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b_seVen morphologlcally and geographlcally dlstlnct taxa

-

ABSTRACT . . . o

i The Oxytropzs campestrzs complex in northwestern L

'North Amerlca is a polyplold serles comprlsed of at leastf "

:[In llght of the data of the presegt study, the authorv‘

‘nproposes that flve taxa be reelevated to Spec1es status -

(0. *cus¢ck1z Greenm 0 graccha (A Nels 3 K. Schum

: lsubspec1es.; 0 graczlzs (Au,

A}

fo. coZumbzana St John, 0. gordalzz‘30r51ld ?O.‘vanzans" o

\(Rydb ) K. Schum ) and’ tha

fsent in 0. graczlts subsp graczlzo. Although morpholo— o ”j

‘vo taxa be recomblned as

’els ) K. Schum ‘subsp

,dzspar (A Nels ) Ellsens a/ Q. JO dalzz PorSle subsp.

,davzszz (Welsh) Ellsens
Three dlfferent chromosome numbers are present ln -
‘the complex and - represent the tetrap101d (2n—32), hexa—”

13

pu ld&QZn 48), and dodecap101d (2n 96) condltlon

‘Althou h three spec1es have unlform chromosome numbers ‘

(0 cuszckzz, 2n 48 O.,gordalzz, 2n 32' and 0 columbtana,

2n=48), two taxa,~Q:'varzans and 0. graczlzs subsp

-graczlzs, each exhlblt two dlfferent chromosome numbers

Bl
2

No attempt to subd1v1de 0. varzans was, undertaken 51nce,

with the exceptlon-of guard-cell 31ze, no dlfferences

were observed between hexap101d and dodecap101d repre—

4

sentatlves.'_At least two dlstlnct entitles may.be pre-:

glcally, cytologlcally (2n= 32), and ecologlcally unlformv
! . :

a

w_ AR T LT o LR



- morphologlcal, cytologlcal,f

T v ST . r'

Y- : _
~east. of the contlnental dlv;de, sdbsp gractlzs is‘

53qu1te varlable 1n appearance and’has a dlfferent chrom— g

/

5osome number (2n 48) west of the d1v1de.v’ .

The chemlcal data 1nd1cate that of the thﬁrty three"T‘
“dlfferent flavon01d glyc031des‘characterlzedfythe majorthZJ
'were restrlcted 1n therr occur‘enceit Only eleven gly—v
’c051des were present 1n two 0 ‘more taxa re1nforc1ng the
nd geographlcal dlstlnctlve—

ness of the taxa - examlned 1_ the present study
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s.CHEBTERTIr‘

. e INTRODUCTION .
. . . . B SIS
The genus OxytrOpzs DC.-lS one: of about 600 genera

that~comprlse the Legumlnosae, the thlrd largest Anqlo—,«
~sperm famlly “Second only,to the grasses in economlc-

1mportance, legumes provrde many artlcles of food,.fod—rl
‘:der, dyes, gums, resins,‘01ls, and ornament. The famlly
{15 cosmopolltan ﬁn 1ts dlstrlbutlon’and 1s usually d1v1—
-ded rnto three Subfamll;es the M1m0501deae, the Caesalf"
pinoideae,land the Lotoideae‘(Bentham, 1865, Taubert,
1894y;~these,tnree taxa can be_distinguishéd_as followsr

Mimosoideae:  flowers actinomorphic,-calyx and corolla

»Valvate'in the bud. -
Caesalpinoideae: flowers weaklyboristrongly‘zygomorphic,
| :oaesaipinaoeous (uoper §Etai innermost)yf

aestlvatlon 1mbr1cate ascend;ng..

Lotoiaeae: ’ flowers strongly ZYgomorphlc, paplllon—'
aceous (upper petal outermost), aestiva-
tion imbricate—descendinq, the.two anterior'
petals often basally Connate kthe keel).

These taxa have, however, been accorded various tax-

-
>

‘onomic treatments; they haue been classified by various
authors as distinct fakhilies (Hutchinson, 1926; Taktahjan,

1959), reduced to‘two families (Wettstein,.1933), or

X

+ .. ’ . . . ll. s



Lo
A
e

~~

*ejg' ment reg‘rdlng hhe tre

."‘v

expanded to four subfaml 1es (DeCandolle, 1802) As~'}:'
Heywood (1971) notes, th re 1s Stlll no genera@ agree—fT;fJ
'ment of the major d1v151ons.pl’hh?

’The 1nclu51on of xytropzs 1n the trlbe Galegeae;

(subfamlly Lot01deae) has, to the contrary, rarely been

' dlsputed 51nce Bentham s accouht of the Legumlnosae 1n'

) ,
1865.‘ The second largest trlbe in the legumes, the Gale-

[

geae 1s comprlsed of about flftv-four genera. Its members
‘are’ prlmarlly temperate in dlstrlbutlon and possess pln- -
‘nately compound leaves w1th entlre leaflets as well as.
ﬁen stamens (usually dladelphous) W1th equal anthers.
Oxytropzs, w1th about 300 spec1es worldh1de, is one of

~the . largest genera 1n the trlbe., Best represented in
Europe and A51a, there are only 20 30 spec1es of 0xytropts»

currently recognlzed 1n North Amerlca (Barneby, 1952)

DeCandolle, worklng excluslvely w1th Old World mater—*

. ial, erected the genus Oxytropts in 1802 to. contaln a

part of the Llnnean Astragalus." As flrst descrlbed
Oxytropis’ was characterlzed by the beaked keel petals

and the 1ntroflex1on of the pod s ventral suture, as

Opposed to the mutlcous keel and bllocular pod (from the

dorsal suture)fof Astragalus. Slnce DeCandolle s treatlse,

certaln authors have contlnued to comblne ‘the two genera.'“
(for example, Tldestrom, 1937 Shlnners,71958)' Svstema—f
tists in favor ‘of reducrng OxytrOpzs to subgenerl nk

p01nt to the lack of a dlstlnctlve hablt and of any abso—f»

a



3,

:Hsupported DeCandolle s treatment (see Wheeler, 1939ﬁ

3 L . - o .

¥ ;ute crlterla by whlch the two genera can be set apart

Indeed, the descrlptlon of two perfect astragall,jAstrag-’f
alus nothoxys Gray and Astragalus acutrostzs Wats.,fwlth

dlstlnctly cuspldate keels resulted Ln several authors_ljruf
(for example, Rouy, 1897) remov1ng the spec1es of Oxytropzs

nAg’

_-lnto a subgenus of Astragalus.. However,_Bunge {1869),vthe‘“
hi;'monographer of Old World Ast”agalus and of Oxytropzs,
/;Taubert (1n Engler s Pflanzenfamlllen, 1894), as, well as' B

‘fBentham and Hooker, and most contemporary botanlsts,,have

+*

Barneby (1952), in hlS reV151on of the genus 1n North «ﬂf'

o Amerlca, stated that untll 1t could be shown that the gap

'?:;between sectlons w1th1n Astragalus, or that there are )

‘between the two genera 1s no greater than that ex1st1ng

,:SPECleS of Oxytropzs referable w1th equal justlce to. »ff,ﬁ’

t

-.’elther genus,'or that OxytPOpzs 1s polyphyletlc, the sub— j
3»;'mergence of Oxytropzs 1n the older genus would do nothlng

‘to clarlfy relatlonshlps.ﬁivq

Chromosome data support the clalm that Oxytropzs pre—'_

.sents a unlfled phyletlc group related to, but dlstlnct
‘from, the Astragalus assemblage The-ba51c chromosome~"

4number 1n Oxytropzs is con51stently X= 8, whereas Astragalus

h

has bas1c numbers of 8 (Old World spe01es) and 11, 12

~or 13 1n the New World (Ledlngham and. Fahselt, 1967)

>
L]
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‘Oxytropzs DC Astragal 24 77, léOZ‘tﬁoml.coﬁS.
| i;AragaZZus N;kk. Elem. 3:12, 1790 L
' spiesia Neck. Elem 3 113, 1790,
uuﬁAstragaZus L Sp. Pl 755,“1753 pro‘parte..!fx

Plants perennlal herbaceous,'acaulescent
to short caulescent leaves ‘alternate or basal,_
.'odd—plnnate, leaflets entire, without stipels;
. 'stipules mostly. connate,‘adnate to - the. petlole ‘
- or-free; flowers v1olet, purple,:whlte or’ yel—-. .
*:_Iow, in ax1llary racemes or. spikes or- arlslng ER
,from the caudex; bracts often small, membranZ;
“.ous; bracteoles minute or absent calyx ~tube . -
. cyllndrlc to campanulate, five- subequal tegth;
‘ petals often with rather long claws; banner . R
erect, ovate or. oblong, keel equal to the, w1ngs»
~or shorter, ‘keel-tip produced into a beak, mac~ -
~ulate or immactlate; wings oblong; stamens dla—j; R
, delphous, anthers uniform, ovary se551le or R
, ~ Sstipitate;: style flllform stralght or: curved
‘pod sess;le to stlpltate, stralght, erect. or‘
reflexed, two-loculed- through 1ntru51on of~””',
ventral suture to one- -loculed; several seeded,;
‘ seeds renlform, funlcle flllform. B

i‘The flrst synop51s of the North Amerlcan specres of
Oxytropzs -was by W J Hooker (1834) in his Flora Boreall—zi

Amerlcana Although several spec1es were flrst descrlbed

*in thls 1mportant work (for example,‘ . spZendens)/ the

. -.,g
[

‘ﬂpauc1ty of the materlal avallable llmIted Hooker s

account of the genus as 1t d1d that. of Torrey and Gray
o o
~in- thelr Flora of North Amerlca (1838) A 51m11ar prob-."
wy .

