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ComprlnrsoN oF IlopLlLArIoN GENIITIC DIVERSITy BIITWEIIN

A RARE, NARROIVLY DISTRIBLTTIID SPECMS AND A COh{},ION,
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cornpirred u,itli its coniinon, rvidcspread urngenel A. scrrLtlutu to evitlulte the impiicts ol srnal) population sizc and high isolation

Gcnctic data $,crc rlso uscd to cvaluate whcdrer the disjunct distribution o1'4. marititttLr lvas duc to range rcduction ol antliropo-
genicdispersal.GencticclivcrsitywtslorvclinA. ntritinn (H"=0217)ihaninA. serrulctrtt(r1"=0.268),anc1 thcreisalsohigher

tiorr wirs also [riglrcr aurong A. rtnritintu populations ({:) = t).278). but not signilicantlv dil]erent fiom that of A. serrulan (Q) =

in the past ancl not anthropogenic estrblishnrent ol Oklahonra anil Lieorgil populations.

C'ieographic distribution is an impoltarlf Iaclor shaping the
gelletic charactcristics ol pJant populatiolls. Ilarc or cndemic
plirnf specries with lirrited geographic clistributions tclrd to havc
lor.vcr lcvcls ol'gcnctic varialion than specics lvith nrorc rvidc-
spread dislribr:tions due Io the el'fects oI either clilectional sc-
lccticin prcirnotin-u adapta{ion to local environmcnts ol randonr
processes sucl-r as inbrecding- genetic bottlenecks, or drilt xct-
ing in sn-ralI populations. Isolation nrav turthcl rcducc ]evels ol'
genetic diversity within plant populations and cnhancc dif'lir-
ences amorlg tlrcnr due to lLr-stric1.c{l gcne florv (Halnrick et al..
1992). ln several important revicrvs ol.thc ailoz),me literatur-e,
rnean valucs for stiitistics t.o rlescribe population genetic drver-
sity for plants rvith dilferent lili: histr,rry tlaits lHamrick ct al..
1979; llamick and Codt, 1990, 1996) have been esl-ablishecl.
Theso clata havc selved as bencirmarks in nurncrous studics that
comparcd population gcnctic charactcristics o1'r'elated rare and
rvidcspre;rd species (Kalron et al.. 1988; Shenniin-Broylcs
et at., 1992; Linl'r:lrt anrl Plemoli, 199-31Pulciy ancl Bayer. 1995;
Avis anrl Ilarrrrick. I9961 Gitzcndanncr an(l Soltis, 2000; Cole,
2003). Ccurparisons of rclatcd specics to inl'estigate the im-
pacts ol ra|ity ailcl snrall populatior size are particr.rlarly v:rlu-
ablc bccause they cafl factor ont sharcd traits sllch as breeding
systeln or 1if'c history. ivhich are important chalacteristics that
shapc tirc lcvcls ancl sl.r'r-rcturing of popuiatiorr genetic r,uriltion
(Karlr:rn et al., i988; I.Iamrick arld (io.1t. I9961 Gitzcndanncr
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ancl Soitis. 2000: Clolc. 2003). IiLrrther, colnparisons o1'related
taru rillow spccilic insrghts into thc impacts of isolation ancl
lestricted distlibution riu population gcnctic attriblltes of lare
plant \llecies that conscrvation triologists can use in dcveloping
cl'fcctrr e rnauagcnlent s1.r'a1.cgics (Hantrick, 1983; Swensen
ct a1.. 1995: r\r,ise and -Llamlick. 1996; Ricsebcrg and Swensen,
199(r: Ccmrlrll ct al.. I 998: Chung, 1999; Iledge and Ellsl"rand.
It)!)9. Francrsco-Ortesa et al., 2000, Oliva-Tejera ct al., 2006;
l\{atc Lr - 

"\ndrr<s 
and S e galra- Nlloragucs. 2004).

..\lrtu: nturitittra (\'Iarsh.) \4uhl. ex Nutt (seaside alder) I.ras

thc nrrrst hi-rhly dis.iuncl distribution oI any tree species iu North
Aureric:,r (l-ittlc. 1975). I1 occurs naturalLl, in three highly sepa-
rated locatrons (Fig. i): the Dehlarva Pcninsula of Dclaware
antl N'larr Iantl {.,\. rntrrilima subsp. muririnro Schrader &
Glirve s). s()Lrth ce ntlal Oklahoma (,1. nruritinru subsp. (rftld/rrr-
rnr:rr.r'l.i Schlader' & Clavcs). and northr,r,est (icorgia (t\. marir-
irrra subsp. georgien.sis Schradcr & Graves). The existence of
I)elmarv;r and Oklahon'ra popr"rlations l-ras been hnorvn ltrr over
100 1,ears. but the Cleorgia populalion was rlot discoverccl until
I 997 (Furlow, 1 979; Ranger, 1997; Schrader and Graves, 2002,
20{-)4; USD;\ ancl Nl{ClS, 2002).

A trrajoritl, o| A. rrutrilintlr populatiolls are small, typically
containing f'ervcl than l0 individuals. Ilowever', largel pcipula-
tions containing 70-100 indivicluals do crist along thc Bhre
River in Oklahonra, at Drr,rmmond Swarnp in Georgia. and in
the Prime Ilook National Wildli lLclirgc in f)c'lawarc. zllrra.i
naritinn is a globaliy rarc spccics. Dr"rc to the sr-nall nunrber
ancl sizc o1'cxisting populations, thr: National Biological Inlor.
rn:rLion Inll'aslructule and (ire Associatiou lor Biodiversity [n-
fil'rration have given A. nturitimu a global couselvl tion stetus
riinking ol' G3, n-rarking it as a globally rare species lacing a

nrodcratc vulncrability of cxtinction bccausc of its rcstricted
lange and rclativcly I'crv populations (Nrtureserve. 2007). ln
I)elarvare arrd l\4aryland. A. moritinto is given an 53 rauking
(Dclawarc Natulal i{critagc Prcgrarn. 2003; Marylarld f)epart-
1ncl1t of Natr-rral Ilesources. 2004), indicating that it is rare and
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on tl're Watch [,ist ol'monitorcd spccics rn thosc statcs. In Okla-
honra, A. tnuritirnu is an 52 spccies; it is ralc ancl pote ntialll'
vulnclablc tt'r cxtirpation in the stalc (Oklahoma $ipl6gical
Snrr,cy, 2003). The Georgia f)epartnrent ol NatLrral Ilesources
(2006) has given A. ururitinLa an S 1 r-anking becausc it is highll,
rare and critically inrpcriled in the sl,ate.

Stibolt (198 l) suggested that the dis.junct distribLrtiou of .,1.

mrrriti.mu is t.hc resi"rlt ol indigenous peoples ol Noltir America
either intentionallr- or r.rninlentionally Uanspuling seeils lronr
Deltnalva to Ol<lahon'ra. Howcvcr', no ethnobotanical data sup-
port ll.ris speculation bcyond rccords ol' the Delarvare Tribe
tlavcling thlough (Jlilahon.ra be krle thc discovcrl,' ot'thc Okla,
homa populations in t872 (Stibolt, 198 1). Irurlor.v 1l!)71))
proposcd that ani;estors ol A. tnurititna dispclsed into Nolth
America across thc Ilcring land bridge anrl spread rcross North
;\tncrica. Range redr.rction liom crt vilonnrcntal c hangcs lirl lou,-
ing thc Plcistocene glacial periorl resulted in thc highl1'disjunct
rlistribution ol' i\. muritima. (ln tic birsis ol'lriogcographic and
molecular anal1,'sc-s (Chcn ct al., 1999; Chcn lnd Li, 2()04;
.Schrader ancl Cilavcs, 2000. 2002) thc cxisting ,,\. rrturitirtrtt
populaticxrs have been crxclurled to be relicts ol'a lrore exteu-
sive distlibution in thc past.

