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Abstract
Sis.\tinchnm sarn(ntosutl is a rarc. duodccaploid plant endenric to the Mt. Adams and Mt- Hood areas of Washington and
Oregon. Isozlme v.rialion in six [hshingron populalions was assessed 1o jnfer genetic variation in ihis species. Five ofthe sir
srmpled populations uere nonomorphic ibr thc \ixlccn cnzymes suneyed. although at one putative locus one ofthese popula
tions $as nonomorphic lbr an cnz),mc band pattem noi seen in any other pofulation. The sixrh population had 1o\l' levels of
vari|lion in two cn r,"- nics. Th is loll lcvel of \,'ari ation has often been observed in vefy f e species and high polyploids. Appdrently.
thc spccics has rcccntly gone through a botrleneck, perhaps dufing its receni origin as a speeics.

lntroduction

ldeally. management practices designed to pre-
sen'e rure plant biodiversity are bascd in parl on
an understanding of the population genetics of
the rare species (Ftrlk and Holsinger 1991). For
practical reasons, such practices are usually based
on the gereralization that narrowly endemic spe-
cies usually exhibitlow genetic variation (Hamrick
et al. 1991). However, individual endemic spe-
cies vary widely in their genetic divcrsity (Kanon
1991. Gitzendanner and Soltis 2000) and in the
degree to which that variation is panitioned among
populations (Hamrick et al. 199 i ). This study uses
isozyme electrophoresis to characterize the ge-
netic variation in the narrowly endemic, high
polyploid plant. SiJl,"ircli lr lf i  sqtnentosum
Suksdor f  ex  Creene.  and to  i lddrcss  some
nranagcnlcnt-related questions.

Sisyrinclt iunr sernefltosunL Pale Blue-eyed
Grass. is endemic to a small area ofsouth central
Washington and northern Oregol, in the vicinity
of Mt. Adams and Mt. Hood (Henderson 1976,
John Gamon pers. com..). Two thirds of the known
populations occur in tlte Gifford Pinchot National
Forest ofWashington (Andrea Ravcn pcrs. com.).
Its habitat includes mesic to $et meadows and
tbrest openings at clevations of 480 to 1220 m
(Gamon and Raven, pers. com). Sistrinchium

Aurhor ro !lhom corre\pondence \hould be addfessed
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sartnentosum is characterized by glaucous lbli-
age and pale blue, rather small flowers with tepals
that arc not emarginate (Henderson 1976). It re-
produces vegetatively. spreading by rhizomes
at least on a scale of many centimeters (Raven
pers. com.). It also sets seed. and is highiy selt '-
compatible (Henderson 1976).

Sislrinchium surmerlosrm is a duodecaploid
(l2X) thought to have originated within the S.
iduhoense E. P Bicknell complex (Henderson
1916). Silrrint:hium idaloense is widely distrib-
uted from Brit ish Columbia south to northern
California, east to the Rocky Mountains. All Pa
cific Nothwest Si.rlrlnc,4iuz species are tetrap-
loid to duodecaploid (Henderson 1976). Sirlrlr
chium idahoense is usually octoploid (8X), but
duodecaploid populations are known from cen
tral Oregon (Henderson 1976). No duodecaploid
spccies or populations of Si.rl ri,?criilm are known
to be sympatric with S. sarmentosum, but we are
not aware ofchromosome counts for S. idarosr.re
liom the range of S. sannentosutn. Artificial hy-
bridizationexperimentsindicate thatmany Pacific
Northu,est species are interfertile, and artificial
crosses between S. r^.Jnnerlosiln and duodecaploid
individuals of S. idahoense produce seed
(Henderson 1976). Pollination am ong Sis -\ rinchiunt
species results in seed set only when the pollen
chronrosome number equals or exceeds that of
the ovule (Henderson 1976).