~lem faced Bunge (1869) 1n hls monograph of Oxytropzs -Asa

‘viGray (based on hls exten51ve collectlons and examlnatlonl\

’

'LsynonymygbaSed*on‘Welshv(lgﬁ?)'ﬁ'ﬁ'lw
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ican reV151on (1884) He re ognlzed 31xteen spe01es

. ‘ .

.The onset of the twentleth century wrtnessed further

act1v1ty not only in the fleld but in’ the prollfera-

P e

'tlon of spec1es proposed by varlous workers. Many of

'

'these spec1es were hastlly proposed often based on one
or two spe01mens, and, in- Barneby s (1952) words, often

jcontrlbuted f;;; ‘more to the llteraturevand synonymv than

-v . N

o to a trhe understandlng of the genus.ﬁt'

\ : "
~ X e

In addltlon to. the prollferatlon of newly descrlbed

_‘y—-

-ﬁpec1es, the resurrectlon of AragaZZus Neck and szesza
-NNeck by several authOrs, as well as the shlftlng

hback and forth‘between Astragalus and Oxytropzs, resulted

§

”a,_in chaos'on the shelves of many herbarla. It was that U

:“gdlsorder whlch prompted Barneby (1952) to attempt the
-faflrst reV151on of the North Amerlcan spec1es of Oxytropts

l1f31nce Gray (1884) Barneby recognlzed twenty two spe01es,

‘5-‘hlS account contrlbuted greatly towards a deflnltlon of

&

\ .

the major forms and a. stablllzatlon of the nomenclature.
yMore recently, workers ln the genus have generally sup—

ported Barneby S speC1es concepts and have 51mply

addended hls orlglnal characterlzatlons (for example,
,-B01v1n, 1967 Welsh, 1960 1963,‘1967)»

Blosystematlc studles w1th1n Oxytropzs have been

-

' conflned prlmarlly to reports of chromosome numbers. ASj

',‘mentloned prev1ously, the works of Ledlngham and Fahselty

i . RIS T ¢

S B : S
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) b

(1967) and Senn. (1937) have con51stently 1nd1cated that

the ba51c number in the genus ‘is X 8 : These and other

-studles (for example, Led1ngham,~l960- Holmen, 1962-

Zhukova, 1966) 1nd1cate that Oxytropzs is comprlsed of a

;number of polyp101d spec1es In North Amerlca, chromo—.~~

some counts range from 2n—16 in 0 deflexa and 0. poda-

,,carpa ~through 2n 32 (0. yzsczda) and 2n=48 0 (sericea)

to a high @f“2n=96 in'O.‘maydeZZiana'(Ledingham, 1960;
Holmen,‘l962). ‘Aneuploidy does not appearvtoloccur'in
Although %ﬁw chemosystematlc studles ‘have been car—

rled out in Oxytrep;s, a w1de Varlety of flavon01ds have

been 1dent1f1ed ‘in the Legumlnosae from the numerous

: surveys conducted at the trlbal and generlc levels (Har—

iborne, 1967 Peckett 1959) Representatlve compounds
"from practlcally every .one of the numerous flavon01d

classes occur in the legumes as well as several com-

pounds with unusual structures (Torck l976) The Legu-

minosae are partlcularly rlch in methylated flavonols ‘and

*flavones, addltlonal hydroxylatlon 1n the flavon01d
'nucleus, and absence of hydroxylatlon at p051t10n 5. (Har-‘

‘borne, 1971) “For’ example, 6- and 8— hydroxylated fla—

2

vonols, methyl ethers related to the common flavonols

l(for example, lsorhamnetln), and flavonols w1th a 2'

hydroxylatlon are known in the famlly

In addltlon to the several flavon01d structures

e ) : Coe N o
AR I D

RN
o
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~‘has resu%\ed in the identification of a flavon01d glyco—

. . ¥ .
characteristic of the Leguminosae, each subfamily tends

to have certain characteristic flavon01ds or related

phenolics (Harborne, 1967) While the Mim0501deae are

'rich in catechins, leucoanthocyanidins, ‘and other tan—

b

nins, the CaesalpinOideae have ellagitannlns and the

| '
rare heartwood pigments haematoxylon and braZilin. Iso-

flavones and rotenOids characterize the LotOideae, this

subfamily is- also particularly rich 1n anthocyanins and

»flavonol gly0051des.

The few flavon01d surveys of Oxytropws reported in
the literature have been carried out by SOViet workers

(Pakanaev et aZ 1969, Dungerdorzh -and Petrenko, 1973

‘Bllnova, 1974) Only Dungerdorzh and Petrenko s work e
, » :

N ;‘.".;-

51de (rutin), most studies have been concerned with-deter—

mination of the aglycone mOieties in severalenrasiatic

- speCies. It is 81gn1ficant that the common flavonols

quercetin and kaempferol are present in‘the najority of

the spec1es sﬁrveyed while rhamnetln and myricetin are

'more limited in their occurrence‘(Pakanaev et al, 1969;
Biinova, 1974).. No ﬁlavone”aglyConeg are noted by any

of these workers.

The present investigation is concerned with Ozytro-

pis campestris (L.)DC. sensu lato in northwestern North

America. Originally described in Linneus' (1753) Species

Plantarunm, 0 campes;rzs ‘has been’characteri?ed by its



\
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vchartaceous pda‘texture, relatively small size of the
' flowers ({lem.),)and-the hore'ﬁhag_six flowersTper
r;ceme. A;fwith many Linnean-species,.furthér bptanicél? 
}e£plo:at;bn and s udy héQe revealed tha£ 0. cambéstﬁis
sensu Linneus is exfremély variagle W;th respect to. . its
morphologicai featup@s. Differenéés in stature, humbeﬁ
of leaflets: length gpd;density.of the réceme; as well“
askthéinﬁmﬁer and\chSQ£ éf the flowers have,béen noted
by vafious authors (Pofs;}é, 1951; Barneby, 1952;‘ﬁelsh,
1963). . | \ T | S .
| In addition to this\morphological diversity, the
circumboreal constellatioﬁ of forms refefred to as 0.
,caméestris (L.)DC. occur in a variety of geogréphic
regions that exhibit much topééraphiéal and ecological
diversity. In nprthwestern'North-Americq, where«O.' |
campesfris is parfiéﬁlarly‘widespread, its range extends
ffom‘the Dakotas and northern Colorado to Alaské, the
Yukon, aﬁd.the western regions.of the Northwest Terri-
tories (Bérheﬁy, 1952; Welsh, 1967). Wifﬁ&h thié region,
A'sevefal“morphological taxa are éoﬁmon in, and, indeed,.
“réstricfed~td praiiie,‘alpiﬂe( boreal; and arctic hébi-
tats. 0. campestris is, ;her;fore,vcomprised of a number
of morphologicallyldistinctive allopatric forms (Maps 1 & 2).
béytrapis campestris‘VL.)DC}
Oxytropié ecampestris (L;)DC., Aséra;., 59, 1802,
Astragalus.ca@pegtris'L,, ?p, P1.761. 1753,
sensu ampltatzs§zmo“

oy -

<




Oxytropis lambertiiP Hook., Fl. Bor.-Amer., l:
107. 1834. -
Oxytropis monticola Gray, Proc. Amer. Acad.,
. 20:6. 1884. pro max. parte.
Spiesia monticola (Gray) O. Kze., Rev. Gen., 206.

1891. . '
Aragallus montzcola ‘(Gray) Greene, Pittonia,
3:212. 1897.

