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ChapterI Generalintroduction

1. Populationgeneticsapproachtoreveal

structureanddynamicsinpopulations

Understandingthegeneticstructureanddynamics

ofpopulationsinaspeciesisimportantintermsof

theirevolutionandconservation.Thus.tobeableto

understandthegeneticstructureanddynamicsofa

speciesisoneoftheultimategoalsforevolutionists.

geneticists , ecologists , andconservationists.A

populationgeneticsapproachprovidesabasic

frameworktorevealthegeneticstructureand

dynamics, whichhavebeenresponsibleforevolution

foragivenspecies(HartlandClark1997;Nei1987;

Weir1996).

TheHardy-Weinbergequilibriumisawell-known

principleinpopulationgenetics, whichholdsthat

allelefrequenciesinapopulationareexpectedto

equalthoseinthepreviousgeneration.Theprinciple

assumesanidealhypotheticalpopulationthatsatisfies

thefollowingconditions:1)theorganismisdiploid;2)

reproductionissexual;3)generationsarenonｭ

overlapping;4)thegeneunderconsiderationhastwo

alleles;5)theallelefrequenciesareidenticalinmales

andfemales;6)matingisrandom;7)populationsizεis

verylarge;8)migrationisnegligible;9)mutationcan

beignored;and10)naturalselectiondoesnota旺ect

theallelesunderconsideration(HartlandClark1997).

Althoughthegeneticstructureanddynamicsof

populationgeneticsinrealpopulationsareaffectedby

anassemblageofvariousgeneticprocesses.suchas

mating, geneflow(bypollenandseedinplants) ,

inbreedingdepression, randomgeneticdrift, mutation,

andselection.theprincipleprovidesagood

frameworkwithinwhichresearcherscandealwith

populationgeneticsdata.Someoftheseassumptions

areoftenviolatedinnaturalpopulations.Insuch

populations, wecaninferthegeneticprocess 白 that

contributetotheviolationoftheassumptionsusing

geneticdatathatarecollectedsystematicallyandare

carefullyanalyzed.Naturalpopulationsoffergood

opportunitiesforpopulationandconservationgenetics

studiesbecausetheirgeneticdatacanreveala

population'sevolutionaryhistory.Thus.wecaninfer

thegeneticprocessesunderlyingthepopulation

structure and dynamics by using various

combinationsofpopulationgeneticsindices(Sokalet

al.1989, 1997).

Spatialperspectiveisparticularlyimportantto

characterizethepopulationstructureanddynamics

inplantpopulations.Plantsareimmobileaftertheir

establishmentandcanusuallydispersetheirown

geneticmaterialthroughpollenandseed.The

characteristicsofaplantpopulationinageneration

areexpectednottobeindependentofthoseofthe

previousgeneration, andtheyarerestrictedbythe

spatialarrangementandthedegreeofpollenflowand

seeddispersalofthepreviousgeneration(Sokaland

Wartenberg1983;Epperson1卯0).

Ademographicperspectiveisalsoanimportant

characteristicinthepopulationstructureand

dynamicsofplantspecies.Usually.perennialplant

populations.especiallyforesttreepopulations.varyin

sizewithrespecttoage.Aninvestigationofthose

sizeclassesatafixedtimepointgivesusagood

opportunitytoestimatethedynamicsofpopulations

thathaveoverlappinggenerations.

Forestsareimportant, notonlyforproviding

ubiquitousrawmaterials.suchastimberandpulp.

butalsoforforminganenvironmentalbackbonevital

forhumansurvival.Therefore , theappropriate

managementandutilizationofgeneticresourcesof

foresttreesareessential.Anunderstandingofhow
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foresttreespeciessurvive, reproduce, andregenerate

isessentialforimplementingavalidconservation

scheme.Abetterknowledgeofaspeciesincreases

thelikelihoodofmanagingitappropriately.Thus, a

populationgeneticsapproachwithspatialand

demographicperspectivescangiveusexcellentbasic

informationabouttheseplantspecies(Epperson1992;

Alvarez-Buyllaeta11996b).