Management-related issues led to this study.
First, censusing of Sislrinchiutn s.trmentosun is
complicated by the rhjzomatous growth folm of
these plants. The inconspicuous shoots (ranrets)
can be counted, but many of them may belong to
the same genetic individual (genet). Therefbre,
censusing genets is impossible, and the gcnetic
effect of a reduction in the population of nmets
is not obvious. Sccond, the obsenation that cattle
cat and tran.rple the flowering and fiuiting stens
of S. sarmentosum, significantly reducing seed
set (Raven pers. com.), led to qucstions about the
role of seed production in S. ilrn etlr:rt? popu-
lations. Sccd prcduction affects both demographics
and genetic diversity. Two demographic effects
of seeds are obvious: they are the only method
tbr producing new genetic individuals (genets),
and seeds, rather than rhizomes, are the units of
long-distance dispersal. The genetic efltct of seed
production in this vegetatively spreading, self-
compatible, potentially longlived, perennial plant
depends on its genetic diversity, its breeding sys
tem. and the rate of seedling establishment. None
of these 1'actors is knov,tn lor S. samentosum, but
isozyme analysis can oticn shed light on the first
two. An additional concern is the potential 1br
outbreeding depression (Bamett and Kohn 1991)
or blurring of species boundaries due to hybrid-
ization between S. sannentosum and sympaffic
S. itlahoense. Therefore, we evaluated the hypoth-

esis that hybridization has occurred in the one S.
sarmentosun poptlation observed to be molpho
logically diverse.

Methods

This study used plants from the six populations
ol S. sar-merLtosum in the Gifford Pinchot National
Forest that could be relocated and were large
enough for sampling (Table | ). Leaves were col-
lected in 1997 and tansported oD ice to the Na-
tional Forest Genetic Electrophoresis Laboratory
(NFGEL). Basedon lbliage color, the Little white
Salmon River samples were believed to include
S. idahoense, S. sarmentosum, and their hybrids.
A tentative identification was recorded for each
sample fuom that population.

Sarnple Preparat on

Samples were prepared using standard NFGEL
procedures (Anonymous 1995). A leaf sample
approximately 8-11 cm long was ground in a cold
mortar with 400 microliters of a Tris buffer pH
7.5 (Gottlieb 1981). The resulting slurry was trans-
ferred to wells in a microtiter plate and stored at

70 'C. In preparation for electrophoresis, slurry
was thawed and absorbed onto 3 mrn wide wicks
prepared ftom whatman 3MM chromatography
paper.

TABLE l. Sirr r.ri",, .1aD,r"rr ,r? populations used ir this s!ud). All populations i'ere located in Skamania County, ['ash
inglon. in rhe \,1t.Adam\ RangerDislricl ofthc Cifford Pinchol NationalForest. "Outside and "inside relers 1() lhe
location relative to the grazing erclosure at Cavc Crcek. Except as noted, the most imponanl grazing aninals wcre
cattlc. FS Rd. = Forest Service Road.

Latitudc/
Longitudc

Collection Grazing Sarnple
Date Siatus Size

Cave Creek
inside

Cave Creek

Cxyuse

Li i t le  whire
Salmon Ri!el

Prairie

South Pfairie

45.9333'N
121.6,137"w

45.9333'N
t 2 r .6.137"W

,16.1076'N
121.7892'W

.15.8117"N
121.6645"W

:15.9769'N
121.66,15'w

'15.9188'N
111 .7061"W

nonh ofFS RD 8631. ca.  0.5 mi le south of

thc jc ! .  of  Rds.  861I  & 8620

norlh of FS RD 861l. ca. 0.5 mile south ()1

thejcr .  ofRds.  86l l  & 8620

ca. ,100 fcc! north of Catu,ie l\'leadow and
wcst  of  Meadow Creek

snrall meadow south ofFS Rd. 18. 0.25
mi le sourh ol  jc t .  of  Rds.  l8 and 18.068

