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Abstract
Iltltk(1id \'.nustd, a te plant endemic to Chelan Counl). Washingbn. consists oftlvo entities drat djffcr most nohbly bv flo\ief
color and gcogrlphic localion. $t evaluared rhe hvpothesis rhat thcsc cnlilics arc separate species u\ing a phenot,vpic analysis ol
isoTymc\ l r iat ionlocomparebothlbrmsofH.r . /1rr ln\ \ i thsv patr ic  and al loprt r ic  populat ions of the c losely re latcd H.. / i f i i l r . l
\ar. .r.i./.r, and $ilh fhc tnlopatric taxa fl. d/flrJd vr. attntnii and H. dtJfu-vr !ar. l/il.rd. Enz)me band phenottpes rerealcd lhal
ali populalions $ere urirble. $rth 60% to 80'/i polymorphic cnTynrc systcns. \{on variation was lvithin population. $ilh onlr-
l2t; amons population \ariation detected. The level of variarion was mo(lerare lo high in ll. rcrrsrzr populations conlpilrcd rL)
o$cr,ry.ll k?/i.r popul:rtions. Enz) me band pattern data sLrpport lhc lcpararion 01 17. r. rrt / fion H. din(d. Howc\,cr. data do not
pro!idc c\idcncc 1br lhe taronomic separalion of rhe t$'o color forrns of H. rl,rasta at t\e species level. Regardlesr of lhc laxo
nomic rccognition oJ H. renurr.r color lbrms, they should be con\er|ed as rare c\lrcnes of l/dci.lnl morpholog) and habilat

lntroduction

Hqckelia \)efiusta (showy stickseed), of the fam-
ily Boraginaceac. is a 2-4 dm. insect-poll inated,
perennial plant endemic to steep rocky slopcs
covered with granite scrcc in Chelan County.
Washington. The species was first descdbed from
a population in Tumwater CaDyon al 488 m cl-
evation (Pipcr 19211). The Tumwater Canyon popu
lation has white flowers with corolla limbs aver-
aging 7.4 nrnr long, and is the or v extantfl yer&,rt r
population that has whitc flowers. Three additionaLl
Chr:lan County populations of 2 3 dm plants with
smaller blue flowers (cololla l imbs avcraging 4.2
mm loDg) have been included in the H. \rwtstu
species concept (Catr 197,1. Gentqr and Can 1976).
These bluc-llowcred populations are located 16
km south southwest ofthe whitc-flowered popu-
lation at ca. 2000 nr elevation. The morphologi-
cal and habitat differences betwccn white-flow-
ered and blue-flowctcd H. wnu.\ta support the
hypothesis that the $ hite- and blue flowered popu-
lations represent two taxa (Gamon 1988). The

tAuthor to $ho concspondence should be addre\sed.
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taxonomic controversy is of particular cuncnt
interest because 1L r,r:nri.ita is considered endan
gcred in Washington (GamoD 1988, Washington
Natural Hedtage Program 1991) and has been pro-
poscd fbr endangered species status (U.S. Fish
and Wildlife Service 20001. The blue-flowered
taxon is being dcscribed in another paper, but has
no published name at this time. Therefbre. in this
paper we consistently reter to theseplants as white-
and blue flowered forms of H. venusta.

The taxonomic status of1L r,etasta is compli
cated by morphological variation in the widespread
tax<Jn H. d|]hsq \ix. arirlzr (sagebru sh d iffu se stick-
seed). Hat:keliu di/fusa var. aritla is a I 6 dm
specics. and usually has small. white flowers that
rnay be lightly washed with blue. However, thrcc
H. diflusa var. urida populations growing 5 -:[0
km lrom the white-flowered H. rez&rtd popula-
ti,,n rrre ' imilar to uhite-flouererl H. ( u\tLt fr
flou,er and fruit characteristics. Can (1974) and
Gentry and Can (1976) suggested that the ob-
served morphological similarities resulted from
i nt rogrc.' ion l iom w hite- l lou elcd H. fi t t t t r I a ink)
neatby H. dilfusa var. arida. Ha<:keLiu di.ffuso t ar.
arida Jlso intergrades with crcanr-colored 11.



dtjfusu var..otto,?ll (Columbia sticksced) in the
Yakima area of Washington. In rum. H. clilfusa
\Jr. cottorii intergrades with blue-flowered l/.
di/J sa vtr. dilfusa (wcstefn diffuse stickseed) in
thc Columbia Gorye (Gcntry and Can 1976). A
rccent analysis of lldc*elia morphology suppons
reccrgnizing H. diffusa var. dri la, andthe*hite-
and blue-flowered cotrponents of H. venusto as
separate but closely related taxa (Hamod et al.
1999) .

