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ABSTRACT 
l~ , 

~ -. 
'" The Carduus nutans L. complex. ln North Amepea has been 

. ' 
treate~ elther as one speeles wlth f~r subspeeles (ssp. 

, 
nutans, ssp. lelophvllus (PetrovIC) StOJ. &. Stef." ssp. 

t • 

maerolep\$ (Peter.) Kazml, and ssp. maeroeephalus (Desf.) 

Nymant or as three specle~: C~rduus nutans W1~ two subspeeles 

(ssp. nutans and ssp. maeroleP1s), Ç.. thoermer1 Welnm, an'd C." ,-

màC:l-oeephalus Desf.. A b1osystematJ.e study' of thlS complex. 

~ .inciuding ~orp~ologlcal, fiavonold and Y90enzyme analyse':i. of 

19 populatIons, was condueted ln or der to elarlfy tl'\e tàxonomy" 
tr 

of th1S complex ln Canada. 80th the morphol~glcal and 

~lavonold anal~ses clearly lndlcate t~e e"stence of only two 

closely related grpups of~axa referable ta ssp. nutans and 

ssp. le1ophyllus. 
/" 

.J ( 
The class1fIeatory dIscrImInant analysls 

" 
showed that ln t~ese two taxa only 6% of the Indlviduais were 

ml~classified. Each taxon lS character1zed by a flavono1d 

,profIle. Given the hlgh genetie 1dentity value (Ï=O.93) 

between the two taxa in the complex, and t~e estlmates of 

genetic VarlabIl1ty obta~ed, ~he taxa are best treated at the. 

subspeClflc.level, as ssp. nutans and ssp. lel·ophy·llus • 
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RESUI'IE .. 

1 , 
Le complexe du Carduus nutans en FmerlQue du Nord a été 

traité soit comme Quatre sous-espèces (ssp. nutans, ssp. 
p 

lelophyllus (Petrovic> StOJ. ~ Stef.~ ssp. macroiepis (Peter.) 

Kazml, et ssp. macrocephalus (Desf.) Nymanl ou comme troIS 

~spèces: ~. nutans âvec deux sous-espèces (ssp~ nutans et ssp. 

lelophyllusl, ç. thoermerl ~einm., et ç. macrocephalus Desf .. 

Une ëtude de la biosystematlque de ce complexe au Canada a été· 

entreprlse dans le but d'en clarlfler la taxonomle. Cette 

étude comporte des anal~s sur la constl'tutlon en flavonoldes 

, alnsl que des an~ses morphologlques et électrophorétlqu~s 

,,'{ portant sur 19 populations. Les analys~; sur la constltution 

J en /lavonO-ldes et les analyses morphologlques lndlquent la 

. ' 

A présence de deux proches taxons au Canada. L'ànalyse 

\ 

dlscrlminante lndlque que seulement 6% des lndIvldus sont mal 

classés. Chaque taxon est caracterlzé par un proflle des 

flavonoldes. Les analyses ilectrophorétlques quant ~ elles ne 

permettent pas de dlstlnguer les deux taxons rëvelés pa~ les 

deux autres types d.'anaIYS~réquen~e alléllque des 

enzymes étudiés n~~'lant sufflsemment d'un taxon a 

l'autre. Ll varlatlon obtenue ns les analyses, suggère que 

les deux taxons reconnus dans le compt;-4-du ~. nutans, SOlent 

... traités au niveau sous-speclfique c'e~-dlre commme ssp. 

nutans et ssp. 
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FORB4ORD 

This thesls 15 5ubmltted under the form of a single 

manuscript accordin~ .to the condItions outlln~ln the l' 

- ~uidelines concerning thesI5 preparation, WhlCh are as 

follows: \ 
"The Candldat~ ha~ the OptIOrl', subJect to thé approval of 

the nepartment, of includlng as part of the theslS the text of 
an orIgInal paper, or PaAers, sUltable for submlssion to 
learned- Journals for publlc:ation. In thlS case the thesls 
must still conform to aIl other requi.rements expiainecf' ln 
GUldellnes Concernlng TheSl5 PreparatIon. Addltlonal mater laI 
(experlmental and deslgn data as weIl as desc~lptlons of 
equlpment) must be provlded ln sufflclerlt detall to allow a 
clear and precIse Judgement ta be made of the Importance and 
.orlglnallty of the research reported. Abstract, full 
Introduction and conclusIon must be "lncluded, and where more 
than one manuscrlpt appears,-connectlng texts and common 

~ , abstracts; Introduction and cOnClUSIOnS are requlred. A mere 
collec~lon of manuscrlpts ln not acceptable; nor can reprInts 
of published papers be accepted. 

Whlle the Inclusion of manuscrlpts co-authored by the 
candidate and,othèrs lS not prohlblted by MCGlll, the 
candIdate IS warned to make an expllclt st~tement on who 
contr~~uted to ~uch work and to what extent, and Supervlsoîs 
and,others WIll have to bear wltness to the accuracy of such 
clalms befor~ the Oràl Commltiee. It should also be noted 
that the task of the External ExamIner lS made much more 
dlfflcult ln such cases, and It lS ln the Candldate's Interest 
to make authorshlp l"'esponslbIlltles perfec;.tly clear." 

Although ail the 'work was under the responsablilty of 

the candIdate, the proJect was supervlsed by Dr. J.F. Balo 

from Macdonald College of McGi11 UniversIty and Dr. S.I. 

" .. 1 Warwick from Agriculture Canada (Blosystematlc ~esearch 
( 

Instltute, Ottawa). Consequently, both are co-author of the 

manuscrlpt submltted. This manuscrlpt WIll be submltted to 

the'Canadlan/Journal of 8otany. 
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1 NTRODUCTION 

The c:;enus Carduus is natlve te the Dld World where Its 
l , 

indigenous 'distribution extends over Europe, central ASla and 

East Africa. The first -revlsion of the entlre genus was done 

by Kazml (1963,196'4~, who recogn12~ed 91 speCles, 59 hybrlds 

and several Infraspeclflc taxa. Franco (1976) déscr,lbed 48 

species of Carduus ln Flora Europaea. Representatlves of the 

genus cover numerous geographlcal and/or ecologlcal ar.~as and 

several taxa. have become weeds. Sorne specles h~ve been 

Introduced in several areas of the world such as Australla, 

South Afnca, and North and South AmerIca (Kazml; 1964)'. 

Members of Carduus have been referred ta as the 

. 
plumeless thistles and can easlly be dlstlnguished from 

CirSlum, the 'true' or plumed thlstle, by thelr not havlng 

feathery pappus but rather fllamentous"halrS attached to the 

seeds: Baslc chromusome numbers of 8,9,' and Il have been 

reperted (Kazml, 1964). 

The species of Carduus were flrst lntroduced ta the 

east coast of North Amenca ln the late 1800'5 (Dunn, 1976; .. 
Moore and Frankton, 1974; Mulilgan and Frankton, 1954; 

Stuckey and Forsyth, 1971). As ma"hy as elght taxa have been 

descrlbed 11'1 North America. McCarty (1978) recogmzed seven 

species and separated them Into three groups: the slender-

flowered thlstle group (Ç,. tenulflorus Curt. and C. 
" -

(. 
pycnocephalus L.), the small-flowered group (~. acantholdes L. 

and ç. crtlSpUS L.), and the large-flowered group (~. nutans 

.t~ 
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L., Ç.. thoermen Welnm., and ~. mac:rocephalus Oesf.l.' Only 
> 

'. 
thre~ of these, spec l es are recogni zed l,.n Canada: ~. nu ta'bç" 

!;,. ac:antholdes, and Ç.. cnspus (Moore and Frankton, 1974; 

Mulllgan'and Frankton, 1954). 

TaxonomlC problems in North A~erlca'arlse only ln the 

" 
otreatment of the large-flowered Carduus group. In Kazml' 5 

(1964) monogiaph, this group 15 referred to as the series 

Nuta'ntes Kazml, and It lnciudes seven species. Franc~ (1976) 

descrlbed elght speCles ln thlS group. Of these specles, 

three (!;,. nutans'I Ç.. thoermerl, and ç. ma~'rocephalus) are 

recognized by Boldt (1978) and by McCarty (1978) to be present 

ln North America. In thelr treatment of Carduus ln Canada, 

Mulligan and Frankton (1954), and Moore and Frankton (1974) 

only recognlZf:d the eXlstencè of ç. nutafis ln the nutans 

group. 4'However, Moore and Frankton (1974) Included three 

subspeCles under !;,. nutans: ssp. nutans, ssp. lelophyllus 

(PetroVIC) StoJ. & Stef., and ssp. macroiepis (Peterm.) Kazml. 

ç. thoermeri 'is l1sted by the latter authors as a ~nonym of 

!;,". nutans ssp. lelOphyllus. McGregor (1986) partIy dlsagrees 

wlth the above treatments. In the reglOn cove.red by the Flora 

of'the Great PlaIns, he recognlzed ssp. lelqphyllus and 

Included ssp. macrolepls ln thlS taxon. He aIso recognlzed ç. 

macrocephaIus but at the subspeclflc level. IÇl North Amerlca. 

!;,. macrocephalus has only been described from the Unlted 

State'4!t. In splte of the dlfferences between these treatments 
{ 
1 

the authors aIl used the same morphologlcal characters to 

.. 

, , 
;, 

, 
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separate the tax~. Presence of pubescence on the plant 
( .? 

distlnguishes ss~. nutans and macrocephalus from the other two 

taxa and ssp. nutars can be separated from ssp. macrocephalus 
<If ~ 

based on lts smaller head dlameter and phyllarles. The two 

other",a, ssp. lelophyllus 

macrolepls are bath glabrous 

( 0 r ç. thoermer 1) and ssp. 

ta Silghtly pubescent and Moore 

and Frankton (1974) report that ssp. macrolWRls can be 

separated from ssp. lelophyllus based on lts larger head and 

t~ shape of the phyllaries. 

Clearly, the North Amerlcan treatmehts are not Inl 

agre~ment. Jhe maIn dlfferences_ are: \ 1) the taxonomlc status 

of ssp. leiophyllus and lts' relatlonshlp ta ç. thoermen, 2) 

the recognltlon of ssp. macroIepls ln Canada, and 3) the 

pres~nce of ssp. mac~alus ln Canada. 

In the Dld World there aiso exist contrastlng 

classlflcations of the nutans group. The maJor treatments 

that were examined for thlS study are the follo~lng: Arènes' 

(1949) treatm~nt WhlCh rev~ewed the taxonomy of flve specles 

of Carduus (ç. nutans, ç. acantholdes, ç. crlspus, ç. 

defloratus L., and ç. mgrescens V1Il.); Kazml's (1963, 1964) 

monograph on the genus Carduus; 'and Franco's (1976) treatment 

of the E~ropean membe~s of Carduus. ~nlY the taxa of concern 

for the North Amerlcan treatments of the nutans group Will be 

revlewed here. Ar~nes (1949) tr~ated the taxa ln the nutans 

group aIl as subspecles or varletles of ç. nutans (Table 1). 