2.Literaturereviewrelevanttothepresentstudy

AfterHunterandMarkert(1957)discovered

isozymes, theyhavebeenwidelyusedtostudy

plants.Isozymesarepolypeptideswhoseaminoacid

sequenceistranscribeddirectlyfromthenucleotide

sequenceofagene.Theydiffersignificantlyinamino

acidcomposition, netioniccharge, molecularsize, and

configuration , andarethereforedistinguishedas

bandsthatdifferinrelativemobilitybygel

electrophoresis.Isozymeswereoriginallydefinedas

variantsofanenzymethathaveidenticalorsimilar

functions, andarepresentinthesameindividual

(MarkertandMφller 1959).Thereisahugeamountof

dataonisozymevariationinplantspecies, and

severalauthorshavereviewedtheresulting

populationgeneticsstudies(LovelessandHamrick

1984;HamrickandGodt1989, 1995;Hamricketa1

1992;Muona1989;Tsumura2(01),

Inforesttreespecies, especiallyeconomically

importantconifers, populationgenetictechniques

usingisozymeshavebeenappliedtostudythe

degreeofgeneticvariationwithin-species, withinｭ

populations , andamong-populations.Foresttree

speciesaregeneticallymorediversethanmostplant

species , andtheyhavegreaternucleargenetic

variationwithintheirpopulations.Lifehistoryand

ecologicalcharacteristics, suchasgeographicalrange,

matingsystem, andseeddispersal, shouldinfluence

thegeneticvariabilityfoundinaspecies(Hamricket

d目 1992).

SinceSokalandOden(1978a,b) firstintroduced

indicesforspatialautocorrelationanalysisto

investigatethespatialpatternofgeneticvariation

foundwithin populations , theyhavebecome

importanttothestudyofgeneticstructureinforest

廿ee species.Manysimulationstudieshaveprovided

basicguidelinesforstudyingvariationdistributed

withinpopulations(SokalandWartenberg1983;Sokal

eta1.1989, 1997;Epperson1990, 1995;Sokaland

Jacquez1991)andhaverevealedthatmatingsystem

andgeneflowhaveconsiderableinfluenceonwithinｭ

populationgeneticstructure.EppersonandAllard

(1989)studiedwithin-populationgeneticstructurein

lodgepolepine(日 nus contortassp.latifolia), andfound

thatsingle-locusgeneticvariationwasrandomly

distributedwithinthepopulation.Randomoronly

weaklyautocorrelateddistributionsofgenetic

variationwerealsofoundinseveralconiferousspecies

(inwhichpollinationandseeddispersaloccurmainly

bywind, andoutcrossingratesarehigh), suchas

Piceamariana(Knowles1991), Pabies(Leonardieta1

1996), andPinusbanksiana(XieandKnowles1991),

However, obviouspositiveautocorrelationswere

frequentlyfoundintreespeciesinwhichseed

dispersalislimited, suchasCamelliajaponica(Uenoet

ai.2(00), Quercuslaevis(BergandHamrick1995), Q.

macrocarpa(GeburekandTripp-Knowles1994), and

Q.petraea, andQ.robur(Bacilierietai.1994;Streiffet

a11998).Theseresultsindicatethatseeddispersal

influenceshowapopulationisgeneticallystructured

(Hamricketai.1993)

Naturalandanthropologicaldisturbances, suchas

forestfire(Boyleetai.1990), forestcutting{Knowles
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etai.1992;Takahashietai.2000), andfragmentation

(YoungandMerriam1994), canalsoinfluencethe

geneticstructureofapopulation.Therefore , itis

importanttoconsiderforesthistorywhenanalyzing

thepopulationgeneticstructure.

Thedevelopmentofmolecularmarkers , also

appliedtoarangeofbiologicalstudies, hasprovided

new, powerfultoolsthathaveseveralfeaturesthat

aresuperiortoisozymes.However , thereare

advantagestousingisozymesforwithin-population

geneticstudies;1)mostmolecularmarkersare

dominantmarkers , whileisozymesareusually

codominant, whichenablesanalysesontheallelicand

genotypiclevels;2)thereisnocostfordeveloping

markersfornewspecies;3)awell-established

inheritancebasisexists;4)bandingpatternsare

stable;5)thereareabundantdatastocksavailablefor

otherrelevantspecies;and6)itisfinanciallyfeasible

tohandlehugenumbersofsamples(morethana

thousand).