Starch-gcl eleotrophoresis was used to deter
mlne whethcr genetic data suppon recognition
of white- and blue-flowered color tbrms of 11.
ler&.rlc ils distinct species. Enzyme electrophorcsis
has been successfully employed in systematic
studies of plants. largelv because of its abil ity to
quantifv genetic similarit ies (Crawford 1989,
Cra*,fbrd 1990. Briggs and Walters 1997). To
cs tab l i .h  : tun t i l rds  fo r  e r  c  lu t t ing  l i r ronom ic  s iE l -
nificance ofelecftophoretic variation in 11. rer&.rt i.
we sampled seven populations of 11. dilfusa y.Jr.
arlrla, and one population each of1L diJJuso var.
cottonii and H. difiusa vu. dffisa. We scored
enzyne vadation in terms of phenotypic band
similarity. and used these data to assess the mag-
nitude of genetic variation within populations and
the degree of similadly among populations. Varia-
tion ard similarity \\,ithin H. dtl:fusd served as a
template forjudging A r.rrurtd taxonomic rank.
Under  l  phenet ie  \pec ie \  (onccp l -  spec ies  are
distinct and distinguishable bascd on similarity
fWins ton  loc )qr .  U \ inF  a  b io log i ( r l  \pe \ ' ie \con
cept. a species is deflned as a feproductively iso-
lated system of breeding populations (Winston
l999). Therctbre. besides being characterized bv

Iower genctic similarities (as in the phenetic spc-
cics concept), congeneric species usually have fixed
orconsistent differences in isozymc alleles at some
loci (biological species concept) (Avise 199,1). If
the H. venustu color forms are simply divergent
populations of H. tlilfustt yar. aricla, we expcct
one or both foms will be more similar to the l?.
difusa v'ar. arklapopulations included in thc study
(all collected within 80 km of the H. yeru"r/./ popu-
lations) than they are to H. diJfusu var. cottortii
and, H. dffisa tar. difi sa.

Incidcntal to the taxonomic goal ofthis study.
we addressed the concern that white-flowercd 11.
renusta may have extremely limited variation
comparcd to the blue-flowered form. as well as
to H. diffusa populations. Genetic analysis of
isozyne \ariation reveal that endemic plants of-
ten have limited variation (Hamrick and Godt
1990). However, measures of isozyme variation
ln populations of rrLre plants have been shown to
be conelated with those measures in populations
oftheir widespread congencric relatives, and some-
times the endemic plants are ntore variable
(Gitzendanner and Soltis 2000).

Methods

Populations sampled included the one extant popu-
lirtion of white-flowercd H. tenusta, one of the
two extant populations ofblue-flowered 1L lrnrst4
the same seven populatrons ol H. difiu.ta y{. oida
examined in a moryhological study (Harod et
ai. 1999), and one population each of 1L d4ffisa
\ar. cottonii and H. dffisa var. diJJisa (Table l).
The H. dilJlsa va;; cottonii and H. dffisu'tar. dilJusa
populations were collected 190 and 320 km fuom

TABLE L Hdr telnr populalidrs sampledin this stu(ly. Hack?lia t e,tunu (blue'flower) \amplcs uere micropropagatcd planttets.
and al l  oder samples consisred of  r i ld  p l . rDt  col lecr ions.

# indi!iduals

,Y. 1 cn,rr.r (white-flo\|er)

H. r .n,Jr.r (blue 1lo\\ er)
H. dillutu \at. utkta
IL diltusatdt. ut u
H. dihtsd lat. driad
H. dl.ffutu \.r. andl
H. dtlh!sd \r. driAl
H. ltfuv \ar dtidtl
H tlillu\a |ar aridd
H. difriM \ar. totto ii
H. ttiflusa \r. di|itsa

