 4. Strutz & J. -
Shelton-2240 (BRY); SVALBARD: Kongsf iord, Ny Alesund 14 August 1981, O. Rdnmng )
s.n. (ALTA). .

Braya longii

" CANADA: NEWFOUNDLAND: Straits of Belle Isle, betwoen Point Savage and Sahdy Cove,
51° 21’ N 56° 41'' W, moist soil in gravel limestone barrens 11 August 1982, J. Harrzs 1727 -
(ALTA). - : .

Braya thorild-wulffi var. thorild-wul ffii % '

»
“‘CANADA: NORTHWEST TERRITORIES Ellesmere Island Eureka 80 OO'N 85 48’ W dry
clay barrens 27 July 1982, J. Harris 1725 (ALTA)

"‘fThls collection is composed of ‘three individuals somewhat intermediate to var. purpurascens
and var. glabella. Enzymes from each’ of these three individuals were examined separately as
A, B, and C. :

225
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Braya linedis.

GREENLAND: Sondre Stromfjord, ca. 2.5 km E of:airf 1eld along river, wet alkalme clay soil
* at edge of small ponds on old river bank terrace, 13 August 1983 J. Harris 1790 (ALTA).

Braya humilis var. humtlzs

- CANADA: ALBERTA:, Banff Natl. Park, head of Bow Lake, sandy gravelly soil, 27 June ‘
. 1982, J. Harris 1638 (ALTA); Banff Natl. Park, Parker Ridge, soil patches in rocky alpine
tundra, 27 August 1982, J. Harris 1743 (ALTA); Banff Natl.. Park, Bath Creek, ca. 5 km E
of Kicking Horse Pass, sandy area on gravel bar, 29 Jihne 1982, J. Harris 1640 (ALTA);
Cardinal River, ca. 19 km due SSE of Cadomin, gravel river bank, 22 August 1981, J. Harris
1554 (ALTA); Jasper Natl. Park, Sunwapta River, ca. 16 km due SE of Sunwapta Falls,
rocky gravel bar, 25 August 1981, J. Harris & M. Harris 1566 (ALTA); Jasper Natl, Park,
Athabasca Glacier, glacial till near Sunwapta Lake, 25 August 1981, J. - Harris & M. Harris
1568 (ALTA); Ram Mtn., W of Rocky Mountain House on Strachan Rd. between North Ram
and North Saskatchewan R:vers SW of Nordegg, scree slopes below tower, 3 August 1974, M.
Dumais 7694 (ALTA); BRITISH COLUMBIA: Kootenay Natl. ‘Park, Vermilion River near
the Paint Pots, on gravel bar, 29 June 1982, J.- Harris 1641 (ALTA);Kootenay Natl. Park,
Vermilion River, ca. 14 km above Kootenay Crossing, sandy soil on'gravel bar, 29 June 1982,

J. Harris 1643 (ALTA); Muncho Lake Prov. Park, km 700 on Alaska-Hwy., scree slope near
timberline, 15 August 1981, J.. Harris 1551 (ALTA); YUKON: Windy Pass, km 155 on
Dempster Hwy., disturbed area along Toadside, 28 July 1981, J. Harris 1409 (ALTA);
Richardson Mtns., Rock River at km 438.6 on Dempster Hwy., rocky, sandy soil along stream
bank, 2 August 1981 .J. Harris k465 (ALTA); Ogilvie Mins., km 160 on Dempster Hwy...
gravelly flood plain along road, 4 August' 1981, J. - Harris 1470 (ALTA); mile 1133 Alaska
Hwy., ca. 0.4 km W of Donjek River bridge, dry roadside, 25 July 1977, G. Douglas & V.

Tait 10300 (BRY); NORTHWEST TERRITORIES: Mackenzie River Delta 3t Inuvik, sandy
soil, 31 July 1981, J. Harris 1432 (ALTA); along the Mackenzie River, ca. 5%m below the -
confluence with the Liard River, Fort Simpson, barren sandy areas of steep nver\hanks 11
July 1982, J. Harris 1657 (ALTA); along the Liard River at the: i
steep sandy river bank, 12 July 1982, J. Harris 1659 (ALTA);

-airport, SW of fuel area, spruce woods, 14 July 1974, J. Rigby 40
along the Copper River ca. 0.5 km above conﬂuence :with the Chitina Rlver ca 3 kmlE of
Chitina, gravel river bank, 19 June 1981, J. Harr‘i'& #168 (ALTA): 5.5 km N of Denali Natl.
Park turnoff on George Parks Hwy., gravel roadsxde 26 June 1981, J.  Harris 1232 (ALTA);
Seward Peninsula, Anvil Mtn., 7 km NNE of Nome, scree slopes, 9 July 1981, J. Harris 1331

(ALTA); Tanana Riverca. 2 km NW of Delta Junction, sandy, rocky soil, 21 July 1981, J.