8y contrast, ln this group Kazml (1964)\and Franco (1976) 
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TAkE 1 - COIlp~ri50n of the Old World tre~hlent5 for the nutans group • 

Arènes (lq4q) 
. ' 

~. ~ ssp. !y'-nutans Gugl. 

~. ~ ssp. !Y.-~ Gugl. 
var. typlCU5 Florl ~ubvar. ~ J. Ar. 

ç. nutans ssp. !y'-nutans Gugl. 
var. typlcuS FIOrl f. alblflorus Estival 

ç. nutans var. typlcuS Florl 
subvar. simplex {Coss. et Germ. 1 Chass. et J. Ar. 

Ç.. ~ Ssp. !y-nutans Gugl. , 
var. typlCU5 Chass. et J. Ar. f. alblflorus (Estl.) 
Chass. et J. Ar. 

ç,. nutans ssp. !y'-nutans Gugl. 
var. typlcuS Chass. et J. Ar. f. ~ (J. Ar.) 
Chass •• t J. Ar. 

Ç,. ~ var' alplna Gren. 

~ ç. ~ 5Sp. !Y.-~ Gugl. 
v~r •• acroIepls (Peter •. l J. Ar. 

ç. notans ssp. lelophyllus (Petr.l J. Ar. 

~. ~55p. lelophyllus 1P6tr.1 J. Ar. 
var. oetrovlCCl1 J. Ar. 

!;. nutans ssp. lelophyllus (Petr.) J. Ar. 
var. heldrelchll J. Ar. 

Ç,. nutans Ssp. leloDhyllus (Petr.l J. Ar. 
var. stribrnVl J. Ar. 

!;,. nutans up. ~-~ Gugl. 
var. klrahisens15 J. Ar. 

~ 

KazJlIl {\19ô41 

Ç.. nutans L. ssp. ~ 

--------

Ç,. ~ ssp. macrolepl5 
(Peterm.) Kazml 

Ç.. thoermerl Welnm. 

Ct 

" 

FraJ:\Co 1197bl 

Ç.. nuta"s ssp. outans 

'-

• 

00e5 not mention thl5 ta.on 

Ç.. thoermerl Welnm. 
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recognized,three species: ~. nutans, ~. macrocephalus, and 
,-

5 

ç. thoermerl. Kazmi (1964) included two subspecles unde~ ç. 

nut.ir,s <ssp. nutans and S5p. macrolepls), whlle Franco did Ilot 

mentlon ssp. macroiepis ln hlS treatment. The morphologlcal 

variatIpn among the taxa 15 continuous and bath Arènes and 

Franco agree that the nutans group ln the Dld World Includes 

taxa that are dlfflcult to recognlze and that only a few 

extreme taxa can be easlly Identlfled. Thus ln both the New 

and Dld World the nutans group 15 a poorly understood complexa 

Several blologlcal aspects of the group have been 

documented whlch serve to further demonstrate the group's 

varlablilty. In most of these studles the taxa were referred 

to as ç. nutans ~.l. or as ~. thoermerl ~.l .. S~dles WhlCh 

Investlgated the llfe cycle patterns of musk thlstle (Lee and 

Hamrlck, 1983; McCarty and SClfres, 1969; McCarty et ~., 

1969;) have aIl reported that musk thlstle acts as a blennlal J 

wlnter annual, or as an annual. The flowerlng perlod of the 

plant differ5 accordlng to its geographlcal locat10n. In 

Kansas and ln Nebraska, flowering may start as earlr as May 
1 

and June, and may contInue for as long as elght weeks 

dependlng on the weather condItIons (Lee'and Hamrlck, 1983; 

McCarty et ll. 1984). In Canada, HarrIs (1984) observed that 

ln Saskatchewan ç. nutans had 

period which fl~lshed by the 

a short and Intense flowerlng , 
end of July. Poillnation ln 

musk thlstle 1S accomplished by sever~lnsect specles, 

predominantly Bombus spp., AplS spp., and Lepidoptera (Smyth 

.-/ 

.é *, 

, , 

'-
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\:: "Ha.riek, 1984)" [t is primar il y an o~teroooing opee les 0 

but is ~lso self-fertlle, particularly in northern populatlons 

(McCarty et li., 1980; Smyth and Hamnck, 1'984; Warwlck, 
" 

1987) • 

A number of studles dealt wlth seed productlon, 

germinatlon and dIspersal ln thlS speCles (Hamrlck and Lee, 

1997; McCarty, 1964; McCarty 1982; McCarty and SClfres, 1969) 
1 

Smith and Kok. 1984). Individuai plants l'lere +Qund to 

average nearly 10,000 achenes per plant (McCarty, 1964) and 

when Quallty of achenes and percent of germlnatIon.were taken 

lnto account, potentially more th an 3,000 seedllngs per plant 

could be produced (McCarty and SClfres, 1969). The achenes 

are malnly dispersed by wlnd. Based on results of a laboratory 
"t;. 6 

experiment SmIth and Kok (1984) reported that Most se~ds'were 
01. 

deposlted"wlthln 50 m of the pOlnt of release. McCarty et li. 

(1969) reported no Innate seed dormancy and that glven 

adequate mOlsture and warmth, seeds can germinate saon after 

dIspersal. 

Hamrlck and Lee (1987) and Lee and Hamrlck (1983) 

studied the demography of natural populatIons of ç. nutans ln 

eastern Kansas, and the physlcal envlronmental mechanlsms 

that Influence levels of germInatIon, survivai and growth l" 

a greenhouse experlment. Bath studles concluded that 

germInation can occur over an extended perlod of tlme and that 

optimum levels of germInatIon, survlval and growth occur ln 

mOlst envlronments where InfraspeCIflC competItIon lS low. 

.. 
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Austin et 21. (1995) aiso suggested that~. nutans tends to 

be a poor competltor ln a multispecies community. Lee and 
, 

Hamrlck (1983) found that Increased p~ant denslty leads to 

smaller rbsette sizes which ln turn negatIveIy affects seed 

productIon. Vanatlon in demography of musk thlstle was 

thought to be the result of phenotyp,c plasticity rather than 

genetlc differences. 

Although much lS known on certain aspects of the 

blOlogy of ~. nutans 2,.1. '{ery Il ttle of thlS Informat'lon has 

been Integrated wlth the taxonomlc treatments'of thlS complex 
'\ 

ln North AmerIca. ThlS paper presents the results obtalned 

from a blosystematlc study of the ~. nutans complex ln Canada 

and in two northern states of the Umted States. - The maIn 

purposes of thlS study were: 1) to determlne whether ssp. 

lelophyllus should be t~ea~ at the subspecific levèl or at 
"'-, 

the speclfic level (as\~. thoermerl), and 2) to determlne 

~hether ssp. macrolepls should be recognized in Canada. For 

thlS purpose morphologlcal, flavonold, and ~lectrophoretic 

analyses were undertaken • ... 

-

.+-
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MATERIALS AND METHODS 

,The elghteen populations of ç. nutans used for aIl • 

analyses were collected across Canada and ln the northern part .. 
of the Unlted States durlng the summers of 1985 and 1986. The 

location? are llst:d ln Table 2. Flower heads and seed heads 

were collected from 30 dlfferent mother plants ln the fIeld, 

and when posslble the flower and seed heads were collected 

from the same lndlvIdual. Leaf materlal was collected \n bulk 

for each populatlon. Voucher specImens were aiso collected 

from each populatlon and are deposlted at the MCGll1 

\ 
Unlver~lty Herbarlum (MTMG). An addltlonal populatlon; from 

Brltlsh Columbla, was used only ln the flavonold and Isozyme 

analyses Slnce only ?eed materlal was ~allable at the tlme of 

collectlon. AlI of the above collectlons were populatlon 

samples and will be referred to as such for the remalnder of 

the text 50 that they may be dlstlngulshed fram herbarlum 

speclmens. Herbar'lum specimens'were obtalned from ACAO, ~LTA, 

CAN, DAO, DAS, GFND, GH, KANU, MIN, MONTU, NFLD, QFA, QK, QUE, 
~ . , 

RMS, SASK, SFS, TRTE, UAC, UBC, UNR, US, USAS, WIN (Holmgren 

and Ke~ken, 1974). Some of these speClmens were used for 
(.,. 

morphologlcal measurements in order ta permlt a comparlson to 

be made between the populatlon samples and the prevlous 

taxonomic treatments. DetaIls fal)ow 1n the marphology 

section. 

\ 

\ 

... 

1 
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TABLE 2 - Collection sites of 
Carduus nutans used 

*231 - Chatham, Northumberl"l]1d Co., N.B., 
roadSlde (65°dS'N 47°00'W) 

*232 - Rexton, Kent C~., N.B., pasture 
(64 0 08'N 46007'W) .J 

of 

*243 - Glen Morrls, Brant Co., Ont., pastu{e 
(430 16'N 800 21'W) 

*245 - Kirkwall, Wentworth Co. Ont., pasture 
(43 0 21'N 8OO10'W) 

*246 - Acton, Halton Co., Ont., pasture 
(43°37' N 80002' W) 

248 

249 

250 

- Durh am CE of) Grey Co., Ont., pas ture 
(44°10'N 8OO49'W) 

- Durham (NE of), Grey Co., Ont:', pasture 
(44 0 10'N 8OO49'W) 

- Havelock, Peterborough Co., Ont., pasture 

9 

(44°26' N 77°53' W) \ 
*252 

256 

260 ,. 
261 
267 
269 
273 
280 
285 
297 
BC 

- Calgary, Alta, open field along the rlver 
(51 0 03'N 114D 05'W) 

- Flndlater, Sask., waste field 
(50 0 47'N 105°24'W) 
Reglna, Sask., along RIng Raad 
(50 0 27'N 104°~7'W) 

- Kaleida, Man., pasture (49°08'N 98°2B'W) 
- Morden, Man., pasture (49°11'N 98°06'W) 
- Walhalla, N.Oak., pasture (48°0B'N 97°09'W) 
- Gardar, N.Oak., waste fleld (4Bo06'N 97°08'W) 
- Eillston, Mont., open fleld (46°05'N 112' 04'W) 
- Ravalll, Mont., pasture (47C 03'N 114°01'W) 
- Montreal, Qué., waste fleld (45"'30îl! 73"'33'W) 
- Prlnceton, 8.C. (49°28'N 1200 30'W) 

" * Populatlons for WhlCh collection tlme neceSSl tated 1that most 
flower and seed heads be collected from dlfferent.mother plants 

." 

·l~~~:~ 
~; 
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Morphology 

Twenty-two morphological eharactersowere measured for 

18 individuals per populatlon; 15 quantitative and seven 

qualltatlve eharacters (Tabl~ 3>' ~asure the quantltatlve 

, characters, flower heads were soak@d in warm water for 

approxlmately fIve mInutes. For ail populatIons the flower 

head~ used for morphologlcaf measurements were approxlm tely 

at the same stage of maturlty i.e. pollen was n the 

anthers of the flowers both ln the centre and out~ edge of 

the head. Sorne ôf thé characters listed ln Table 3 reqUlre 

more expileit defInltlons. They are as follows: 

Head dlameter 1 (HOD1): measured ~om populatlon sampJes 

--:J 

only. The flower heads were eut ln 
"1l 
h~lf ,longl-tudlnally and the wldest 

po~ion of the head Ineludlng the 

outermost phyliarles was measured. 