I] FV
B\'I
DC
DE
MC
PE
sc

COT
DIF

Tum{alcr ClanyLrn. 9.6 km \les! ofLcayenwofh. \lA
Crystal Lake. 19.0lm southwest of Leavcnwonh, WA
Burch Mountain.,l.8 lJn nofthwest of Wenatchee. \A
DouglJ.  Cf .ek.  26.n lm ro h ot  Qur. l ' ' ) .  U {
Derby Can].on. I 1.3 km southean of Leavenworh. WA
Moses Coulee 2,1.0 km north of Quincy. wA
Pondcrosa Enarcs, 17.7 km north olLealenwofth. WA
Swakane Canyon. 19.3 km notheast ofWcnarchee. WA
Tun\r ater Canyon. 1.6 km west ofLearen$orrh. WA
Radesnake Hills. near Ntoxee. WA
Oncota Corge near Multnonah Falls, OR

22
t 2
25
25
25
25
25
:5
25
29
30
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the white flowered H. renusta population. Due
to the rarity of blue-flowercd 11. rerirsla, small
samples of plant tissue wcrc taken from the liv
ing plants and micropropagated (Edson et al. 1996).
Only 12 plants were sampled, due to site inac-
cessibil i ty and a desire to minimize negative im-
pacts to the smxll populations. For the otherpopr
lations. three to file leaves perplant werecollected
in the field and transponed to the laboratoly on
icc. Voucher specimens of the H. l,.,rir.i/c popu-
lations were depositcd at the University of Wash-
ington herbarium. Vouchers tbr the H. dilfusu
populations were deposited at the herbarium of
the Leavenworth Ranger District of thc Okanogan
and Wenatchee National Forests.

Samp e Preparat on

Samples wcrc prepared using NFGEL standard
operating procedwes (USDA Forest Servicc 199-5).
For each individual, l0 mm2 ol lcaf t issue was
ground il liquid nitrogen and proteins were ex-
ffacted in a Tris butfcr pH 7.5 (Goftl ieb l98l).
The resulting slulry was t[ansfered to microtiter
plate wells and stored at -70"C. For electrophorcsis.
the slurry was thawed and absorbed onto 3 mm
*idc wicks prepared fromWhatman 3MM chro-
matography paper.

E ectrophoresis

Methods of electrophoresis follow the general
nethodology of Conkle et al. (1982) except that
most enzynre stains iue somewhat modified as
outlincd in USDA F-orest Service ( 1995). A lithium
borate electrode buft-er (pH 8.3) *as used with a
Tris citrate gel buffer. pH 8.3 (Conkle et al. 1982).
to resolve malic enzyme (ME). phosphogluco
Inulase r PCM r. .rrrt1 phosphoelucose i.omerase
(PCI). A sodium borate electrode buffer (pH 8.0)
was used with a Tris citrate gel butfcr, pH 8.8
(Conkle et al. 19U2). to resolve glycerate-2-de-
hydfogenasc (GLYDH). glutamate-oxaloacetate
transanrinasc (GOT). glucose 6-phosphatedehy-
drogcnase (G6PDH), tdosephosphate isomerase
(TPl). and uddine diphosphoglucosc pyrophos-
phorylase (UGPP). A morpholine citrate electrode
and gcl buffer, pH 8.0, wasusedto resolve isocitrate
dehydrogenase (IDH), malate dchydrogenase
(MDH). phosphogluconate dehydrogenase
(6PGD), and shikimic acid dehydrogenase (SKD)
(USDA Forcsl Service 1995). Two zones, desig-
nated F (laster) and S (slo\\,er), were resolved lor
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each ofthe enzyme stains COT, PGI. and UGPP.
fbr a total of 15 enzyme systems. AII enzymes
were  re 'o l red , 'n  l l l  s tu rch  gc l . .  En , ,1 r le  .m in
recipes follow USDA Forest Service (1995) ex-
cept that GOT was stained using the recipe from
Wendel and Weeden (19139). Two people indc-
pendently scored cach gel. When they disagreed.
a third person resolved the conflict. For quality
control, l0% ofthe individuals wcrc run ard scored
twice.