 Harris 1388 (ALTA); ca. 10 km from Copper River bridge on road to McCarthy, overlook

" along roadside over Chitina River, sandy soil, 7 July 1982, D. Taylor & J. Taylor 1 (ALTA);
COLORADO: between Hoosier Pass and North Star Mtn., rocky slope, 28 July 1981, B.

- Johnston 2371 (ALTA); VERMONT: Willoughby Cliffs of Mt. Pisgah, along the SE tip of

Willoughby Lake, talus slopes and rubble, 18 August 1982, J. Harris 1742 (ALTA).

Braya humilis var. mccallae

CANADA: BRITISH COLUMBIA: Yoho Natl. - Park, Kicking Horse River ca. 2 km above
~ Field, sandy soil on gravel flood plain, 26 June 1982, J. Harris 1634 (ALTA).

4Bréya hur;zilis var. parsildii
CANADA ALBERTA: Banff Natl. Park, terminal moraines of Vndona Glécxer above Lake

Louise, sandy, gravelly soil, 28 June 1982, J. Harris 1639 (ALTA); BRITISH COLUMBIA:
Stone Mtn. Prov. Park, alpine scree slopes above Summit Lake, 16 August 1981, J. Harris
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1553 (ALTA). o S



Appendix 2. Collections used for TAXMAP morphological analysis

OTU 1: Alaska, Prudhoe Bay, A. Strutz & J. Shelton 2240 (BRY).

OTU 2: Alaska, Prudhoe Bay, B. Welsh et al. 1233 (BRY).

OTU 3: Alaska, Prudhoe Bay, B. Welsh et al. 1247b (BRY).

OTU 4: Alaska, Seward Penin., Cleveland Creek, 4. Strutz 2027 (BRY)

" OTU §: Alaska, Prudhoe Bay, B Welsh et al. 1246a (BRY).

OTU 6: Alaska, Seward Penin., Cleveland Creek, M. . Williams 3271 (BRY)
OTU 7: Alaska, Prudhoe Bay, S Welsh 20769(a) (BRY).

OTU 8: Alaska, Prudhoe Bay, S. Welsh 20769(b) (BRY).

OTU 9: Alaska, Prudhoe Bay, S. Welsh 20769(c) (BRY).

OTU 10:
OTU 11:
OTU 12:
OTU 13:
OTU 14:
OTU 15:
OTU 16:
OoTuU 17:
. OTU 18:
- OTU 19:
OTU 20:
OTU 21:
OTU 22:
- OTU 23:
OTU 24:
- OTU 25:

_OTU 26:
OTU 27:
OTU 28:
OTU 29:.
OTU 30:
OTU 31:

(CAN).

‘OTU 32:
OTU. 33:
-OTU 34:
- OTU 35:
OTU 36:
..OTU 37:

(DAOY.

- OTU 38:
OTU 39:
OTU 40:
OTU 41:

(DAO).

OTU 42:
OTU 43:

(DAO).

OTU 44:

(DAO).

OTU 45:

Newfoundland, Cape Norman, J.  Harris 1736 (ALTA).

Newfoundland, Burnt Cape, Pistolet Bay, J. Harris 1733(a).( ALTA).
Newfoundland, Burnt Cape, Pistolet Bay, J.. Harris 1733(b) ( ALTA).
Newfoundland, between Savage Point and Sandy Cove, J. Harris 1727 (ALTA)
Ellesmere Island, Eureka, J. Harris 1725 (ALTA).

Banks Island, Bernard River, Maher & MacLean cat. no. 139 (CAN)

Ellesmere Island, Alexandra Fjord, J.- Harris 1724 (ALTA).

Ellesmere Island, Alexandra Fjord, J. Harris 1720 (ALTA). . - B
Devon Island, Truelove Lowland, J.  ‘Harris 1719 (ALTA).