Oxytropis cusickii Greenm., Erythea, 7:116. 1899,
Aragallus gracilis A.Nels., Erythea, 7:60. 1899.'
Aragallus dispar A. Nels., Erythea, 7:61. 1899.
Aragallus alpicola Rydb., Mem. N. Y Bot. Gard.

l1:252, 19
Aragallus szZosus Rydb., Bull. Torr. Club,
28:36. 1901. ’ :

Aragallus varians Rydb., Bull. N.Y. Bot. Gard.,
2:176. 1901. . .- ' -
Oxytropis gracilis (A.Nels.) K. Schum., Just's
Jahresk., 27:496. 1901.
Oxzytropis dispar (A. Nels.) K. Schum., Just's
. Jahresb., 27:496. 1901.
Oxytropis villosa (Rydb.) K. Schum., Just s
: Jahresb., 29543, 1903.
Oxytropis varians (Rydb.) K. Schum., Just's
-~ Jahresb., 29:543. 1903.
Aragallus luteolus Greéne, Proc. Biol. -Soc.
Wash., 18:17.- 1905.
Aragallus albertinus Greene, Proc. Blol. Soc.
Wash., 18:15. 1905. ! 5
Aragallus cervinus Greene, Proc. Biol. Soc.
", Wash., 18:16. 1905.
Aragallus macounii Greene, l. c., pro parte.
Oxytropis alpicola (Rydb.) Jones, Mont. Bot.
~ Notes, 37. 1910. non Turcz. (1842). \
Ozytropis luteola (Greene) Piper & Beattie, El.
N.W. Coast, 337. 1915. \
Oxytropzs alaskana A. Nels., Univ. Wyo. Pub.
Bot., 1:120. 1926. -
Oxytropis nydbergii A. Nels., Univ. Wyo. Pub.
Bot., 1:117. 1926.
Oxytropis paysoniana A, Nels., Univ. Wyo.
Pub. Bot., 1:119. 1926. :
Ozytropis oZympzca St. John, Proc. 'Biol. Soc.
: Wash., 41:103. 1928. 7
Oxytropis-mazama St. John, op. cit., 101. 1928.
Oxytropis okanoganea St. John, op. cit., 102. 1928, -
Oxytropis cascgdensis St. John, op. cit., 105. 1928, .
Oxytropis columbiana St. John, op. cit., 100. 1928.
Oxytropis albertina (Greene) Rydb., F1. Prair.
& Pl., 484:. '1932.
Astragalus rydbcrgzanus Tidestr., Proc. Biol.
Soc. Wash., 50:19. 1937. (non. A. villosus



; -

. - Mchx). : [,
: AstragaluS'aZbéptinus (Greene) Tidestr., Proc.
Biol. Soc. Wash., 50:19. 1937.
Astragalus alpicola (Rydb.Yy Tidestr.q Proc.
Biol. Soc. Wash., 50:19. 1937.
Astragalus mazama (St. John) G.N. Jones, Univ. .
Wash. Pub. Bot., 7:175. 1938. '
» Astragalus grayanus Tidestr., in Tidestr. &,
) "Kitt., Gl. Ariz. & New Mex., 216. 1941.
quoad nom. (non A. monticola Phil.).

Ozxy 18 hyperborea Porsild, Sargentia, 4:53. I943.°
Oxytropis °jordalit Porsild, Canad. Field-Nat.,

65:77. 1951. s v

[

vDescrlptlon of Oxytpopzs campestrzs (L.) DC.

Varlable in stature and pubescence, green
and glabrate to densely silky-pilose, sometimes
villous-hirsute  especially the scape and petiole;
caespitose and acaulescent from a’ branching
caudex; stipules membranous, pale, glabrous to
pilose dorsally, triangular to.lan@€eolate acumln—
, ate, ponnate, adnate to the petioles, 1-3
nerved the margins naked or ciliate with bristles
or clavate processes; leaves 5-25 cm. long; leaf-
lets 7-45, scattered, opposite or sometimes gem-—
inate and verticellate, ‘9-25 mm. long, 3-8 mm.
wide; scapes 2.5-36 cm. long; bracts narrowly
lanceolate, longer than the pedicels, pilose
dorsally, rarely. glabrate; racemes 5-30, flowered,
3-24 cm. long, capltate to ‘oblong, becomlng
lax, 0.5-11 cm. long in fruity; calyx cyllndrlcal
with dark and light hairs, tHe tube 4.5-7 mm. ro
" long, teeth ¥-4 mm. long, triangular; corolla :
.x whlgzj;%garoleucous, pale yellow, pinkish or |
-purplis banner 12-20 mm. long, 4-8 mm. wideé;
win 0-17 mm. long, blades not:much dilated
upward, 3-4.5 mm. wide at apex; keel 10-15 mm.
‘long, .appendage small, magulate or immaculate;
pbd 8-16 mm.-long, erect, sessile, pilose, with
_~"a beak about 5 mm. long, partially two-loculed
. ‘ by 1ntxu31onxof the ventral suture. (Barneby,
e 1952;° Welsh, I967).

%52
The taxonomic category assigned to- these variants has
© varied considefably'in the literature. 'For fhe'mpst part, .

»
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PLATE 1.

Type specimen of Oxytropis campestris .(L.) DC.
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MAP 1.

Distribution of»Oxytropisucampestris (L.)DC. in north-

°

western North America based on Barneby (1952), Welsh:

(1967), and Hultdn (1968)

Wl var- cotumbiana (st.sohn) Barneby

<

-

- var. cusickiZ (Greenm.) Barneby

IO

var. dispar (A.Nels.) Barneby

var. jordalii (Porsild) Welsh
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‘Distribution of Ozytropis campestris (L:)DC, in north~- |
% . western Norfh Amer”ica based on Baxjnebyr (‘1952.) ’ “W,elsh‘

i

o

(1967), and Hultén (1968)

P ver. dwviesi versn

- var. g_racv'ili.s‘ﬂ"(A.Nel) Barneby N

var. varians (Rydb.) Barneby
) : . . \\’ T
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'the plants of the New World have been held varletally

”‘dlstlnct from Oxytropzs campestrzs (L )DC "In 1871, tﬂ7f7fj

14

Watson recorded 0 campestrzs as ranglng from the arctlc‘
:dto Colorado whlle Bunge (1869) accepted the spec1es as"
,"west European, east A51an, and western North Amerlcan,‘“’

‘hnotlng, however, that the latter dlffered somewhat 1n _{;

17 y

) . A AR
'stature and hablt Gray s rev151on (1884) excluded tYPl"f,w R

‘;cal 0..campestrzs from the Amerlcan flora for the flrst
rtlme.‘ The materlal whlch had been so named prev1ously

' was d1v1ded 1nto a western arctlc 0 Zeucantha and a new C

‘_Jspec1es, 05 montzcola, 1argely cordllleran and ochroleu—. S

fhtcous flowered Durlng the present century,‘the most
“western and Rocky Mountaln forms have been varlously seg-"

‘fregated by dlfferent workers.b Thus,'ln northwestern North

f"/

*Amerlca, where Watson could dlStlngUlSh only 0 campestrzs

\ fsensu Llnneus, and Asa Gray only 0. monttcola, Nelson" _
r}:(l899), St John (1928) and others collectlvely dellnéated

ffffourteen spec1es.h Thls fact, coupled w1th the shlftlng

:back and forth between the genera Astragalua and Othropzs,f

: pAragaZZus and szesza, created an abundance of dlsordered
fsynonyms and overall taxonomlc conquLOn., . ‘
| Barneby (1952) favored a return to the concept of an
[Amerlcan 0 campestrts. He argued that whlle 0. campestrzsl
'.1n 1ts orlglnal and narrowest sense 1s absent from the h

 New wOrld, the European and American plants can reasonably

ﬁbe ranked as. geographlc pOpulatlons w1th1n a polymorphlc,



= clrcumboreal spec1es, a V1ew shared by Hultén (1967, 1968)

hear‘"fundamental 51m11ar1t1es 1n structure and texture

l'“°f the POd, 1n;"flower " as well as orlentatlon or amount e

:of vestlture,‘lndlcated to Barneby the "1nev1table accept—'V

“_ance" of an Amerlcan Oxytropzs campestrzs (L )DC.»dInﬁ_:nd
:northwestern North Amerlca,‘he recognlzed flve races‘
5‘(treated 1n the category of varzetas) dlfferentlated on
'Tthe ba51s of petal colour, 1eaflet numher, habltat, and

f‘:stlpuie Vestlture and ornamentatlon (see Tables 1 and 2)

18,

Barneby s: rev151on contrlbuted greatly towards a:h ;;~t,,,

,_,__/—

1gbstablllzatlon of the nomenclature for the 0 campestrzs S

g.complex and hlS spec1es dellmltatlons have been w1d! y

:;daccepted More recentlv,‘a number of authors hav"
Hybuted to the taxonomy~1n thls comglex.‘ Broadenlng Barne—f
V*by s (1952) Spec1es concept Welsh (1963) descrlbed two
'”cnew varletles after examlnatlon and collectlon of speC1~
l‘mens from Brltlsh Columbla,vthe Yukon,.and Alaska;blénei,“

','of these taxa, ordaltz, had prev1ously been descrlbed by

”fPor51ld (1951) as a new spec1es conflned to Alaska and thef-r

;Yukon, 1t was accorded subspe01f1c status by Hulten (1967),

) Thus, the examlnatlon of materlal usxng morpholoqlcal crl—r[_ﬂ

vterla has resultéd 1n the recognltlon of seven geographlc—
f:ally and morphologlcally dlstlnct subspec1f1c taxa 1n fn

'_Oi'campestrts by Barneby (1952) and Welsh (1963) Thelr

'12B01v1n’(l967) din . a rather cursory treatment of the 0.
- eam estrzs complex, - recognlzed still-another varlety
"‘H‘V%{ﬂ cervtnus (Greene) B01v1n ) characterlzed vaguely
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'classffication of the‘compiek is presented in Table 1. A ;
vmajornaionf this~research project.was to obtain new sys- '
tematichinfbrmation on severaincryotic characters (for
eXample; chromosomeﬁnumber, flavonoiddglycosfdes) and
.use these data to.test the cgnclusions of Barnehy (1952) -
~and Welsh‘(lgsjg. T R |
Prior to thls study, blosystematlc studles of 0.
eampestrzsﬂmave been conflned to cytologlcal observataons.
,by_a few workers; thelr publlshed and unpubllshed chromo-
vsome’counts{are listed in Table 3. Publlshed data lndl-
cate\the presence of at least three chromosome numbers

in 0. campestrzs | 2n;32 (Ledlngham,.1957 vKnaben, 1968) -

2n—48 (Ledlngham, 1960)} and 2n—)60 (Johnson and Packer,

) 1968) " These data also suggest that there is no extant

\\\dr9101d race (2n—16), only a tetrap101d (32), hexap101d

an octop101d race or hlgher (960) occur in
northwestern No ’Amerlca. .The-2n=48 reported for var.
gractlzs (A. Nels ) Barne’ LedinghamJ 1960) from kamloops
lndlcates that Barneby s character'zatlon of that taxon. |
may be over51mpllf1ed.; East of the contdnental lelde,m
, howeVer, var.‘graciiis has a consistent m&totrc count}of