Data Analys s

We pcrformed a phenotypic analysis of isozyme
vadation. We use the term enzyme system here
as a unit in ;r phenotypic analysis of isozymes.
The enzyme system is a region of activity on an
isozyme (starch) gel, which in a diploid plant would
corespond to a single locus. In polyploids it cor-
responds to a set of loci that are homologous or
homeologous (depending on the method of in-
hcritance). All enzyme systems were scored fbr
bandpattems and band presence/absence. A band
plttem consists ofone to several bands. Fol agiven
enzyme system, all bands observed at a specillc
migration distance arc treated as identjcal. even
ifthey occur in difTerent pattems. These data are
suited for aphenotypic instead ofgenotypic analy-
sis. Scoring starch gel electrophoresis data as
enzyme band-pattem phenotypes has been suc-
ces . fu l l y  employed to  desr ' r ibe  huu r r r ia t i .n  i .
paftitioned wilhin and among populations (Kahler
et al. 1980, Poverene and Curvetto 1989. Vickcry
1990, Chung et al. l99l,Dolan 1994. Rogers 199,1,
Samman ct al. 2000. Wilson et al. 2000).

Phenotypic diversity measures were calculated
from both band presence/absence and multi-banded
patterns. For presence/absence data. phenotypic
diversity was measured by a polymorphic index
(PI). based on thc frequency oloccunence ofeach
band among individuals in a population (Chung
et al. 1991). For multi-band patterns, phenotypic
diversity measures include: (1) the numberofband
pattcms found in each sampled population, (2)
percent of enzyme systems that yield more than
one band pattem. (3) the average number ofband
pattems per enzyme system in each population.
and (4) Shannon Weaver Diversity Index values
(Shannon and Weaver 1949). The frequency of
each enzyme band pattern was used to calculate
the Shannon-Weaver Divcrsity lndex. Larger Sh-
annon-Weaver indices indicate more diverse popu-
lations. The distribution ofthe totd variation within



and among populations was determined by parti-
tioning the total Shannon Weaver Diversity ln-
dex (Chung et al. l99l ). The phenotypic relation-
ships among populations were determined by
calcuJating Hedrick s identit ies (Hedrick l97l)
fbr rnulti-band pattern data. and cluster (LIPGMA)
analysis (Chung et al. l99l). Band pattem fre-
quencies and the Shannon-Weaver Diversity Index
werc calculated using Popgenc (Yeh et al. 1997),
usrng lhe haploid cudtrrninant markcr rctting..

Fesults
'fhe 

Hackelia populations sampled were all vari-
able, with 60-807c of the enzymc systems poly-
moryhic,38 50 bands present. and 2.00 - 3.,10
multibanded pattems per enzyme system (Table
lJ .  A l  lhc  f ( 'pu la l ion  le re l .  i ' oz )me rur i l l i on  in
white flowered 1L ycrr.r/.? was moderate to high
compared to other H.rc&e/irr populations. The blue
t'lowered l/. 1,e,1&srd population was moderately
variable. At the spec ies ),eve), H. dillhsa vlar. urida
was morc variablc than H. yeruslc at three diver-
sity indicators (# bands, # pattcrns per enzyme
system, and Shannon-Weaver diversity index). The

isolated populations ol H. difusa var. cottonii and
H. diffusa var. diJJusa had the lowest levels of
enzyme variability ilt all diversity measures. Over
thc entire study, most variation was within popu-
l r t i r rn r .  u i th  on11 32r ,  o I  rhe  \a r ia l ion  among
populations. Of the total variation measured within
each species, 20.37c of the variation was among
populations in H. dilfusa var ttri)tt, and 14.21c
was sharcd between the blue- and white-flowered
populations of 11. \,enusta (Txb]te 2).

Most band pattems were shared among popu
lations. but some were restricted to single taxa.
Of the 100 enzyme pattems obser,/ed, 86 occurred
rt H. dilfustt var arida, and 78 (9I 7o) of the pat-
terns that occurrcd tn H. dilJrsa var. arirla also
occuned in at least one other taxon. The remain-
ing 14 of the 100 total band pattems occurred
only in taxa other than H. diflusa ttar. arida.How-
ever, the individual bands making up eight olthese
pattems did occur in 1L diJJ sa var. erida. The
other six of th(] 14 patterns included a total of six
bands not obseryed n H. dilfusa tar. orida. One
of these six unusual pattems, occurring only in
white-flowered 1L r,eaa.rla, lacked a TPI-F band
observed in all other samples.

TABLE 2. Vdiation n Hd.'tclnr populations, revealed by starch-gel elecrophorcsis. N = mcan sample size/enzlme slsrem.
'Z P = percenr polynrrphic enzyme s)stems. PL = pol)morphic indcx. S.\\'. = Shannon $'ea!er diversity index.