3.SpeciescharacteristicsofFaguscrenata

ThegenusFagusincludestenspeciesworldwide

(Maeda1991);Fagusgrandifolia(NorthAmerica), F

sylvatica(Europe), Forientaiis(thesouthernBalkans

totheCaucasuses), F longipetiolata, F engleriana, and

Flucia(China), F hayatae(Taiwan), F multinervis

(UlleungIsland, Korea), andFcrenataandFjaponica

Qapan).

FaguscrenataBlumeisacommoncanopytree

speciesthatgrowsincooltemperatebroad-leaved

deciduousforestsinJapan , rangingfromthe

KuromatsunailowlandinHokkaidoIslandinthe

northtoMt.TakakumainKagoshimaPrefecture,

KyushuIslandinthesouth.F crenataforestsare

widelydistributedincooltemperateclimatezonesas

climaxforests , especiallyinthemountainousareas

alongtheJapanSeasideofJapan , whereheavy

snowfalloccurs.

F crenataisamonoeciousspecies , andshows

considerablefluctuationinseedproductionduetoits

irregularfloweringinterval(Maeda1988).F crenat，δ

is thought to be aspecies that outcrosses

predominantly, becausenoself-pollinatedindividuals

werefoundamongsixopen-pollinatedprogenies, ina

totalof88saplings(Takahashieta1.unpublished

data).Outcrossingrateswereestimatedtobe0.930ｭ

1.000inFgrandifolia(Kitamuraetai.1998)and0.94ｭ

0.98inF sylvatica(Rossieta1.1996).Self-crosses

rarelyproducesoundseeds , asobservedina

controlledpollination experimentwhere the

proportionsofsoundseedsinsixself-crosseswere

lessthan4%(Takahashieta1.unpublisheddata).F

crenatahaswindpollinationwithgravity-andanimalｭ

assistedseeddispersalmechanisms(Yanagiyaetai.

1969;Maeda1988;Watanabe1990).Mostseedsare

dispersedwithin10mofthemothertree, andfeware

dispersedbeyond30m(Maeda1988;Yanagiyaetal

1969).ItisknownthatF crenaωseeds arescattered

andhoardedby animals , suchaswoodmice

(ApodemusspeciosusandA.argenteus;Miguchi

1994), Japanesenutcrackers(Nucifragacaryocatactes

japonicus), andjays(Garrulusgladnariuspa11idifrons,

Watanabe1990).Althoughtherearenodiscretedata

onF crenaωseed dispersal, JohnsonandAdkisson

(1985)describedseeddispersalofF grandifoliaby

bluejays(Cyanocittacristata).Theyfoundthatabout

75bluejaystransportedandcachedapproximately

100,000 beechnutsoverdistancesthatrangedfrom

tensofmetersupto4kmfromawoodlot.Fcrenata

seedsalsoriskattacksbyrodentsandfungiduring

winter(Tomitaetai.2002).
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ThemortalityofF.crenataseedlingsishigh ,

especiallyinthefirstyear(Maeda1988;Nakashizuka

1988), andisrelatedtobioticandabioticfactors, such

aslightdeficitandfungalattack(Nakashizuka1988;

Sahashietal.1994, 1995).Regenerationofbeechtrees

isassociatedwithgapformationwithinstands(Hara

1985;Nakashizuka1987;Yamamoto1989), butcan

su 百'er fromthepresenceofSasaspecies(Nakashizuka

1988).

ThedistributionalshiftofFagusspeciesafterthe

lastglacialmaximumisrelativelywellknownfrom

palynologicalrecords.AccordingtoTsukada(1982,

1983), Fagusforestswererestrictedtoareassouthof

37-38ー N.andwereabundantinthecoastalregions

ofsouthwesternJapanduringthepeakofthelast

glacialperiod(ca.20 ，∞ o yr.B.P,), About12,000 yr.B.P.,
Fagusbegantoextenditsdistributionrangeboth

northwardsandinlandtohigherelevations, and

arrivedatthenorthernendofHonshuIslandca.9,000

yr.B.P.(Tsukada1982).Theforestsubsequently

reachedthesouthernendoftheOshimaPeninsula,

HokkaidoIslandca.6,000 yr.B.P.anditscurrent

northernmostlocationbetween350and680yr.B.P.