the northwc\l sccrion of Peterson Pfairie

nordl end oflhe prairic. ca. 0.6 mile south

ol  junct ion of  FS Rdr.  860 & 8620.130

2 Ju],"" 1998 light for
three ]ears

30 June 1998 Intense

21Ju]y 1998 l ieht  (b ig

ganrel

19 July 1998 l ight

9 July 1998 none uni i l
fa11

10 July 1998 l igh!  to
moderate
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Electrophoresis

Methods of electrophoresis fbllowed the general
methodology ofConkle et al. (1982) except that
most enzyme stains are somewhat modified
(Anonymous 1995). A lithium borate elecrode
buller (pH 8.3) was used with a Tris citrate gel
butfer (pH 8.3) (Conkle et at. 1982) to resolve
the enzymes alcohol dehydrogenase (ADH), fluo-
rescent esterase (FEST), leucine aminopeptidase
(LAP), malic enzyme (ME), phosphoglucomu-
tase (PGM). and phosphoglucose isomerase (PGI).
A sodium borate electrode buffer (pH 8.0) was
used with a Tris citrate gel bul1er (pH 8.8) (Conlle
et al. 1982) to resolve glutamate-oxaloacetate tran-
saminase (GOT). glucose-6-phosphate dehydro-
genase (G6PDH), triosephosphate isomerase (TPI),
and uridine diphosphoglucose pyrophosphorylasc
(UGPP). A morpholine citrate electrode and gel
buffer (pH 6.1) (Conkle et al. 1982) was used to
resolve diaphorase (DIA), isocitrate dehydroge'
nase (IDH), mxlate dehydrogenase (MDH), and
phosphogluconate dehydrogenase (6PGD). A11
enzymes were resolved on I l6lo starch gels. Stain
rccipcs for enzymes follow Anonymous (1995)
excapt that GOTwas stained using the rccipe from
Wendel and Weeden (1989). Two people inde-
pendently scored each gel. When they disagreed,

a third person resolved the conflict. For quality
control. 10clr ofthe individuals were mn and scored
twice.

Data Analysls

Sisyrinchium sdrntentosum is duodecaploid
(Henderson 1976). Therefbre, in the most simple
case, a single band may represent the activity of
enzymes coded by six loci on 12 chromosomes.
We treated each enzyme as if it were encoded by
one putative locus. except that we treated PGI
and TPI as encoded by two putative loci (actu-
ally two putative sets of homologous loci) each
(Table 2). Theretbre, we analyzed these data as if
they consisted of sixteen isozymes (16 putative
loci) (Table 2), reterred to in the text and tables
as sixteen enzymes. Gels were scored for band
ing pattem differences and band presence/absence.
In this type of analysis, an enzyme banding pat-
tem is considered a single phenotypic trait at which
variation can be assessed.

Samples from the Little White Salmon River
were analyzed as a single population of S.
sarmentosum.

Phenotypic diversity measures were calculated
lrom both band presence/absence and multi-band
patterns (Table 3). For presence/absence data,

TABLE 2. Enzyne band paitern fiequencies fot Sist\inchian sarmentor(,l populations. "Band Patterns are schematic dia
gfams of bands observed for each pattern; I = presence of a band; 0 = absence of a band seen in other pattems of !ha!

Ca\,c Crcck Cavc Crcck
Enzymc Paltcm outsidc insidc

Pelenon Lit0ewhite
Prairie Salmon River

Cayr.rsc
Mcado\rs

South Band
Prairie Paitern

ADH
DIA
FEST
COT 1
G6PDH
IDH
LAP
M D H
M E

6PGD
PGI-I
PGI-2

PGM
TPI,1

TPI 2

UCPP

1.0000
L0000
1.0000
1.0000
1.0000
1.0000
1.0000
i.0000
1.0000
r.0000
1.0000
1.0000
0.0000
1.0000
1.0000
0.0000
1.00{10
0.0000
1.0000

0000
0000
0000
0000

1.0000
1.0000
1.0000
1.0000
r.0000
1.0000
1.0000
r.0000
r.0000
1.0000
1.0000
1.0000
0.0000
1.0000
0.0000
1.0000
1.0000
0.0000
1.0000

1.0000
L0000
1.0000
1.0000
r.0000
1.0000
1.0000
1.0000
1.0000
1.0000
r.0000
1.0000
0.0000
t.ri00t)
1.0000
0.0000
1.0000
0.0000
1.0000