Taxon:
populatron

# # unique
N bands band\

% # pattemvcnT_voc
P syslem (s.c.)  Pl .

% S.\\'. among
S.\1'. populations

H. ditilsa

B\{
DC
DE
N'IC
PE
sc

H. diffusa

H. diffusa
vr\r. dillusa

Tolal

3 .80  (0 .5  r )
3.10 (0.58)
2.13 (0.,r1)

5.73 (0.38)
3.07 (0.,11)
3.1l (0.,17)
3.00 (0.60)
2.87 (0.48)
3.13 (0.55)
r.20 (1..18)
2.6'1(0.5,r)
3.06

2.13 (0.38)

2.00 (0.24)

6.67 (0.38)

0.380 0.111
0.164 0.697
0.337 0.577
0.351 0.617

0.3'7'7 0.8,13
0.268 0.626
0.30E 0.652
0.307 0.585
0.231 0.537
0.371 0.752
0.3,19 0.752
o.Il',t 0..187
0.29:1 0.621

0.231 0.,160

0.217 0.,110

30.9
19 .1
l l . 7
15.,1

lt , l .5
11.9
2 r .6
l 6 . l
22.1
l5 . l
r 9 . l
18 .0
19..1

2t.1

19 .9

205.3

5.1
50
11
.18.5

65
,tl
.1.1
.1IJ
:13
50

3IJ
11.1

39

38

13

I
.l

t 2
I
0
l
0

;

I

0

E6.7
80.0
66.1
'73.1

80.0
7 l . l
'73.3

66.1
60.0
80.0
80.0
60.0
70.5

60.0

66 .7

93 .3 0.,1 l , l

l0 . l

t1.2

31 .8
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Wc obscrved 73 bands in the 100 enzyme pat-
terns, aod 65 (897.) ofthese occurred in H. dfirsc
var. rrrida. One PGI S band was unique to 11. z/lfirsa
vilt. cottonii. Onc PGM band was unique to the
H. dilfusa var. cottonii/H. drl.fusa vtr. dtflusa ptir
and occurred in all sampled individuals in those
taxa. The white flowered 11. l,er!.!Ll population
had fbur unique bands plus the unique absence
of one band, however, all pattems unique to this
population occuned at < I 17c fiequency. In con-
trast. only two of the seven sampled populations
of H. diJJusa var. arft./a had unique bands (one in
BM and three in one pattern in DE). AIJ the bands
obscrvcd in bluc-fl owercd 1L velirsz also occuned
rn H. dilfusovN. arlda, but not necessarily in the
same combinations: three patterns (in PGI-S, TPI,
and UGPP F) occuned in blue flowercd H. r?rrst r
and not in 11. diffusa var. arida.

Eight enzyme band pattems were shlred only
by H. venusta and thosc samplcd 1L diJfusa var.
zrrirlo populations (PE, SC, and TW) which had
been h; puthe.iueJ tu sfi I 'u . ign. of inlrrrgre:sion
(Can 1974). Three of these pattems (two in PGI
S and one in UCPP-S) occurred in moderate fie-
quency (0.2 0.5) in white-flowercd H. tenLtstL
and wcrc rarc or uncomnlon (ftequency 0.05
0.ll) in the H. diJlrsa var. arida populations in
which the1, occurred.

Hedrick's similalit ies among populations of
H. diffusu var. arida averaged 0.786 (range 0.667
to 0.934). Heddck's similarities between 1L dffisa
yar. arida and the other varieties of H. diJlhsa
a\eraged less. Similaritieslo H. dill sovar. cottonii
averagcd 0.694 and thosc to H. diffnsa rrr. diflusa
ar,eraged 0.706; none of the pairwise similarities
exceeded 0.733. Hedrick's similarit ies between
H. tliJlusa var. ttritla populations and H. renLtsto
were lower ,yet, averaging 0.660 (range 0.561
0. 746) for whiteJlowered 1L r,enrisla and 0.63,1
(range 0.520-0.76:l) tbr blue-1lou'ered 1L r,err.rla.
Hedrick's similarities between 11. ferrJld and the
H. diJlusa var. arida populations hypothesized to
show introgression with 11. r,cr?u-rl.r (Gentry and
Can 1976) were not statistic l ly diff 'erent from
the similadties between 1L r,errsra and other 11.
diJfusu var. arlda populations. These three H.
diffitsa 'i'ar. arida populations appear no more sllrx-
lxr Lo H. renusta than do the remaining four 11.
dilJusa var. arida populations. Hedrick's similar-
ity between the H. tlifusa \nr. .ottonii and H.
dilfitsuvat. dill supopulations sampled was 0.662.
The similarity between white-flor'",ered H. r,erasra
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and the blue-flowered H. venusta population
sampled was 0.877 (Figure 1).

