
7
Bonald J. Taylor, Department of B o ogy Wesiern Wash ngton Un versity. 8e I ngham, Wash ngton 98225

The Origin ol Lamium hybridum, A Case Study in the
Search for the Parents of Hybrid Species

Abstract
] \nuDur le ]1 . . t re \ i . r |on lo |L ln t i tunr raso l l s r . r r r r lg l IL i I l3 ! rmPat I i ca ! ] ' i

phological and

t a x o n i s ! ] r ! b | i . l h e t 1 \ . . l l l ' ' u t l 2 l e l t u u | e a l | t ' ' p u t p u r c u n t t h a t i t s l n a l l p h i d ! l | o i l

. n n e d h J i ' i ' T l l e e l p e r i n r e l t a l l : r r | t . r o n { ] n r l l h u | | l ] c i n J J n e d i a t e i s a

s p e c i e s l l r . n o t p r o d u c e d i n J ; l ! l ) u l \ l t s i n | u l l ( ' c l l . ' \

i d e n 1 i 1 ] . ! 1 j o r o f l h e l e \ L l r r l o l a . 1 - a a r j r z n I 1 | \ l ) l i 1 1 l \ 1 | | . .

t h c h r p o t h e s i s o 1 a n e r r c a : e o | t l l r 1 x r l i 1 r l o n l r . t l l c r c r r ' n r p | i l i t h e n l e t h o d o 1 o 5 u s e d i t ] t | ' ! . i i i g l h t p l r r ' n t u g e o l h r ' b r J s p e c i e s '

Introduction

I  recal l  as :r gradrrate slLr. ienL. \ \hi lc vcn rnuch in
the l i rmaLire rears of rnr profession. being told
br rrrr lncntor. - \ ' lar ion Otnber. that one of the
p r i r n  u \  1 - p n r r - i l , i l i l i - -  , , 1  - \ - t ' r n r t i s t -  \ \ r .  l u
obserre,rnd docrLrnent erolrrt ion aL \\ 'ofk. Ccfiain-
h. Orrnber rnet that responsibi l iLr r, ; iLh his dis-
cor r-'rr ancl docrrrnentattctn ti TrugpogttL nirus and
T. ntist ellus, arlphidfu loids lallopolvpLrid species)
clcr-ir,ecl frorn hlbridization ol Tragopogon thiius
Yl. ponililius ani T. tlubius \ T. pratenst^s tespec-
t irelv (Orrnbn l955]. X' lar ion Olnber \ras a l i rsL
clirss plant slstenlatist and Lr metir'uLrus researtfir'r:
but he rras also ertrernel l  lLrckr ' .  AlLhough rr.c ac-
ccpt thc plernise that rnore than half oi al l
angiospcrm species lrele del ired fronr hrbridiza-
t ion fol lolecl bv chronrosonre doLrbl ing (al lopol, l-
ploidv). his ale trro of Lhe ferr cascs rrhcre this has
adLrall\ been obscncd to occur naturallv. -\o it rras
lhat;n thc spl ing of l98fi  I  becarne lerr exciLed
upon discovel in!( tr  srnalJ poprrlat iorr of lhat ap-
pcarcd to bc a nerr hrbricl  species. The ne\\ tax-
on las grorring slrnpatricallr tith Lnlriarrr anplev-
i touLe L. anrJ L. ptLryurernl, . :  i l  r las rnorc or lc,.s
interrnediate bet\\een thrse lrro spccics: and. verr
i r n r * r l : u , l  \ .  ' 1 r ,  r ,  " . r .  r ,  n  l i l l l e  \ c f i , , r i o . r  r n r , " r g
Lhe plants. slrggestin; i  tr  stabi l ized Fl populaLion
rathcl than a hlbrid stalrn. Fufthefmorc" thc
plants $crc mole lobust than the Lr|o knorrn
specics. suggcsting that the\ \ere polrploids-
al lopol lploids! Sever:r1 qLrestions ( 'arne h mind:
(11 \\ 'as thi-s in i ict a hrbrid species? {2) \ \as i t
an al l4rolrpLrid1 (3) Tf i l  rrcrc a hvbrid. cl id
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hrbridizrt ion occnl in situ or rr 'as the plant in-
t loduced as a hvbrid? (,1) l f  thc plant were an
introduced hvbrid. were the lrro pafents Z. arn-
plexiutuLe aru) L. putpuretLntl \5) Ii Lhe plant had
been introdrrced. had it prcviously been de-scrihd?
'l'he 

studv that ensLred r,'as dcsigncd to ans{eL
these quesl ions and tvpi l ies standard methocls of
biosr stemtrtic :rnalvses.