Irr contrast. ALntt,t ,strmlorru (Aiton) Willd. thazel a1derl
gro\vs throughout thc castcl'n thild of North ,,\rnr--rica. It is a

cromnon riparian anci rvetla.nd species tirat gnxvs in moisl soils
along the banks ol streunrs, rivcls. polds, and lakes (Fig. l).
Ancestors o['4. serrulatr.r ar-e aiso thought to havc dispcrscd 1o

North America Inrnr Asia. Horvever, this species either did not
cxperience extrerne langc lecluctinn or wirs able kr lc1:ropr,rlate
areas lollowing the glacial pcr:iods (F'ur'lor,v. 1979; Clhen et al.,
1999). PopLrlations of A. serrululu are sympatric with A. tnur-
llrrrr.r exce pt in Oklahonra. rvhele tire distribution oI-A. ntoritimo
lies wcst of lhe l. ,scrrtio/tt rrnge.

CtgsriN E f AL. --Poptit-r\ noN GENF.T'ICS t]t) SITASIDE ALI)ER ANII HAZLt, r\LDlr{

Fig. 1. Distribution of Alnus maritimn and A. serrulata in the United States.
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.,\lrrrr.t trtttritimri ancl ,1. sertttlatut both have ru.rltistemmed
grou'lh ftrlnrs. u'ilh indir,rduajs r:rorving :r-q clearly delirlit.er-l
clt"ulrps. .,\lrtus tntrrititt?1/ occut's in shallow. opct1, movirlr $ulcr
illor)g strelLnr\ ard rivcrs ot in sr.r,arnp or marsh arcas. Iligh
slrirde intolelance in..1. rtturilitrtu restricts l)larlts to Itrll sun areas
(Schradcr ct al., 20{)6). rr, heLeas grcxtcr shacle lolcrance all;rvs
t\. .terruldtLr to grow rn both shade and tull sun. Trr syrnpatric
localions, i\. rttttritirtttt occr"rpics full sr-rn sites, while A. serru-
/u/r.r gror.rrs in rnore siraciccl, drier areas.

Alnus nurilitnrr rs the onJy Nolth Antcrican menrbel of the
rrnall sub-ucnu s tllctlttttpsis.ltncl A. .re:rrulula is a member of the
llrgcl sr.rbgcnus /11/?r,,!. The prirnar'-v difl'erence bet,"veen sutr-
gcncra is thc tirling of flor,r,ering. As in othel rletnbers of sub-
.tenus A/rrri.r, the calkins ctt i\. .rerrulnla are initiatecl iu the
\unirrrer anil bccornc dormant dur-ing thc i,vintcr. Thc catkins
opcn lirr pollirration in thc lbllorving spring, and scorls nlalure
arrd are releascd in lntc sununcl'or alrtulln. In contrast. A. ttrur-
irirrrr fonrrs catkins in the spliug, opcns litr pollination ir.:r sln-n-
nrer or autlrnru. anri re lcascs sccds in Iate ar,rturnn or early winter
(Chen and l-i. 2004). Although A. nLaritintu secds gerrninatc
readily' in greeuhousc or laboratory corrditions, lherc is r)o cvi-
clcnce oJ' successful sccclling rccruitnrcnt in natnral populations.
Eslablishnrcnt l'rom seed is char:acteristically lorv in,4}rls spp..
with lnost inclivirluals rcprodi"rcing ascxi"rally viii snckers that
arise lionr thc roots (l{ucnnckc. 1 987).

'fhe locus of the cr:r"r'c:nt study is tr) conlpare the ler,els aucl
structuring o1' population gcnctic r.liversity betrveen t\. ntoril-
intu., it risra spccics with a highll, disjunct dish'ibution, and ,1.

scrrultrlu, it comnron, widespread congene r. Thc specics urc
synrpatric in thc nuLjrility cl1'locations rvherc.,1. ttruritit)tLt oc-
culs. llnlike others who sirnilally cornpared rarc species lo
conrron spe cics that could bc sampleci civer a much largcl gco-
graphic scalc (Cole, 2003). rvc sampled populations ol both
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specics using diflerent bullcr-.sLain cirnbirultions. Eieht putativc aliozynte loci
rvcrc resolr'ed l\tr A. nturititnu usiiig rnotliiicaticxrs oi'Soltis ct al. ( 1983) trutl'er
s,vstcnrs (r, 8. anil I 1 and Corrlrlc ct al. (1931) ltuili'r system IJ. System 6 (gcl
buttcr: 0.015 N'l'lris lSisrria 7..9, Sigrra Aldrich. St. Louis. l\,{issurri, LISr\l
0.{)0rl \,1 citric acicl. pll 7.8; electrodc buil'er: ()..1 \4 boric acid, 0.1 N,T NaO}1,
p[.{ 13.6) rcsollcd one k)clrs each ior diaphorase (1)ra):rnd rrrcnadirxe nitrale re
durtnse {Mn, ). S;,srcnr 8 (gei L-.ufl}r: 0.004 \,{ I-iOH, 0.025 I\4 boric rcid, 0.042 N{
'1'ris ISignra 7 9l (Signr-Aklrich, St. Louis. Missouri, I.,rSA), 0.(t(]7 l!{ cjtric
acid, plI 7.6; clcctrodc bufl'er: ().{)19 I\{ I-iO}{,0.26-l N1 horic acid, pH 8) resolvcLl
aLr1,lase 1.4nr) anil lluoresr:enl ostflase (fl.). Systetrr I I (gel buller: 0.045 ]v{ Tris
lSignra ?-91 0.007 N'l citric acirl,0.{)04 N,l l-iOH,0.l}19l\4 boric acid, pl'i,S.3:
clcclrotic bufter:0.03S M I-iOl{,0.188 lVl boric ecid. pll 8.-}) resolvetl single loci
fir.ilrrctosc I.6-clJphoslilratast:(Fdti)intd shikimate dehvdrosenasc1S/tr&). Sys-
tenrlltgcl builtr: (X).11\4Tris(SigmaTi.t)^0.01(rlv1 citricacidnronohl,drate.|iI
8.45; clectrode bui'ier: U.27 N{ b,onc acid. t).05 l\,1 NaOH. pH 8.0) resolved loci
lirr hetl galrrctosidlse (.IJqd1) and glutlmic oxalic trurs:uninase (Cor).

Irrrurtccn putatire rllozlnre loci u,crc rcsolvecl itt A. serntlltl using the sanrc
lour buiier slsterrs. S],stcm (r rcsoived trvo loci ior ilnorescetlt esterase {Fe,./.
Ie l) and r:rnc locus lor phosphoglucoisornerase (l'.ql). Systent ,9 resolveil single
loci lor diaphorase (1)ln)and ntcn&lirxe nihate reducrtitsc (,l,hr). Systent II re
solr ed slnglc lirci lirr rrialarc clchydrogenase (illrlll), Gphosphogiuconate dehr,,
drLrgcnrsc (6-Pqlh). and shil<imatc dchl,drogenrsc (.t,(/D), and tu,o loci for
IluciLrsc I.(r diphosphatase tl:'rfr1. Fdp 2) and phosphogluconrutase {Pgrnl,
.P,qrrrl). Sinrle lrrri u,crr: rcsolveri lbr ireta galactosidase (Bgnl) and glutantiu
oxrli. trrnsunrinlsc ((,;rrl) on Systcnr I3.