Ellesmere Island, Grise Fjord, J. Harris 1691 (ALTA). . o
Ellesmere Island, Hazen Camp, D.B.O. Savile 47644 (DAO). -
Northwest Territories, Arctic Sea Coast, J.. Richardson s.n. (K).

Alberta, Jasper Natl. Park, Columbia Glacier, J. & M. Harris 1569 (ALTA)
Alberta, Cardinal River, J. Harris 1555 (ALTA).

Alaska, Seward Penin., Kigluaik Mtns., J. Harris 1371 (ALTA)

Alaska, Seward Penin., AnvilMtn., J. Harris 1330 (ALTA).

Alaska, Seward Penin., Anvil Mtn., J. Harris 1332 (ALTA).

Northwest Territories, A.E. Porsild 30205 (CAN). .

Northwest Territories, Clmton Point, J.A.. Parmelee 3206 (DAQ).

Cornwallis Island, near Resolute J. Harris 1726 (ALTA)

Ellesmere Island, Alexandra Fjord, J. Harris & O. Kukal 1723 ( ALTA)
Newfoundland Straits of Belle Isle, Savagellomt M Fernald & B. Long 28426

Baffin Island Frobisher Bay H: Senn & J. Calder 3898 (DAO).

Newfoundland, Straits of Belle Isle, Yankee Pomt M. Fernald et al, 28427 ( PH)
Greenland, Meehan 10
Yukon Territory, Richardson Mtns., J. Calder 33952 (DAO)

Northwest Territories, Tuktoyaktuk Penin., C. Larsen & W. 0wen 74-4261 (DAO).
‘Northwest Territories, Mackenzie Mountams near June Lake, W. Cody 17106

Alaska Bullen, G. Argus & W. Chunys 5798 (CAN)

Greenland, M. Porsild s.n. (CAN).

Southampton Island, Southampton, M. Malte 120677 (CAN)

Northwest Territories, Mackenzie Mountains, near June Lake, W. Cody 17452

Northwest Territories, Cape Parry, J. Parmelee 3004 (DAO).