Materials and Methods

Descr pt ve notat ons and exper mental taxa

Lamiun umpleicanLe L. and L. puryureurnL. arc
diploid species (2a = 1B) originati lg in Europe
but tidelr distributed in North Anrerica. Both are
rr inter anruals and are cornmon r{eeds in moist.
disturbcd habitats. inclLrding irr igaLed f idds and
orcharcls olthc Nort l l lest.  The f lolering sLems of
both are erect or sl ighth sprcading from the base;
the lear,e-s are opposiLe and dccplv toothed or
lobed. Thc prirnan dist inguishing charactenstrcs
(L. arrytLer/catLle rs. L. putpureunt) are: leaves
r,;irlcr than long. rounded at the L;p. and the up-
per ses-( i le and not cr-owdcd nol pi€i lnented vs.
lcalcs longer than wide. acute. and all petiolate.
the Lrpper croldcd and reddish pigmentecl:  colol-
la tube 9-l  I  mrr long. thrice as long as the upper
l ip. and corol la bright la\ 'ender in color vs. corol la
LLrbe,l-6 mrn long. t l ice as long as ihe Lrpper l ip,
and corolla pale lafencler. The thircl t.rxon. reierred
lo as L. "htbit lum" 

for convenielce. has leaves
resembling L. purytureun but somclhat ltuger'.
rnorc clccph lobed. less crouded above and onl,l
sl ighth pigmr:ntcd: the f loners are inlelrnediate in



sizr and shapc but are colored similarlv to thosr
t'f L. ompleicatLLe; in habit. the planLs are rnort:

robust. e)itensively blanched ancl tidelv sprearling.
In the stud,- l  areas {Fi€{ule L). the lhree ta\a occur
sympatrical l l .

Figure l. \{ap sholing rstablished populations of lraaiaar

i_rbidarr rr SkagiL (irrirv. \\ u!hinslo..

I  e  o  JaTp  l r g  a ro  ua la  uo  ec l r o^

In Apri1. 1986. ut the original si te ol obser.r 'at iorr
(si te l .  Figure l) .  a l fanscct rras e,.trbl ished
through the rnost dense t)aft  of lhc popul.rt iol l .
paral lel ing highNav 11. AL f ive mctcr nlteNals
along the transect. t \ \o l-meter-squarc plots lrere
located. one on each side of arrd onc
lhc tntnscct. for a total of 5{l  plrts. Indir. i r iuals of
the lhree ta\a rrclc counted ald i iequencv end
abundance $e|e calt.Lrlaterl. T1\'cntl sllitablr tna,
ture plants were collected along thc tlansect. flve
ol L. pto?rD?run, four oi /,. umplc)iicaule. at\a
e l " ren  n l  / .  " h , l " i , l un t .  Th , -  n r .mbe r -  se .e  i r r -
clicative olthe relati,'e ahLrndancc ofthc thrce tann.
In \{av of l98? and again in 1989. arldit ion.r l  col-
le<tions lere nradc frorn a dense -.vl4ratric lxrpula-
t ion at si te 2 (Figure l) .  Thc purpose and ntl ture
of these col lect ions are noted bclol under ap-
propriate headings.

\,4orpho og ca l\leasurements and
Compar sons

A Lotal of 24 nrorphological r ' :rr iables ( l isLed in
Tablc l)  las,.elected and measurerl  on 60 speci
mcns.20 ol each tarorr. Thesc spccirncns i lclud-
ed the 20 plants col lected from site I  (ancl notccl
above). and 40 plants col lectcd in 1989 alolEl t to
30 m lfansccts at si te 2. Al l  plants seJcctet i  for thc
analvses \rere in a sirni lar stagc of anthesis and
nleasuremcnts l tere rnade on i iesh planLs. Thc
morphological lelat ionships arnong the 60
specirnens r iere determined using a principal com-
ponents anal lsis (Sl 'SSx 198.1). the mosL common
tlpe ol multiladate anallsis in blo,.rstemahc
sLll( l ics.