1.0000
1.0000
1.0000
1.0000
r.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
L0000
0.0000
1.0000
1.0000
0.0000
1.0000
0.0000
1.0000

0000
0000
0000
0000
0000

B

B

B

1.0000
1.0000
1.0000
1.0000
r.0000
1.0000
1.0000
1.0000
0.0000
r.0000
1.0000
0.0000
1.0000
0.0000
1.0000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.9091
0.0909
1.0000
r.0000
0.0000
0 .91  l 8
0.0882
1.0000

l t
I
| l 0
l l l
1 1
U I

l l l 0
l l l l
l l
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TABLts 3. Genetic variation in Sisrrin(:hiun nmc,?/orvrr populalions. revealcdbv isozynes treatcdas sixteenpu|ati\'c loci N
= nean sample size/enzlne. q.P= percent pc'lvmorphic putative locii see methods lbr dcfinition. PI = pc'lymorphic

inder. S.W.=Shannon Wcaverdiversity indcx. s.d. =standarddc!iaiion. Outside and "inside" felers 1o lhc location

reladvc !o the srazins cxclosure at Cave Crcck.

Population N bands P

7. S.W among
S.W. populations

TOTAL

Cave Crcek inside
Crve Crcek outside

Cayuse Meadows
L. White Salmon Rivel

South Prairle

Nlean-/population

35 27
t5 27
26 2',7

l,{ 29

33 21
(1.6) (0.82)

0.0387 0.1070

0.0000
0.0000
0.0000
0.0000
0.0001)
0.o311

0.0064
(0.0rs)

U

I

0
)

0.5
(0.81)

18 .75

0.00
0.00
0.00
0.00
0.00
12 .50

2.08
( 5 . l )

L 1875
(0.401)
1.0000
r.0000
1.0000
r.0000
1.0000
L1250

1 .02
(0.051)

0.3.180

0.000t)
0.0000
0.0000
0.0000
0.0000
0.3261

0.05,1,1
(0 .133 )

phenotypic diversity was measuredby a polymor-
phic index (PI), based on the tiequency ofoccur-
rence ofeach band. For multi-band patterns, phe-
notypic divenity measurcs include: (1) the number
of bands fbund in each plot, (2) percent of stains
that yield more than one band pattem, (3) the
average number ofband pattems per stain in each
plot, and (4) Shannon-Weaver Diversity Index
values (Shannon and Weaver 1949). The Shan-
non-Weaver Diversity Index uses the frequency
of each band pattern in each plot. The larger the
Shannon-Weaver lndex, the more divene the plot.
The distribution of thc total variation within and
among plots was determined by partitjoning the
total Shannon-Weaver Diversity Index. Band paC
tem frequencies and the Shannon Weaver Diver
sity Index were calculated using Popgene (Yeh
et al. 1997).

soelectrlc Focus ng

Enzyme banding patterns in the Litt le White
Salmon River populations were analyzed with
isoelectric lbcusing (Acquaah 1 992, Westermeier
1997). Methods of isoelectric focusing follow
HyPure procedures (Anonymous 1994-1998).
Tissue samples varied from 0.12 to 0.51 gram,
prepared with proportional amounts of loading
buff;r. Polyacrylamide gels were stained for the
enzymes acid phosphatase (ACP), diaphorase
(DlA), esterase (EST), lnalate dehydrogenase
(MDH), peroxidase (PER), and phosphohexose
isomerase (PHI). Both buffeIS FS5480 (pH 3- 10)
and FS5080 (pH ,1-5) were used to resolve ACP,

EST, MDH, and PER. Buffer VGl l l0 (pH 3-7)
was used for DIA and PHI. Buffer VG1080 (pH
3 l0) was used for DIA, EST, MDH, PER, and
PGM. Further information on buffer composition
is available inAnonymous (199,+ 1998).

Results

Two adjustments were made to the data set be-
fore final analysis. One individual from South
Prairie was removed from the analysis because it
had unique pattems at 15 of the 16 enzymes
sampled; it was prcsumed to be of a graminoid
species mther than S. .t4lt enloium. Samples from
the Little White Salmon River population were
all treated ts S. sarmentosum because their en-
zyme band pattems were all identical.