2n=32 (Ledinghamj,1957)f

ation and descrlptlon and the fact that it 1s
in Barneby s var. gracilis.
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Other major objectlves of the'present study were to
determine the dlstrlbutlon of the chromosome races in.
northwest North Amerlca and to 1dent1fy and note the occur-
renbe of the varlous flavonoid glvc051des. No previous
1nvest1gat10ns of the fla;on01ds in 0. campestris have .
beeén carried out although, as mentioned before, a few
cursory examlnatlons of Eura31at1c Oxytropis spec1es
were conducted. Flavon01d data have often proved inval-

uable in the resolutlon ‘of taxonomic and evolutlonary

problems (for example, Adams and Turner, 1970) Thelr

)
. )

use ness’ as "taxonomic markersﬁ io a1d the dellmltatron
or/7ener1c and spe01flc boundarles as well as thelr

ued

history is well.documented in the literature (Peckett,

1lity as genetlc,markers" to indicate hybridization.

1959; Alston and Turner~»l963 Harborne, 1969), In addl—
tion, Denford (1973) and Packer (unpubllshed) have noted
their potential as "hlstbrlcal markers" where.refugial
boundaries or mlgratlonal pulses could be indicated hy
flavon01d dlstrlbutlon. |
In summary, seven'morphoiogically distinptive&and-
.allopatric subspecific taxa are currently recognized in
Oxytropis campestrzs (L. )DC.\ln northwestern North America
by Barneby (1952) and Welsh (1963).‘ There is evidence A‘ L R
(Ledlngham, 1957, 1960; Johnson and Packer, 1968) that

this taxon represents a mature polyp101d complex (Stebblns,

1971), possibly comprised 3&f several-spec1es (Davis- and

N
[



Heywood, 1963). For organiéaﬁional and historical reasons,

"the data have heen gathered and the results presented
‘/follow1ng‘ths/taxonomy of Barneby (1952) and Welsh (1963)

In addltlon, a newly discovered chromosome race (2n—

- has served a similar orgaplzlng function.’

24,
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CHAPTER 2

- " MATERIALS AND METHODS

s - !

Collecti;ns and Field Sfudiesi
Fiéld studieé were undertaken to 6btain plant Aa—
terial for laboratory and herbarium studles an@\to make
ecologlcal and breedlng system observatlons, for example, .

substrate preference and possible_hybridization. Collec~

tions of Oxyteeppis..campestris (L.)Qg'were‘made through-

[

out as much of its known range as possible (BRarneby,
1952; Welsh, 1967) in_n&rthwestérn'North Ahgrica. Mater-
ial was obtainéd from twénfy—éix localitieg'anq ipcludéd
representative specimens of all seven taxa. Pressed

D

herbarium specimens, air-drigd and bagged material (for

use in chemical studies), and live plants (for cyto- °
logical, breeding system,'ﬁnd growth chamber studies)

were collected for study.

Cultivation:/.

Live plants, transplanted into five-inch pots and

grown in the Universityzgf Alberta greenhouses, were
maintained under a‘%ig{nal temperature range 6f 10°-163C
witﬂ a relative humidity of 60% and a 16 hour photo-
perfbd using naturél lighting in the summer with supple-
mentea.light when required. Chlorotic plants were fer-

[

tilized using a solution of 20-20-20 NPK fertilizer.

¢



"o

»overcrowdlng and poor water retentlon of the natlve

K Pa

1501ls.f Aphld and, fungal lnfestatlons vere: treated u51nq5v?f”*17{"

P
: standard funglcldes and 1nsect1c3des.

Herbarlum Studles o oL '\f

‘ Morphological ahd distributional studies wete car-
rled out on living and herbarlum specimens from the fol-
lowing herbaria: University of Alberta, Edmonton (ALTA);
Brigham.Young Uhiversity, Provo (BRY); the Gray Herbar—
vlum of Harvard Unlver51ty;rCambr1dge (GH) ; National‘ *;d
Museum of Canada, Ottawa (CAN), University of Montana,
Miesoula (MONTU) ; Unlver51ty of Washlnaton, Seattle
(WTU); - University of Calgary (UAC), Rocky Mountaln“
Herbarium, Laramie (RM);  United States Nat;onal Museum,

i 4 )
Washlngton, D.C. (US); -and the University of Saskat-

chewan, Regina (USAS). The abbreviations used are those
listed in Index Herbariorum (Holmgren and Keuken, 1974).

Guard Cell Measurements:

Various workers have found aaoorrelation between
tell size-and pioidy level {(Sax and Sax, ‘1937; Stebbins,
1971). fh an effort to distinguish the chromosome races

;
of Oxytropts campestrzs by cell size, measurbments of epi-
dermal guard cells were made. Leaves were soaked in
‘boiling water for g;ée minutes, the lower epidermis was

then pGEIedloff and placed on a microscope slide in a .

- ' . .
drop of water. Measurements were made using a microeg

: : i LA S P
'aFurther transplantlng was often carrled out due to- root."



16°C; washed in dis

. . . B
Lo . ' o

‘meter eyeplece on an Amerlcan Optlcal mlcroscope (240X)

ﬁCytolo@acal Studl@S

MltOth chromosome counts were made from actlvely

.\

‘growing 'root tlpS u31ng the procedures of leo and
: Levan (1950) w1th sllght modlflcatlons. ‘Root tlpSrwere

immersed in a 0.002 molar solutlon of 8- hydroxyqu;nollne"

(0. 116 gm. in 4qﬁ mls of water) for 2 3 hours at 13°-

'lled water for flve mlnutes, then
tranSferred to a‘w “ch glass and stalned for thirty: mln-
utes in a solutlon of acetic® orceln and 1N HCl (9:1).

The solutlon was warmed over a bunsen burner ‘8-10 times .

.

during & thlrty minute perlod. The tips were next placed”

on a slide in a drop of @5% acetlc acid and a coversllp
applied; then washed and made semi- permanent by rlng—

ing  the coverslip w1y£ a mixture of gum mastic and par-

affin wax (1:1). Chromosome counts were made under the.

011 1mmer51on objectlve (1000X) of an American Optlcal

microscope with a green filter. Several of the prepara-

tions were drawn using a camera lucida apparatus, these

draw1ngs were used in examination of chromosome morphe

ology. Voucher specimens were deposited 1n the herbar—
: P P

!

ium at the Unlver51ty of Alberta (ALTA).

Chemical Studiesi

Identification of”the flavonoid glycosides of five
populations of Oxytropis campestris was carried .out. 1In

“: . B ) R °
addition to the identification of the glycosides in these

27.



.

fflve pOpulatlonS, chromatographlc proflles of twenty four

Q : .
populatlons were compared

Ce

Above ground plant organs used ln flavon01d extrac—~t;‘f?_

};tlon were. collected 1n thF fleld and drled 1n paper bags

.

Prlor to chemlcal ana1y51s,\the collectlons were sorted

£

to remove any contamlnants Stems,,flowers, and leaves:

‘ werebunlfoﬂhly used for extraction in'everyipopulation

sampled., Flavonoids Were extracted using’a blender} ap-

‘-proximately 201gm (dry welght) of plant materlal were

rthen reduced in a rotoevaporator or . flash evaporator

ground for 15 mlnutes in 500 700 mls. of 806 ethanol.

The extract was then vacuum flltered through~several

,layers of cheesecloth followed by Whatman #1 fllter paper,

under vacuumuto 10-20 mls.} Chlorophyll cher photo-
. ?& 3 - T - '
synthetic pigments, and lipids were removed by parti—

tlonlng w1th multlple allquots of petroleum ether (B.P.

ﬂfﬁo 4°C) This extract will hereafter be referred to

A th9>5t00k solution:

'stock solution was.combined with an equal amount of 2N

,VNTo identify,the flavonoid aglycones, 10 mls. of the

'HQl'and refluxed at ilO?E’for three hours. The aglycones ’

were then\partitioned against ether, evaporated toAdry—,

ness, ahd redissolved in a minimum volume of spectro-

grade methanol. Subsequently, they were spotted in

varylng cchentratlons on half sheets. (23 X 57 cms.) of

4

Whatman %FM chromatégraphy paper. Descendlnq chromatogra—



L by Harborne (1967 1973) and Rlbereau—Gayon (1972)

' fphy was then carrled out u51ng three solvent systems-f““h

o
EBAW (n—butanol acetlc ac1d-water, 4 l 5 upper phase),,d‘

".forestal (acetlc ac1d—water concentrated HCl, 30 lO 3),:VI‘

'{riand saturated phenol (phenol—water, 4 1) Identlflca—”tf%rfft,yhv

't.:tlons were made by comparlson of Rf s w1th those reported

| spectral analy51s was also carrled out on certaln pﬁrl-

, fled aglycones, procedures as well .as. analy31s of the data‘

B
were based on Mabry et at. (1969)

Selkel et aZ (1966) have reported that c glgtofla-;':'

- *von01ds remaln in the agueous sugar layer after acid

,hydroly51s and. ether extractlon of the aglycones. ~To;.’