(Fig.IV-1;IgarashiandYasumura1989;Sakaguchi

1989).Alternatively , asproposedbyTakiyaand

Hagiwara(1997), Mt.Yokotsudake, inthesouthofthe

OshimaPeninsulainsouthwestHokkaido, mayhave

beenaF.crenatarefugeduringthelastglacialperiod.

GeographicgeneticvariationinF.crenataacrossits

entiredistributionhasbeencharacterizedusing

isozyme(Tomaruetal.1997)andmitochondrial

(mtDNA)markers(Tomaruetal.1998).Levelsof

geneticvariationin23populationsofF.crenatawere

highwithinspecies(meanexpectedheterozygosity,

H七= 0.194)andpopulations(He=0.187), whereasthe

levelofgeneticdiversityamongpopulationswaslow

(thecoefficientofgenedi 百erentiation ， GST=0.038;

Tomaruetai.1997)asobservedinvariouslong-lived

woodyplants(HamrickandGodt1989).Despitethe

lowoveralldifferentiationamongpopulations ,

populationsinsouthwesternJapantendtohave

greaterwithin-populationvariationandtobemore

differentiatedthanthoseinnortheasternJapan.Allele

frequenciesobservedateightlociweresignificantly

relatedtolatitudinalandlongitudinalgradientsand

showedclinalvariationacrossthespeciesrange

Principal component analysis revealed that

populationstendedtoclusteraccordingtotheir

geographicallocations.Thisnonrandompatternof

geographicvariationwasmoreevidentwhen

maternallyinheritedorganelleDNA, mtDNA, was

usedasageneticmarker(Tomaruetai.1998).The

authorsstudiedthemtDNAvariationin17F.crenata

populationsdistributedthroughoutthespecies'

range.Haplotypediversitywithinthepopulationswas

verylow(Hs=0.031), whilepopulationdifferentiation

wasmuchhigher(GST= 0.963).Similartendencies

werealsofoundinF.sy]vatica(Demesureetai.1996).

Thesecontrastingresultsbetweenisozymeand

mtDNA datareflectthe differentmodesof

inheritancebetweenthetwomarkers.Geneflowfor

maternallyinheritedmtDNAshouldberestrictedto

seeddispersal, whilenucleargeneflowoccursby

bothseedandpollendispersal.Therefore , the

differenceinthevariationbetweenmtDNAand

isozymesmaybelargelyaresultofthemuchgreater

rateofgeneflowassociatedwithpollendispersalthan

withseeddispersal.Thestronggeographicstructure

foundinthemtDNAvariationmayreflectthe

distributionofthespeciesinthelastglacialmaximum

andsubsequentcolonization.
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resultsobtainedinthesestudies.4.Objectivesofthepresentstudy

Afinepictureofthestructureanddynamicsin

populationsofaspeciesisnecessarytoachieve ChapternGeneticvariationofJapanesebeech

appropriatemanagementandconservationobjectives populationsbothinnorthernHonshu

andtounderstandtheevolutionofthespecies. andHokkaido

Japanesebeech(FaguscrenataBlume)isan 1.Introduction

importantcanopytreespeciesthatiscommonincool FaguscrenataBlume.Japanesebeech.iscurrently

temperatedeciduousforestsinJapan.Therefore.itis distributedindiscretepopulationsfromMt

importantfromecologicalandpopulationgenetic TakakumainKyushutoKuromatsunailowlandin

viewpointstounderstandthepopulationstructure Hokkaido(Fig.II-1).ThoughF.crenataforests

anddynamicsofthespecies.Thegeneticstructure coveredextensiveareasinnortheasternJapaninthe

anddynamicsinpopulationsarea旺'ected byvarious early20thcentury.theyhavedecreaseddramatically

geneticprocesses.suchasmating.geneflow. owingtologgingpromptedbyincreaseddemandfor

inbreedingdepression.randomgeneticdrift, mutation. beechlumberafterthe1950s.However.relatively

andselection.Inordertoobtainnewinsightintothe largeareasofbeechforestremaininthemountainous

populationstructureanddynamicsofF.crenata.I areasofnorthernHonshuandHokkaidoontheJapan

plantointegratespatialanddemographicdatawith SeasidewherethereisheavysnowfalL

populationgeneticsdataobtainedbyisozyme

analysis.