F avono d Ana yses

Thirtr sui lablr rnatue plant-(.  ten of each tdxon.
\\crr randomh col lected ar sire 2 in 198?. l 'he
flowers lere rernoved and from these anthocriuins
'wclc extlacted in l0i methanolic HCl. From the
result ing exLracls. anlhocranir ls rrere isolated.
characterized. identified. and quantificd using
methods of paper chr-orn{toglaphv as described b\
Tal lor (1987). including specrral anslrsis and
hvdrollsis. Aliel the llowers had becn rcmoved.
the plants r, !  efe air clr icd, cmshccl. and l lavonoicl
pigmcnts wele extracted in I l09o melhanol. [ .sing
standard nrethods of papel chrornatographr
(Nlarkharn l9B2) and spectlal anal lsis (X' labn et
d. 1979). the l lavoncs rnd f lavonols \rere isolaled.
charactcrizecl.  quanti f ied. and largel l  idcnti i icd.
l lavonoid ( inclLrding anlhocvanin) similari t ies
(similari tr  rahrcs or S\s) among plants tere deter-
nincd bl uppl icat ion of the fonnLrla: S\i  =

sirni lar i t ies/sini lar i t ics + cl issimilari t ies ISV :

s/s+d). f i rst used br -(okal and Sncath (19(13). The
co-o('urren(e of a part icular conlfound in t \ro
plants \ras liiven a silnilaritr of Lhrccr an aclclitional
val l le .) f  trro rras assigned i f  lhc crmpound rrs o1
the sarne scorcd conccltrat iol.  one i f  lhe concen-
trat ions dif ferecl b,v a single scored ralucr Simi
lal i t ies + cl issirr i lar i t ics = 5. A pigmenl noL or-
cl lrr ing i l r  ei ther plant r ias not considcrcd in deter-
rninaLion ol 'si lni lar i t \ ' .  From these dala" i l
cora ance rnatr i-r (SPSSx l9B:l) las generated
and usecl to rrrnslrucl a phcnogram lncl dissirni lar--
iLr tr ianglc.

Flavonoicls dr-c the rnost rt idelr used oi al l
secondarr rnetaboli tes in bioslstcmatic strrdies.
Thcr, arc stabie. can be anal\zed fron small

Lanti tLn hbit lunt, A Crsc Stucl l  LI7
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I plant height (crrr

2 nrean leaf lensth tmrt

l l  -  n  ! , j  1 , . ! l  v jd lh  in rnr )
'1  k , ,gLh o l  n .m ln r i , l )  1 , . ! l  per io le  (mn)

;  u t fe r  le l re \  c lasp i rg  :  1 :  rbnr lanr ing  =  u
6  depth  o f  ln  r  le l f  ,nus i r  i , r  i s ions  (mnLr

; lell r.!uri,r, l)arr, r,r: i,,l, rr.rinol splce reduced aDd Don raised = 1t i|Lenrinal slacr: rr<1. and slighth raised = 2: nrter
renral s1,acc grfutcr rn,l n)r( r{is.l : 3

e leal pube<erre: sl)aN. on bolh surlaos : 1r sparse on loiver surface = 2; nlati*lr rlcnsc on both surfaces = 3
9  lensrh  o I ] . ,$e" r  idLenu l  l c ,n )

l0  -  c r l1 ' I  leng lh  lmmr
l1  -  c r i i r  p r rbcsccrce  kharac ter  s t r tes :  .parse l r  s t r igose =  l r .u l r r t ( i l r  s t r igose :  2 ;  ser iceous  =  j l t

12  cahr  s t r r igh t  :  l r  r l i ra r i ca te  :  2
L3 .o ro l la  l .ugr l i  {d rmr
1 .1  coro l la  ruhe l . rs r l ,  ln ,n l
1 ;  g ! le !  le rs th  thml
L6 coro l la  co l r :  p i r rk  :  1 :  u rc rdo  =  2
l i  co lo r  o l  ga io  t )ub(  s i ,  nc r :  \ rh i re  :  l :  wh i te  rv i th  pnrk  base =  2 :  r , i r l  t , )  p , , rp l .  :  3
L i i  rn ig  o fh l j rs  n i \  { .  l , ! s .  o l  ( , , f , , l l o  InLc :  obsenr :0 :  p resenr  =  I
9 - coroLla pubescence loutsjde): at,s.nr : 0r sprrsc = l: moderate = 2: hearr = 3

20 -  1 l  rment  pubescence:  ab .en t  =  0 t  " t ! f ! '  :  1 r  n ,od , ru t ,  =  2 :  heaw :  3
2 l  lea f  l la r l .  , ) f l c , , ru r i , , , r  pa fo l leL  ro  s ren  =  l :  perpend icu ie r  ro  sLr r r  =  2 :  Qr i ( l  :  3
22  I ,u rp le  l ) ignn ,Lr r i , ) , i  o l  r rpp t r  leare- . :  absenr  =  0 :  t race  =  l :  l i ghr  =  2 :  n rn l i , ro r i  :  3 r  heoyr '=  ,1

2 i l  re r l i . . l '  o l  l l oN. rs  p . r  s lcm lnumber )
21  branchcs  t , . f  l l o \ r . f i , rs  \ l .n rs  lnunrber l

-ramples. and can bc lcntativch iclentilied br iirr
procedures (Harborne and TLrrner l9B4l.