Head dlameter 2 (H002): measured on herbarlum materlal 

only. MaXImum head wldth was 

measured. Thls usually occurs 
) 

across the- upper portIon of the 

eorollas. 

Phyllary length - from the basal row (PLO>: 

~ length of the phyllary, 

from its pOInt of 

attachment ta the end of the splne. 

, 

", , ~.r .. ~~,..~ :r:['t~}5>/> • 
" . 

. , 

~/ 
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TABLE ~ - Characters used in the aorphological analysis • 

Quantltatlve characters 

Head dlameter 1 
Head-drameter 2 
Phyl lat y length, basa~ row 
Phyllary width, basalfrow 
Phyllary length, mlddle row: above constrlction 

below constrlction 
Phyllary wldth, middle row: above constrlctlon 

below constrlction 
Splne length of phyllary, from mlddle row 

• 

Flrst leaf dlstance from the basè of the flower head 
The same flower was used for: corolla tube lengtH 

Achene length 
Achene wldth 
Achene welght (for 10 achenes) 

Qualitatlve characters 

pappus length 
anther length 

Phyllary mldrlb (l-promlnentj 2-not promlnent) 
Phyllary reflexion (5 angle grade scales) 
Phyllary constrlction (l-present; 2-absent) 
Phyllary pubescence (presen~/absent) 
Leaf pubescence (present/absent) 
Phyllaryapex (I-acute; 2-acumlnatel 
Phyllary shape - above constrlction (l-lanFeolate; 2-ovatel 
Phyllary shape - below constrlctlon (I-oval; 2-1inear) 

* Characters also recorde~ on herbarlum specimens 
**Characters recorded only on herbarlum specimens 

t. 

\ 

Il 

HOO! 
**HD02 

PLO 
P.J.JO 
PLA 
PL8 

*PWMT 
PWM8 
SPLT 
HOO 
CORI 
PAP 
ANT 
SOU 
SOWI 
SDWE 

r11 D 
REF 

*CONS 
*PHP 

!HSTP 
*PHAP 

PHSHI 
PHSH2 

, . 
. -

-.. ~ 

Il 

/ ( 
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Phyllary width - from the basal row (PWO): 
, 

maximum width of 

p,,"y Il ary. <There is no 
\..... 

constrlctlon on the basal 

phyllar't. ) 

The followlng four measurements were made on the same 

phyllary, taken from the thlrd or four th row from the 

outslde. 

Phyll~ry length - above constrlction - (from the ml~dle row) <PLA): 

length fram the constrlctlon ta the 

apex of the phyllary Includlng the 

spine. 

Phyllary length - below constrlctlon - (from the mlddle row) (PLB): 

length between the 

constrlctlon and the pOlnt of 

attachment of the phyllary. 
Il 

. 
Phyllary width - above constric~lon - (from the mlddle row) (PWMT): 

I§t, 

portIon of phyllary above the 

constrlctlon. 

Phyllary wldth - b~low constrlctlon - (from the mlddle row) (PWMB): 

mInimum wldth of the 

portion of phyllary below the 

constrlc.tlon. 

, . 

. - \ 
'­

~_--L:...."""';:"'-'L' ~ .-' __ ----".>L~ 
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Phyllary reflexlon (REF) : angle at WhlCh the upper por t Ion 

of the phyllary deviates from the 

lower portion. 1. 180-225° (least 

reflexed) 2. 135-160° 3. 90-135° 

4. 45-90° 5. 0-45° (most reflexedl. 

Phyllary pubescence (fHP): -1. glabrous to sI rghtly 

pubescent 2. moderately to densely 

leâf pubescence (STP): 

pubescent. ~ 
recorded on herbar1~m specimens 

~nly. AlI leaves on the plants 

were examlned. 1. glabrous to 

slightly pubescent 2. moderately to 

densely pubescent. 

Many of the se ven qualitative char~cters Included ln 

thlS study have also been used to separate the taxa ln 

prevlous taxonomlc treatments. They were recorded to allow 

easy cOmparl$On between the results of thlS and prevlous 

studies. Some of these characters, notably phyllary 

pubescence, were alsa used for deflnlng ~ priori groups ta be 

used and campared ln ~he canonlcal and discriminant analyses. 

None of the qualitative characters were used ln the canonlcal 

or discriminant analyses. 

SIX characters were meas~red on 76 herbarlum specimens 

collected ln Canada, representlng the specimens annotated or 
/ 

Identlfied by any of the followlng authors: R.J. Madre, c. -----

Frankton, G.A. Mulilgan, and R.l. McGregor. These characters, 

J 
, .. ~ 

, 
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listed in Table 3, were measured ta verlfy If the results 

obtal.ned by these authars were comparable WI th those of th IS 

study. The measurements recorded on herbarlum specimens were 

not lncluded ln the statlstlcal analyses descrlbed below. 

Statlstical Analysls 

AlI statlstlcal analyses were performed on the maln-

frame computer facllitles of McGIII University System of 

Interactive Computlng (MUSIC system) uSlng the subroutlnes 

ANOVA, CANDISC, ~nd OISCRIM avallable ln SAS (SAS Instltute 

1982, 1985). One-way analyses of variance were performed on 

each of the 15 morphologlcal Characters.\T-tests were carrled 

out on each of the character mea~s obtalned for the two gîOUOS 

d~fined 51 priori. In order to explore the possible 

relationshlps among the populations, two canonlcal 

dlscnmlnant analyses (CANDISC) were' carned out: Il uSlng 

the 18 population samples a~statlstlcal groups, and 2) uSlng 

two groups as suggested.by the results obtalned from the 

analysis of the qualitative characters. In both cases the 

same 15 quantitative characters llsted ln Table 3 were 

lncluded ln the analyses. Discriminant analysls <DISCRIM) was 

c 

carried out to estlmate the correct claSSification rates of 

~ t~e Indivlduals asslgned to each of the two groups used ln the 

second canonlcal analysls. The 99Y. confIdence Ilmlts of the 

-canonlcal means of populations samples (analysls 1), shown ln 
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Figs. 1 .and 2 as circles around the mean, were calculated with 

\ 
a radIUS of 

A 
t(o.01>/N 1 1/e with N-1 degrees of freedomj NilS 

~ ._ ,;he number of Individuals ln 9ro4P 1. The relatIve 

contrIbutIon of the characters to the canon1cal axes plot~ed 

in the figures lS shown by a se~ of character vectors. Only 

~ 

the ten characte.s that contnbuted the most as determlned by 

the length of the vectors were plotted. The pos1tlons of the 

end pOInt of the vectors were obtalned from the canonlcal 

loadlngs for each character on the respectIve aXIS. These , 
were standardlzed by dIvldlng each by the square root of the 

,corresponding element of the dIagonal of the inverse w"1 thl n-

covanance matrix (Reyment et !li., 1984). \ 

Eiectrophoretic Analysls 
" 

Nlneteen po~ulat1ons were assayed by hor1zontal star ch 

gel eiectrophoresis for nlne enzyme systems. From' 13 ta 48, 

3-4 w~ek old geedlings were surveyed for each populatIon. 

Crude extr~cts were obta1ned by grlnding one or two.leaves \ln 
\ 

a small welghlng boat ~ontalnlng ~old extraction buffer (0.1 M 

tris-Hel pH 7.5, contalnlng 10 mM KCI, 10 mM MgCl e , 1 mM EDTA, 

0.4% trIton X-100, and 14 mM 2-mercaptoethanol) with 
, 

Insoluble. PVPP (40,000 mW). The extracts were maintained on 
if 

lce. Horizontal eiectrophoresis was conducted on 9.5% starch 

gels made wlth ~ifferent combInat Ions of gel and electrode 

buffers accordlng ta the partlcular enzymes assayed. A trls-

citrlc system at pH 8.3 (G'ottlleb, 1981a) was used for trlose 

.. 

.. 
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phosphate isomerase (TPI), phosphoglucose lsomerase (PGI), and . . 
glutamate-oxaloacetate-transamlnase (GOT). A hlstld~ne-HCI 

system a~pH 7.0 (Warwlck and Black, 1986) was used for 

isocitrate dehydrogenase (IDH). A hIstidIne system at pH 5.7 

(Warwlck and GottlIeb, 1985) was used for malate dehydrogenase 

(MDH), 6-phosphogluconate dehydrogenase ,6-PGD), anf'mallc 

enzyme (ME). A tris-cltric .ystem at pH 7.8 (Warwl~k et\21" 

19â4) for which the gel buffer was modlfled (1~13g trls, 0.56g 

citric ICld (anhydrous), 0.46 9 EDTA, 1 L dlstlll~d water) was 

used for phosphoglucomutase (PGM) and glyceraldehyde-3-.. 
phosphate dehydrogenase (G-3PD). In tnese systems aIl 

enzymes migrated toward the anode. Gels were run untll the 

bromphenol blue front had mlgrated about 10 cm from the 

Enzyme assay condltlons' were modifled after Gottlieb 

et !le (1985) and Warwlck and Gottlleb (1985). The assay 

conditions for each enzyme are given kn Table 4. 

A genetlc analysls of the bandlng patterns was 

condûcted by examInlng the segregatIon patterns ln progeny 

resultlng from selflng Individuals·heterozygous for different 
<.~/ 

alleles (WarwIck and Blac~, ln prep.). 

The locus with the most anodal POSItIon was deslgnated 

1, the re)(t 2, and 50 forth. For each ~cus, the alleles 

sp~cifyiAg t~e allozymes were called a,ë,c, the closer allele 

, 

• ... , 

\ 
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TABLE 4 ~ as say conditions u~ed 
of Carduus nutans. 

in the electrophoretic 

(GOT) l 

, , 

<TPI> 

(PGI> 

study 

0<'- Ketoglutanc 
L-aspart1c aC:ld 
PVP-40 
EDTA 
NaeHPO ... 
Dis t 1 1 1 ed HeD 

0.1 M tris-Hel <8.0> 
DHAP 
EDTA 
NAD 
Nae arsena te 
Gl y-PDH 
MTT 
PMS 

0.1 M tris-HCl <8.3) 
Fruc:tose~6-phosphate 

NADP 
G 6PDH (40 unlts/ml> 
0.1 M MgCl e 
MTT 
PMS 

" 

(6-PGD) 0.1 M tris-HCl 
6-phosphogluconate Cpasalt) 
NADP 

1 (MDH) 

(ME> 

0.1 M MgCl e 
PMS 

0.1 M tris-HCl 9.1 
. Ma Il c: ac 1 d 

NAD 
MTT 
PMS 

0.1 M trls HCl (unadjusted) 
DL-mallc ac ld 

'NADP 

f 
1 

-'-. 