:"

'ffcheck\for p0551ble C- glycoflavon01ds 1n the stock solu—

'v'tlon, ‘the aqueous sugar layer. was further extracted

4
st amyl alcohol (Harborne, 1973) The amyl alcohoﬂ

< was then evaporated to dryness, redlssolved in mlnl-

mum. methanol and spotted on half sheets’ of Whatman lMM

paper, Descendlng chromatography of these sheets was then

‘carrled out in BAW, 15% acetlc ac1d, and water.'
Separatlon of the flavonoids of the stock solution
was carried out on Whatma; 3MM chromatography paper. To
determlne the optlmum concentratlon for separatlon, vary—
ing volumes of the stock solutlon were spotted on 3MM
~paper and chromatographed descend&ngly in BAW for 16- 19
vhours The sheets were then air- drled vrotated 90°,

2

then run’ 1n315%;acet1c.ac1d for 6-8 hours. The chromAqogf



V_VVgrams were v1ewed under UV llght (3660A) to determlne }?

'”eff1c1ency of separatlon. The concentratlon wthh

A a

'-prlelded the best separatlon was then used 1n the further‘a
- 1solatlon procedures.; o

Flve to nlne drops of the stock solutlon were spotted

'on at least forty elght sheets of Whatman 3MM paper and

’chromatographed 1n BAW and 15% acetlc aCld accordlng to
'the procedures outllned above;' The chromatograms wereA

5.

“-then V1ewed under UV llght Ln the presence and absence L

'-:jfof fumlng NH3 Spots resolved under elthen of these

”‘*condltlons were c1rcled and thelr colors noted To test

for the presence of flavon01ds, one sheet was sprayed

_s w1th Benedlct s reagent (p051t1ve yellow reactlon) An—i;. CRNI

fother sheet used for the detectlon of phenollcs, was il
‘treated w1th a 3% aqueous solutlon of ferrlc chlorlde—l‘
ferrlcyanlde (p051t1ve blue reactlon) » Spots Wthh
vtylelded p051t1ve reactlons ‘to both treatments ‘were cutlf
_out from the remalnlng sheets and eluted 1n 90% meth—’
vanol These solutlons were evaporated to dryness and re— -
dlssolved in mln;mum methanol - "% ”'”f:'. / .
To check flawon01d purlty, the solutlons were spot—‘}
ted on full sheets of Whatman lMM paper and run, in, the‘

_usual manner, in: BAW and 15% acetlc ac1d Those solu-

tions Wthh were found to con31st of more than one: gly—

37 Chromatograms were dlpped in ‘a solutlon contalnlng equal
amounts of ferric chloride and ferricyanide stains diluted.
1:10 with water,,then dlpped ln a lO% solutlon of HCl -

and washed w1th water._ = Bl ; : SR
: ' B
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e 5 . . . -
o . SR ;

ffkc031de.(as-1nd1cated by the presence of two or more spots)?fh::h
'~}Twere then streaked on Whatman 3MM paper 1n the solvent |
bnhsystem Wthh ylelded the best separatlon.‘jhw'ihhw e
| The 1solated flavon01ds were ldentlfled us1ng the
U'Eprocedures of Mabry et aZ (1969) : The compounds were _
Jispotted on half sheets of Whatman lMM paper untll a yel—‘Aﬁﬁ}"

"ilow colour was v151ble.» Descendlng chromatography was

‘ ‘then carrled out 1n four solvent system5°'BAW, 15% acetlc a

a-ﬁ_aCld water,,and saturated phenol :.R s 1n each of the

£

ffour solvent systems were calculated for each of the un—"

s

hknowns and compared w1th those reported’by Harborne (1967) Qd'j‘”i"

.;%nd Rlbereau Gayon&(l972) Approx1mately lO pl of a

le =3 M solutlon of rutln (quercetln 3 O rhamnosvlgluco—lf?

sy

.ff51de) in- methanollc solutlon was spotted onb ach.sheet to{;hl'f;i?f
;fserve asya reference,r:R?f s of the lsolated compounds B
vluwere corrected w1th respect to rutlnrpifa | ‘

TR uv’ spectral analy51s us1ng a Unlcam éP 1800:spectro%ff“ﬁ"
photometer was carrled out on each unknown us1ng thefproel‘,
\‘cedures of Mabry et aZ (1969) These procedures ;nclu—vpx
_ded the comparlson of methanol scans w1th those obtalnedf
:after the addltlon of several dlagnostlc reagents to thev

methanollc solutlon Scans ‘were recorded for the effectsm

fof sodlum methox1de,‘alum1num trlchlorlde,.alumlnum trl-«‘

o chlorlde plus hydrochlorlc ac1d sodlum acetate, and SOf{_.r_

o

dlum acetate plus borlc ac1d on the @V absorptlon of thefep
\,fcompound 1n methanol f';_ '4:-”;ﬁh", ﬁ;’f;'



The flavon01d glyc051des were then hydrolyzed to f
”;,thelr aglycone and sugar constltuents bv reflux1ng the
‘methanollc sorutlons w1th an equal amoun7 of 2N HCl at

'100°C for twenty mlnutes to two hours dependlng on - thea

'_suspected nature of the glyc051de llnkage (Rlbéreau—}*gy

‘Nj'Gayon,, 972);, After hydrolv51s,rthe solutlon was coolede'7"

" and partltloned agalnst 25 mls of ethyl ether.ﬂ;The;J@:

‘”waether fractlon whlch contalned the aglycone, was thenvlj"

uevaporated to dryness, redlSSOlVed in mlnlmum methanol,-*

iy e -
L .

j32;ff'

fvand chromatographed descendlngly on Whatman lMM paper 1n;“r'

"fgiBAW, forestal, and saturated phenol The aglycones wereghii

,,

[also chromatographed 1n 15% acetlc ac1d to ensure that

R

dlthe sugar had been llberated durlng hydroly5ls

R ]

A: The lower aqueous layer contalned the sugar compo—

"ffnent of the flavon01d glyc051des ' Identlflcatlon of the ’

"f-flavonOAd sugars was carrled out u51ng the procedures o

of Rlbereau Gayon (1972) Neutrallzatlon of thlS a01d1cj>:

usolutlon (although demonstrated experlmentally to be un—y:

.fnecessary for purposes of 1dent1flcatlon) was carrled out
on approx1mately half of the 1solated flavon01d sugars
ELchloroform ‘ Twenty f1ve mls. of thlS solutlon was par—
1it1tloned agalnst the a01d1c aqueous suqar fractlon, the

:glower phase, contalnlng the neutrallzed sugar solutlon,p3

"'was then evaporated to dryness oThe sugars were then

e

redlssolved 1n a mlnlmum ‘amount of 80% methanol and spot—
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spots 51de by 81de) on half sheets of whatman

flMM pa er w1th the lower edge serrated Flve ul of a
of these spots. In addltroh, a thlrd solutlon,;:

: con51 t1ng of a mlxture of flve common sugars (glucosepen »
fﬁ rham ose, nylose,‘galactose, arablnose) in 10% lsopro— |
:,_panol was applled next to. the prevrously mentloned

l:spots._ Descendlng chromatography was then carrled out ‘in f

v_éO% 1sopropanol for 36 hours. /Nextd the sheets were alr;‘hv.'

'udrled dlpped 1n anlllne hydrogenphthalate reagent, and :’éjf'
.heated in an oven at 55°C for twenty mlnutes ln order to |
‘detect the sugars present »Rg S were calculated for St

4veach SUgar and colour reactlons compared w1th those'

reported by Zwelg and Sherma (1972) :ﬁl»d«‘f_,‘nﬁ.f-'-}‘;" quﬂi";

After the 1dent1f1catlon of the COmpounds of the.
flve selected-populatlons was completed, ‘a chromato—:‘
b}graphlc analys1s of the spot patterns ofvtwenty four-
'b“other populatlons was‘conducted.r About lO gms dry'
fwelght of above ground flowerlng materlal was ground up.
Ylwlth about 250 mls ,of 80 ethanol : Concentratlon of the |
v.extract and determlnatlon of the d?tlmum'concentratlon
for separatlon of the flavonords were undertaken ln the:
_'manner prev1ously descrlbed vAfter{thefdetection'forb
. phenollcs and,?more spec1f1cally, for. flavonolds"was o

carr&e% out the spot patterns and colour propertles were o

noted. ThlS 1nformatlon was then compared to the master“

s
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chromatogram in order to determine the distribution of

the identified flavonoid glycosides. .

N




CHAPTER 3.

. .."

RESULTS.