Cyto og ca Observations

ln 1986. seeds o[ L. "hybitlum 
trere collected

{by Joe Arnett) at si te l .  gerninated. anrl  seed-
lirrgs l,ere grorn to maturitv iD a greenhouse.
Young anthcrs lrcre excised from 20 immature
l lower bLrds and squashed in 29o acekr-olcein.
From these irurls. onl l  one preparation sho$ed
rneiotic figurcs clcar enough to allow chnrmosomal
counts. Scveral miclosl ldocvtes rere exarnined
and although plecise counts were dilficult. thel
consistentlr  appro:t irnaLed r i  = lB lArnett.  un-
publishedl. As notcrl  bl Arnett and Bemstrorn
(1955) before hirn. srritable rnciotic figures are dil-
licrrlt to ohtain in Lomion bccause of verf, small
chromosornes and ferr anthc'rs. In Junc of l9BB.
seeds colleclcd fi-om plants of site 2 rtere ger-
rninatecl in pct l i  dishes ancl root t ip squashes r lere
nrade of l0 seedlirgs each ol L. "htbit lun" 

antl
L. antplexicauLe, :rnd f ire of L. pu.ryureum. tht
sccds of lhich r, ;ere dif f icLrl t  h gefrninatc. lhc
squashes lrere staincd rith aceto-orcein and mitoticr
i igules *ere examincd. ! inal lr .  pol len samples of
all pl:rnts used in rnorphological .rnahses rrere
stainecl Nith aceto(.! t frninc. lo gct on estimation of
viabi l i tv. and measurccl.

I  l8 Tavlor

Transp antations

Nurnerous spccimcns of al l  three ta\a wcre
transplanted liom site 2 into an cxperimental
garden at Wcstern Washington l- lniversitr ' ,  Bel]-
irrgham. S'A. Also. sccdlings ofZ. 

"hybithnt" 
an<)

L. anpLeit:ou[e were plantcd in the garden.

lsozyme Ana ys s

Ten f lou'ering specimcns of each taxon col lected
l iom,. i te 2 in Apri l  of 1989 and ten spccrmens
of L. "htbitlurn" 

from the experimenlai garden
\\'ere senl [o S'ashington State Llnivelsit! 1;r iso-
zrme anaivsis. The analrsis r,as donc b_r I'aul tr oJf
irom thc lab of Doug Solt is. Trvelve crrzrr les or
enzvme svsLenrs \rcrc sur-!eted electrophorelic all! .

Results and Interpretations

Popu ation Structure

The pcrccnt frequencies and abLrndarrce {pJants/sq.
meter) ofthe lhree Laxa at si tc 1 wele: L. anple.t-
i taule 17 anLl O.I2: L. puryurerLnt 12 and 0.22:
L. ' 'hbidum"76 

ancl2.29. Clearlr '"  /- .  "hbid.um"

is more inrasive or at least reproductivelv suc-
,  - - - t r r l .  . r n  , , l r . r ' n . r l i on  o l  l . r c r t i a l  c , , n \F , | ' r r i  r
in dea.ling with northresL \\'eeds. At sitc 2. although
the populat ion st luctule i , !as nol deLermincd.
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Figure 2. Ordination ofodil DuDbered plaDrs l)ased or prircil,rl rornporcnLs analvsisr fudors : components. Circle: Z. anplci
cauler tiarsle: L. puryureunt: sqtare: L. hybr unL

L, "bbrklum" 
appeared to bc cvcn more

predominant.

Morphological Fe ationsh ps

The principal components analvsis sholm in Figure
2 indicates the morphological relationships of the
lh fep  l J \ J .  On I  t he  odd  numbered . l ' ec i n .n -  r r e
plotted on the chart, including specimens fiom both
col lect ioD sites. The analr 'sis vieldecl six com-
ponents with eigenvalues grcater than onc. indi-
cating lhat lhc vdliablcs are rnoderatelr correlated
(an inverse relationsh\) e\ists behreen the numher
of componcnts r,".ith high eigenvalues and the e\-
tcnt of conelation among variables). The iirst corn-
poncnt (see l ' igure 2) accounted for.14.60lo ol the
lariarrce and separated l,. anv)Ler.krutle lre.n tht
other two taxa. The ,rariables nith the highr:st load-
ings" i .e..  thosc that cont butcd most to the,.epara
tion along component ( iactor) L. l istecl according
to loading r.alues (high to lol ). rrere: upper leaves
clasping ls. non-clasping (lon-clasping in l.
anlplexicduLe = La.):  the presence or absence r l1
a ling of hairs insicle the corolla tube (absent nl
L.a.):  pigmentation of upper leales (norr-pigrrentcd