Discussion

Interpretation of Enzyme Band Patterns

N, ' r6 r11r .  Jn  in i r i J l  : le f  in  ;n r l l z ing  i roz lme
bands is to infer the alleles that produce the bands
and thus detemine genotypcs of thc individuals
studied. We were unable to infer alleles from the
Hackelia isozyme patterns fbr severll reasons,
including complicatedbandpattems, overlapping
Ioci, and difficult.v geminating seeds for cross-
ing studies (Hanod 1999). Both 11. ./?frr.i and
H. vetvst.l are tetraploid (2n = 48) (Can l9?,1).
We are unaware of published intbrmation about
the odgin offtatpolyploidy (allopolyploid or au-
topolyploid) or the mode ofinhedtance ofalleles
(disomic or tctrasomic). and the evidence trom
isozyme phenotypes was inconsistcnt. In enzyrne
systems for which genetic interpretations could
be provided (Weeden and Wendel 1989). geno-
types fell into two categories. The combination
oftwo different homozygous states (one-banded
pattems) and at least one heterozygous state (sug-
gestive of tetrasomic inheritance and autopolyp
loidy) was observed in GOT-F (2 populations).
GOT-S (5 populations), SKD (5 populations ot
H. diffusa), and UGPP-F (3 populations). Fixed
or excessive heterozygosity (suggesLive of dis-
omic inheritance and allopolyploidy) was obsen ed
fbr6PGD and TPI-Fin allpopulations iurd for SKD
and UGPP-F in white-flowered 1L renzsla.

Genotypic interyretations were not rcadily in-
fered from dimeric PGI S and TPI-F, which had
complicated pattens often involving five to seven
bands, and monomeric UGPP-F, which often had
three or more bands. Additionally, presumed loci
overlapped in PGM (2 :l bands in a restricted
area of the gel) and MDH (one band in 90% of
individuals). In theory, genetics of Hacfteli.r
isozymcs might have been clarit ied by examin-
ing progcny arrays of wild plants or by examin-
ing isozymes in seedlings produced by controlled
crosses. However. seed set is low in wild plants
and no seed has been produced in contolled crosses
(Hanod 1999).

Enzyme Variation

C o n s c n  i n g  h i o d i r , ' r . i t 1  i n r , r l r e .  p r e . e r r  i n g
within-taron divcrsity. A11 thc llcctelic populations



BM

MC

DC

TW

DE

SC

PE

DIF

coT

BFV

#
t.2. 1.0 0.8 0.6 0.4 0.2 0.0

A! erage Hedrick s disrance bett\ een cluqrerr

F igurc L UPGMA dendroeram of H.r.*elt.J populations based on H cdrick's distances
among populations, which werc calculaled liom band frequency dara.WFV
and BFV = $hite .rDd blue-flowered l/. renurrd, respecti\el,v. See Tabtc I
fof acronvms.

studied were variablc (Table 2). Although endemic
plants often have limited isozyme variation
(Hamrick and Godt 1990), white-flo$,ered H.
yenusta rnd the nearby PE and SC populations
ol H. diJJusavr. dida had the highest measures
of variabil ity. At the population level. all mea
sures o1 variation \'"'ere higher in white-flowered
H. renustd than in the average population of H.
Jil iut.t nr. orida. The high lerel of r.rrirt ion in
whitc-flowered H. i)er?r/rr.? is consistent with the
obsenation that endemic plants are sometimes
more \rriable thln their u iderpreld congcncriL
relatives (Gitzendanner and Soltis 2000). Pheno-
typic analysis of enzyne band patlerns provides
no reason to believc that lack of overall genetic
variation l imits survival of white-flowered 11.
venusta. The population may be specialized in
some way. however, perhaps requiring high mag
nesium substrates (St. John 1929).