3

Morphologlcal and Phytogeoqraphlcal Studles

Examination of spec1mens revealed seven morphologl-
- cally and geographlcally dlstlnct-taxa whlch,.to a large
| extent, correspond to the seven varletles recognized by
Barneby (1952) and Welsh (1963) The seven taxa were |
found to dlffer most 51gn1f1cantly in habltat leaflet
‘number, stlpule vestlture, number of flowers per raceme,l'
pod texture}‘as mell as‘corolla colour and length-of the'
 keel. - THe morphologlcal dlfferences are summarlzed in
'lTable 4; they represent both vegetatlve and reproductlve
phases of the llfe cycle._ Propagatlon in controlled
env1ronment fac1lit1es ‘has 1nd1cated that these charac—»
ters are not affected: by varylng env1ronmental factors 5ﬁf:
and therefore reflect genotyplc dlfFerentlatlon. |

Cytologlcal Studles

Cytologlcal 1nvestigation confirmed“the observation
_’of‘Ledingham (1960) who noted that,morebthan one chromo-
some number was present in Oxytropzs campestrzs (L')DC.

- gensu Zato, Indeed the data from the present study
'(Table 5) indlcate that at least three chromosome numbers
(32,'48, 96) are-present ln the speciesias_deflned'bv

Barneby (1952), Welsh (1963), and Boivin (1967). These

S35
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numbers represent the tetraploid (32), hexaploid (48),"

.and dodecaploid (96) condition and indicate that Oxzytropis

campestris (L.)DC. consists of a eupolyploid serieg in

L

northwestern North America. The collections from

[} . . 0
these chromosome counts were obtained are listed in

Table 6. L .

&0 a,

v The morphological taxa are generaldly correlated with
chromosome number. Two taxa,‘however, are known to have
Pmore than one number; theetaxon gnaczlzs has both 2n=32

~

’ and 2n—48 wMQI% the taxon varians has 2n=48 and 2n=96.
Map 3 shows the distribution of the chromosome numbers R '~",{?
in the taxon varians. Thase data represFﬁt publlshed Lo ‘ >
chromosoge co%nts (Tgble 3),.the ;ithor 's chromosome

counts (Table 5), as well as chromosme numbers 1nferred

o

by guard cell measurements (Table 8).

.P’

. Py - : i ;;‘_ B
Analysis of the karyotype was qﬁgducted after: treat-

4

ment with 8—hydroxyquinoline for only the taxon cusigkit

(2n= 48) and the, taxon graczlzs (2n=32). Observations of . «

chromosome morphi}ogy (Flguré 1) indicate that the medium-

sized chromosomes are of fairly unlﬁorm length with median

‘ 1
s L i R S VR oo S ;
B 4 LR AR

or sub—median centromeres. This condition, as noted by
Stebbins .(1971), is characterlstlc of a symmetrlcal karyo- - ,

1Rlized membersuof a

type c8mmaonly assoc1ated with uns

family or genus. This contrasts with t asymmetrical

o <

karyotype where arm\ratlos and the relatlve lengths of

.
[}

f\the different chromosomes are heterogeneous. Asymmetrical v

O

3
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" TABLE 6.

Collections offwhioh*ChromQSQme'CoUnts_areVBased

ey

-f.Alaské WJE #2

.June 28, I976

'WJE #452, Carthéw Mt., Waterton Park, July 12, 1977.

0

WJE #306 mlle

Alberta: WJIE #

August 28, 1976;
min, June 24,gl

AuguSt 13, 1976;

49, Tok Junctlon, June 24 1976 ~WJE #268,,_ 5
'elMoose Pass, June 26, 1976f'

WJE #299, mlle 307 TAPS Hwy July 3, 1976;

&

’\CT

WJE #281 s. of McKlnLey Park,

322 TAPS Hwy., July 4, 1976.

00la, 004a,
\WJE $025,
9763 WJE 40

WJE #053,

Prospect Creek Rd., Cadomin,
217 Whltehorse Creek, Cado--
43a, ﬁwy $1, W. of Calgary;

060, Kananaskis Rd., July 15,

1975; WJE #110, Signal Mt., Jasper Park, August 23, 1975;

WJE #222, Prosfect Creek Rd.,

British Columbi

‘North Dakota'

~July 9, 1976.

Montana: WJE- #

ness, August 11,

Park,, August 13,

1977.

k)

o~

6, 19é§§ %%

Te

099a, Iooa};
1976 WIE
»1976} WIE,.
uRr

ol

WJE $#177, 18

“v

Northwest Terrrtorles: WIE

a: "WIE %342,

©°

nCadomin} June ‘16, 1976;.

oy o v
it )

343, mile: 403, ALCAN‘Hwy.,
.

i

g

. T v i
(¥ . ;T .
° R “ ‘ ER T
. ta PRIt -a 2t

Goat ﬁlats, Anaconda Wilder-
#387 389, Mud Creek,aGlaC1er

#442,,Glac1er Co., July 9,q

?z

JI‘

fﬁ Glep Ullln, Morton Co., May °

wb
il
© -

3

:.‘ 3 - . ,2 i
#471, 472,%Dolomite Lake,

40, -



we

| < R
 TABLE 6. (cont.) -

P o, 5! P N
'y . . s . 2

" Inuvik, July 5, 1977. R , ;;25,_J‘f;.‘
.'Sa$katcheWan: WJIE 4190, Broadview;fMay 27;»1976Qv'? .

Y

A
¢

»

" South Dakota: WJE #162," 169, 170, Hwy. #16, Custer Co.,

Black Hills, May 25, 1976.. - S
. i PR . / - “,

‘o

Washington: cWJE #354, 356, Hurricane Ridge, Olympic,Park,

August 6, 1976. -

Wyoming: WJE.¥154,DA15any.Co.: May 24,»1976¢' .

g <

Yukqn Territories: WJE #237, Kiuébeé%ake; June %ﬁ,'1976;

WIE #321, mile 82, Dempster Hwy., July 6, 1976.

73
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-‘F'I_-GURE R
Somatlc Chromosomes of certaln taxa 1n the Oxytropts ;5>__

;/campestr s. (L )DC complex ln northwestern North Amerlca

" Ozytropis éampe§tris (I¥) ¢ var. gractals (A. Nels 3 Barneby

WJIE. §043 near’ Morley, Alberta
' 2n=32 '
. / Y e -
¥ o N
&
;
4-
ytropzs campestrts (L. )DC var. cuszckzz (Greenm ) Barneby
WIE $£452 ~ Carthew Mt., Waterton Park Alberta
~ 2n=48
’ _;:'-\‘».,;,i -




‘f;fspec1allzed members of a supraspec1f1c taxon.

Q;karyotypes are characterlstlc of the more;&dvanced or i

.‘.»

Attempts tomobserve melotlc palrlng follow1ng flxa—fh

1 - ; P

"Guard Cell Measurements }:gff ;Kf,fl'

futlon of flower buds in acetlc alcohol proved unsuccessful»mﬂffﬁ

Guard cell measurements lndlcated l) a p051tlve cor-jj h

o

";»'relatlon between guard cell 51ze and p101dy level ln the |

i, _L_u :

two taxa (graczlzs and varzans) w1th two chromosome num-h“‘w*

‘”,bers, 2) no slgnlflcant dlfference between the mean guard .

”ﬂd

2

cell length of ‘the. dlfferent taxa sharlng the same chromo—ﬁ3”°ﬁ

“.some number, ‘and 3) that guard cell length in all taxa fgf

was p051t1vely correlated w1th p101dy level.;x*u~

Wlthln the tax » frgczlzs, the mean guard cell leng}h”

fbr the tetrap101d was ll 71 mlcrons (N 485) whlle the d

dent s t test showed a 51gn1f1cant dlfference (de—O 04

t= 42 7) between the two means at the 0 f,Slmllar

statlstlcal procedures demonstrated that the mean (13 18

_ mlcrons) of the hexap101d of the taxon varzans dlffered

31gn1f1cantly (sdx= O 039, t= 50) from the mean guard cell

length (16. 06 mlcrons) of the dodecap101d _a;tgﬂf;;,,}yiffhf

1_'mean for the hexap101d was 14 24 mlcrons (N—75) A stu—> -

The flve taxa w1th unlform chromosome numbets dld Ll"'

not dlffer SLgnlflcantly when\thelr mean guard cel

were compared to the means oﬁ#ﬁther taxa sharlng the"

same. p101dy level Thus the taxa Jordaltz, davzszt,.and
\ B
dzspar all share the same chromosome numher (2n—32)

lengths B

)



;:-:Qflvely

_fwhlle thelr respectlve mean cell lengths are ll 48vmlcrons
‘1(N 176), ll 9l mlcrons (N 100), and ll 81 mlcfbns N—75)

hijoth 2n 48 the*taxa coZumbzana and cuszckzz have means

”1ndof 13 41 mlcrons (N-77) and 13 62 mlcrons (N—350) respect—_f

“.‘;J-. RN

Collectlve analy51s of the guard cell length data 1nd1—f'ffiﬂ

v'fcated that cell 1ength was 51gn1f1cantly correlated Wlth

Y”Vchromosome number. Table 7 llStS the statlstlcal results

C e e

;i.jwhlle Flgure 2 1llustrates the srze frequency data graph—r'{fbﬁ

.‘llcally _ Over two ¥housand measurements were taken

.’_Q,"

e

Statlstlcal comparlson of guard cell length between'“~
p101dy levels 1n the Oxytropzs campestrzs (L ) DC

' complex 1n northwestern North Amerlca

S T 7;&"[' - : IR BERNE
f~jC0mparison Af% , Standard DeV1atlon coso 0t 'value
s SRR o between means (de) '

2n=48 : 2n=96 . . 0.033 - 55,75
=32 s 2n=96 o 0.034 g3

£

: i?