in l .n.):  calr ' r  pubescence (sericcous in Z.a.):  co-

lol la pubescence (heav,y in l .a.):  corol la LLrlrr
length ( longer in l .a.);  and colol ol galea
pubescence (pigmentecl throughouL in / , .o.).  Thc
second cornponent acr:ounled for I il.49o ol thc var-
iance and separaled l. puryureun. [rcn L.
"hybidum." The variables with Lhc highcst
loaclings. from high to lor'. r'ele: depth ol leaf
nralgin incisions (1/3 as deep in l .p.):  leaf r,ena-
Lion patlern l inlcrvcnr , .pace less raised i l  1.7r.1:
corol la pubcsccncc { lcss dcnse in / .p. ):  branches
pcf flo\rcring stcm (feler or none in l.p.): and r'o-
rol la length (shorter i l  l .p.).  The thi lcl  corrponent
accountcd for 9.910 ofthe vt lr ial lce rr i th onh t$o
variablcs having high loaclings: letrflength and leaf
rridLh, lroth ofrlhich furthcl scparatecl L. antpLeri-
.dr1c { lea\es longef Lhan rr icle in L. purpureurn antl
L. "$brilunL" 

and r.icc vcrsa in l. ampLeicauLel.

Perhaps the most signif icont result of the pl in-
cipal cornponents analrsis is thc lact that the l i rst
. o rn l i ' r r c r r l  a , . . ' r r r r t . , l  f , , r  - r r ,  l r  r  l r f s ,  L ' r up , ' f l i o ' r
of thc va uncc and that l. anrplerirarrle separ-ated
from the othef t;r-\a along lhis cornponent. 

'I 
his sug

gests ihat the relat iorrship between /, .  purpurcunl
and L. "b t , idum" ts mu.h greatcf Lhan bclwccn
L. amplericatLLe ancl eithel or both of Lhe olhcr l* o

Latnium htbiclum. A Case Studr 119



tiua. This patter-n ofrclationship i-. graphicall,v por'-
t layed in Figurr 2. Thc lcsults. then. of the prin-
cipal componenLs analrsis do not support the
hrpotlrcsis that L. antpLerictLule is a parental
species ol l .  "htbidum" 

bt do sugpiest that l .
purpureutn i.s.

Comparat ve Flavonoid Chem stry

A k)tal of 2{:} f lavonoid compounds. I0 of r 'hich
r\,ere anthocranins. \\as isolalcd and used in
anahscs. Thc characteristics. distribution paLLenls.
relative r:onr'enlrations. and tcntativc iclentilications
of the lB f lar,ones and f lalonols arc prscnted in
Tablc 2. The identi f icat ions. occur-rence ancl rcla-
t ivc concelt lat ioDs of anthor'ranins are pr-escntcd
in Table 3. Larniun 

' 'h\ 
bridum" combines Lhe

, r n t h , "  r r n . r r .  u f  t l r ,  ' , t l r " r  t \ \ o . l , c . i c - .  - u g l F - t i n !

their palental sLatus. Holrcvcr, thc occulrence oi
Lhe othcr f lavonoids does not supl(rrt  lhis inlcr-
preLlrLion: / , .  "hl l t idutt" 

much more closelv
lesembles l .  putpurcum. both in the -"haring of
11.- 'r"n"- an,l  f l , r ' , ' r ' "1. ;nrl  i r  lh,: i r  rel.r t i re conren-
trat ions. In Iact. al l  r ,onpounds fould in l .  pzr-
prrre&m also occuned in l. '7l6ridum. " 

Thc rnost
l ikelv scrcnaio" then. considerin€i the results of tht:
l lavonoicl arralvsr:s in conjunction l ' i th other daia.
is thttt L. 

"h,t 
bidun" shales flarones and flavonol,.

$ith L. pupureun becarrse the laLLer is a parcntal
specicsr i t  shales anthocvanins t+ith L. tmplex-
lcatr le bccuusc thc second and unkno\\ 'n pafental
species ras similar ' l r  pigrnented l i th rral, ' idirr
gl_l'cosides. Also the obscrvation that tlro com-
pounds rr,cre fourrd onlv irt L. onqtl.eitaule antl
trro u'ere Lrniquc to l. 