GeographicvariationofF.crenatapopulations

locatedinnorthernHonshuandHokkaidois

describedinChapterII.Di 妊erences inthewithinｭ

populationspatialgeneticstructurebetweentwoF.

crenatapopulationswithcontrastingforesthistories

areexaminedinChapterIIItodeterminehowforest

cuttingaffectsgeneticvariationandstructure.In

ChapterN.theinfluenceofgenerationtimeon

geneticstructureisexaminedusingthenorthernmost

marginalpopulation.whichhasregeneratedsinceit

wasfounded.InChapterV.thegeneticand

demographicprocessesinacurrent-yearseedling

populationaredescribedtodeterminethee旺ect of

geneticanddemographicprocesses.Thereisabrief

summaryofthesoftwaredevelopedforthisstudy

(PSAwinDversion1.l.UinChapterVI.Finally.

Chapter 刊 contains comprehensivediscussionofthe

NorthernLimit
Kuromatsunai

6
12(70)
-r- 14(54~

13(58)

SouthernLimit
Mt.Takakuma

Fig.II-1 Thelocationof14sampledpopulations(with
samplesizegiveninparenthesis)andboth
northernandsouthernlimitsofthenatural
distributionofFaguscrenata
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Knowledgeconcerninggeneticvariationat

allozymelocihasbeenconsiderablyaccumulated.

HamrickandGodt(1989)andHamricketal.(1992)

reviewedthepublishedstudiesonvariousplant

specieshavingdifferentlifehistoryandecological

characteristics, andfoundlong-livedwoodyspeciesto

begeneticallymorediversethanplantspecieswith

otherlifeforms.Theextentofgeneticvariationboth

withinspeciesandwithinpopulationsshouldbe

influencedbyfactorssuchasgeographicrange ,

matingsystemandseeddispersal(HamrickandGod

1995).Themainobjectivesofaseriesofmystudies

aretoelucidatewithin-populationgeneticstructure

anditsrelationshipwithforesthistoryforFcrenata.

Studyingthelevelsofbothgeneticvariationwithin

populationsandgeneticdifferentiationamong

populationsisveryimportantforthestudieson

genetic structure because it provides basic

informationonpatternsofgeneticvariationwithin

speCles.

Asdescribedintheprevious chapter , the

northernmostmarginalpopulationofFaguscrenata

inHokkaidoIslandcolonizedbetween350and680yr.

B.P.(IgarashiandYasumura1989;Sakaguchi1989).

Thedisseminationofthespeciesmustbecompleted

bytheimmigrantnutsfromHonshuIslandto

HokkaidoIsland, probablybysomecarriers, suchas

Japanesenutcracker(Nucifragacaryocatactes

japonicus)andjays(GarruIusgIadnariuspaIIidifrons,

Watanabe1990).Populationgeneticstheorypredicts

thattheextentofgeneticvariationwithina

populationdecreases, whenthepopulationwent

throughtheso-calledbottleneck, i.e.thedrastic

decreaseofe旺'ective populationsize(HartlandClark

1997).ThecolonizationprocessofF crenataonto

HokkaidoIslandmayplayedaroleofthebottleneck.

IfthenumberofimmigrantsfromHonshuIslandto

HokkaidoIslandwaslimited, thegeneticvariationin

thepopulationsinHokkaidoIslandisexpectedtobe

smallerthanthatinHonshuIsland.

Theobjectiveofmystudyinthischapterwasto

estimatetheamountsofgeneticdiversitywithinand

amongF crenatapopulationsinnorthernHonshu

andHokkaido, withspecialattentiontothedi 旺erence

ingeneticvariabilitybetweenpopulationsofnorthern

HonshuandHokkaido.

2.Materialsandmethods

Winterbudswerecollectedfrom39toIII

individualsforeachof14populationsbetween

OctoberandApril(Fig.II-1).Sampleswerestoredat

-25ーCuntilisozymeanalysiswasconducted.

Isozymeanalysiswasconductedfollowingthe

proceduresofTsumuraetaI. 冒(1 990). Polyacrylamide

verticalslabgelelectrophoresiswascarriedout

accordingtotheproceduresreportedbyDavis(1964)

andOrnstein(1964).Elevenenzymesystemswere

stained;alcoholdehydrogenase(Adh-3;E.C.1.1.1.1),

malatedehydrogenase(Mdh-2andMdh-3;E.C.