The s1gn1f1cant dlfferences between mean cell lengths
"made p0851ble the determlnatlon of p101dy levels from ;""

wherbarlum spec1mens (Table 8) Only those spe01mens _:

* I',.. :
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2n=4x=32" @

N : v

2n=6x=48h A‘

 2n=12x=96 M-

FIGURE 2.
' Oxytropzs campestris

10 5 14
' Guard Cell Length (mlcrons)

B CERT S S I

Guard Cell Lenqth Frequenc1es in the

(L.)DC, Complex in’ Northwestern-
North Amerlca ‘
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fchromatographlc, hydrolytlc, and optlcal procedures.'

S
49.

in which the average cell length was within 0.75 microns /~

"of the predicted meaanere’used; : BN

Chem1ca1 Studles

The chemlcal aspects of. thlS 1nvest1gatlon involved .
detailed analysls.of ‘the flavon01d_const1tuents in five
populations. These five populations were’deliberatelyb

chosenlto represent-fournof the‘morphologicalftaxa, the . .

‘,three»ploidy-levels, and material from glaciated and

iunglaciated regions of the continent. Figures 3-7 and

Tables 9 13 show the flfty elght compounds that were -

extracted, purlfled and characterlzed u51ng Varlous ' Ty

Comparlson of these data reVealed that at least

thlrty three dlfferent flavon01d glyc051des were present

‘ an the populatlons sampled (Flgures 10-42) . A total_of

seventeen flavone glycosmdes were found (Flgure 8, Table

14) whlle the remalnlng s1xteen compounds (Flgure 9, Table 'K\Q

'15) were flavonol glyc051des.' Aplgenln and 1uteolln were
'the two flavone aglycones 1dent1fled- 51mllarly, thereo

- were only “two flavonol aglyizneS~ kaempferol ‘and querCetln.-'

Four glyc051des ‘had unldentlfled aglycone components.

o\

Only three of the flve populatlons examlned contalned

-glycos1des oﬁ all four known aglycdnes. The: sample pop-
ulatlon of the taxon cuszckzz 1acked aplgenln glyc051des
‘whlle that of the taxon jordalzz lacked kaempferol gly— -

:cosldes.
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Oxytropzs campestrzs (L. )DC ar. davzszz Welsh
‘Leafl. West Bot., (10:25. 1963. . =

AR S . . .
) e I M . )

o * Acaulescent -herbs from a branc% caudex,
leavVes 'pinnate, 4-10 cm. 'long; lkafldts 25-51,
;"ovate to lanceola e, someAfa51culate 5-9% mm. -
~long, 2-3 mm. broad, acute, pilose abeove and :
- below. with simple halrs, leaf~-rachis and petiole
grooved ventrally, strlgulose to pilose; sti=
.pules 12-14 imim. long,. the free ends 5-6 mm.
. long, sparsely pilose, c1llate, clavate processes
A‘often pPresent; gcape 5-1m4 long, strigulose;
riceme 2-4 cm. long; 10<16° flowered petals
pink-purple; calyx cxllndrlc, with dark and
light hairs, tube 4.2-4. 7> mm. long, teeth 1.5-
- 2 mm; long, chromosome number, 2h=32; gravelly
¥ disturbed habitats 1n n@rtheastern British - L,
Columbla.A _ . q
Holotype:.' mile 403.4, ALCAN Hwy., British -
. Columbia; 1962 "R.J. Davis 6076
(BRY)' s ¥ ' "

1
v

d. Jordali< subsp. daozszz was flrst dqscrlbed as a
varlety of 0. campestrzs by Welsh (1963) Dlstlngulshed
by commonly vertlcellate leaflets and pink—purple'flowers,
'iﬁ:demonstrates affinity with subsp. jordalii by its
chromosome number (én=32),‘pink-purple flowers( and small
papery legumes Subspecies davisii is festricted to the
area around northeastern Brltlsh Columbla (Map 8) where
its occurrence suggests Plelstocene surv1val No detalled{

‘ flavon01d data was‘obtalned.

a



PLATE 8. _
iTYpe'spécimen of Oxzytropis jordalii Porsild
subsp. dqvisii (Welsh) Elisens .

N






rcampes lts sensu Barneby (1952) and Welsh (1963) repre—f‘
sents a wature polyp101d complex (Stebblns, 1971) Whlch
-has undergone several ycles of polyp101dizatlon followed
by perlodslof dlve 1f1catlon and dlfferentlatlon. Slnqe
trends of polyp101dy are generally ffﬁ lower to hlgher
Alevels, polyplold complexes are pa%tlcularly useful in
analy51s of problems of plant geography and phylogeny
?Stebbins §l97l).states‘that most mature compLexes ergln;
atedAdu#lng +Me Pliocene or Pleistocene. Indeed, .the‘
'rela@aVe anthulty of thlS complex is lndlcated by the
fact tﬁat there is nofextant dlplOld (2n~16) Oxytropzs

f.51m11ar to any of thektaxa The species w1thlthe lowest

"ecol%glcal extremes. The varlable 0. graczlza w1th its
. v : ; )

many [leaflets, numerous ochroleucous,'whitlsh, or pinkish
‘flowlrs,*and'smalI‘chartaceous pods 'is probably most sim-

ilar:

to a hypothetlcal proto campestrts a(F‘lguré/44)

| Surv1 al south of the glacial margip is suggested by its
prese t distribution. On the other hand, the low-Statured,
alpln% taxon 0. jordalii, with 6—12.small flowers per
-racemé, is ecologically and morphologlcally SpeClallZed

Its narrowly restrlcted w1dely dlSjunCt dlstrlbutlon,,

conflned prlnc1pally to unqlac1ated areas, suggests thﬁt

-wb

Rij

182,
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1t could be con31dered ‘a patroendemlc (Favarger and Con—o

tandrlopoulos,,1961) 'EAﬁ,u L M‘_,; " ' :

¢ . - o &

[

Morphologlcal 51m11ar1ty (for-example,,the large'

H-number of leaflets, numerous flowers, small chartacepus .
' [EEPN v

pods) 1nd1pates that 0 varzans (2n—48, 96) and=the Eur-

a51at1c 0. campestrzs (2n—48) are qlbsely related t§~0. ' f <

graczlzs (2n—32,v48), The data of the present stLdy, how—. '

ever, suggest that these three taxa dlverged ecologlcally,

geographlcally, and cytologlcally and have had very dlf-

ferent evolutlonary hlstorles..’The chang1ng eUVLronments
vand subsequent contractlon and 1nterm1x1ng of . fldras

v

S characterlstlc of the Quarternarv mlght explaln the rela—

1
. tlvely rapld evolutlonary dlver51flcatlon w1th1n thls

polyplold complex.ﬁ For example, the dodecaplord race '
of 0. varzans is p0351bly of recent hybrld origin and is l .,
‘ Stlll expandlng 1ts nange.xi.;;,

’ In marked contrast the dlfferentlatlon of 0. éusickii
(2n—48) and 0 columbzana (2n—48) from 0. graczlzs was, ‘
perhaps, pre Plelstocene and a result of the late Tertiary

'orogenles in‘vgstern North Amerlca. Thls 1ong perlod of
‘1solatlon and evolutl n mlght éxplaln the morphologlcal _. ”-
and ecologlcal.dlstlnctlveness o@ these taxa. ‘

The present 1nvestlgatlon does not presume to have’
resolved all the problems in thlS w1despread and poly— “. v L

morphic complex. It does, however, pr0v1de some gul—.

dance for an*approprlate reclassrflcatlon. Neither the

4
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““.'modernﬁéeneral practice‘of ecognizing'onlyJaASingle

hlghly varlable specxes nor that of older workers,'who.

Yecognlzed many spec1es, was’ adopted As 1s so then thev

ekl \»,

2
ifome of systematlc research a mlddle ‘course has been

a‘ - Key to theFOxytrogis campestriSwoompleX'in ~"_ o

northwestern North America

B

'Stipules generally bearlng clavate processes on

- a .

L the .margins of the free blades; . plants found -
‘north of 56° N. (except locally-in the Alberta
-Rockles), Alaska, ‘northern Brltlsh Columbia

. tor western MacKenzie di trlct N.w. T..