Stlr above, t1trate w1th Hel te pH 7.2 
0.1 M MgCl e 
MTT 

,PMS 

J 

< 

té .' 

.. 
73 mg 

266.2 mg 
1 9 

100 mg 
2.84 g 

100 ml 

75 
10 
30 
23 

~~ 

\:~ mg 
345 mg 
200 Unl ts 

0.75 ml 
plnch 

75 ml 
35 mg 

4 mg 
0.75 ml 
4 mg 
0.75 ml 

pinch 

75 
45 

... 4 
4 

pinch 

ml 
mg 
mg 
ml 

75 ml 
150 mg 
30 mg 
0.75 ml 

pinch 

75 
315 

15 

ml 
mg 
mg 

4 ml 
0.75 ml 

, pl nch 

; 
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0 
(IOHI 0.1 M tns-HCl 75 ml 

Isoc i trate 150 mg 
NADP 8 mg 
0.1 M MgCl e '4 mg 
MTT 0.75 ml 
PMS pinch 

" 

(PGMI 0.1 M tr.Is-HCl 75 ml 
Glucose 1-phophate 57 mg 
NADP 4 mÇj 
Gl1ucose 1,6 dlSphosphate (5mg/33ml /HœO) 4 ml 
G 6 PDH (40unl ts/ml) 0.75 ml 
0.1 M MgCl e 4 ml 
MTT 0.75 ml 
PMS 1f 

l 
plnch 

(G3-PD> Q.1 M trls-HCl 75 ml 
Fructosé 1-6 dlphosphate 130 mg 
Aldo l ase 50 ul 
NADP 8 mg 

• Nae arsenate 60 mg 
EDTA . 90 mg 
0.1 M MgCl e 4 l, mg 

0 MTT (): 75 ml 
PMS ~)l nch 

.. 

See text for fu Il Iname of the enzymes. 
~ 

, 
.. 
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ta the front being-designated as a. Standard genetlc 

id@ntities we~e computed utilizlng the methodology of Nel 

(1972) • 

Flavonold Analysls 

For the flavonold analysls, methanolic extracts of 

bulk leaf materlal were used as the flavo~ source. 

Standard two-dimensionai paper chromatography methods 

(btJtanol-acetlc aCld-water (4: 1 :5, upper phase) (8AWl, 15% 

acetIc,aCldl were used to separate the flavonèld compounds. 

Comparlson of the compouçds lsolated by thlS method wlth the 

profIles obtained on polyamlde plates ln an aqueous solvent 

revealed that the same compounds were separatlng on thin 
) 

layer. The 19 populatlons were surveyed uSlng polyamlde TLC 

piates and an aqueous solvent (water-butanol-acetone-dloxane 

(70:15:10:5». After the survey, one populatIon contalnlng 

aIl the compounds was selected for a flavonrid analysls. 

addItIon, to verIfy the eXlstence of within population 

In 

variatIon ln the flavonold profiles, 12 to 24 Indlviduais pet-

populatIon were surveyed for each populatlon ln the same 

Q 

manner as descrlbed above (TLC ln aqueous solventl. For thlS 

sur vey leaf material of Indlviauals 12 to 15 weeks cId, grown 

ln the greenhouse from seed collected fr~m different mother 

plants was used. 

o 

.t ~ 

/ 
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.~ For the identlflcation of Individual fla.vOnOlds, the 

crude e'xtract was partltloned uSlng ethyl acetate and 

chloroform. The ethyl acetate fraction was th en s~parated 

uSlng column chromatography (Polyclar AT-GAF Corp.1 and 80Y. 

MeOH as solvent. The lsolated .actlons were punfled by 

streak 1ng them on Whatman No 1 paper us 1 ng" 15Y. dcet lC ac Id as 

solvent. R~ values of pure compounds were determlned on 
~ 

Whatman No 1 paper ln four solvent systems (SAW, ~eQ, 15'l. 

acetlc aCld, BOY. phenol) wlth 10}JI of a lO-:aM solutlon of 

rutln (quercebn-3-Q-rutlnoslde) run simultaneously aSwd , 

standard on each sheet. Ultravlolet spectral analysls was 

carned out uSlng standard technlques (Marbry et gl., 197~). 

Glycosldes were hydrolyzed for 50-60 mlnutes ln a 1:1 

mIxture of 1 N HCl:MeOH, ln a 100"C water bath. Afte,-

hydrolysls the solutlon was evaporated to dryness. redlssolved 

ln d~stll1ed HeO, and partltloned ln ethyl acetate. The 

sugars contalned ln the lower aqueous fractIon were Identlfled 

by co-chromatography beSlde 30 ~l of a 0.005 M standard suqar , 

mIxture on cellulose (Polygram cel 300) plates. TMe plates 

were run ln a pyrldlne-ethyl acetate-acetlc aCld-w.ter . 

phosphate (Sherma, 1972), and unknown sugars Identlfl.d by 



> 
" , 

( 

c 

"" -" ~ r ".;;" 

'. 

21 

Chromosome Numbers 

Chromosome·counts were determined for one to three 

> individuals per population. Root tips from greenhouse 
" " .. 

material were pretreated in 0.Q02 M 8-hydroxyqulnoline for 

'" 16-24 hours at 4°C and hydrolyzed in 5 N Hel for 2 hours 30 

minutes. The chromosomes were stalned wlth Feulgen Reagent 

CDarllngton and LaCour, 1976) for 40 mInutes. Slides were 

. 
prepared by squashlng the root-tlps ln a 10~1 mixture of 45~ 

acetic a~ld and glycerol C5chlarbaum and Tsuchlya,·1981). As 

expected, aIl Indlviduals examlned had a chromosome number of 

2n = 16. 

.. 
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REStLTS 

Morphology 

The results obtained for the qualltative measurements • 

are 1 isted in Table 5,. Two characters separate ,the 

popu1ations into two groups, the p~esence of pubescence on the 

phyllarles (PHP), and the angle of reflexlon of the 

phyllarles. The Indlvlduals ln the first seven populatIons 

have pubescent phyllarles and the Indlvlduals ln the flrst Sl~ 

populatlons have phyllarles that are generally less reflexed 

th an those in the fast 12 populations. Each of the remaInlng 

characters was relatlvely unlform throughout the populatl~ns . 

Means, F-values, and t-values for the 1~ quantltatlve 

morphologlcal characters are llsted for each population ln 

-Table 6. Except for one character (PLB) the F-values Indlcate 

among-populatlon dlfferences for each character (p/O.OOII and 

the t-values Indlcate between-subspecles,dlfferences for 10 

characters (p<O.05). , 
The results of the flrst canonlcal analysis are. 

presented ln Figs. l and;F' The canonicai means for the 

populations are plotted agalnst the flrst two ·axes (FIg. 1). 

and agalnst the flrst and tflrd axes (Fig, 2). The flrst. 
( , 

second and thlrd canonlcal axlts acc:ounted for '.54%, 16% and 10", 

o~ the variatlon respectively. 

As can bit seen ln FIQS 1 and 2, the dIstrlbutlon of 

th. canon1cal mean!. of thlt 18 populatIon •• mpllt. u relatlvlth 

cont1nuous. The populat1on. on thlt Iltft .'dlt 
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TABLE ~ - Results obtained for the qUAlitAtive charActers recorded on the population 
samples and herbArium specimens of C_rduus nutan_. The resuÀts are presented ali percent_ge_. 

GROUPS: MID REF CONS , PHP PHSHI PHAP PHSH2 STP ~ Po~ulation sam~les 
1 * 2 3 4 5 1 2 1 2 2 2 (n==18) 

----------------A (._p. nutanli» 231 100 50 50 100 100 100 100 100 232 100 50 50 100 100 100 100 78 ., 
i 243 100 28 72 100 100 100 100 100 245 100 17 22 61 100 100", 100 100 100 ~ 246 100 5 22 67 5 100 100 100 100 100 

~ 248 100 28 72 94 94 100 100 100 .,' 

" 
249 100 100 100 100 100 100 100 . i; 

~ ~; 

8 (s_p. lelO~h}!llus) 250 78 33 67 94 1 1 61 94 100 :~~ 252 100 72 28 89 0 100 100 94 ' > .. ~ 256 100 5 95 100 0 100 100 100 / ~J 260 100 33 67 100 1 1 100 100 100 '1 iii. 261 100 5 95 100 0 100 ·100 100 "-267 100 50 50 100- a 100 100 100 -~ 269 100 28 72 100 0 100 100 100 '1 273 100 17 83 100 0 100 100 61 ";l! 280 100 28 72 100 0 100 100 100 ., 
,\ ~ 285 100 50 50 100 0 100 100 100 " 297 100 89 1 1 61 () 100 94 67 
-~ 

;; Herbarium ~peclmens 
~ 

i 
lilip. nutant> (n=33-39) 97 97 100 \' 97 liliip. leloi;!h~11us (n=33-39) 95 - 3 lQO 0 ru , " 
Iii_p. macrole015 (n=4) 80 25 100 0 LtJ ;. , * Ch_racter states explalned ln Table 3. 

-;, 1 
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TABLE. - ,"Ans. F-vAlu •• And t-vAlu •• o~ th. 1~ qu~ntit~tiv. ~h~r~cter5 me~5ur.d on C.~dUU5 Out.n5 ) 

CAli .... ur ... nt. Ar. in c. unl.55 5p.~lfled) 

GROUPS POP Hdo Plo Pwmt Pwmb Pwo PI. Plb Splt Dfl Cori Pap Ant sdlt sdw1 Sdwe 
(O.ll11Q) 

.-
A 231 2.49 1.96 0.41 0.28 0.24 1.87 0.80 0.38 1.73 1.17' I.b9 0.b9 3.87 1.3b 4:5.:53 
C • ..,. !lW l'tOit 232 1.60 1.34 0.26 0.19 0.18 1.26 0.68 0.34 1. 53 1. 17 1.71 0.71 3.74 1.34 49.:50 

243 1.72 1.26 0.28 0.22 0.22 1.37 0.63 0.33 1.90 1.04 1.b2 0.b6 3.b4 1.46 5:5.32 
.24:5 1.65 1.12 0.29 0.25 0.22 1.09 0.84 0.28 1.77 0.99 1.53 0.64 3.23 1.34 45.46 

2"6 1.94 1.34 0.35 0.26 0.22 1.36 0.65 0.3 .. 1.65 1.07 1.76 0.69 3.60 1.35 51.01 
249 1.8a 1.20 0.34 0.26 0.19 1.17 0.b7 0.28 2.'08 1.21 1.81 0.75 3.71 1.36 49.70 
249 1.95 1 . 13 0.31 0.24 0.20 0.98 0.74 0.28 1.5b 1. 13 1.78 0.71 3.b2 1.38 48.14 .... ,. l- 1.89 1.34 0.32 0.24 0.21 1.3 0.72 0.32 1.8 1. 11 1.7 0.b9 3.b3 1.37 49.24 

Standard errer5' 0.03 0.03 0.006 0.00 .. 0.003 0.03 0.0" 0.006 0.1 0.01 0.02 0.005 0.03 0.02 0.89 