1.1.1.37), 6-phosphogluconatedehydrogenase(6Pg-2;E.

C.1.1.1.44), diaphoraseWia-l;E.C.1.8.1.4).glutamate

oxaloacetatetransaminase(Got;E.C.2.6. 1.1),

glucokinase(Gk-landGk-2;E.C.2.7.1.2) , acid

phosphatase(Acp;3.1.3.2) , amylase(Amy-3;E.C.

3.2.1.1), alanineaminopeptidase(Aap-landAap-2;E.C.

3.4.1 1.2) , fumarase (Fm; E. C. 4.2.1.2) and

phosphoglucoisomerase(Pgi-l;E.C.5.3.1.9).From

these, 14putativelociwithatotalof50alleleswere

inferred.

Thefollowingstatisticswereusedtoestimate

geneticdiversitywithineachpopulation:(j)the

proportionofpolymorphicloci(PI;95%criterion);(丘)
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theaveragenumberofallelesperlocus(Na) , (iii)the 3.Results

effectivenumberofallelesperlocus(Ne) , calculated TheMdh-2andCk-llocishowednovariationand

byNe=1I 工pλwhere p;istheallelefrequency; theother12lociwerepolymorphic(95%criterion).

and(iv)theobservedheterozygosity(E,) andthe Thex2-testwascarriedoutateverypolymorphic

expectedheterozygosity(He)whereHe= 1-Lp;2 locitoinvestigatethedeviationfromtheHardy-

(NeiandRoychoudhury1974).Thefollowingtwo Weinbergequilibrium.Theresultsofthetestswere

statisticswereusedtoestimatethedegreeofgenetic notsignificantateverysurveyedloci.Thecommon

differentiationamongpopulations:(j)Nei'sgenetic allelesatalllociwereidenticalthroughoutall

distance(D;Nei1972, 1987)and(ii)thegenetic populations.ThevaluesofPI, Na, Ne, HeandHowere

diversityHI'= 民+ DSTandCST=尽 TI HT(Nei1973) calculated(TableII-I)

whereHTisthetotalpopulationgenediversity, Hsis Theinbreedingcoe 伍cients (Frs)werecalculated

theaveragegenediversitywithinpopulations, and forthesεven lociwherenonullallelewasdetected

CSTistherelativemagnitudeofgenedifferentiation andwhereHeexceeded0.1.TherangeofFrsfor

amongpopulations. sevenlociwasfrom 田0.07 6 (6Pg-2)to0.142(Ck-2)and

Toinvestigatetheinbreedinginthespecies, the theiraveragewas0.036ｱ 0.181(meanｱ SE).The

inbreedingcoefficient(Wright1965), wascalculatedas valueofCk-2(0.142)wassigni 自cant atthe5%leveL

Frs= 1-HI2pq(l+1I(2N- l)), whereHisthe buttheothervaluesofFrswerenotstatistically

numberofheterozygotesobservedand2pq(l+1I signi五cant. Theseresultssuggestedthatthegenotype

(2N-1))isthenumberofheterozygotesexpected frequenciesatmostlociwereconcordantwiththe

(Kirby1975).Thex2-testsofFrswascarriedoutto Hardy-WeinbergexpectationinFen印ata populations.

testwhetherFrsvaluesweresignificantlydi 妊'erent Theaveragetotalgenediversityinallthe

fromzero. populations(HT)andtheaveragegenediversity

Thegeographicdistributionofrarealleles(defined withineachpopulation(Hs)were0.198and0.195,

asalleleswithaveragefrequencylowerthan0.05) respectively(TableII-2).Thus, 98.5%ofgenediversity

wasalsoinvestigatedtounderstandthedissemination (民 IH T ) wasdistributedwithinpopulationsand1.5%

patternsofF αでna は of genediversity(CST)wasdi

TableII-I TheaverageofPi , Na , Ne ， 昆， andHoin14naturalpopulationsofFaguscrenata.