'.lrr 
6idum 

" 
iirrther -qupports

this scenario. The presencc of a gr-eater number'
of f lavonoids in L. "htbidun" 

support-s the
hlpothesi-s ol al lolrohploid origin. 1he resutts ot
thc chrornatographic analrses are dcpictcd i l  the
phenog1dm and cl istance t l iangle of Figure 3. Thc
co-occurrcnce of thc rnalvidin glvcosides in l .
(LmpLexicauLe arld L. './l_r6rilarl " 

skcl s thc rclation
ship in that direct ion.

Cytological Determinations

Although re-stricted tr) a single planl. chrornosonlal
counh of microsporocltes ofZ. '7r_r 

Dndam' shot'cd
that ta\on to bc tctraploid (n :  t t t) .  Prer. ise
chromosomal counts of root tip <rells ol gclmin.rting
seedlings were dif f icult  to make. but the results
r,".ele unambiguous irr terrrs of ploidr level. ln l.
" fubid,um," 

23 mitot ic cel ls fronr scvcn seedlings

Figur .3 -  Ph. .os f ln r  and d is tance t r iang le  sho$ ing  r . la t i \ r l

simila ties {disiimil! ities) arurs .\p(rim,lr1!l planls

and spec ies .  based or  l ia ro ro i r l  i rnpounds.  h  the

rdalgle. A : 1.. antplexioult. H = L. hthridun.

i N l P :  L .  p u r p u r c u " l .

\ \ :ere e\amincd \\ i th t l  meal couDt of ] ]4 + 6
chrcrmosomes. ln L. ar4tleriL:arLle, l9 cclls lrom
nine plants \rcrc e\arnined rdth a mean count of
I7 + 3 chromosorlrcs. In Z. pu4rarcua I i : i  ce1ls
from f ive plants lere e:.aminrd l i lh a mean corrnt
of 18 + 2 chlomosomes. These rcsulN are con-
sistent rr i th thc publ ished chrorno-"orne nurnbcrs
,.'l 2n = IB for L. ornpLerir:auLe and T,. purpureum.
diploid species. Also. thjs conlinn-c thal l.
"lnhrkluni'is 

ir tctraploid. 2n = 36. Pollen viabili-
tr .  based on stainabi l i tr  " was thc sarne lbr al l  three
la \a :91  +  70 /0 .90  +  90 l ) .  and  9 l  +  1090 .  The
high poi len ief l i l i tv (stainabi l i t !)  suggests Lhat /- .
'7r16nduz-r " is an allopo[ploid. Hoto.cr. Soltis trnd
Solt is (1989) and \ess ef.t l .  (1989) have -chorln
l ha t  au topo l l p l o i c l s  mav  e rh ib i t  genc t i c
cquilibrium. thus high pollerr fefl;lilr. Pollen grain
s i ze  r l as  s i gn i f i can t l v  La rge r  ( p : . 05 )  i n  l .
'7rIbidarn' 'a-. 

lorr ld be erpectcd in a tetraploid.
Relal ivc mcan sizes ( length X u' idth). standardized
to f .  \ \ 'ere: L.a. :  1.O0. Lp. = I.OI, L.h. :  1.32.

E ectrophorel c Analysis

From the tt 'elve enzrrres sLrrvevcd.. l , l  isozvmes/
al lozrrnes lcrc isolated: see Figure 1. Onh t l ," .o
cases of heterozrgosi l !  within tdxa \rele obsel!ed:
onr: plant and one isozvme in each of Lhc diploid
species. The garclen anrJ ficld specimens of l.
"hftridun" 

wcr-c homozl'gous ibr alL i-sozvmes. 1-or
convcnience and because o[ Lhis lorr.  percent ol
heteloz,ygo-\itv. the three Laxil hdve been considered
homozlgous in l igule .l. Ol the 4,1 isoztmes. onlv
lour occurred in l l l  three taxa: trro tere restr ictcd
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T{BLE 3.  A, , rh,x. 'u. ins-0(urrence and Relarne Con( i . r r rur io.

L!ar idni3. ;  d is lu.o\ l .L.