Lnzr nre stain recrpes follori,cd Soltis et el. ( l93ll), exccpt lor l)id and l\,lnr
rCheliak rnd Pit.:1. lt)8.1).,1iii_r,rvls surred llrim rrhile. destaincd bands,
.r sign thirt th. err\ nrc ricgrirclcri starcil. on gels sl;rined rvith a triose phos-
ph.itc i\{rrlrits. i/111; e1'g1;ur,. Dillirent loc:i and alleles rvithin loci rvere
ilurilbcrcil rcllu('nliirll\. giring thc rnost tnorJally rnigri:rting locr.ls/:rl1e1e the
1or., c't ntrlrbcr.

(icnctic dit ersitt' o,td stru(lure--Starnditrd p:rrantctcrs rtl specicrs and pop-
Lllrlr()ir-la\el gallalia di\er\it\ rverc clilcrrlated lirtm allozyme tlalir usirrg
L]'\Si'ROG. r sixti\r.re lil protr;Lni deVeiopL:d b1 NI. L). Loveless (Dep.tr(ment
rrt BiLrlLrgr. Colltse of \\'oostcl. \Yrtrtsler. Ohio. tiSA) and A. F. Schnabcl
r[)i]l:iitrlcnt of BioiLrgr'. Llnjrcrsit)' tti'lndiatra, South 13end, hidiane, [JSA).
(iL--1rr'1ii dr\crsil,\ \\:1: ilrciisrllird []\ perccn{agc ol 1x,1-un0r'phic loi:i {P,,)- aver'
Itt ntttlllle; oi ltlielcs i.cr loeLts (.1), cflectit'c' nuntber ol'allcles pcr locus (A.).
cr:lrtcd h.t.rr)z\grrsil\ iH,). aud oltserved hctorozysosity (H,,). Expected
hitr'r,rzrgtr:itr \\iL\ .:riculxlcd 11 lhe populatir)n nntl species ler'els. \\rright's
i I illl I inhrrrriirrl loeiiicieni { l:) \\'ts calcrLlafcd tbr cach polvurorphic locrrs in
!'!rrll D\rpulrlir)n tt) nlj.i\ura dcrr.Llions 0l !cn(,t-\|r lrrLluL.ncies aL irrdividual
lo. i l-runr Hrrdr' \\ slnbglg r-\l)eclirlions. Positire f-r,alues indicate excess
honr,,z] Sosit]. ri hilr ncgrtilc r alLics inciicrte ercess hctcrozygosity. .'itatistical
sigr:illcrntcof lirnlrrc:rrliseirLurLluJh-t rT,ltcst: '/-!-1, N\u-1t.dl=u(u -l)12.
\ hrie .\r is th. t()ll1l sirnlple sire. irud .l is thc nunrtrcr ol illleles at the locrrs
t l-r :rntl iilrrr itz. I !)5.1 t.

l'hc distribrrtion r)1 -s.netic dirersitr 1ir polvrnorphic loci rvas evaluated
throLLsh \Vcir and (loclcrhlrr's I 1984) parantctcrs /--. /, and tl. Values u,ere
crleulatcd using thc pr()srxni (lDA lersir;n ldl6c (l-eu,is and Zaykin, 2001 )
rcr'ordirc to the mttiroils ol \\'cir tl9!)6). Thc parameters I'. /. and O are
r-onc.pturll\ :imilrr to \\iriSht's { 1965) f-statislics /,,.,-, 1i,., and lr., respec-
tirelr'. F lnd I indieate levels of inbrcrdirrg over aLI populations anil rvithin
poptrlltic,ns. rc:parcli\fl_y. atrd (, nreasurcs gcnetic diilerentiatiL)lt anloltg
poptLintrons I)criations ot lj rnrl f iron zero rverc evaluated hy thc T: test
dcscribcri 0xrlicr lor I Stati:tical signilicance of G) u,iis likewlse tested by a
7_r lLrst. Ir = 2.,\O{rr l). dl .. (./ .. I )(/t l) whcre iV is thc total santple sizc,
rr is thc numbcr of irllclcs, lncl rr is the numbt:r of poprrlations (\\rorkntan and
Ni5\!dnder.1970).

\leiuts and slnndrld rrucns 0l-getietic diYusitv rnd structure viLlues $,ere cal-
cullterl Via Tukei,'s leckknilt (SoLal and Rohlf, l98l). (]enetic diversily vrlucs
$'cre.iechLnifed across l-iop[1,tlions- and genetic slruclure vrluos rvere.ircl'kniltrl
across loci. MclLis of gi:netic diversity iind structure stttistics rvcrc dircctly conr
1.rrrJ lrrlrrccrr.,fcir('\ \,J 1 l('.ts.

Gcre flow rv:rs indircc(lv estirnstcd using Takahah's (li)6,1) mudillcation
of \\ry13f11'5 cilu:rtion Nnr = l(l -.. (;!ry4crrlo", u,hcrc c = ln/l'tr - I)lr, rr is
lhc nunrber ol llopLrliitions. rnd Nm is thc numbcr ol' nligrants fer gcnct Jtr,)n
((lrorv artd Aoki, I9li4). Ftl our caiculaliiiris. O vrlucs rvcre substituteti lir
G11. (.ienetic identity (/) w.rs e alculrtc(l for all plirrvise. combinirtions ol'pop-
ul:rtions to ntcasurc rhcir genetic sirnilarity (Nei, 19721 1977). Cenetic identi
lics wofc thcn useil to concluct cluster ilnllvsrs via ihe IIPGIVIA nrocedtrrt
(Rohl1'. 1988).

specics at al idcntical geographic scaiLr :tnd, in manl instlrnccs.
in the sarre location, to l]tore ac)curateiy dctcflninc populatiot-r
genetic conscqucuces ol' isoiation irncl raritv it-r A. tnut"ititrtu.
l hc-qc dala will aiso allorv lurthcl evalualiou o[ r.irhethel thc
disjrrnct distribirtion ctf A. nttritimll is the result of rlnlul'al or
afll.hr"opo-qcnic lolccs. Il'it is thc rcsulI ol'rangL: rcduction. litcn
thc levels and strllcturing of gcnctic \rariation iue ex[)ecte.l to l)t:
consistcnt with pattclns obscl'ved in other rare spce ics ur gcn-
eral and A/rurs species in palticrular. It Lhe A. tnaritinlLt distribu-
tion is the result ol hi"rman dispersal, then thc Ol<lahonra ancl
Gc:rx'gia llopulatiolrs shoult.l havc significantly lorver uerrelic
valialiou than Dclmalva populiltions ancl coutain a subsct o['the
genctic va.riation plescnI in l)elman,a populatiolls.