HokkaidoIsland northernHonshuIsland

Population 2 3 4 5 6 7 8 9 10 11 12 13 14 Mean SE

PI(%) 57.1 64.3 57.1 57.1 64.3 42.9 50.0 64.3 64.3 57.1 57.1 57.1 57.1 64.3 58.20 5.95

Na 2.4 2.4 2.6 2.5 2.4 25 2.8 2.6 2.6 2.9 2.9 2.9 2.4 2.9 2.63 0.20

Ne 1.35 1.36 1.34 1.29 1.33 1.27 1.30 1.38 1.38 1.34 1.35 1.39 1.36 1.36 1.34 0.03

持(%) 19.90 21.40 20.10 18.00 20.20 16.00 18.10 20.40 21.30 19.30 20.00 21.30 19.90 20.20 19.70 1.43

Ho(%) 16.20 16.00 17.50 13.50 16.80 11.90 13.40 15.40 18.40 16.10 19.50 18.80 14.50 16.20 16.00 2.09

Symbols:PI ,thepropo 巾on ofpolymorphicloci(95%criterion);Na ,theaveragenumberofallelesperlocus;Ne ,theeffective
numberofallelesperlocus; 的， theexpectedheterozygosity;andHo,theobservedheterozygosity
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populations;thegeneticdistances(D)rangefrom

0.000to0.006

Intotal, 24rarealleleswerefound.Fiverarealleles

TableII-2 Genediversityamong14naturalpopulationsof
Rigascrena/a.

Locus HT Hs DST GST

Adh-3 0.219 0.217 0.002 0.009

Mdh-2 0.000 0.000 0.000 。司 000

Mdh-3 0.317 。目 314 0.003 0.009

6Pg-2 0.034 0.033 0.001 0.024

Dia 0.145 0.143 0.002 0.015

Got 0.104 0.100 0.004 0.036

Gk-1 0.000 0.000 0.000 0.000

Gk-2 0.208 。目 206 0.002 0.008

Acp 0.594 0.582 0.012 0.021

Amy-3 0.533 0.526 0.006 0.012

Aap-1 0.102 0.100 0.002 0.019

Aap-2 0.025 0.015 0.000 0.016

Fm 0.397 0.390 0.007 0.017

Pgi-1 0.110 0.109 0.002 0.015

ん1ean 0.198 0.195 0.003 0.015

SE 0.052 0.051 0.001 0.002

Symbols 司 HT ， thetotalpopulationgenediversity; 他 the

averagegenediversitywithinpopulations;DsT'theaverage
genediversityamongpopulations;andGST'therelative
magnitudeofgenedifferentiationamongpopulations

12

ロ Distributed onbothislands

圃 Distributed onmainisland
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Fig.II-2 DistributionofrareallelesbetweenHonshu
(mainland)andHokkaidoIsland.

(V ia ヘ Cot d， Acp", Amy-3d, andAap-l"), commonly

detectedinHonshupopulations, werenotfoundin

Hokkaidopopulations.Allother19rarealleleswere

detectedinbothHonshuandHokkaido.Norareallele

uniquetoHokkaidopopulationswasfound.Thus,

Hokkaidopopulationslackedthelessfrequently

occurringrarealleles(Fig.II-2).

4.Discussion

The 日， Na, Ne, andHevaluesofFaguscrenata

populationswere 58.2% , 2.63 , 1.34, and 19.7% ,

respectively(TableII-nMuller-Starcketal.(1992)

revlεwed thestudiesofallozymevariationofFagus

sylvatic θ L. Thevaluesofobservedheterozygosity

reportedwere28.9%usingsixloci(CompsetaL1990),

25.1% using16loci(Muller-Starck1985, 1989), and

22.2%using13loci(Muller-StarckandZiehe1991).

ThegeneticvariationofF.crenatafoundinthis

studywassomewhatlessthanthoseofF.sylvatica.

HamrickandGodt(1989)summarizedtheallozyme

diversityof115long-livedperennialwoodyplant

species, reportingPI, Na , Ne , andHevaluesof50.0ｱ

2.5% , 1.79ｱ 0.06, 1.21 ｱ 0.02 , and14.9ｱ 0.9% ,

respectivelyThus, F.crenatapopulationsshowedstill

largergeneticvariationthantheaverageofother

long-lived, perennialwoodyplants.F.crenataisa

long-livedwoodplantspecies, withawiderangeof

geographic distribution. and predominantly

outcrossing mating system. These species

characteristicsmayhaveinfluencedthelevelof

geneticvariationwithinpopulations.