Although most isozyme patterns were simple
and invariant, some enzymes exhibited multiple
bands in all individuals (Table 2). Because oflack
ofvariation in this species, band segregation could
not be used to idertify specific alleles and loci.
Therefore, we treated the band pattern as the unit
ofanalysis. Howeveq each gel stained for PGI or
TPI exhibited two regions of activity, which we
considered to represent isozymes from different
subcellularcompadments (Gottlieb 1982).There-
fore, we divided the PGI and TPI bands into two
units. We refer to these units as putative loci.

Five of the six S. sannentosum populations
tested using starch-gel electrophoresis werc mono-
morphic for all 16 enzymes examined (Table 2).
One ofthese (CaluseMeadow) was monomorphic

S isyr in ,  h iun  l .o /y rnc  \a r ia t ion  14q



TABLE'1. Genetic variation in Sirlr.ir./iirr,r populations. re|ealed bv isozynes. and in a rare l.lr. N = mean sample sizelen-
zyme. Pops = number ol populations in the study. Enzymes = thc number ofdifferent stains used. Loci* = the number
of different rcgions on fie sel lreated as if they were loci. %P En7. = pcrcenl of el1zylne stains that revealcd polymor
phisms. '/. P = perccn! polymorphic pulalive loci or enzymes treated as locji see methods for definirion. Pattems/locus
= patterns pef putatlve locus. S.W. = Shannon \\'eaver divefsity inder. Data for.t. m.rnrdrrfl and S. septentrioruLe
reanalyzed as band fattems by lhc aulhors. with all high polyploid populations fcated as ̂ t_ /rorldrxlr.

q.P

Enz.Pops Enzymes Loci* '/,P locus S.W

1.9583 0.2661
L1875 0.0387
1.2500 0.1,117

1.000 0.0000

Pavck 1989
this study
Pavek 1989

Simonich &
Morgan 1994

36
200

6

219

l 3
1,1
1 l

1 0

21

21

6 l
l . l

2 l

5
6
I

tbr a TPII band pattem found in no other sampled
population (Table 2). One population (South Pmi-
rie) was polymoryhic at two enzymes. PGI2 and
TPi2. Band pattems obtained were simple and
consisted ofa single band in 43% ofthe pattems.
An additional 37clc of the pattcrns consisted of
two bands each, l0c/. were madc up ofthree bands,
and l0c/c were made up of four bands (Table 2).
t he Ca1u.e MerJow\ population had one unique
band, and the South Prtirie population had two.
Sis,""rinchium sarnentoswn had very low levels
ofenzyme variation (Table 3). The levels ofvaria-
tion observed in this species was lower than
thut ohser\ ed previou.ly in Slsldrc/rirrz 'pecies
(Table 4).

ln the LittleWhite Salmon population, isoelec-
tric focusing revealcd approximately 186 bands,
counting bands on each enzyme/buff'er combina-
tion separately. Eleven (6.57r) ofthese bands were
polymorphic (Table 5). No band differentiated the
putative pa!:ental samples or the putative hybrids.

Discussion

A genetic interpretrtion of5. .rcnrerlorrn isoz) me
band pattern data would be preferred over a phe-
notypic analysis, because a genetic analysis
pror ides information about popularion genetic.
and results can be compared directly with com-
pilations of plant isozyme genetics (Hamrick and

TABLE 5. Polymorphic bands revealcd b) isocleclric ibc u sing in the Litd e Wh ite Salmon popularion of Sl.ri rlncrn,n. Sarnplcd
irdividuals are numbered. I = band presence:0 = band absence. * = samc band revealed on bulTers VGl080 and
FS5080. See Methods for enzvmc abbrcviations.

Buffer I  2 3 1 5 6 I 8 9 10 l l
P u l r l .  \  <  h \ b r i J ,

|  :  I  I  :  b  7  b  t  l 0  l l  1 2
J. rdDr.