Lranidnr icvl 3 gl\.osid(

De\nr ihr l i r  i l . ; r l is  u( , )s j t , .

l ) ( .Lphir ld i .  3 s lucoside

De\n,nr id a l l -gLcosir lc

\ Ia l \ idni  3. , - l , l is l , r ! r i , l f

l l l l \ id i r  i : ]  rh lnrnosf .  ;  s lucoside
l lu l \ id i r  !c ! t -gtr i  os ide

N l a h  i ( t i , i  g  ! ( , , s i d f  l L l

\ la l r i r l i r  g l rcoside t2)

+ + + +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+

+

rldebtifi.ari,n lv, r' blsd on MraLues iLith se\eral d.\.1,)r,i,,g sollcnrs. spectral anailses. srep{isc hvrlrolvsis.
atrd .omfiris,r,. \rirh knoirn srrndafil-. {aghcones).

Io L. antpLe::icoLtLe and /,. 
'",hr'Dndum. " suplesting

possible parentage bv the former: fourteen lere
restfictcd lo Z. pa?rteum an(l L. "hybritlunt" 

.ntl
none rras uniclue to l. purpurcunL, thus strongl\' im-
piicatirrg l. put'pureum as a pdrenti fiiieen tele
uniqrte lo / , .  ampLericaule, sul l ic ienL ev;dencc to
"e iec  t l r i -  r , , r " r r . r -  r  1 , r r - r ' : . r n , l  r r i r r c  r . e re  r r r r i que
lo L. "l4ltidunt." 

srtggcsting an undetennined sec-
ond parent. ln sumrnart.  Lhen. ir  r l t& hrbddiza
l ion bel\recn thc cl iploid taxa can be ruled oul on
the basis ol enzvrrc r ' lcctrophoresis. . \ i -"o i t  is
unlikell that a diiferenl sour-cc ofl. a rplericauLc
\ras lhc sccond parent. gi len i ts high levcl of cn-
zvrnal ic disLincLion.

Discussion

Interestirrglr.  in I786 Vil lars discovered a populr-
t ion of plarrts rrhich hc considered to be in-
telmediate betreerr /,. omplexitaule and l- prrr-
pureanr. Accordingl l .  he narred his discovcrr
Larniunt hlhri lunl.  Subscclucntl l .  the questidr (r l
the origin of thc taxon has been *idelv debatcd.
'fhe 

early taxonrrmi( histon o[ Lamiun ht bidun
\r i l l .  nas outl ined bv Lit t le and \\  alburg (19531.

beginnirrg r,;ith an original description br John Ral.
The.qe aLrthors ci lc screlal rel irences roicing
di lcr-sc opinions concerning hvbrirJ origin. l i th l .
arrytLexiL:uule i\nd L. [)ropureun most frequenth
namecl as the l ikel\  parerrts. Lit t lc concludes that
the "balance oferidr:ncc" is rgain-st hvbrid origirr.
S'arburg. beilgl a rnLrch laLer contr-ibutor to the al-
tide. hacl thc aclvlnt:rge of nore r-ecenl cltological
data le.g.. thc tctraploid status) and agrees that

122 'fallor

hybridjzation probab!- tas involved but empha-
sizes that l. hybidan anLl other related tara "must

br treatcd as independent species." Accordinpl to
Hegi et aL. (1936). there are two naturallv occur-
rinpl ibrms ot' L. hybridum: ssp. intemtedium ancl
ssp. rlirsectam. Thcse authors noted that both
sLrbspccics arc intermediate betrveen L. purpureunt
and L. amplexictttLLe. ssp. intennedium mosl
definitel,v so. Howeler, taxonomic revision (Tutin
et al. 19721 placed ssp. intermetlium tn the
sepalate species, L. moLuccellifolium Fries. and
ssp. dirre.tarl became a svnonvm ofZ. h,tbitlum.
The descripLicrn ol L. hybidurn\11. f i ts that of l .
"hl 

bidum" and lrom this poirrt the hlo rvill be con-
siclered svnonymous.

Several earl ier st l ldies have attempted to
cstablish the parental species ofl. lubidum (Bern-
strorn 1941. 19,1.1. 1949. 1955; Jones and Jones
1965: Jorgensen I927: T, i t t lc and \{ arburg 1953;
ancl others). All considel L. puryureum to be a
parcnt but L. arnpleticaule is questionable. both
because of a lesser rnorphological sirnilaritv and
apparent repfodudive isolation basecl on attempts
to hl'blidize the two diploids. Thc most cornprehen-
sire hvbridization studies &'ere carr icd out bv
Bernstrorn (1955). involving seteral Lomium
species. Hc crossed l. prlryuretltL vith L. bifdunt
(2n) and obtaiDed a srcri le Fl hvbrid $,hich he
treated u' i lh colchicinc to derive a s\,nlhetic al lo-
pol lploid. This hc crossed with Z. h_r'bndum and
olrtained a lert i le letraploid r i th normal bivalent
lbrrnation. Hc also produced a colchicinc-derived
autopolvploid ol L. purpurerun l'hich he also
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soncs liom P pupzre&m. These results suggested
that the puents ol L. hybrklun arc L. purpureurn
and L. bif,tlu.nL.