. ’: - - v . . .--o.ooa.ob
'bi- 1leaflets commonly whorled; corolla plnk, ,
purple; plants of gravelly disturbed habi-
tats\ln northeastern Brltlsh/Columbla
,.f\jYOxytropzs Jordalzz subsp. davrszz_
. ‘ sz‘ﬁrleaflets not whorled; corolla yellow, white,
Q£;~J— o or, if plnk~purple, the dlstrlbutlon not
- : . as above e _ , - an
E o a'o-o.-ao.og;
v Cy "racemes lO 25 flowered flowers o
“ ' 2,'mostly 12~17 mm. long; . leaflets 19- 45
7 «+ s Oxytropis varians
; KR goz . racemes 6-12 _flowered; flowers
LT : mostly 14 mm. long or‘less;’leaflets ;
..Oxytropzs Jordaltz su sp Jordalzz
a, - Stlpules generally lacklng clavate processes on

~ ‘the ‘margins of the free. blades; plants found
south of 56° N.; British Columbia, Oregon to i R
Manitoba, northern Colorado . o w
| E -coooooo-"-d )

s . < S, . | ’



leaflets 7-17; planks of low alpine habi-
tats in the Rocky-Mountains or riparian
habitats in northeastern Washington and
northwestern Montana :

[ o ' . . -c.-.n:cnce

petals white,nbluefveined,,with pro-
minently maculate kee®; scapes 13-30
‘cm.; tall plants of riparian habitats

in northeastern Washington and north-

western Montana

. “esee.O0xytropis columbiang

oopetals yellowish,  rarely, if ever,
s faculate; scapes 5-19 cm.; low alpine
;gﬂ?ﬁ»lants'of the My Mountains -
: o »E%gya RN tropis cusickii
=N

leaflets 17-33, or, if less, than plants

of middle elevations in northwestern Wash- ,

ington and British Columbia; plants of
prairies,,openywoodland, or mountain mea-

dows °
I......llﬂif
f1 corolla pink, purple)norwpolycﬁrpme;
pod coriaceous; prairies of North
. Dbakota : : T ;
;;...OxytrOpis.graciZis subsp. dispar
f2' corolla whiti&h or-ochroleucous;;pod

chartaceous;,prairies,-open-woodlapd,
: and mountain meadows from British
T Columbia to Manitoba, south to Colo-
' rado : . :
-« .0xytropis gracilis subsp. gracilis

[
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APPENDIX



'REPRESENTATIVE SPECIMENS

,Oxytrapis~variqns-(Rydb,)fKﬁ'Schymg

N - /

g

: /
Alaska: Jago River, J.E. Cantlon & W.T, ' Gillis #57- 743

(CAN); -Chltlna River, H. M Lazng‘#125 /(CAN); Lake
Schradér, north $lope, L.A. Spetzmanf;518 (CAN) ; Umiat;
I L. Wzggzns #13878, (CAN),‘ Fa1rbanks,~E Seamman #1654,
(GH); Firth and Mancha Rlvers, E HuZten #62767, (BRY);

. Ogotoruk Creek, J.G. Packer #2582 (ALTA) ; Richardéon
Hwy., E.QScamman #4622, (GHbﬁf Gu%kana, E. Scamman #4547,
(GH) . ) - o~

British Columbia: Cassiar, J. W, Eastham #389 (CaN) .

Manitoba: Church111 G/”M Keleher #31, '(CAN).

NorthwestﬁTerrltoriesy/ Hayes River,'H.J. Seoggan #5893,
‘ 7 y : |
(CAN); Ewariege Lake, V. Hawley s.n., (CAN); Richardson

Mts., J.G. Packer #1371, (ALTA): Dolomite Lake, Inuvike

W.J. Elisens #465’ (ALTA); Great Bear Lake, Y.Z. and R.T.

Porsild #5328./(CAN)

/

Yukon Terr1tor1es~ South shore Xluane Laké} W.d.\ Ellsens

#2534,/ (ALTA); Bear Creek, mile 1021 ALCAN Hwy., H.M. Raup,
W.H. Drury and K.A. Raup #13136, (CANY; Miles canyon,
Whitehorse, ¥.0. Malte #336, (CAN); Naines Rd., Dezadeash,

AvE. and R.T. Porsild #22308, (CAN)
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efOxytropis gracilis (A. Nels.) K. Sehum.'subsp. gractlis -

Alberta: Plncher Creek, E. H. Mose #114 (GH); “Blair-

more, A.S. Pease‘#22545, (GH) ; west of Calgary, Ww.C.

ks,
McCalld #8749, (GH); Entrance, M.G. Dumais & K. Anderson

#2450, (CAN). o
British‘éolumbia: AReremeqs; H;J, Seoggaﬁ #16030, (CAN);
savona, C.L. Hitchecock & Jﬁs. Martin #7396, (GH); Kam-

loops; J.W. & E.M. Thompson‘#45, (CAN) .

Coiorade: Fraser, Grand Co., S.L. Welsh &eL.A. Charefte

#1261, (BRY).

Manifobe: Riding. Mountain Park, G.B. anbey #2881, (CAN); .

Miniota, H.J. Scoggan #11199, (GH); Cowan, H.J. Scoggan &
W.X. Baldwzn s.n., (GH). | |

- Montana: St. Mary s Lake, Glacier Park, B. & R. Maguire
v.#f5539,-(GH); Westby, E.L. Larsen #10, (GH). ”

-SaskatcheWan: Saskatoon, G.W. Argus #9069 (CAN); McKague,

4.J. Breitung #1218, (GH). | | y

South Dakota: Nemo, .Lawrence Co.,.SfL. Welsh #994, (BRY).

washington: Okanogan Co:, H. St. John #7703; (GH) .

Wyoming: Laramie Range, Albany Co., C.L. & M.W. Porter
#9824, (GH); Four Corners, Weston Co., C.L. Porter #5340,

(GH) .
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Oxytropzs gracilis. (A Nels ) K.cSchum ”subsp.‘,.. S

dzspar (A NEIS ) Ellsens Ch

‘North Dakota: Glen uliiﬁ,'W.J, Elisens #186, (ALTA);
Belfield, 0.4. Stevens #501 (GHY) 3 Leeds, Benson Co., .

S.L. WeZsh #678, (BRY). .3 | R SR
OxytrOéis cusickii Greenm.

_Albérta: Snow Creek (Pass, Banff Park, 4.F. Porsild #21424,
R ‘ - ' ‘: : .
(CAN); Mt. Cheviot, Cadomin, W.J. Elisens #011, (ALTA);

Mt. Carthew, Waterton Park, W.J. Elzsens #130 - (ALTA) .

Brltlsh Columbla Qulnlscoe Lake, Ashnola Range, J. A

Calder #19599 (GH) . o | e * -

AMontana. Beartooth Mountains, Carbon Co., 4. \Créhquist
#7988, (GH); Anaconda—PintlaryWilderness;'Beavérhééd Co;, "
C.L. Hitehcock & C.V. Muhlick #12861, (R@y. » |
Oregon: Ameroid Laké, Wallowa.Mts., Wallowa Co.,.A.R.

¢

Kruckeberg s.n., (RM).

Washington: Mt. Wow, J.W. Thémpson #12578,‘(%9TA)5
ﬁeliotrope Ridge, Mt. Baker, . We<tman #10591, (GH).

N . , . ,
Wyoming: Warren Peak, Crook Co., C.L. & M.W.'Portgr
#10&30, (GH); Medicine Bow Mts., 4. Nelson #9228,_(GH{;
Boyd, Weston Co., A. Nelson #9433, (GH); qannett Peaky"

” Fremont Co., F. Jozwik‘#417q (GH) . | » ’ oo ' .
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y’ . _ Oxytropisiéblﬁmbiaﬁaast‘ John
. Montana Mud Creek Glac1er Park, W.d. EZLsens #387

o a "‘"O ; \/\\

(ALTA), Blg Pralrle, Glac1er Park L H parvey #5686

- (M(DNTU) |
‘ ‘Washlngton Kettle Falls, Ferry Co.,

(GH);

H.T. Rogers #426,
Glfford Stevens Co

, L. Boner & V. Weldert #Zad,v
(GH) L N ) ‘ . . . \\
- UL SR PR
Oxytropis jordalii Porsild subsp. jordalii- = |
Alaska: Wlseman, H.M. Raup & A:d. §oper #9427,
Juneau,

M WzZZzams #1397
JordaZ #3644

(GH) ;

(GH) ; Arct1c,V111age,>LlH,

" (CAN) .
Alberta: “h

Mt. Cheviot,, near. Cadomin,
(ALTA) . |

W.J. Elisens #224, x
British Columbia: Mt. Mansfield, Faines Rd.,
(CAN) . -

J.Sias #19,
Northwest Territories:,-Richardsoants.,

S.I. Welsh & St
Tk Rtgby #12062 (BRY)f MaCKennie.Mts., AaEf‘PoréiZd_r “ \
& A.J. Breitung #11817 (CAN);» mile illE; Canol Rd., | ' v R
V.C.'Wynne-Edwards.#5346. (CAN) . o t, >1 ,‘n - :k
Yukon Territories:  mile 81) Dempster Hwy., R}T‘ Porsild -‘a
#1486, (CAN). LT | e — 1\
|



. é&f SR OxytrOpzs Jordalzb Pors;ld subsp_ X 'v] i“ "~‘?v_ 'x
. v-,v .v | davzszz (Welsh) Ellsens '_fk o
N S - N y

'fgrltlsh Columbla./ mlle 403 5 ALCAN H

Wl

< W J Elzsens

i #350, (ALTA),‘ mlle 588 5 ALCAN Hwy.," L WeZsh & G

9

Moore #7440, (BRY); mlle 160, ALCAN wy.; S.I. WeZsh &
"G. Moore #5431, (BRY) |  ::;“ .
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