Northwest Territpries, Mackenzie Mountains, near O'Grady Lake, W. Cody 16953

Northwest Territories, Mackenzie Mountains, near June Lake, W. Cody 17238
Northwest Territories, Mackenzie Mountains,.neaf Little Divide,Lake, W. Cody »
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16653 (DAO). : o S
OTU 46:.Quebec, Hudson Bay, Richmond Gulf, E. & L. Abbe 3819 (DAQ). "
OTU 47: Newfoundland, Straits of Belle Isle, Sandy Cove, M. Fernald et al. 26723 (PH).
OTU 48: Northwest Territories, Mackenzie Mouritains, Mirror Lake, W. Cody & F. Brigham
- 20413 (DAO). o o ,
OTU 49: Northwest Territories, Great Bear Lake, A. & R. Porsild 4698 (CAN). ‘ : -
‘OTU 50: Newfoundland, Pistolet Bay, Cape Norman, X, Weigahd & B. Long 28440 (GH).
OTU 51: Alaska, Prudhoe Bay, G. Halliday 4220/75 (BM). - ~* - - o AN
. OTU 52: Northwest Territories, N end of Richards Island, 4. Por_s"'ild416828 (CAN). S
/* OTU 53: Alaska, Cape Beaufort, E. Hultén s.n.- (BRY). o : :
- OTU 54: Svalbard, )
“OTU 55: Greenland, Sondre Stromfjord, J. Harris 1790 (ALTA).
-OTU 56: Colorado, Hoosier Pass, B. Johnston 2371 (ALTA). S
-- - -OTU §7: Alberta, Ram Mtn., M. Dumais 7694 (ALTA). : a
" OTU 58: Alaska, along Copper River at confluence with Chitina River, J. Harris 1168
(ALTA). O - . SR
OTU 59: Alaska, Chitina River, D. & J. Taylor I (ALTA). ” ‘
OTU 60: Alaska, G. Parks Hwy. near Denali Natl. Park turnoff »J. Harris 1232 (ALTA).
OTU 61: Alaska, Seward Penin., Anvil Mtn., J.. Harris 1331.(ALTA), -
OTU 62: Alaska, Delta Junc., J. Harris 1 388 (ALTA).
OTU 63: Yukon, Dempster Hwy., km 155, J. Harris 1409 (ALTA).-
OTU 64: Northwest Territories, near Inuvik, J. Harris 1432 (ALTA).
OTU 65: Yukon, Richardson Mtns., Rock River, J. Harris 1465 (ALTA). :
OTU 66: Yukon, Ogilvie Mtns., Dempstef' Hwy., km 180, J. Harris 1470 (ALTA).
‘OTU 67: British Columbia, Muncho Lake Prov. Park, J. Harris 1551 (ALTA).
OTU 68: British Columbia, Summit Lake, J. Harris 1553 (ALTA). - :
OTU 69: Alberta, Cardinal River, J.” Harris 1554 (ALTA). . : '
_ OTU 70: Alberta, Jasper Natl. Park, Sunwapta River, J. & M. Harris 1566 (ALTA).
. ~9¥U 71: Alberta, Jasper Natl. Park, Athabasca Glacier, J. & M. Harris 1568 (ALTA).
' OTU 72: British Columbia, Yoho Natl.  Park, Kicking Horse River near Field, J. Harris 1634
(ALTA). ‘ , ‘ : S :
OTU 73: Alberta, Banff Natl. Park, head of Bow Lake, J. Harris 1638 (ALTA). - -
OTU 74: Alberta, Banff Natl.  Park, Bath Creek. J. Harris 1640 (ALTA). :
- OTU 75: British Columbia, Kootenay Natl. Park, Paint Pots, J. Harris 1642 (ALTA).
OTU 76: British Columbia, Kootenay,Natl. Park, Vermilion River, J. Harris-1643 (ALTA).
OTU 77: Northwest Territories, Fort Simpson, J. -Harris 1657 {ALTA). - -
OTU 78: Northwest Territories, Liard River, J. Harris 1659 (ALTA).
‘OTU 79: Vermont, Mt. Pisgah, J. Harris 1742 (ALTA). : S
OTU 80: Alberta, Banff Natl. Park, Parker Ridge, J. Harris 1743 (ALTA).
' OTU 81: Yukon, Alaska Hwy., mi 1133, G. Douglas 10300 (BRY).
. OTU 82: Northwest Territories, Norman Wells, J. Rigby 40 (BRY). ‘ :
» OTU 83: Alberta, Banff Natl. Park, Victoria Glacier, J. “Harris 1639 (ALTA).
- OTU 84: Greenland, Ole RémersLand, F. Schwarzenbach 1253 (C). | '
OTU 8S: Alberta, Banff Natl.« Park, The Loop, W. McCalla 2272 (ALTA): '
OTU 86: Alberta, Banff Natl: Park, Mt. Saskatchewan, 4. Porsild & A. Breitung 16060
(CAN). |
OTU 87: British Columbia, Yoho Natl. Park, Kicking Horse River E of Field, W. McCalla
7539 (ALTA). ‘ ‘ - _ : ,
OTU 88: Alaska, Eagle Bluff, S. Welsh & G. Moore 8633 (BRY).
OTU 89: Alaska, Yukon River at Eagle, J. Harris: 1393 (ALTA). |
OTU 90: Yukon, S end of Kluane Lake, S. Welsh & G. Moore 7848 (BRY).
‘'OTU 91: Alaska, near Prudhoe Bay, B. Welsh 1199 (BRY).
* OTU 92: Greenland, Sondre Stromfjord, T. Bocher 489 (DAQ).
*OTU 93: Greenland, Musk-Ox Fjord, G. Seiden faden 292b (MT).
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OTU 94: Ontario, Hudson Bay, Winisk River, A. ' Dutilly & J. Frenette 40063 (MT).

OTU 95: Ontario, James Bay, Moose River, 4. Dutilly & E. LePage 15441 (CAN).

OTU 96: Quebec, Antlcostx lsland J uplter R1ver Marle-Vtctorm & Rolland-Germam 24849

MT). )

* OTU 97: Manitoba, Churchill, J, Gillett 2242 (MT). : M

OTU 98: Vermont, Willoughby Cliffs of Mt. Pisgah, C. Pringle s.n. (PH)

OTU 99: Alaska, Seward Pemn ., Anvil Mtn., E. LePage 23861 (CAN). :

 OTU 100: Newfoundland, Port4 a Port Bay, Table Mtn M Fernald & H. St John 10837
(MT). ’

OTU 101: Asia, BQrguzmsky Mtns., Barguzinsky River, V. Szplxvmsky 5020 (LE).