Conclusions

The cluestions asked in the iotroducL;on can be
ansrvered: (l) Is L. "hybidun" 

a hvbrid spccies?
The flar.onoid. morphological, cltological, and ebc-
trophoreL;c data suppofi this hvpothesis. tith l.
purytureum being onc ofthe diploid parents. (2) Is
L. "bbidum" 

an allopol,vploid? Ccrtainlr- the
,  r  r o l og i ca l  , l r t . r  i n  con ,  e r t  s  i r h  t he  -hc r rn l , hL , re r i c
and oLher experimental results support this
hvpothesis. (3) Did h;-bridization occu jn sira? The
unescapable conclusion is Lhat it did not. (4) If /,.
"hl 

bidum" is an introduced hvbrid, are the two
parenLs /,. arnplexit:auLe arcl L. putpuleurn! The
results ol this study stronglr suggest that Z. pu-
pureunt 1s btI L. amltlexicaule is not. (5) Had l.
'%16ddum " previouslv beerr described? Yes. coin-
cidcntlv. it matches the dcscriptton ol L. htbidum
Vill. and is simila.r to the few specimens of Z.
fubidunY ). obserr,ed by the author ar the U.S.
\at ional Herbarium (US), rhc Unilersitv ol Man-
land (MARY), and the llniversitl of Massachuscts
(MASS). A f inal question, then. r 'ould be: Whar
species is the second diploicl parent (assuming that
onh one addit ional specics $,as inr.oived, u,hich
perhaps is a bit  presumptuous)? \ ' lv data can not
tre addressed to this question. but the lork of
Bernstrom (-t955) t'ould suftgesr l. bifidun. ln
spite oi lnv attempts. I have not vet been able to
obtain seeds oi this European species to test this
hvpolhcsis.

Acknowledgments

This studl rras supported b1 a rcsearch grant br
the Bureau ior Facultl Research. SiestcrD Wash-
ington Un;1'ersit_y. The involvement ol Joe Arnett
in the initial phase of the -cllrd1- is gr.alefr h' ac-
kn, '$l.Jqed a- i .  rhe ele, trL,phorerir rn.r lr . i -  c.rrr i ' . ,1
out bv Parrl WoJ1. Siashingron State [,nivcrsity.

I955. []rr.rseneri. nudie-. or (lurionshitb bi]
t rccn  anrua l  spcc ies  o fZdn idn .  Hered; r {s  { t :  I  122 .

Harbod! .  J .  8 . .  an , l  B .  L .  Tu fner .  198: t .  I ,hn l
chenn)slsrematics. Acadenric l,n.ss. \.\.

Heg i -  G. .  E .  Bers . jo i r .  J .  Z iDrnr rmann.  a r r l  K .  Susser rgurh .
1936.  t l lus t f ie  e  F l . ,u  ron  I iU .  -F lu ropa.  J .  | .
r . chmaDr .  Pub l .

PGI

G3PDH

Figure .1. Distribufi,n of .1{ isozv,hi,s/alozvnes !s determnred
bI enzvrne clccnophoresis. PGll = llosphoglLrco-
murase.  IJ ( ; t  :  phosphog lu i i , i somefasr .  A \T  =
" -  ,  ' ,  r , F  J c l \ , 1 r , ,  - r  ' . - .  |  \ P  , F U . r r  " n i , , o
peptnlase. AC0\ : rconitase. IDH = ilo.irrlrc
dehrdrog , i , ,ase .  TPI  =  t r iosephos l ,h ! tc  i somerr \ . .
G3IJDH : sllcerakl.hrde 3 phorrliare dehldro5-
nase. X'll)H = malarl dehvdrogerase. SKDH :

-JrilirnrtI dehrdrogcnrse. 6P()lt : u prospno

slLtcoDdr, dehrdrog.i,,asc. .{DH : rtr.ohol deh*
drogenasr'.

,  r o . . ed  s i t h  L .  h th i L l u tn .  f l r e  r - s r r l r  r ' a -  . r  - ,  r n i -
lertile 4n hybrid t'hich pr.oduced rrivalents eL
meiosis. piesumablr due to three scts oi chromo-
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