L  2 3

DIA

EST

EST

EST

EST

1080

108[J

I08t-)

508t)

508t)

50rJt)

5'180

5'180

1080

I l )

0 0 1

0 0 0

l l l

0 0 0

r 1 l

0 0 0

1 1 0

0 0 0

0 0

0 0

U U

t t

0 t )

1 1

0 0

1 1

0 0

0 0

0 l

l 0

0 0

l l

I t )

0 1

0 0

0 0

0 0

l l

0 0

0 1

0 1

0 l-l

l l t

0 0

0 0

0 0

0 0

I t )

0 0

t l

t l

0 0

t l

0 0

l 0

0 0

0 u

0 0 t )

0 l l

0 0 0

0 t  l

l 0 I

0 0 0

l l l

r 0 0

0 0 0

0 0 0

0 0 0

0 0 0 0 0 0 0 0 0

l l l l l l l t r

0 0 0 0 0 0

l l l l l l

0 0 1 1 1 0

1 1 0 0 0 1

0 0 1 1 l 0

0 0 1 0 0 0

I

I

\,I DH

PER

PER

PER

PHI

PHI r r l  l 0

l l l l

0 0 0 0

l l t l

0 0 0

0 1 1

0 1 0

0 1 0

1 l

0 0

1 l

0 t )

0 0

t l l

0 0 1

r 1 1

0 0 0

0 1 0

0 0 1 - )

0 0 0

l l l

0 0 0

t t l

0 0 0

0 0 0

0 0 0

0 0 0
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Godt 1990). Two factors madc genetic interpre
tation of S. sarnrcntosu t enzyne band pattems
impossible. FiISt. almost no bands segregated
within or among populations, iind thercfbre the
number of loci and thcir relationships to specific
alleles werc difficult to judge. Second, uncom-
mon alleles may escape detectior because S.
sonnentosunt is duodecaploid (l2X) (Henderson
1976). For cxample. the most obvious interpreta-
tion of a pattem consisting of a single band is
that the genotype producing it is AA AA AA AA
AA AA. Ho\\,ever thc true genotype might be
\  \  AA AA A A 00  00  i f  gene s i lenc ing  occurs
(Crawford 1990). ln addition. the one visible band
may resuit from the genotype AA AA AA AA
A A AB i l ' do \ i lgc  regu la t ion  o l  gene erpress ion
occurs and limits the amount ofenzyme produced
from all these locijointly. The enzymes produccd
by the B allelc would be so rare compared to the
enzymes produced by theAallele that they would
probabl), not show up on the gel (AB heterodimeru
cuuld hc produced bccru.e ol interlocus interac-
tions. but these would still occur at a small fre-
quency relative to AA homodinrers, xnd there-
fore l ikely be invisible). If the plant is
autopolyploid, an allele may be shared among all
the homologous loci, and the plant night have a
genotype such as AAAAAAAB BB (Soltis and
Ricseberg 1986). If a two- or three-band pattern
shows up occasionally, one mustwonderhow many
copies of the alternlrtive allele must be present,
and/or how many null (silenccd) alleles must be
present, beforc the enzyme produced by that al-
temative allele can be observed. Phenotypic anal),-
sis provides a way of using isozyme data, such as
that n S. sarmentoJirr?, which cannot be inter
preted genctically (e.g. Chung et al. l99l).

Enzymc variation ln S. sannentosum (,ts de-
tected in starch gel electrophoresis) $'as cxfemely
lirrited. Comparison with genetic analyses ofplant
isozyme data (Hamrick and Godt 1990) is inshuc
tivc, if certain trends are kept in lnind. First, the
percent polymoryhic enzymes is otten higher than
the percent polymorphic loci, because a single
cnzyme stain may reveal both variable and mono-
morph ic  loc i .  Se(unJ .  lhc  nurnhcro l  f i r l l em.  re -
poded per enzyme (or per putative locus) is ot:
ten somewhat greatcr than the number of alleles
per locus. because every combination of t$ o al-
leles can produce a difl'erent pattem. Also. pat-
tems are not indcpcndent. The addition of one
;illclc for a dimeric enzyme will produce two ad-

ditional bands. Third. the Shannon-Weaver diver-
sity index may overestimate differences. because
patterns produced by homozygotes are consid-
ered completely different from pattems produced
by heterozygotes.