OTU 102: Asia,/Altai Region, V. Vereshehagm 372 (LE).

" OTU 103: Ellesmere Island, Hazen Camp, D. Sawle 4763 (DAO)
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Appendix 5. Data matrix .for numerical analysis of IDH, PGM, PGl and SOD attributes.
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Appendix 6. Data matrix for numerical analysis of /EST attributes.
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RAW ATTRIBUTE VALUES BY OTU
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RAW ATTRIBUTE VALUES BY 0OTU
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Ai)pehdix 7. List of synonyms

Braya linearis Rouy

Braya fernaldii Abbe
B. americana (Hook.) Fern.

B. purpurascens (R. Br.) Bunge var. fernaldu (Abbe) Boivin , %;‘ : .

Braya glabella Richards. var. glabella
B. alpina Sternb. & Hoppe var. glabella (Richards.) Wats.
B. alpina Sternb. & Hoppe var. americana (Hook.) Wats.
B. alpina Sternb. & Hoppe B americana Hook.

B. americana (Hook.) Fern.
B. bartlettiana Jordal

B, bartlettiana Jordal var. vestita Hult.

B. henryae Raup

Braya glabella Richards. var. prostrata Harris

g]”‘) ‘ . » ©

_ Braya glabella Richards. var. purpurascens (R. Br) Harrls

Platypetalum purpurascens R. Br.

P. dubium R. Br.

B. purpurascens (R. ‘Br.) Bunge

B. purpurascens (R. Br.) Bunge var. dubia (R Br) Schulz

B. arctica Hook.

Braya longii Fern.

B. purpurascens (R. Br.) Bunge var. longii (Fern.) Boivin

-

Braya pilosa Hook.

L4

B. purpurascens (R. Br.) Bunge f. pilosa (Hook.) Schulz .
B. purpurascens (R. Br.) Bunge subsp. pilosa (Hook.) Hult. ‘ , : c» .

Braya thorild-wulffii Ostenf. var. glabrata Harris

Braya thorild-wulffii Ostenf. var. thorild-wulffii '
B. purpurascens (R. Br.) Bunge subsp. thorild-wulffii (Ostenf ) Hult,
B. purpurascens (R. Br.) Bunge.var. thorild-wulffii (Ostenf.) Boivin,
B. pilosa Hook. subsp. thorild-wulffii (Ostenf.) Petrovsky .

-

Braya humilis (C.A. Mey.) Robins. var. ellesmerensis Harris

Braya humilis (C.A. Mey.) Robins. var. humilis

Sisymbrium humile C.A. Mey.

bbb

. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.
. humilis (C.A. Mey.) Robins.

ssp.
SSp.
sSp.
ssp.
var.
‘'var.
var.
var.
var,
var.

arctica (Boch.) Rollins
arctica f. biloba Bbcher
richardsonii (Rydb.) Hult
ventosa Rollins ~
abbei (Bbch.) Rollins
americana (Hook.) Boivim
arctica (Boch.) Boivin
interior (Bbch.) Boivin
laurentiana (Bdch.) Boivin
leiocarpa (Trautv.) Fern. -
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1

B. humilis (C.A. Mey.) Robms var, novae-angltae (Rydb.) Fern.
B. humilis (C.A. Mey.) Robins. var. ventgsa (Roll.) Boivin
B. novae-angliae (Rydb.) Ser. .
B. ‘novae-angliae (Rydb.) Ser; ssp. abbei Boche
B. noyae-angliae (Rydb.) Sér. ssp. ventosa (Roll.) Bocher
B. novae-angliae'(Rydb.) Ser, var. interior Bocher
B. novae-angliae (Rydb.) Ser. var. interior f. capitata Bocher
B, novae-angliae (Rydb.) Sér. var. latrentiana BOCher
B americana (Hook.) Fern. (in part)
B. richardsonii (Rydb.) Fern, '
B. intermedia Sér.
Torularia humilis (C.A. Mey.) Schulz .
. T. humilis (C.A. Mey.) Schulz ssp. arctica Bcher
- Pilosella novae-angliae Rydb. :
P. richardsonii Rydb. >
Arabidopsis novae-angliae (Rydb.) Britt.

'Bfaya humilis (C.A. Mey.). Robins. var. maccallae Harris

Braya humilis (C.A. Mey.) Robins. var. porsildii Harris