• 250 2.08 I.OS 0.40 0.31 0.19 1.28 0.72 0.31 2.76 1.21 1.89 0.73 3.98 1.:51 55.72 

'."', '.llillilh:d IWI) 252 2.06 1.01 0.52" 0.36 0.24 1. 28 0.68 0.20 9.58 1.25 1.99 0.76 4.8b 1.57 76.07 
256 2.67 1.16 0.54 0.34 0.23 1.39 0.82 0.2 .. b.07 1.27 2.01 0_74 4.17 1.57 b6.21 -" 2bO 2.29 1.26 0."6 0.34 1.43 0.27 8.07 1.34 2.07 0.77 4.5J 1.55 74.89 0.27 0.81 
261 2."8 1.2b 0.40 0.28 0.22 '1.60 0.77 0.30 4."n 1. 33 2.03- 0.83 3.98 1.364ô.ô2 

• 267 2.40 1.16 0.3'l. 0.26 0.19 1.29 0.64 0.31 4.72 1.29 2.01 0.82 3.90 1.53 58.47 
209 2.23 1.09 0.40 0.29 0.17 1 .;:4 0.6" 0.29 5.93 1.33 1.99 0.79 4.02 1.445B.37 
273- 2. Il 1.10 0.32 0.25 0.18 1.39 0.7 .. 0.28 6.43 1.34 2.26 0.80 4.11 1.M55b.37 
2SO 2.90 1.75 0.58 0.3b 0.26 1.8 .. 0.71 0.36 03.8 .. 1.21 1.8 .. 0.79 ... 11 1.37 41.33-
28:5 2.41,1.17 0.53 0.34 0.23 1.29 0.66 0.28 7.08 1.36 1.90 0.77 4.35 1.41 55.78 
Z'97 1 ;Bt. O.'H 0.33 0.24 0.16 1 .01 0.62 0.25 2 ... 0 1.21 1.85 0.74 4.00 1.51 1:.7.00 

....... 1 "? 2.32 1.19 O. '0:5 0.31 0.21 1.37 0.71 0.29 :5.61 1.29 1.99 0.78 4.19 1.49 :59.72 
St.nd_cr .... ,.0,.., 0.03 0.12 0.008 0.005 0.004 0.02 O.OOB 0.005 0.31 0.01 0.02'0.005 0.03 0.008 1.08 

F-v ........ 
,_ .11 popul.U·ona. 2:5.76 21.82 30.1'0 19.b:5 10.25 15.51 1 .3b~- 8.13 12.2" IO.Ob 12.94 13.09 40.B7 9.54 1:5.09 

T-v.l\.MtS 3.08. 1."ë~-3.92- 3.'00- o~- O.bl"'-O~- 1.72"-3.22. 3.50. 3.94- 3.87- 4.83- 2.b3**e.27ee .. , *, .'Qnlf.c:.nt At the 0.05 .nd 0.01 1.v.J_, r •• p.ctlvel; 
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FIGURE 1 - Distribution of the canonical means against the first two 
aKes for 18 population samples based on 15 morphological 

characters. Circles around.each mean represent confidence limits at 
p=O.Ol. Character vectors showing the relatIve contribution of each 
character to the two axes are dncluded. 
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t 

of the graph were aIl collected ln Ontarlo and New Brunswick, 

those on the right slde Include one OntarlO (.250), and 

one Québec populatlon (#297), Whll~ the rest were collected ln 

Manitoba, Saskatchewa~Alberta, Montana, and North Dakota. 
, 

In Fig. 1 three populations, #231, #280, and #252. are 

distlnctly separated fro~ the other populatlons. Populatlons 

#231 and #280 contaln rndlvlduals that are characterlzed by 

.longer ba~al phyllarles, a longer upper portion of the mlddle 

row phyllary, and by larger head dlameter. When the means of 

the populationp are plotted agalnst canonlcal axes 1 and 3, 

bath populatlons clustered wlth the others (Flg. 2). For 

these two populatlons termlnal flower heads or flower heads 

from the flrst aXlllary branches were collected. These are 

usually larger than the lower flower heads collected for aIl 

other populations and thlS diffe~ence may be responslble for 

~ 
the separation of #231 and #280 from the other populations. 

Populatlon #252 wa~dlstlngulshed by ItS shorter splne length, 

longer achene length, and heavler achene welght. 

A second canonlcal analysls was performed uSlng only 
JO 

two groups. AlI Indlvlduals that had moderately to densely 

pubescent phyllarles were asslgned to group A. AlI' remalnlng 

IndlVlduals were Included ln group 8. In the present study no 

other \s1ngle char.acter was useful for deflning 2. prloq groups 

lTable 6). 
\ , 

Flgure 3 presents the frequency dIstribution of 

\ ~ . 
canonlcal scores for the lndlvlduals ln the two'groups. These 

\ 
, \ 

groups separated wlth a relatlvely small percentage of 

.é ~. 
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ov~riap. A discriminant analysis performed on the tw~ groups ~ 
. ' 

Indicated that the correct clasSlficatlon rates of indlvlduals 
,. 

in group A was of 93.7 'l. (118/126) and that 96~O% <190/198) of 

group B lndivlduals were correctly aS~lgned to group B. Group 

A includes lndlvlduals from seven populations WhlCh were aIl 

collected ln New Brunswick and Ontario. Group B Includes 

lndlvlduals from Il populations: one collected ln Qu~bec 

( .. 297), one population ln Ontario (#250), whlle the' remalOlng 
J 

nine l'lere collected ln the provlnc's or states west of 

OntarIO. Based on the examlnatlon of herbarlum speclme~s ~nd 

the descrlptlons provided ln prevlou~ treatments, the 

Indivlduals ln group A and B are recognlzed ta be members of 

ssp. Autans and ssp. lelophyllus, respectlvely. 

The r~ults obtalned for. the qualJtatlve and 

• quantitatIve measurements recorded on the herbarlum specimens 

are presented ln Tables 5 and 7 respectlvely. Table 7 

compares the means of the head diameter (HDD) and phyllary 

wI~th above the constrictlon (PWMT) between the herbarlum and 

populatIon samples. For bath the herbarlum specimens and 

population samples, the means obtalned for the two characters 

are lower ln ssp. nutans than ln ~sp. lelOphyllus. Slnce th~ 

range of the nead dlameter (HDD) and the range and mean for 
J \, 

phyllary wldth (PWMT) fall wlthin the values obtalned for ssp. 

lelOphyllus, specimens labeled as 

• 

• b ., 

" 
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.... 
... Table 7 - CollpariC. of ·the _ans, .ini.au. and N)Cl" • values 

0 

S 
.. 

obtained for the quantitatIve morphological 
aaeasuretnents of herbariuli speci_ns and population 
samples. 

~ ,. 
HEAD DIAMETER (HDD) PHY.LLARY WIDTH (PWMT) 

MEAN MIN - MAX MEAN MIN - MAX 

\ 
\ 

Herbariu. data 
.... 

s~p. nutans 1 2.36 1.50 - 3.50 0.29 0.10 - 1).50 
S.E. 0.50 0.10 

le lo(;!h::t: 1 lus 2.90 1-.80 - 4.50 o~ 0.25 - 0.-80 
r 

ssp. 
S·.E. 0.70 O. 
ssp. maCrOle(;!lsC2" 3.07 2.30 - 3.80 0.44 '. 0.35 - 0.50 
S'.E. 0.67 0.19 

ssp. le 1 o(;!h::t: 1 lus 

0 a nd mac r Cl 1 e(;! l S 2.94 1.80 - 4.50 0.48 0.25 - 0.80 
S.E. 0.69 0.03 

Population samples data=-

.. 
} ssp.' nutans (1.89 )4 (1.15 3.05) , ' 

S'.E. 0.03 
0.32" 0.15 - 0.50 
0.006 

, 
ssp. leloQh::t:llus (2.32) ( 1.45 - 3.50) 0.45 0.20 - 0.80 
S.E. 0.03 

~ 
0.008 

'n=33-39 for ssp. nutans and ssp. lelO(;!h::t:11us' 
II! n=4 .. 
::J n=126 for ssp. nut<!.!li and n=198 for 5Sp. !p.iophylly; 
"C).head dlameter was mea5ured dlfferentl~ on the population ~ample~ \s •• 

materlals and methodsl ~ 

" 

, J 

o 
\.. -

, . 
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ssp. maCrOleplS were'lncluded with SSp~ leiaphyllus. When 

T 
thlS was done the mean values for ssp. lelOphyllus did not 

change significantly. 

The results obtained for the qualItatIve eharacters 

"-
recorded on herbarium speCImens fall weIl wlthln the range of 

, 
percentage obtained for the populatIon samples (Table 5). 

Electrophor~tlc Analysis 

NI~ enzyme systems were assayed for aIl populatIon:, 

Malate dehydrogenase (MDH) was scored for aIl popula~lons but 

could not be readIly Interpreted beeause of overlap of 

isozymes. ThIS enzyme is reported ln-Table 8 as phenotyplc 

" 
patterns; It was not Included ln the caicuiation of genetlc 

identities or genetle varlablllty. The remainlng eight 

enzymes are coded by 16 lOCI. Two of these lOCI, Idl.:-l and 6-

Pgd-l, were not recorded due to the paor resolutlon obtalned. 

Very littie varIatIon ln allozyme frequency was 

eVldent ln the enzyme systems studied (Table 8). Se ven gene 

locl, TPl-2, PgI-l, G-3pd-1" and G-3pd-2, Me and Pgm-l and Pgm-

2 were monomorphlê for Identieal alleles for aIl plants. One 

allele,~Pgl-2a, was deteeted ln five populations of ssp. 

lelophyllus and Idh-2e was unIque to pOPulatio~ssP. 
lelophvllus. N~orrelatlon between these results and the 

morphologlcal and fiavonold results eould b~~e. Genet l e 

1 

\ 

cO • 
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mean genetlc identlties wlthin and betwee~ subspeci~s of ~. 

nutans are presented ln Tables 9 and 1~, respectlvely. These 

results fall withln the range of values expected for 

·conspeclflC populatlons and/or subspeclflc taxa for 

outcrosslng plants (Crawford, 1983; Gottlleb, 1977, 1981b). In 

general, both subspecles have sl~llar frequencles for shared 

alleles suggestlng that llttle or no ge~etlc dlfferentlation 

between the taxa has occurred. 

The measures of gJnetlc varlablilty (Table Il) show 

slmllar results among the populations and fall wlthln the 

range of val4es expected for outcrosslng plants as presented 

by Gottlleb'(1977). Flve populat1ons (#231, #232, #243, #245, 

and BCl have values of proport1on of polymorphlc IOC1 Sllghtly 

lower than expected. 
) 'V • 

Th1S may reflect the fact t~at these 

popu1atlots are from more lsolated locations where possl-b~y a 

more llmlted number of seeds were l~troduced. In ssp. nutans 

the mean value for the proport1on of polymorph1c IOC1 lS 0.41 

~ and for ssp. lelophyllus, 0.46. The mean number of alleles 

per polymorph1c locus 1S 2.08 for ssp. nutans whereas ssp. 

lelophyllus has a value of 2.17. The mean observed 
.. 

heterozygoslty values for ssp. nutans and ssp. lelophyllus are .. 
0.09 an~0.16 respectlvely. The expected heterozygos1ty 

values are 0.10 for ssp. nutans and 0.18 for ssp. 

leiophyllus. 