Blue-1lowered H. venu.\tq was also variable,
but most measures ofenzyme variation were lower
than the average for H. dffisavar. arida popula-
tions (Table 2). This may be an artifact of sam-
pling because only 12 micropropagated blue-llow
ered plantlets were available for this study.

Taxonomic  Rank o f  Whi te -  and B lue-
llawered Hackelia venusta

In gcnerrl. population. of dif l 'erenr congencri,..
species rLre distinguished by low genetic identi-
t ies (Nei 1978). Genetic identit ies among conge
neric species average 0.68. while those between
populations ofthe sane species are usually > 0.9
(Crawford 1989). However, not ail pairs of re-
lated species meet this expectation. Some pairs
of congeneric specics have genetic identities >
0.99 and as low as 0.25 (Crawford 1989). We use
Hedrick's similarities (Hedrick 1971 ) as aphenetic
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n]easure ofpopulation similarity to assess the taxo
nomi (  rcnL  , , l  H .  rcn t r . , ta .o lo r  lb rm.  us ing  r
phenetic species concept (Winston 1999).

Hedrick's similarit ies clearly separate 11.
renustd fto:n1 H. diJJisa (Figure l). Similarities
average highest among H. dillusa vdr. arida popts,
lations and lowest between populations of 11.
rcnusta and H. dilfusa yar. arida. Therefore, H.
renrsl4 populations clusterfarther from 11. dlfz.ia
var arlda than the taxonomically recognized 11.
dilJ sa rar. cottonii aDd H. dilfusa vat. dilfusa
(Figure l). These enzyne data suppoft the mor-
phdogical data that recognize H. renLlst(l itnd H.
dffisa as closely rclated taxa (Carr 197.1. Gen-
try and Carr 1976. Harrod et al. 1999), despite
the intennediate appearance of a few H. diJfusa
var. arido populations (Carr 197,1, Gentry and Can
1976). Blue and white-flowered H. venusta are
nrore similar (Hedrick's similarity = 0.877) than
most pairs of H. dilfustt yar. arida populations.
Also, the 1L yerir.rta color fbrms are less similar
to H. diffusa var. arida than are the named variet
ies H. d ifusa var. cot tonii utd H. tlilfusa tat difusa
(Figure 1). Enzyme phenotype data alone do not
provide evidencc for a taxonomic separation of
the forms using a phenetic species concept (Win-
ston 1999).

When comparing band presence/absence bc-
lween H. tenusto color forms. the white-flow-
ered fbrm had tbur unique bands and one unique
absence ofa band. Ho*ever, aJI these unique bands
occuned at low frequencies. ln fact, no fixed band
difttrence distinguished H. diffusu yar. cottonnii
frort H. tliflusa var difusa,or H. d(J satar. aridu
from H. ventrsttt, providing no evidence for taxo-
nomic separation of the color forms using a bio-
logical species concept (Winston 1999). Although
the enzyme phenotypic data do not support spe-
cies level recognition ofthe l/. uenrrta color forms.
blue- and white flowered 1L |en,sla are readily
and consistently differentiated from each other
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by flower color, flower size. and habitat (Harrod
et  a l .  1999) .

lmpl cations for l\,4anagement

Prcservingthel ge levels of divenity found among
Hackelia poprlations will require preserving the
genetic extlemes represented by whitc- and blue-
flowered 1L renusta. It is necessary to preserve
both color forms whetherwelabcl white- and blue-
flowered 1L rer&.rtq as oonspecific populations.
as distinct varieties, or as distinct species. To pre-
serve genetic r''ariation and prevent loss ofthe rarcr
alleles, large populations should be maintained
in the wild. Off-site gennplasm banks should in-
clude collections from as maly dilfcrent individuals
as praclical.

Although we hope this enzyme study contdb
utes to thc conservation ofHac&c/la biodiversity.
immediate decisions crucial to l1ac,(e1ia conser-
vation must bc based on entirely differcnt cdte-
ria. If preserving white- and blue-t'lowered 1L
ler?r.rl4 is a priority. management shouldbe driven
by concems about demographics. The only ex
tant population of white-fl owered l'L venustd has
severely declined in number over the last two
decades. Since 1992. one population ofblue-flow
cred H. venust.l has been extirpated by a land-
slide and the two remaining populations are small.
Questions oftaxonomy and genetic diversity will
be moot if these plants become extinct.
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