MATtrIIIAI,S AND ]\4ETHODS

Samplulpolxrlutiars Leaftissucwnscr)iicctcdllonrplantsoi.,l. nutritintrt
in i)elnrarva. Oklahorna. ancl in Cieorgia fl'ab1c 11. [.caftissue rvas col]ecicci
tronr only one hrartch trrer clurnp lo ;rvoid rcpcatcri santpling fronr a sirrglc plarit.
f)cl[rarva s:irnples wi]r'e rollectcd iit st|c:uilsidc iocations in Dorcirester [iount},.
l\4ar1,land (IlLil-l\'ll rnd DIll-\,12) anrl along the N{arshyhope and Nanticoke
Rivcrs, in Sussex (lounly. l)elarvarc (DEI,N,I3 and DELI'l,it. In rli L)clrnarla
locitlions cxacpf DEI-N'12, A. nlat tt!ilttt \!r\ lr(,\\ rrlj lr ile.rs \\ rlh tlt'nse vegt'lrr
tirm. rurd clurrps were beconring overtoplled lly rlther vcgetltion. indicating
lhes? u cre iate srrcccssronrl lixbitirls. PlanLs in DELN.,ll rvcrc cstal-.li-sircd in an

opcn nrarshy area ol lhe Nrnticokc River..A/rra.s nririiirntt srnrplcs in Okla-
homa uere collected |rnr thc banks o1'thc llluc Rivcr in thc Bluc Rirer \\:iiLi
lil'e \4anagenir'nt Arca iOK\,{l) lld along the banks rrI Pc'nningtor Creti
(OKIti2)in.lohnstort{iounly.[ieorgilsllrllples()l',4. rnriririritr.r \grio]leetc!lirl
thc lonc (.ieoruiapopulttion ,rt Ilrunllrond Su'anrp in Brrrou C'oLrnn'r[i.\\1 ]

Cltttlps lvcre estahlishcd in open itreiis o1 tlte surrrP rith iirll :un c\posLlr!'
Aln.ut te:rntldo samplcs u,crc collcctcrl at thc siulc tirur Ilclnrrlr l lr)ailtr(rili
u,ltere ;1. ncrritimct sanrplcs u'crc collcctcd (l)I:t-S I . DI]l-Sl, Dl:l-S.-r. DIrL-S+ r

Irr Oklalronra, A. s(rrul.dto saulples (OKSl. C)K52) were aolla:cta'd ar rit.. .l\l

shadeti areas lt L)rurnnrurd Srvlrrrp t(i;\S11 antl alon,g thc )'cllou Ririr :l
C\^/itrnetl C)orint1, cast of Atlanta (CiA52). Sarnplcs \\,ere storell or ico anii t-
lilrned to thc lrb(lratorv ibr senelic anal-\,sis.

,4llazwtrc onolyses-l.etl' tissue lronr eiich sarlrf le(l pllnt u'as rluie k l'rrzcn
rvith licluid nitrogen anrl crrLshed u,ilh a nlortar and pestle. Prutcrls ucle cr
lilctccl using a phosphalc poll"vin.vl pvroliilonc bullcr lN4itton cr al.. 1979).
'lissue homo:leniltcs wcre storcd in l.,i-ml microccnlrilugc tuhcs al -80'( .

Prior to electroph(u"rrsis, ttrlmogenlles were thawed, and protein e\tracls irroll
lisslre h{)rrogcil:rtes rverre ltrsortrccl onlo 4 , 6 rrrrn filter pnpu rvirlis.

[-ilectrophoretic an:rlyscs u,crc conrJucted on I ]9ri holizonlal. Ii__vrJrol,vzed

pulato sttrrch gels. Ovcr:10 riluzynrc sysfems were initiallv surveyed li;r trch

'l'attr.l l. l-ocittior'rs anri slrrnplc -rizc {N) ol' scvdn ,\burs nt,Lritinut (.u\I)

irnd cight A. serrulutu (S) study popuiations in I)clnralva (Dl:il.,l.
Okiahorra (OK). and Ceolgia 1GA).

l)(\nr1l{n}r(N) (i)unrr, !lrlc I-arirude Lonlrirude

l)r:lm:rrva
DEi_lvn(rIy'DELSlil Ij
DE r -N,r2( 1 9yDEI_Sl(6)
Ir til-Nl -r(4)/1)Er_s.r((,
DELN4.l(8)/DIlt-S4( I I )

Ok[;rhlrtrt
OKI\{ I (,17)

oKM2(li)
oK l (22)
oKS2(e)

Ceorgii:r
C}AN4l (73 )/Cr\S I (!.,)

cAS2(32)

l)orr:hcstcr, N,ll)
Dorrhester. l\4ll
Susscx. [)E
Sussor. [)E

.lohnston. 0h
Johnstorr, (-JK

l\,lcCurtairr. flK
[]hoctrrr', OK

lJarloir,. Cr\
{lu,innett. CA

N 38"32' lV 15".1.1

N 38'3.1' W 75":1,7'

N 38"3 r' \V 75"28',
N .rS":r7', W ?5"49'

h\ 1.4'19' W 96'35'
N 34"21' \\ 96'.1i'
N 34'0li' \V 911.':1.1'

N :t4't)3' W 95"32',

N -r4'()7' w 8,1'57'
N :11"1.7', W 3'1'0S'

Arore. []E, l)elarvarc; (iE, Gcolgia; NlD. \4an,land: OK. Olilirhoina
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A.nmritima genetic diversit!-l'iive ol'the e ight l<tci (62.5%)
rcsolvccl l<tt A. ntoritin?rr were polyrnorphic in a( least one pop-
ul;ttion (Atn1;. I)ia, Fdp, 14nr. ancl Sldfi). Allclic dir,clsity u as

estimatecl itt .4 = I .-55 (SE = 0.01 I ), il1d A. = 1.30 (SE = 0.02)
(Table 21. Arnl aurl Fdp werc polymolphic in all thlcc rt-giorrs.
l)lrr lvas polynrorphic in Gcorgia and l)clman,a. and rLfirr r'r,as

polymorphic in l)elrnarva rnd one Oklahonra populatiou. ^t/.r1,
rvas polyrnorphic in all populalions cxccpt DELM;I. O1' thc
polyn-rorphic loci, only l)io fixl the sarnc trllclc plescrt a1 the
highest frequency across all popul;rtionsl thc rnost comnron al-
lclc yaricd among pt4ruliltions for all othc:r polyntorphic loci.
No ;rr-ivate alleles r.ver-c iclcnt.iiied in anl' A. nturititttr popula-
tion. In the exarninalion ol' rnultiloclrs genot),'pes, rve lirund a

high degree of genotypic sirriilaritlr arlong inciivitlLrals u,ithin
populations, but multilocus gcnotypes clil'f'et'ed in a r-uajoritl,' of
instanccs. u,hich indicratcd l.hat clumps arc unique plants an.l
not sepolate larncts of a single, iarge clonal genct.

Specics-level genetic cliversity was estinlaleLl at 0.21 7 (SE =
0. 0:10). Mean expeLrl-ed hctcrozygosi t,r, rvi t ir i n popul :Ltions (H.)
rarrged licrrn 0.099 (OKN{)) to 0.246 (DELN.I2). ObsclYcr.i
hcterozygosity (11,,) rangecl ti'orn a lorv of t).06:l (OKN'I ); to a

high of 0.188 (DELN,{I). N,{can ob.relverl lretelozygt'rsit-r across
ttll ,4. nuritinta populalions (.11,,=0.1 I l, SE = 0.009) was lor,r,cr
than c:rpc:ctcd (t1" = 0. i80 SII = 0.008) (Table 2). Irt the 7,r anal-
ysis of Wright's F lbr eai:ir polynrolphic locus rvithin popr"rla-

tions, I'rvas significarrtly grcater than 0.0 in 16 ol'35 instanccs.
and no I-r,alucs r.r,ere significantly less than ().0. In DELM1.
only one locus (Mnr) frad a signilicant fixiltion int.lcx. r.r,helcas

all polynroryrhic loci in DF).,M2 hrd sisnillcant l'-valucs. In the
other,,1. rnarilirna populaliilns, l;'-value s u,cre signilicarit lt ci-
ther two or three pol,vrnorphic loci.