.. ~ 
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Table 10 - ~an genetic identities (1) Nithin and 
between subspecies of Carduus nutans. 

--L. RANGE 
, 

ssp. nutans 0.98 0.96 1.00 

ssp. lelophyllus 0.93 0.80 - 0.99 

between subspecies 0.93 0.80 - 0.98 

.t ~ 
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36 o 
TAa.E 11- Proportion of polyllOrphic loci ..... n nullber of 

alleles per polYMOrphie locus, and h.terozygosity, 
for 19 populations of Carduus nutans. 

~ 
Pop. Polymorphlc Mean .. of Heterozygosl ty 

lOCl alleles 
99% Obs. 

. E)(p. 

----------- ---------- --------------nutans 
231 0.36 2.00 0.06 0.08 
232 0.29 2.2:5 0.06 0.07 
243 0.36 2.00 0.08 0.09' 
245 0.29 2.00 0.07 0.07 
246 0.50 2.17 O. 11 O. Il 
248 0.50 2.00 0.12 0.12 
249 0.57 2.13 0.16 0.1"' 

leiophyllus 
250 0.50 2.10 O. 1:5 0.10 
252 0.29 2.00 O. Il 0.12 
2~6 0.43 2.17 0.16 0.20 
260 0.43 2.17 0.16 0.18 

0 261 0.50 2.29 0.15 0.17 
267 0.43 2.00 0.14 0.18 
269 0.50 2.14 0.13 0.17 
273 0.50 2.29 0.18 0.20 
280 0.50 2.43 0.21 0.24 
285 0.50 2.14 0.20 0.19 
297 0.43 2.17 0.17 i). 17 

BC 0.21 2.00 0.09 (). Ilj 

o 
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Fiavonold Analysis 

SIX fiavonold glycoSldes were isolated,frnm the ç. 

nutans complex. The spectral and R~ data are presented ln 

Table 12. The dIstrIbutIon of the fiavonolds ln the 19 

populations IS glven ln Table 13. The dlf,fer~nt flavonolC\ 

profiles obs~rved for each Individual ln the within populatIon 

vanatlon sur vey are presented ln FIg .. 4, and werE\.deslgnated 

as elther Pl, P2, or P3. The relative number of profiles 

recorded per populatIon àre presented ln Table 14. On1y two 

flavones, aplgenIn and luteolIn, were isolated. The 

Identlflcatlon of one glycoside (luteolln 7-Q-monoglucasldel 

1s tentatIve due to the poor resolutlon obtained on the 

chromatogram. However, 

compound match the ones 

t~e Rf" va'lues /~al ned for th 1 S 

presented ln pr~ious reports 

(Harborne, 1967). The varIatIon observed between the 

populatIons resldes ln the type of aglycolne, and the type and 

number of sugars. Three of the SIX compounds Isolated are 

present ln aIl populatIons. One compound <luteolln 7-0-
II/ 

rutlnoslde) characterlzes ssp. nutans while two compounds ~ 

(apigenin 7-0-g1ucoslde and luteolin 7-0-dlglucoslde ) are 

found ln aIl populatIons of ssp. lelophyllus and ln three 

populatIons of ssp. nutans. The survey of the wIthln 

population varIatIon revealed that the two latter compounds 

are only found ln some IndlVlduals ln these three populatIons. 

With respect ta the third profIle the absence of 7-0-gluCoslde 

may reflect a lower quantity of thlS compound. 

nt • 
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TAlLE 12 - Spectut And Rf d.lt. for the fl.wnaÎch of t.rduUs ..,t.ns. 

0)1P0UN0 SPECTRAL SHIFTS (Ca.pèrRd ta MeQH) Rf'" X 100 COLot.JR9 
(d 350 .... , 

9- Jn lOOX "-OH 1'U0f1e AlCl,. AlCl,./HCl tWQAc H"BO,. 
&.nd ft hnd hnd ( B.nd ( Bènd 1 Bènd Il Band 1 BAW HeO HoAc PhOH UV UV/NH3 LN/NA" 

Luteoll" 255, i!b8 351 +51 +73 +38 +13 +3 bb 5 bb P • YG Y 

.. 
Luteolln 1-0 250 346 + .. 4 +81 +44 +0 +17 26 4 23 55' P Y Y 
_1'G91UCO.l~· 

LutlOH" 7-0 ~4, i!b8s 344 '+38 +82 +4b +3 +21 38 b 40 79 P Y Y 
d191uc01l1d. 

Luteo t'l" 7-0 Z5b, 290s 347 +34 +90 +39 +4 +38 42 2 15 b4 P Y Y 

,èl.ctOll". 

Luteoll" 1-0 ~3 ~1 +53 +12 +39 +6 +21 ~1 4 28 sa P y y 

ru'anasld. 

"l~a" 7...;) 270 3'tê +53 +43 +43 +0 +3 42 7 "9 89 P YG G 
9IUltos,0. 

• '. shou 1 d4tr • 

• Sol~t Co.po.ltlon : IAW. l-butènol:acetlc .cld:wcter 14:1:5, up~er ph.,.); HoAc. 15% .cetlc .iCld; PhOH, B5% phenol. 

a Colour ".,-1 6, 9r~; P, purp1e; Y, ye110.0j YS, .,..llo .. -qr_n. 

- NA, N&tur.'offr.~ A ln "-OH. 

• .",... ,CIItnttfiCèUOft ~ on Rf v.l~ fra. glycoslde only. - ... t._, 'or de'.ll •. 
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TABLE 13 - Distribution of flavonoids in populations of Carduus nutans 

ssp. nutans 

231 232 243 245 246 248 249 250 252 256 

. COHPOUNDS" . 
A 7-0-g1ycoside (+ ) (+ ) (+ ) + + + 

\ 

~ 
Luteol in + j. + + + + + + + + 

L 7-Q-monoglucoside + + + + + + + + + + 

~ L 7-Q-diglucoside (+ ) (+ ) (+ ) + + '+ 

L 7-Q-galactoside + + + + + + + + + + 

L 7-Q-rutinoside + + + + (+ ) (+ ) (+ ) 

• Co~ounds: A, apigeninj L, luteolin 
() Co~ounds found in so-.e individuals onlv 

ssp. l~iQDhyllus 

260 261 267 269 f73 280 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + ... + 

+ + + + + + 

c 

~ 

.. 

285 

+ 

+ 

+ 

+ 

+ 

297 

+ 

+ 

+ 

+ 

+ 

w 
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'" 
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Be 

+ 

+ 

+ 

+ 
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V A 7-0':glucoalde 

x L 7-0-dlgtucoelde 
4 L 7-0-rutlnoeld. 
~ L 7-o-monogfucoald. ~ L 7-0-mon09lucoa1d. 

+ L 7-o-goJoctoeld. + 

o l.lItaoIIn D 

-, -. - ~-- 1 

P1 (nutau) P2 Clelophyllu.) 

PROF1lES 
L-~ A-ApigenIn 

X 

~ 

+ 

D 

-. 
P3 \ 

Flavonoid profiles on TlC observed in a survey of Mithin 
poPtilation c:Ione on thè indivlduals of 19 populations of 
Carduus nutans. (Pl - ssp. nu tans , P2 - ssp. lejophyll~s, P3 -
profile observed only in so.e lndivlduals of populations 1246, 
.248, .249.) 
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TABLE 14 -

POPULATIONS 

'-., 231 
232 
243 
245 
246 
248 
249 
250 
252 
256 
260 
261 
267 
269 
273 
280 
285 
297 
BC 

0 

Nullber 
for 19 

... r ':~Jr~~t"":" <' ,r_T~"~>'~ ~;--~~'~~~ 
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of indiViduals'per flavonoid prOfil\ 
populations of Carduus nutans. 

I:'ROFILES 

1 2 3 

14 
16 
26 
20 
16 1 4 
5 7 7 

10 2 3 
1,9 
13 
17 , 
17 
18 
16 
18 
17 
17 
18 
18 
18" 

~ 

* Some indivlduals had a flavonoid compound only found ln 
that population. 

1 _ 
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Based on spot lntensity, apigenin 7-0-~lucQside .as the 

compound present ln the lo.est quantity. Sine. profiles wer. 

generated using a mInImum of îeaf mat.rial the compound may \ 
stIll be present ln profIle 3 but in undetectable amounts. 

o 

o 
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D[SCUSSIœI 

The results obtalned from the analyses performed 

support the recognltion of two closely related taxa best 

treated at the subspeclflc levelj these are ç. nutans ssp. 

nutans and ssp. lelophyllus. 

doth the morphologlcal and the flavonold analvses 

clearly Indlcate the eXIstence of only two taxa. The 

ciassIflcatory dIscrImInant analysis showed that the taxa 

separated weIl, wlth an overlap of less than 6% when aIl 15 

characters were considered slmultaneously. However, for the 

• two subspecles each of the 15 characters shows consIderable 

c within subspecies varIatIon and some degree of overlap between 

subspeCles. ThIS probably explalns why, when the 18 

populatIons were used ln the canonical analysls, they falled 

to form morphologlçally dIstinct groups. 

- Slnce the .variation between~hè taxa lS contlnuous-for 

many characters, they are best distingulshed by using a 

comblnatloo of characters, Includlng; presence/absenée of 

pubescence on the plants, head dlameter, and phyllary wldth. 

bath abave and below the constrlctl9n. The best taxonomic 

character for separatlng the twa subspecles lS the 

presence/absence of pubescence on the plants.' ThiS character 

has been previously used by Moore and Frankton (1974) to 

c separate ssp. nutans from the two other subspecles they 

recognized, ssp. lelophyllus and ssp. macrolepis. Accordlng 

ot • 
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'f 
to Moore and Frankton (1974) the l~tter tHO subs~ecies could 

• 
be separated from one another bas~n th'e shape o,f the apu::.l . 

portion of the phyllary. In the present study thlS character 

HaS scored on herbarlum speCImens and populatIon samples and 

Has found ta be nearly unlform thraughout the pop~latlons. 

Olfferences were notlced on some speCImens but they were not 

deemed sufflclent to separate any taxa. ThIS character was 

aften found ta be varIable on the same Indlvldual. In the 

absence of any rellable method for separatlng ssp. macrolepls 
..--r 

from ssp. lelophyllus, ssp. macrolepls 15 not recognlzed 

here. 