Si,ry'rinchiun semrentosunt appears to have
much less enzyme vadation seen in the average
narowly endemic taxon (Hamrick and Godt I 990,
Gitzendanner and Soltis 2000). For example, S.
sarmentosutn had l9clc polymorphic enzymes,
compared with thc average of 26% polymorphic
loci for endemic species, and Ll9 patterns per
enzyme, compared to 1.80 allcles per locus in
endemic species (Hamrick and Godt 1990). The
variation in S. sannentosum is also lowgr than
that reported fbr other Slsrrincii/rr species of
the Pacific Nofihwest, despite much slruller sample
sizes in those other studies (Table 4), and the vada-
tion in those species was considered low (Pavek
1989). Like the monomorphic his 1ac&rtris Nutt.
(Simonich and Morgan 1994). Sistrinchium
s arment osum has chnracteristics (self-compatibil-
ity. restricted range, and moist habitat) associated
with extremely low isozyme variation (Cole and
Biesboer 1992).

Why are enzyme pattems in S. sanne tosutn
populations so nearly invariant? There are sev-
eral possibilities. First. ahigh polyploid taxon that
arose once would include a very limited sample
of the genetic variatjon present in the parental
species because it includes only the variation
present in the one (or two) individual(s) that were
parent(s) of the first high polyploid individual
(Crawfbrd 1990). Second. low population sizes
for several generations would reduce variation,
even if the population was init ially variable.
Sis\'rinchium sqrmentosum has had small popu-
lations and a very l imited range since it was col-
lected by Suksdorf (Gamon pers. com.). Third.
low variation could characterize a species that
rcproduces entirely vegetatively. However, veg-
etatively reproducing taxa are often highly vari-
able (Ellstrand and Roose 1987), and S.
tarmentosum appears to reproduce sexually. It
produccs abundant seed when grazing does not
prevent seed set (Raven pers. com.). The seed is
probably produced sexually. because S.
\a rmt  n lo \um lu i l \  h '  p roJu(e  : .eeJ  in  eenr in  . t r -
tificial crosses (Henderson 1976). A fourth hy
pothesis is that the obser\'ed low variation results
tiom many generations of selfing. Selfing pro-
duces a prcponderance of homozygous individuals,
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but whether selfing populations are genetically
variable ornot depends on the variability offound
ing individuals and whether the population has
gone through a proJonged period of low size. Some
largely selfing populations are highly variable
(Knapp and Rice 1996). We favor thc hypothesis
that duodecaploid S. ,r4rmel?loJrz arose once (or
rarely) liom an ancestor with lower chromosome
numbet

Sometimes isozyme analysis can dctermine if
a species is an autopolyploid or allopolyploid,
because allopolyploids usually exhibit l ixed het
erozygosity at many ioci (Crawford 1990).
Sistrinchiun sarmelltosLtm has consistent mul-
tiple-band pattems for several enzymes, which
may represent llxed heterozygosity at homolo-
gous loci. However, that does nol help determine
thc origin of polyploidy in this species. The an
ccstor of S. sqnnentosum was probably polyp-
loid itself. We are not aware ofinformation about
the isozymc variation in S. idtthoense, but dupli-
cated loci were inferred for tetraploid S.
septe trion.ile E. P. Bicknell (Pavek I989). Duo-
decaploid Sls_r'rlricftium sdrmentosun tnay be aI
autopolyploid derived from an allopdyploid ances
lor. but isozyme anrlysis ol Sl'r rinr' lr l irm .r.rnaen-
l.r.rrn alone cannot eliminate othcr hypotheses.