Genetic tliversitlt in Alnus serrulata--Ol thc 1-l kci lc-
solvcd ftrr,'1. ,\t'rrulotu, I I (78.6air') wcre 1;oll,nrorphic in at 1e ast

GtesoN ET' AL. -PoptilArIoN cliNiti'tcs or: suASIr)F. Ar.DF:R ANIJ I,tAZII- Ar-oh:{ 591

one polrulatitn (Diu, Fdpl. F-el" Fcl. (]or, fuIdh, Mnr. Pgi,
I'gtnl. Pgm2. and .Skdlr). Thrce al1e1es wcre scored firl Fcl, Pgi,
['gn2, trntl Mnr. nnd trvo alle]es rverc scored at other polymor-
phic loci. l,{can allelic diversity was cstimated across popr-rla-
tions at,\= 1."/l (SE=9.921 andA.= 1.39 (SE=().01) ('lablc
2). Tlte propottion of polvrnorphic loci rv:rs lorvest in DE1-S2
and highcst in OKSI anci GAS l.Loci \rdpl, l:e l,trnd G()t wcle
polvrnorlrhic iu all populatior.rs. .5-krl/r rvas polyrnorphic in Geor-
gia antl Oltlahoma populations, F?2 r.vas polymorphic in onlv
tlrc tlvo Oklahoma populations. trnd l)io r.vas polynrorphic in
DES t ancl DES2. Thclc \ryclc no cr)nsistenI pattcnls o['loci be-
ing lixed ol polyr-norphic arnong popuiatiols or regions. For
cxamplc, Mirr was polyr.norphic in only GAS1. DEL,Sl, and
DELS3. rvirilc l'3rr-1 rvas poll,mcrrphic in all populaticins except
DtiL-Sl urd GAS2. Plival"c alle les were identilicd tor tr,r,o loci:
allele Pgnl-l in OKS l ancl allclc ,Lfnr-J in GAS I.

Spccics-lcvcl genctic divelsily lot A. st'rntktrl rvas estintateil
at 0.268 tSE = 0.019). Observed hcterozygosity rvas [or,ve st in
DhI-S,1 (1/,, = 0.i44) and liighest in DELS3 (11,, = 11.217i.
Flxpected helerozygosil.v vvas krrvcst in DIIL,S2 (f1" = 0. 1-54) and
highcst in OKS I (H" = 0.268). N{can observed heteroz.l tositl'
(H,, = (1. l7l SE = 0.004) was lower than expected (H" = 0.203
SE = 0.006). and F1,, u,as lorvcl than H,. in all A. serruluto popu-
lrtions exce pt DELSI and DELS3 (Table 2). [n X2 fcsts of indi-
lidual ioci wilhin popuLations, F was signilicantly ditl'erenL
flonr 0.0 in c-rnlv ll o1'88 instanccs rvith 12 fixation inclex val-
Lrcs signilrcantll, grcatcr than and one si.gniticantly lcss than (1.0.

No irctcrozvgotcs wcre detected f ot fi,klh in GAS I. I'gr in
DELSI. antl l],qnrl in OKSl. DF)LSl, DIll-S3, and D[]1 ,S4 al-
thouuir nrultiplc allcles \,\,ere present.

(ienetic stntcture o.l'Alrtus maritimr-The mean values of
F (0.6-16. SE = 0.0-l2r ancl / (0.483, SE = 0.042), and rhe indi-
r idrrrl value: of F tu'rd .f fol tltc loci in A. muritimu wcrc all
siqniflcantir grcat.r than 0.0 indicating a high lcvel ol inbrced-
rnc \\'ithin popr:lations and iil'the spccies (Table 3). 'I'he rnean

OKN,I I

(lKI\,i2
GAr\i1
DELN,I l

DI]I-,N,l,:
DEI,M.1
IJIIl-NI/+
\,[can
Species

OKS I

OKS]
.iAs I
(]AS2
DI]I-S I

I)EI,S2
DI]I,S.]
DEI-S.1
I'lcan
S pecies

5Cr.{)

50.{)
.50.0

6: -s

62.5
(r2.5

50.r)

"55.4 (6.59)

61.,5

(r4.3

50.0
&1.-l
11.9

-s7.I
35.7
50.0
57. l

52.7 (,1.()3)

1'1.7

rSil
i.i0
1.-50

L(r-l
L63
r.6l
r.50

1.,55 (0.1)tl

1.6.1

1.86
I (r-l

t.19
1.7-l

L79
1..11

1.11

1.19
I.7l (0.01,)

2.36

1.23

L t-l
l.l.l
t.-r3
1.4,+

1.37

L 3.1

1.30 ().()l)

L52
L-l-l
| .,+ ,1

L-l(r
1.1.2

1.30
1.12

1.-14

r.39i00r)

0.06:l
0.i)65
0 {)78
0.159
0.066
0.I38
0.I56

(l.l I 1 (il.{109)

02il
ri.t5t
0.1 67
t). I 65
0.1 84
0.1 67
0.211
0.I 1..1.

0. I72 (0.{){1,+)

0. I -s7
o.099
{} t4l
0 l9l{
0.146
0.119
0.1 97

0. t,!0 ().(x)8)
0.2r7 (1.030)

0.26ti
0.176
0.258
0. I 9-5

0.211
0. 15.,1

0.r04
0.1 89

().201 t(1.(XXr)
0.268 (0.0 r 9)

4,1

2l
13
ll
lt)
4
8

22
9
9

,.\2

il
(j

6
l1

lictcr ozr gr'ritr. H . r,h.r'r r eLl ltrtlr,'z)..,,'itr.
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cant inbleedin g tn t\.se rru Lata.'lhe 1r'-v:rluc was significantly
grcatcr than zero for all Ioci except Fdpl and Ie1. and./ was
sienilicantly grealer than zero Ibr ser,en Ioci. The nrcan €)
(0. 1-q7. SE, = t1.02 l) rvrs significant, inciicating that approxi-
mately 207c of thc total genetic diversity is duc to genetic dil--
Itrentiation anrong populations ('fable 3). Cenelic iclentity was
high an'rong ,,\. scrrulctta popr-rlations (1 = 0.908), ancl popula-
tions u,ithin rcgions clust.crcd together in UPGMA analyses
(Fig. -3). tlnlike A. uturitirnu. Georgia A. se rrulctkt populalions
wclc irore similar to Dclman,a popuiatir:ns than to Oklahoma
popr-rlalions. (iene llorv rn t\. se rruhtto was c,stimated al Nrn =
t.33.

Contparison o.f Alnus maritima andA. sewulttta-Although
higher'lblI. se rrululu- nrean species-lcvcl diversity values did
not diflo' signilic:rntly betr.vecu spccies. Hor.vevcr. genetic di-
vcrsitics at the population lcvcl as measured b,v 11,,, 11", r1, A..
and Ir., rvcre all sisnilicantly highor in A. st'rrulata thit.n A. tnur-
rlrrrrrr. Furthcrrnorc. F lnd/ u,e lc siguificanlly highcr in A. mor-
llirrri than ..\. st,rrultttu. indicating clillelent levels oI inbreeding
or cnll and *'rtl.rin populations bctrveen species. Dcspite ditfer-
cncc: in thc lclcis ol'genetic divet'sit1, and inbreecling between
spccic:. t)-r,alucs \\'crc noI sienific:ntly dil'l'erent. Tl-rus. both
spccrcs partition genetic divclsity anrong populntions in rnuch
[hc sar.ttc utt..