Of the six compounds identlfled ln the flavonold 

analysls, three were nearlV dIagnostIc; aplgenln 7-0-g1ucoslde 

and luteolln 7-0-dlglucoslde were found ln aIl populatIons of 

ssp. lelophyllus, and luteolln 7-Q-rutlnoSlde charadterlzed 

ssp. nutans. The twa flavonold compaunds that were present ln 

" aIl populatIons of ssp. lelophvllus, were also lsolated from 

some indivIduals ln three Ontarl~ populatIons of ssp. nutans 

(two from Grey Co., one from Halton Co.>. The sporadlc 

occurrence of thlS compound ln ssp. nutan, suggests that 

hybrldizatlon 

these reglons. 

betwee~ the two su~ecles·m.y be occurrlnQ ln 

80th Infraspeclflc (McCarty'l1 il., 1980; 

Moore and Frankton, 1974) and Interspeclflc (Moore and 

Mulllgan, 1956, 1964; Mulilgan and Moon" 1961; WarWIck and 

BaIn, 1987) hybrldlzation Involvlng ç. nut.ns has b •• n 
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pr~vIously reported. Furthermore, these three populatIons are 

lacat~d ln a region where the dlstributlons af the two 
... 1 

subspecles overlap (see FIg. 5) . 
.J 

The results obtalned from the lso~yme analysls do not 
, 

allow the dlstlnctlon of any taxa in the ç. nutans complex . 

Very littie varIatIon ln allellC frequency was notlced among 

the populatlons. The mean genetic Identltles betweeh the 

populations of each subspecles are ess~ntlally slmllar to the , 
mean genetlc ldentlty obtalned between the two subspecles 

<Table 11). Simllar results have been reported ln other 

studles where InfraspeClflC taxa have been examlned 

electrophoretlcally (Crawfor:d and Smith, 1984, McLeod !'rt li .. 

1983; Saltls, .1982; van DIJk and van Delden, 1981>' In aIl 

éases the~an genetlc lde~tltles of 

~hose obtalned ln thl; study. 

the taxa ~ere above 0.°0 

Our treatment of the ç. nutans complex ln Cànada , 
f> 

differs from that of Moore and Frankton (1974). Both 
"'1 

treatments provlde slmllar descrlptlons of ssp. nutans but thè 

descrlptlOTilS cf ssp. lelophyllus are dlfferent. These 

differencës malnly reslde ln the Slze of the head and of the 

• phyllary. Measurements of head and phyllary Slze provlded by 

Moore and Frankton (1974) are greater ln IndlvlQuals of ssp. 

lelophyllus and the overlap between ssp. nutans and ssp. 

leioph~llus lS smaller. In the present study very few head 

1 
and phyllary measurements were as large. as the ones presented 

••. ..& 
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,,1 

by Moore and Fr ank ton (1974). L1 m 1 ted samp l e \ 1 ze and 

variatlon among heads on a plant may weIl e~Pla~ the 

dlscrepencies found between the measurements provlded ln the 

present study and those by Moore and Frankton (1974). 

The present treat!1'E'nt also dlffers from those of Boldt 
1 

(1978~ and McCarty (1978) who recogmzed ssp. lelophyllus at 

the spepflc level (as Ç,. thoermerl) rather than at the 

subspeclfic level. Thelr treatments were based largely on 
'''1 

speClmens from the Umted States. Slnce aIl the Umted States 

speCImens examIned, lncludlng populatlon samples from North 

Dakota and Montana and herbarlum speCImens, fIt weIl lnto the 

present cIrcumscrlptlon of ssp. lelophyllus we conclude that 

any dlsagreement among the treatments IS based on rank. In a 

recent paper presentlng Ilmlted data gathered from nurserv 

studies, McCarty (1985) also suggested that Ç,. thoermerl may 

be better treated at the subspeclflc rank. 

In McGregor's (1986) treatment of Carduus, only two 

subspecies are recognlzed, ssp. macrocephalus and ssp. 

lelophyllus, ln the area covered by the Flora of the Great 

PlaIns. 
\ 

The northern llmlt of thlS area extends Into the 

prOVInces of Saskatchewan and Ma"nl toba and 1'41 th respect to 

ssp. lelophyllus our two treatments jre largely ln agreement. 

McGregor's descrIption of ssp. lelophyllus Indlcates that on 

~he whole In~ivlduals of this taxon are slightly larger than 

those measured ln thlS study, but no other maJor dlfferences 

are apparent. The size differences rriay reflect a normal range 

et --. 
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of phenotyplc plasticity. Herbarium speclm@ns of ssp. 

macrocephalus annotated by McGregor were examlned. ThIS taxon 

is clearly dIstinct fram ssp. lelophyllus and 50 far no 

specimens of ssp. macrocephalus,have been collected ln Canada. 

McGregor \\5 finding that ç. nutans ssp. nutans does not 

occur on the Great PlaIns IS ln agreement wlth the findings of 
\.. 

thlS study. In Canada, thlS taxon tends to be more comman ln 

the eastern provInces (FIg.51 and presumably ssp. nutans show~ 

a simllar dlstrIbu~lon pattern ln the UnIted States. The 

dIstributIon of, ssp. nutans ln Canada covers Ontarlû and SOlne 

of the provinces east of Ontario. Although predom1nantly 

western in dlstrlbutIon, populatIons of ssp. lelophyllus are 

aiso present ln OntarIO and Québec. Dunn (19761 111ustrated 

the dIstrIbution of ç. nutans ln the UnIted States but the 

distrIbutIons of subspecles were not shown. 

Clearly, most of the dlscrepanCles between the NOl th 

Amerlcan treatments of the C. nutan~ complex r.late to the 

diffenng Vlews of the varIation found ln ssp. lelophyllus; 

The European treatments (I.e. Franco, 1976 and Kazml, 1964) 

are o~n agreement ln tri!atlng ssp. le!1ophyllu's as ç. ' 

thoermerî. Although their descriptIons are simllar to ours It 

~s unclear whether the two taxa are the same. 

When predlcting the genetlc structure of populatlol"l'li 

sev ... ral factors must be cons,ldered, b~ two "'.Y be 

They are the br •• dlnQ ~ystem of the .peele. and the number of 

'!I 

jlr 



\ 
1 

( 

( 

( 

c 

t 49 

introductions which hav~ pccurred. Wi th respect ta the former 

factor, outcrossing sPlc1es are predicted ta have most of 

~ r ther than between the populatlons when compared wlth ~
t eir g~net1c var1at1on occurring w1thin the populatIons 

Inbreeders or selfers (Hamrick et~. 1979 and Loveless and 

Ham~ck, 1984). ~. nutans lS predom1nantly outbreed1ng and 

• the electrophoretlc data presented suggests that 1t lS 

behavlng ln a predictable fashlon, ln as ~uch as our results 

show no eVldence of reduced var1ab1llty. 

The actual 1ntroductlon of ç. nutans to North Amer1ca 

lS not weIl documented but eV1dence TrOm herbarlum specImens 

and other sources suggests that a number of separate 

1ntroductlons hrve occurred. The f1rst collect1ons of the 

spec1es were fr~ several ballasts along the east coa~t of 

North America (Stuckey and Forsyth, 1971), These specImens 

represent 1ndIv1duais of ssp. nutans. Slnee ssp. nutans was 

first collected in the United States II lS unclear whether 

thlS taxon was 1ntroduJed ln Canada from seeds orlglnatlng 

from the Un1ted States or Europe. HarrIS (unpubl.) bel1eves 

that ssp. lelaphyllus was separately Introduced ta Alberta. 

Saskatchewan, and ManItoba VIa seeds orlglnating from the 

UnIted States, whlle Mulilgan and'Frankton (1954) speculated 

that thlS taxon was 1ntroduced ln ~askatchewan from seeds 

onglnatlng fram Argent1na. The flrst collectlons of ç. 

nutans ln the mid or wes~ern reglons of the United States are 

... ---.. 
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sporadic suggestlng that there may also have b.en a number of 
~ 

separate introductions ln the,e regions. If separate 

introductIons have occurred, little genetlc differentlatl0n 

between Europeoyr and North Amencan popul~tl0ns should b. 

expected. 
~ 

Although this study has provlded addltlonal 

lnformatlon to the prevlous treatments of thlS complex in 

j Canada, l'le are unable, from the results of this study, ta 

determine WI th cer,talnty whether ç. thoe,.mer 1 (~I<azml' 

and ç. nutans ssp. lelophyllus are the same. A more detalled 

morphologlcal and genet1c study lnvolvlng a comparlsèn of the 

populations fram bo~h contInents wauld help Clarlfy the 

remainlng problems . 

, 
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TAX~IC DESCRIPTION AND KEY 

Carduus nutans L., nodding thistle, .usk thistle. 

Herbaceous annual or blennlaI, 2 to 20 dm taII, glabrous 

or pubescent on the leaves and phyllarles. Stem erect, slngle 

or S or 6, usually much branched, wlth spiny trlangular or , 
palmate wlngs, glabrous or moderately pubescent. Basal rosette 

weIl developed, leaves eillptic to lanceolate, 15 to 30 cm 

long, glabrous to densely pubescent, plnnatlfld wlth palmate 

or trlangular lobe, lobe endlng ln a splne. Caullne leaves 

SimPle, dlternate, seSSile, decurrent, lanceolate or oblong-

lanceolate, glabrous ta densely pubescent, plnnately lobed 

wlth numJrous small marglna: splnes, lobe taperlng ta a sharp 

splne. Head termlnal, sol1tary, peduncle naked or wlth a fe~J 

; 

.... small bracts for 1.5 to 5(7) cm below the head, or on flol-Ier 

head maturlng later ln the season often leafy below. Head 1.5 

~o 4.5(7) cm ln dlameter, usually noddlng; phyllarles nu~erous 

1mbrlcate, Q ta 27 mm long, reflexed or spreadlng, taperlng to 

/ / 1 a splne (1)2 to 4 mm long, mlddle row phyllar~ wlth a 

constrlctlon at or Sllghtly below the mld pOint, portion above 

oblong to lanceolate, wlder than or equal to the lower 

portion, Inner phylldrles narrow, unarmed. Flower perfect, 

tubular, pink to purple; pappus 15 to 20(25) mm long, corolla 

et • 
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t~. 10 to 14 mm long, :nther &.0 to B.5 mm long. Achene 3.2 

to 5.0 mm long,. 1.4 mm wlde. n=8. Growlng ln pistures, alon9 
~ 

roadsldes, and waste flelds. 

Key to the subspecles 

Phyllarles wlth arachnold halrs, lower portlon l'quaI to 

or Sllghtly narrower than upper 1Ibrtlon; leaves moderately 

to densely pubescent; he ad dlameter 1.5-3.~ cm .. ssp. nutans 

Phyllarles glabrous, lower portlon deflnltely narrower than 

upper portion; leaves glabrous to sl1ghtly pubesclfnt; head 

dlameter 1.8-4.5(7)cm ..... o •••• ~ •••••••••• S5p. lelOphyllus 

Carduus nuta~ L. ssp. nutans· Sp. Pl. 821. 1753. 

Stem and leaves mOderately to densely pubescent. Head dlametel 

1.~-3.5 cm. Phyllary ~Old h,urs,. uppIPr por~10n 11)-

19 mm long, 2.~-4.1 mm wlde, lower portion b.O-B.O mm long. 

to 3.8 mm long, 1.4 mm wlde. Wlde.pr •• d in Ont., occurnng ll'"l 

N.B., Nfld and Oui., reported to occur ln N.S. but no 
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REPRESENTATIVE SPECIMENS 

New Brunswick. : Bass RIver, NE of Harcourt H.J. Scoggan ~ 

O.S. ErskIne 12910 (CAN 238655, QFA 124546) ; Chatham H.J. 