The variation revealed by isozyme electrophore-
sis is not always rcpresentative of vadation in
physiology and other ftaits (Banett and Kohn 1991,
Hamrick et al. l99l). but there are several rea-
sons to think S. sannentosum has little genetic
variation ofany kind. The species shows less flo-
ral variation than most other Pacific Northwest
species ofSlslrlrcft i ln (Henderson 1976). Mor
phological variation observed during recent field
work is limited; single plants with white orrwelve-
tcpaled flowers were observcd in the Cave Creek
population (Raven pcrs. com.), and foliage color
varied only in the LittleWhite SalmonRiver popu-
lation. ln addition. all populations occupy simi-
lar. open, wet to somewhat dry habitats within a
very limited range. The apparent lack of genetic
variation in S. .sarntentostun does not imply that
the species suffers inbreeding depresston. because
invariant plants may lack harmful genetic vari-
ants (Allard et al. 1986, Husband and Schemske
t99"t).

Variation in foliage color and tepal shape sug-
gested that S. ldaroense, S. sarmentosum, |.ndtheit
hybrids might have been collected at the Lirrle
White Salmon River site. That hypothcsis was
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not supported by the results of this study. The
plants all had the same enzyme bands as revealed
by starch gel electrophoresis (Table 2). Isoelec-
tric focusing ofenzymes known to be highly vari-
able and to exist in multiple forms revealed lim-
ited variation among individuals in this population
but no consistent differences among the samples
labeled as different species. If the sample identi-
fications are correct, this uniformity of enzyme
variation among species suggests that S.
sonnentosunr is the recently derived autopolyp-
loid descendent ofthe widespread S. ickLhoense.
However, the observed variation in lbliage color
may represent intraspecitlc vadation in S.
tctrmentoslrm. Other Sisyrinchium spccies in the
Pacific Northwest are known to exhibit variation
in foliage color (Henderson 1976). This point could
be clarified by additional research that jncluded
samples lrom single-species stands ofS. rdaloezse
and voucher specimens with flowers pressed in
the field. to presen'e the floral t'eatures necessary
to confirm species identitication (Henderson 1976).

Although the Shannon-Wcaver diye$ity index
indicates thilt populations ol SistrinchiLtnt
sdnnentosun are little differentiated, gene flow
among populations may be 1ow (Table 3). Al1 in-
dividuals in the Cayuse Meadow population had
a band at TPI I that was observed in no othcr popu-
lation (Table 2). This situation could be stable
only if gene flow between Cayuse Meadow and
any other sampled population were very low.

Because S. sannenlaszn had such low enzyme
pattern vlLnation andmost populations were mono-
molphic, we cannot use enzymes to answer cer-
tain managemcnt-relatedquestions. Enzyme pat
terns cannot delimit genets (clones), and thereforc
censusing genets remains problematic. Enzyme
patterns cannot reveal thc relative importance of
sexual and vegetative reproduction in this spe-
cies, and therefore decisions aboutprctecting seed
set cannot be made on the basis of enzyme pat-
terns. The differentiation between the Cayuse
Meadow population and the others hints at lim-
ited gene flow. suggesting that population estab-
lishmcnt through long-distance seed dispersal
events (which requires seed production) is im-
pofiant in the patteming of genetic diversity in
this spccies. Perhaps differcnt molecular tech-
niques, such as isoelectric tbcusing, RAPDs, or
ISSRs. can gencrate enough variation to address
these qucstions more effectivcly.



The lack of observed variation suggests that
few restrictions need be placed on prograDs to
increase the S. sannentosum popLrlation through
transplants. Moving plants (seeds or rhizomes)
among populations may be undesirable because
ir might lead to Io.\ of rarc genelic \ arialiun\ no$
restricted to single populations. However, as long
as gene flow is as limited as it appears, establish-
ment of new populations at sites not now occu-
pied by 5. sarmentosun need be restraincd only
by the pragmatic test that populations can be es-
tablished only where the plants can grow.

This study suggests that prescrving enzyme
(and genetic) diversity in S. sarmentosumrcqrires
preserving many populations because some. like
Cayuse Meadow, contain unique alleles. Also, a
large population should be maintained at South
Prairie, thc only population known to be variable.
However, this study also suggests that manage-
ment practices directed to$ard demographics,
rather than genetics, can bc effective in long-terrn
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