D]SCUSStON

Rarc. cndcmic. and rithenvise geographically restricted spe-
.-ie: tcncl to hare loner lcvcls o1'genet.ic diversitli than rvidc-
sprr:lrl \peciL's tHanrlick and Gocit, 1990; Shelman-Broylcs
ct al.. 1991: Linhart ancl Plemoli, I99-l: Ai,is and I{amrick.
l9!)6: Gitzr-ndanncr anci Soltis. 2000; Cole. 2003). Consistent
nith tlris tr-crrrl. thele is low'cr gcnctic diversity il A. tnoritirna
tlrrrn it. rr rclcsprelcl congeuer A. .strnrlutu (Tatrles 2, 31. Lower
gcnr-ii. tlrvc-r:in tnd hishcr inbrccrling in i\. nutri{in.o are likely
duc to populaLion,. beinq srnallcr and nrore highly isolatcd fror-n
()lrL' rurothL-l than lrrc ,\. .\errttILtta populatittns.

Thc srsniticant Ci-r alucs lbr both ,,\. ntaritinto antl A. scrruLatrt
reflect signiljcalrt ,re 1r.tic \l.ruct.ure arnont popr-rltrtir.lns. Signifi-
crurt./-\'alurl( rncarLr|cd in both species indicate high coanccstly of'
alle le : '"r'ithin inriir icluals in populations calrseci b1,' a high occur-
rcn.!' of cons:rnquineous rnatings dcsPite' a predominantiy out-
cri,srin.q rra[inc svstcnr (P. Gibscrn. unpublished dilta). Signilicant

'fast r ll. SLrnrmary r.r1' gcnelic sllrlctLrd pararmctcrs cllculatcd fbr
polynrorphic kici in A. nruritimtt :ritd A. scrrulata. il4eans anci

istandard errols) for pilriimetcrs wcrc calculrterl across lor:i using
'l'uke1'"s 

-jackknife.

,\. ntttritintL
Ant

il{;
Mrtr
St.dtt

tr'ieen

Diu
[:l(t]
Ii: l
ta2
G0t
ivldh

t'gi
Pgntl
lJ gtn2
skth
l\,1can

7 0.53r),r,

7 0..525'i'

7 0.601 *
7 0.828 |
'1 0.696r
7 0.636'. (0.032)

I 0.395'.
8 0. Ilr5
8 i).003
8 0.205r,
8 0..1-l,l-r'

3 0.lt7,r'
8 0..]]6,,
8 0.1172.'

It 0.9'14'i
8 {).339*
I 0..160*
I {).358. (il.{)24)

0.1I | 'i

0.464'i
(1.5 26*
0.5521'
().66-',r+

0..183,. (0.04:)

{l i62,1
0.190

-0.063
0. I :-s
0.-124r,

{).080
0.)()1r
0.282*
{).j{)()}
0.119
0. i88i

0.269'* (().022)

0.,+041,

0.1 l4+
0 I 6{)+

0.6 l--s+

0.097i.
0.lrE'' (0.0.54))

0.0-s l

-0.01 I

[).0(r I

0.09 t *

0. I i -l':
0. 1.,1e'r'

0.0.11

0.263,1

t).i2?,t
{1.I9,i.r
0 I t9'.

{). 1 91 r' ({).011 ,

&brr',r. N = sarr|lc sizo: ':' = vrluus dillor significantlr, li'orn ().0

(P < 0.05),

(D-va1ue (0.278. SE = 0.0.56) ancl i,alues lbl individual loci vucr.c

lik*vise signilicantl inclicating tha[ apploximatc:11, 289;l o{ lhc
total cenetic divcrsity is duc to signilicant [reteloge neit1.' o1 a1-

lelc fi"ccluencics arnong all A. nr.u.ritintd populat-iorts.
Dcspite clil'[-erences arnong popr.rlal.iorts and rcr.ti(,l\. lrrr]l

gerlelic identity (1 = 0.8391 was high among popr:lations. Thc
dendrogranr ol the LTPC'}L4A anal)'sis (F'ig. 2) indicatcs that 1.ro1.r-

ulations within regions rire geuetically more sirnilar [o one i:rn

other thzrn to popr-rlations in other l'egions. FLrlthclmorc'.
A. nruritintlr populalions rvithin the Oklahoma and llelan'rarr a
regions had similar levels ol genetic identity. The lone Geolgiri
populat.ion clustered rnore close ly to thc Oklahorna populatiors
than to the Delmalva popnlatious. Estin.rated gcuo tlou, for
,\. rn.uritirn.a was lorv with Nnr = t).88-s.

Genetic structure in Alnus serntlata -As with A. murititrtrr.
rrtciin values tur lt'(0.:158. SE = 0.014) ancl/10.269, SE = 0.011)
rvcre signiticantly grcatcr thrn 0.0 (Table 3), indicatirru srgnih-

oKl"'[.

uKMil

a,iA!1i

DE L}11

DELIVI4

DEL}i2

DtrLM3

a .'d-i 0. 91. 0 .9-j 1.00f\ aa

I
Fig. 2. t.i PCN{ A c lustcr de ndrergra m o1' scvcn I /nr ts maritintu poprr Ialions Lrased upon Nei's gcnctic identit-v (,/).
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OKS ],

OKS2

(]AS 1

DIi t, si t.

DELS 3

DELS 1]

1 r El 1,.(i :.1

0. 93 0.95 0.96 0.98 1.00
I

Iiig. -1. t.lPCh,lA cluster dendtogrun of cight .,\lit1t.t \.n ulLlto prpulirtions based rrpon Nci's generic idcntil.y (/).
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F'-values likervisc indicatc a high le vel ol inbreetling ovcrall in
hoth spccics. I'hc signitieant hcloro/ygotc dc{icicncy at tl.te spccics,
Icvel ftrr botlr ;1. maritimu and A. se rrltlal.r is dr"tc 1o a \\'al-rlunrl
el'ltct causecl by high lcvcls ol inbleeding rvithin populations
and si gni ficant gcnctic cli lltrentialion among ltollu1irti i)n5.

Thc percentage of po11,n'rorphic Ioci and nurnbcr ol allclcs
per locus in both specics is simil;rr to meiln valres I'cportc(l b\
Hamrick alil Godt (1990) and Ilarnrick et al. (19,92) l-ur long-

population (A = 1.76,1',, = 49.3) levels. Horver,'er.'H- r'alue -r il
both studv spccics ar"c slightll, higher than tvpical at thc rpt-cics
(H" = 1).177) r:l;,tl populalion lovcls (I/. = (1.14E). ln Lerm: oi'
geographic distribut.ion. l'alues ol geueticr clivclsin' lor..1. irrrr'-
rlirrrr tendetl to Lre highel than thosc rcportcd for t.rrL- :fctir'r
(A = 1.82, l', = 41.5" H. = 0.078). but rnore siiuilar: to thosc 1'or'

spercies rvith nalltx.v distlibutions i,4 = 2.08. P. = 61.0. ]1 =
0.I65 t. L,ikcrvisc, gcnet.ic diversity in t\. serrLrl.ittn u,a: siurilar-
to that rcpc)rted [irl rvir-le spreacl spccics 1,4 = 2.1 1. P = h- S.

l.l, = 11.2571 Oul r-csr.rlls are also generally cousistcnt iriLh Lhr'

dil'fereut genetic divcrsit.y statistics repolted Clrle (2001 ) lor
rare ancl colrmon specics at the population (rarc:,,1 = Lll. P. =
21 .6, H, = 0.1t3, /1,, = 0.100; cornrlon: A = 1.72. /',, = lJ.1.
H" = 0. 150. H,, = 0.1 39) erncl species levels (r'arc: A = | .] l. P., =
40.7, H, = (1. 142; crommon: A =2.34,l',. = 58.8, H. = {r. 1tlt1 ,.
(Jur estimatcs of inbreedine, however, lr,crc hig,hcr than Cole
(2003) reporterl fbr rarc (I1. = 0. 175) anil comrlon (Frs = 0. I 8-1)

species. but measilres oIgenetic stl"]-lclurc (rarc spp. 1r's r = U.l1 ll
cotltmott spp. fsr = 0.198) rvcte sinrilar.