Scoggan 12125 (CAN 238659) ; Chatham H.J. Scoggan 13352 (ACAD 

50241, SHER 20900) ; Bass Rlver J. Fowler 337 (ACAO s.n.) ; 

Chatham <3 ml S.) W.G. Dore ~ E. Gorham 45551 (QFA 276737, 

ACAD 16355) Northumberland Co.: Newcastle, H.J. Scoggan 

13350 (ACAD 50515, CAN 243523) ; Newcastle-Douglastowm, H.R. 

Hinds 6214 (UNB 42317) Ontario. : KItchener, C.A. Campbell & 

G.R. Donaldson 74-128 (CAN 377238) ; Southampton, G.A. 

( Mulligan ~ D.R. LIndsay 874 (DAO 384081) ; Bruce Peninsula, ~ 

Simon 389 (DAO 384083) ; Brant Co.: Pans H.J. Scoggan 14449 

(CAN 306882) ; Carleton Co.: 8etweem Conc. 6 & 7 1.J. Bassett 

et al. 2331 (DAO 384108) ; Frontenace Co.: Fermoy G.A. 

Mulligan & W.G. Dore 907 (DAO 384084) ; Grey Co.: Maxwell, 

ArtemlSla Twp, D.R. Llndsay & G.A. Mulilgan 275 (DAO 3840~6) 

,/ 

Durham (3 ml W), G.A. Muiligan & D.R. Llndsay 863a <DAO 

393993) ; Durham (3 ml W) , G.A. Mulilgan & D.R. Llndsay 863c 

<DAO 393992) ; PrIcevllle, G.A. Mulligan & R.J. Moore 1000 

( <DAO 39027 ) j Prlcev1l1e, G.A. Mulilgan & R.J. Moore 1015 

(DAO 384104) ; Halten Co.: MIlton, G.A. Mulilgan & D.R. 

LIndsay 817 (DAO 384087) ; Acten, R.F. Caln 1518 .<SHER 6Q926, 

( 
QFA 276738) Campbellville, Z.D. Bezdek 4287 (TRTE 8014) ; 

Leeds Co.: Portland (5 ml NE), G.A. Mulligan & W.G. Dore 908 

1, 

.é .... 
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(DAO 384102) j'Oxford Co.: Tavlstock !.:..!l.:.. <DAO 384090) ; Peel 

Co.: Meadowvale, A.F. Coventry 64/42 (TRTE 645) i Inglewood, 

A.F. Coventry 64/62 (TRTE 643) ; Cheltenham, Conc. 5, lot 32, 

H. Salfl et al. 9461 <DAO 208508) i Mlsslssauga, J.M. Webber 

3023 (3) <DAO 281735, TRTE 17841, CAN 452015) i Perth Co.: 

8rocksden T. McIntosh s.n. <SHER 153803) ; Vl'ctorld Co.: 

Beaverton I.J. Bassett 3357 (DAO 384088) ; Waterloo Co.: 

Galt, C. Frankton. et al. 650 <ALTA 68210, DAO 384091) ; 

Preston, H. GroM 3281 (DAO 384092) ; Grand River, Preston, ~ 

Groh 3441 <DAO 384093) ; Wellington Co.: Guelph, E.G. 

Anderson 1811 (MIN 490802, DAO 39030) ; Wentworth Co.: 

Westover, Beverly Tp. J.E. Cruise et'al. 9461 (QUE 41468) 

York Co.: Humber River <E slde) J laudenbach 45373 (TRTE 9468) 

Quebec. Lac St-Jean Co.: St-Jerome, A. Belzlle ~ C. Gerv31S 

2740 (DAO 384038, OK 92223, SHER 4133, QFA S.I1.) ; Ste-Cr'O 1)(. 

Caron Tsp, LJ. Bassett !. A. Hamel 2135 <DAO 384042) ; St- , 

Jerome, I.J.8assett 2082 (QUE 6101) ; St-Gedeon, J. Cayouett~ 

73-474 (SHER 114885, QFA 143615, QUE 63776) ; Ste-CrOIX, ~ 

Bergeron 103-25-1 <OFA 120046) ; St-Jerome, L. Clng-Mars et 

al. 547 (OFA 144692) ; St-Jerome, l. Clng-Mar~ et al. 63-1162 

(QUE 261,08, OFA 276739, OFA 76780, ACAD 6319,OFA 72~73) 

Desblens, R. Caouette & J.-C. Mlchel' 2682 (DAO 3840461 ; St­

Jerome R. Cayoyette & C. Leduc 8959 (OUE 33991) ; Desblen;, ~ 

~u'tte & J-C. Michel 2b82 (5HER 210b7, QUE 20531) : Ou.bec 

('" ~- . 
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Co.: Ste-Foy, Cte Quebec C. Rousseau 64-481 (QUE 77012, QFA 

76779, SHER 7575, QUE 33433) Newfound 1 and , : Near Heart's 

Content, Avalon Peninsula I.J. Bassett 617 (DAO 384052). 

Carduus nutans ssp. lelophyllus· (Petrovlc) StoJ. 
~ Stef., FI. Bulg. 3rd ed. 1183. 1948. 

ç. nutans var. lelOphyllus (Petroviè) Arenes sensu 
Muiligan & Frankton, Cano FIeld Nat. 68: 35 (1954) 

ç. nutans var. vestitus (Hal.> B. BOlvln. Nat. Cano 
94: 654 (1967) 

ç. thoermerl Wlenm ~ McCarty, Blologlcal control 
of thistles in the genus Carduus ln thë UnIted 
States, p.9 .1978. 

Stem and leaves glabrous to Sllghtly pubescent. Head 

'dlameter 1.8-4.5(7) cm wlde. Phyllary glabraus ta Sllghtly 

pubescent, upper portIon 10-16 mm long, 2.5-8.0 mm wlde, 

lower portIon 6.0-8.0 mm long, 2.5-3.~ mm wlde, constrlctlon 

ObVIOUS. Achene 4.0-5.0 mm long, 1.4 mm wlde. Widespread 

in Sask., occurring ln Alta, 8.C., Man., and Que •. 

.. Kazml (1964) provldes lists of synonyms for ssp. nutans 
and ssp. lelophyllus that have been used ln the Dld 
World. 

REPRESENTATITE SPECIMENS 

Alberta. : Beddington (Calgary) B.M. Hallworth & O. Allen s.n • 
.1 

(UAC 26723, ALTA 86109) ; Beddlngton (CalgaryJ C. Osborne 

.ct • 
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~ <UAC 26727, UAC 26726, UAC 26724) ; Beddlngton <C.lgary) 

c\. Osborne s.n. (CAN 400658, UAC 26725, DAO 145415) ; Coalgary 

L.V. Hliis S.n. (OK 126933, UN8 41404, UAC 40228) ; Calgary !i:. 

MychaJluk 1009 (UNS 37289, UAC 40227, OK 126932) ; Claresholm 

R. Serrlnger s.n. (DAO 282126) Moanitoba. : Relnland F.G. Ens 

E39 (DAO 659569) ; Pemblna L. Young s.n. (DAO 653208) j 

Haywood W.§. Dore ~ A.J. 8reltung 12727 (DAO 281690) Thornlll 

.H.H.Marshall M1661 (DAO 160766) Ontario. Essex Co.: Pelee 

Island M.J. Oldham 3901 (TRTE 33615) i Hastlngs Co.: Marmor~ 

(10 ml S) K.J. Crawford 547 (QK 106488) j Rosiln, Lot 3 and 4 

Cane. 9 G.A. Mulilgan & V.R. Paxton 952 (DAO 3840681 ; Lennoy-

Addlngton Co.: Odessa (3 ml N) K.J. Crawford 584 (OK 106490) : 

Odessa (3 ml N) K.J. Crawford 594 (QK l063481 i Northumberland 

Co.: Potts Island, Brlghton Twp,J.L. RIley ~ D.Hoy 9461 (DAO 

199400> Peterborough Co.: Norwood C. Frankton et al. 630 (DAO 

384067) ; Peterborough S.L. Gray ~ M.N. Campbell 1595C (CAN 

380776) Quebec. : Cte Temlscamlngque : \1111. Marle, ~, 

51rois S.n. (DAO 384069) ; Montréal D. Woodland 2134 (MIN 
a. 

702493) ; Montreal-Est R. Neron 84-245 (QUE 93138> 

SaskatcheNoan. : SWlft Current A.C Budd 2516 (UAC 267291 

Cralk to GIrvln, Lake Centre Dlstrlct i. BalVA", ~ O. Dunb.r 
...-

10308 (DAO 126497, DAO 126495, WIN 32528) ; Craven e. BOlvln 

l-w.G. Dore 7567 (ALTA 73449, SASK 64310, DAO 126496> 

126480, REG s.n.) 
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\ 
(REG 5.n.) ; Melville, Hwy 10 B. de Vries 3581.75 (REG s.n.> 

Bridgeford, Qu'Appelle Valley B. de Vries 846 (DAO 281697) 

Davidson E.W. Sullivan 87 (REG s.n.) ; Davldson G.F. 

Ledlngham et al. 2277 (REG s.n.~ ; Qu'Appelle Valley, 20ml N 

of RegIna G.F. Ledlngham et al. 5439 (REG s.n.) ; Buffalo 

Pound Lake G.H. Turner s.n. (ALTA 65977) ; Lawson, Lake C~re 

DlstrIct I.J. Bassett ~ K.F. Best 4096 (DAO 281693) ; 

Qu'Appelle Rlver Dam J. &. F. Plgott s.n. '(WIN 37894) ; Elbow 

(10 ml S) J. Looman 17137 (SHER 148672, DAO 167118) ; Bethune-

DavIdson J.8. Campbell 2580 (UAC 26728) ; Dundurn J.B. Golloc 

<SASK 71105, -REG s.n.) ; Govan J.F. Alex &. J.P. Gebhardt 2'598 

<DAS 280204) ; Guernsey J.F. Alex &. J.P. Gebhardt 2610 (DAS 

280200) ; Reglna J.F. Alex &. J.P. Gebhardt 2659 (OAS 2802021 

; Modlack, (NE), Moose Jaw J.H. Hudson 1668 (DAO 281699) ; 

Homefleld J.P. Gebhardt 62 (OAS 280?03) i Renown R.O 8lbbev 

~ (SASK 22938) ; Glrvln R.T. Coupland 247 (SASK 22935, DAO 

281702) ; 8ladworth S. Zilke 41 (SASK 22933, DAO 39032, SASI< 

22931) ; West of Saskatoon W.A. Johnstone s.n. (DAO 281688) 

Wilkle, Battleford District W.D. Garratt s.n. (SASK 22932) 

Be. : Alrport at Prlnceton J. Grant 31 (DAO 384036). 
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