'l'he leveis urd structuring ol' _tcnetic vafiatiolt in both ,,1.

ruuritintcr ancl t\. s'arrulolil ;:.rc consistent with what has bee n

obselverl in olhel species r.r,ith similar li[r histolv trilits. Al-
though the srrrall. highll,' isolated popr,rlations <.rf A. maritimu
would be expected to havc cxtlemely lorv levels ol'genctic tli-
versity, pclcnnial growth has likely promoted the mrLiltclrurcc
of genetic variation within populations as has bccn rcportccl f'or
olher long-livcd, woody. pc:rennial taxa (llanuick and Cioclt.
1990, 1996). FLrrther:, populations of clonal shrubs r.nav addi-
tionally be bLrll-erecl against loss o1'gcnct.ic \.arialion evcn lnore
so thau trccs bcc;rusc thcil nrultistemmecl growth lbrm ciu-r al-
low pelsistcncc of an individual gcnct ibllowing dealh or dam-
lge to a rafilct cvcn in thc abscnce o{'cstalrlishmcnl lr'otn see(I.
Clunrps in Oklahr.rnra havc bccn otrserved 1o resprnlrt \iror-
ouslv lilllowing [looding, rvhich allorvs plants tri pcrsist in clis-
trrrherl ripurilrtt .'orrrrttrttiticr.

,\Itlrcrugh *scnctic divelsitf is Iorver within 11. muritima popu-
lations. thc ovcrall pirttcm olpopulation genetic diversity and
\truclLlrc is not mirrke(li-v dill'erent from that of other North
.\nrcrican uklcls. Popultlion gcnctic analyses havc been con-
riuctetl lirr tu.'o othcr colnmon. r.videspread North i\rnerican a1-

riL-r \pecies: .\. cri.;pu (Bousquct ct al., 1987) and A. ntgosu
{ll(ru5qilct et al.. 1988). IVleasures ol'genetic divcrsity in,,1.
r r.r s7r11 1.-{ = 1.19. l',, = 5(r.0^ H" = 0.1 36) and A. rugosa (A = 2.1 ,

P, = (r0.0. H. = 0.165) arc sirnilxr ro \alucs 1or,\. rtruritinru antl
.\. \(rrulLii{t- hut thclc rvas consirlerabll,, Less geuet.ic dil'feletti-
rrtion anrons Lropulillion (Fsr = 0.0-5 in both spccies). This dit'-
lcrcncc is prirbabh riue to t.hc sludies olrl. cri,spa anclA. ntg,oso
ircing conriuctcd among neighbolint populations that n,clc Pli-
nrarilr llon:r tl.rc slurLc \\'alcrwa)i. Low difl'crentiatiotr autong
;,lrrpLrlirtiol)\ ol'thc:c irliler species was conclr.rcled to be due in
Jlilt trr lri,Jh glrr-: ilor.r' antotlg netwolks ol popLrlations (Bous-
riuct ct 41.. 19|i7. I98li). Populatrons ol- A. moritima in l.hc clil'-
lerent rcsion\ of our stuclv arc scparatetl by ovcr 800 milcs
i l -100 km l rrrrri clcnrll isolatccl lrotl or.rc another. 'fhus, it is not
lL rrll unerpccteri that thcv *'or.rld difl'er highly liom one an-
other. L{o\\L-\cr'. * irhin r"egions. it is possible that thcrc could
irotcntiallv lrc .'senc [1olv anrong A. rnoritina populatirxrs, cx-
cept in Ceorgia \r,hcrc there is only onc population. Ila glealer'
number ol' ,\. scrrttlurrr 1-ropulations located bctwcen those that
*ere -rarnplerl \\'crc to be inclLrcled in this study. O-estinrates for
this specres riould likclv dccrcase duc ttt genc 1'1orv among pop-
ulrrlions. (-urs()r)' analvsis cif onl), polrulations within thL: same
lt'sion lbr both spccics ploducecl O-vllues ranging tiorn 0.01 tir
0 05. Thcrckrre. within difl'crcnt lcgions, there is similar ge-
netic dltlcrcntitrtion anrong popr"rlations tcr what has been docu-
rncntcrl in other rvolth ;\merican,,t/ilul specie s. There has likely
hccn crtcnsivc gene fiorv among populalions within regions
that has rnaintaincci high elI'ective population sizcs clespitc thc
snrall si zc of' indi vidual populations. Additional nrlt i n_:r sysLr.rn
und seedling estabiishment studics are lequired to directly n'Lea-
surc lcvcls rrl Lcnc {low ancl more lully ur}dcl'stand thc irnpacts
crl' the relrluduct.ivc sivstem on geneticr clynarnics of Alnu.y irr
lierlelal and A. tntrilbla in parlicular'.

Schlaclcr :urd Graves (2002, 2Ul4) concluclcd thal morpho-
Iogical and rnolccular difl'erences in intcr secluence simple re-
pcal-s (ISSR) a.rnong A. ntdritinttt grttwing il L)eltrarva,
Oklahoura, antl Cieorgia rvere suflicicn{ to warralt subspecies
designation lor pllnts in the three alcas (subspecics nturitittrrt,
okLttlum*trsi.t'. and gcorgir:n.si"i.1. Theil analyscs iudicatcd Lhat the
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signif icant inbrceding is detected in populi.Ltions dcsprtc a pr.c,
donrilantlv uutcrcssinu ntlrting systcm. Furthcr analyses r.rsiug
morc sensitive ancl variable malkcrs shoulci be conductcd to cs-
timatc more rccurltr.:ly thc lcvcls r-rl selfing. consanguincorrr
mating, and r-rlttct<tssing in pr-rpulations of'ditfcrent sizes. Thc
mating syste m tlynamics o1'zt. marithna is a topic that will nced
to be aclclrcsscd in lutr-u'e s{r.rdies oI seasidc irlder. Wit]rout the
cstablishrncnt ol'ncw individuals ll'ont seed, gcnetic divelsity
rvill likely coutinue to cleca.v r.vithin existing popularions ls in-
diviiluals die o1'natut'al crauses. ale lcplaced by othcr spccies viir
srlcccssion. ol arc killecl clr,re 1o anthropogenic causes. lt rvill Lrc

rlcccssarv to meastu'c gcnetic charac:tcrisl-ics ol thc seed pool to
dcvclotr-r cffective conscrvation strategics that .uvill protnote es-
tlblisirnrcnt ot ncr.i, indtviduals and rr:Lintcnance ol- poltulatit.rn
gcnctic diversitl,. l\nY fu1ut. cgusctvation effbrts forA. rrrrril-
iriirr, thelelbre. must iLlsr.r consirlel ways to pforlotc rcc:ruitnrcnl
ol rrc-w' individulls. \ilating systcm studics colnbined',vith anal-
),sc-s o1' seeci -rt-r'r'nina[ion and viabiliti, can cletcrmine lvltether
inhrccdiug dcpression rnay bc ;r lactor lirniting the rccruit-ntenr
and cstablisirrncnt of ncrv individuals.

(lonscnutiitn cl'lbrts for,1. rnuritima hingc on undersitanding
the iactors shal;ing rts ger-retic divcrsity and structurc. The ples-
crvaLiou ol loeal gcnctic diversity lirr all lhree subspccics r"cr

quircs the protecl ion o1'as rnany a<lr.r Ll cloncs its possible because
o1'thc lack of rct-ruitment to populations lrorn seeds. The lack
ol stcdlinu cstubli:hnrcnt rcrl()\,cs Ll'rr: hcnelits of sexllal re-
cornbinrrtion. particulari\, thc spread ol bencficial alleles. rvhich
al1ou populations Io rc:ponrl to changing cuvironnrentai concli-
Liorr:. Firr crenrPIc. ,\. tturritirttt.r has lor.v toierance for tlrrrught
condition:. \,et il is plcclictcd that clirnatc change could bling
clricr cnr irontneutal colditiols to (ieorgia and Oklahoma (In-
tcrso\ r'rnnrental Pancl on Clintate Change . 2007). If popLrlations
arc s(ring to bc eblc [o rcspond to t.hesc changes, it is critical to
l,r'ese r\ e inclivitluals that cttuld potentially carly alleles that
conlcr srcatcr drcr.rght tolerance . Without these individuals and
Lheir senetic variation. chan-ging clinralic ancl othel curiron-
nrcntal conclitions coukj bc disastlous lbr the species. The evo,
lutionan, responscs ol- ilnnual specics to climitte change are
prcdictu-ri to bc slo\r,er titan the ratc of clintitte chtngc (Ettcrson
and Shuu.. 2()() l t. 'l-hc cvolutionary responsc ol perennial planls
nrar'lrc e vcn slowcr duc to the krnger timc to reach reproductive
nraLur-it1. but thcir highcr lci,cls ol' genctic clivcrsitl, ntav
pror iclc the irdditive geuetic vuliatiorr r)tccs\lu-\' kr accurately
rc\p.nci to loug-ttrnr changc-s. Theoretical ancl ctnpirical con-
scr\rtion gcnctics str:dics can bLrild upon the currcnt unclcr-
stanriin g ol' Lhe- population gcnclic atl.ri butes ol' both cotnntoll
antl rarc rvootiy spet-ics to cviiluilte lnd predict lhcir cvcilution-
arv r.'sponse s to changi nr: L:n vi l olr rtental r:oncli t ions.
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De lman,a and Gcorgia populations wcrc mcile sirnilar to ouc an-
ol"her than to thc (fklahom:r popirlzrl.ions .lnd tltat the Oklahorla
lropnlations hacl divcrgccl lirst licirn Lhe A. rnuritina lincage that
eventually establishcd thc Georgia anrl l)c:lrrtrva populations. Irr
contrast, our results Irziscd on allozyrle data indicatc that, over;rli,
the f)klahoma and Georgia populations are rnore similar to olc
arroticl than t.hey arc io Dcllnar,''a A. rnrtritinto. Oklahorna ;1.
nm.ritima populations also havc allclc 1'requetrcy rlil'lblences lrtrl
Lrlhcr populations. sr.rch as thc flxirlion <>l Dia-1, {)Lu'rcsults can-
not dLrterminc w,hether fixation is duc to dlift. gcnetic bottle-
necks, irtcnse selectiur. or othcr l'actors acting on this locus.

Thc lesuhs of this str.rd.v l'nrther support the conclusior-r th;rl
tlre cJistribr,rlion ol A. tnaritima in Nolth Amcrica is due to natu-
ral t'ange redLlction aud uot human-mediated cslablishntent. ol'
thc Olilahorna and Gcolgia ltopulations. If pttpLrlations ol ,'1.

tnttritilna in Oklahoma. antl (i,,:or"gia \vere estal]lishcd lvit.h
plants fi'onr the Delman,r locatious, in the L-IPG\,'[A ;rnalyses 6f'
1. those populations r.voukl probably clustcr rvithin the Dcl-
rnal'vil Fl'oLlp :rncl not havc thc gcographic l:,attel'n lve found.
l-rslcacl, our resulls shor,v a getiglapl-rical1y based c(rnlponcnt in
anllyscs ol 1 such thll pr4rulltions ',vit.hin regions clustel' to,
gethcr. However', tire:se rcsr-rlts shciuld bc approachei-l with caLr-
tion as 1i'rc high siniilaritl,' betrveen OKX.4l, OKM2. and GAIVI I

is sLrorrglv influcnced by the Dla al\{J l\1nr lr:ci" lvlrich arc oithcr
{ixcd l thc sanre allclc ol harre thc santc alicie in extremely
hiuh Ii'cquency. Il- Oklahorla aud C;corgia A. ttturitintr popul:r-
tions were establishccl by indigenous peoplt:s u,ho tlansprx'tcd
plants h'onr [)clmarva to L)k.lahonra and Gcolgra. ui]clic clivcr-
sity in these arcas rvould be expc'.cted to have rnuch Icss r ruilititrn
as a rcsr-rit of the several genetic bottlcncchs that rvoLrlci havc
occurrcd florl lbr.rrrder events" Horn,ever, this is not thc a:rsc
becau-sc glrnetic variation is sirnilar among populntions in trll
tlrree legions. 'l hc higit icvcJs ol'gcnctic diversitf in Oklal.rontl
anci Geolgia popnlations inclicatc that hunrans \\'crc not likcll trr
have establishcd populations in tl-rese areas unless thcre was in
teniional transport ol' very lrrrgc numbcrs ol scccls to cstablish
;\. natritirtto populations in these areas. There is no e thnobotani-
cal rcccrr"cl tll'sucl'r cultur;tl imporlance. arrcl int.cnt.ionlrl prripaga-
tion for tl.tis specics by any eloup of indigenous people s rnakcs
this sccnar"io highll" unlikcly. 'l'hus, our gcrielic cla[r lirrthcr support
llre crtnclusiorl o[ a na{.ural rangc leductiun in A. tlttu ttt]n<.t.

While thc range of rt. tnarilirna hns likcl,v contraclccl in Nolth
At'nerica, i1 rctains gcnelic variation rvilhin populations rrLrch
Iike rrorc conuron alcler spc:cies ancl slightll, nrolc \:11 rrlrion
than is typical lirr rari: spccics. Given the ge nctic hclcr,,gcncrt,r
anrong populzrtiols, it r,vill be irlportant to protect ancl utaintain
many ciif'ltrent populations ol this spccics to preser\r vruuri()n
in the l. ttrarititrtu geuolne. Conservation ell-rrrts shouLd l'ocus
on local sceel sourccs f'or iury reestablishment eJ'lbrts to luiriu-
tirir) intogrity o{'thc subspccics ancl prcscrvc locally adaptcd
ge notypcs. Etlbrts to tlltintirin Scnctir' r'uliltion u.'ithin popula-
tions lre pal-ticularly inrportant qiven the absence ol' seed-
cslablished individuals in arry populalion ol' /\. tttttririrnt.t.
lnclividr"ral plants procluce copious quantities of viable seeds
lhat gcrminatc rea(li1), in a greenhoirsc cnvir'onmenl (P. (iibson
rrnd S. Ricre, personrl obselvations). llorvevcr, no evidence ol'
new individuals cstalrlishin-q ll'or-n sccd has bccu lburrci ir-r sur-
vo,vli ol-our lield sitc-s. [u iL prelirtrirtarl,' rnaling s,r,sleln artaiy:iis
of tlrc Gcorgiit A. nrrr.ritirnu population, we estinlated high out-
crossiug in progeny arla,vs lrorn scve ral lrcoi (I'. Gibson. lrrr-
publishcd data). Fli gh outclossing should prorrtltcr uuriutr'Lruucc
ol genetic vl.rrial.ion rvit.hin popLrlal-ions i1' fhosc: sce:d ]uccl'ss-
fully cstablish new individuals. It is intercsting, horvever, that
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