Faguscrenata'sCSTandDvaluesindicatedno

differentiationamongthe14populations.Thepossible

reasonisthemodeofseeddispersalofthespecies.It

isknownthattheJapanesenutcracker(Nucifraga

caryocatactesjaponicus)andtheJapanesejay
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(GarrulusgladnariuspalJidifrons)habituallystorefood

stocksofF crenataseed(Watanabe1990).Genetic

differentiationcausedbygeneticdriftmightnotoccur

evenwhenthemigrationsizepergenerationissmall

(HartlandClark1997).So, longdistancegeneflowby

birdscouldcontributetotheabsenceofgenetic

differentiationamongpopulationsofFcrenata.

Ofthe24rarealleles, fivewerenotdetectedin

Hokkaidopopulations.Accordingtothepalynological

record(Tsukada1982;Sakaguchi1989), afterthelast

glacialperiod , F.crenatagraduallymigrated

northwardsalongtheJapanSeasidecoastof

northernHonshuandreachedthenorthernendof

Honshuabout9,000 yearsB.P.Thensomewhat

before4,210 yr.B.P., thespeciesarrivedonHokkaido.

Therefore , Hokkaido'sF.crena 臼 forests appear

marginalfromevidenceoftheirpresentdistribution

andthepollendata.Fiverareallelesmighthavebeen

los t, asF.crenatawasaffectedbyagenetic

bottleneckwhilecrossingtheTsugaruStraitfrom

mainlandHonshutothemarginalislandHokkaido.

Exceptforlackingonlyfiverarealleles, Hokkaido

populationswerenothighlydifferentiatedfrom

Honshupopulations.EventhoughtheTsugaruStrait

restrictedgeneflow , itappearsthatduringeach

generation sufficient F. crenata seeds were

transportedfromHonshutoHokkaido, perhapsby

suchcarriersasbirds, enoughtopreventgenetic

differentiationbetweenthetwoislands.

Chapterill Differencesingeneticstructurebetween

twoJapanesebeechpopulationswith

cont 悶sting historiesintermsofforestｭ

cutting

thanplantspeciesrepresentingotherlifeforms

Generally , thenucleargeneticvariationofsuch

speciesislargelyfoundinthewithin-population

component, andfactorssuchasrangeofgeographical

distribution, matingsystemandseeddispersalall

influencethegeneticvariabilityretainedinthe

species(Hamricketa1.1992).Spatialautocorrelation

techniques(SokalandOden1978a,b) aree旺ective for

identifyingthemajorgeneticprocessesinvolvedin

thegenerationofgeneticstructuresinspecific

populations(SokalandJacquez1991;SokaletaI.1997).

Simulationstudiesandforesttreepopulationstudies

haverevealedthatmatingsystemandseeddispersal

haveconsiderableinfluenceonwithin-population

geneticstructure(SokalandWartenberg1983).

Coniferousspecies(inwhichpollinationandseed

dispersaloccursmainlybywind, andoutcrossing

ratesarehigh)haveoftenshownrandomoronly

weaklyautocorrelateddistributionsofgenotypes

(EppersonandAllard1989;Knowles1991;Xieand

Knowles1991l.Incontrast, populationsofspeciesin

whichseeddispersalislimitedhaveoftenshown

geneticclustering.Quercusspecies, inwhichseeds

aredispersedbygravity, aretypical.Forexample, in

acontinuousold-growthpopulationofQ.laevis

studiedbyBergandHamrick(1995), thepopulation

showedoneofthehighestproportionsrecordedof

positivelysignificantautocorrelation, overscalesof10

m orless , presumablybecauseoflimitedseed

dispersal.However, thedegreeofautocorrelation

observedwasnotasstrongasthatpredictedbythe

authors'simulations.Theauthorssuggestedthat

pollenflowandbird-cachedseedmayhavehad

importanteffectsonthegeneticstructureofthe

1.Introduction population, whichwaslesspronouncedthanexpected

Foresttreespeciesaregeneticallymorediverse giventheisolationbydistance.
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Anthropologicaldisturbancessuchasforestcutting Faguscrenata(Japanesebεech) populationsthathave

andfragmentationalsoinfluencegeneticstructure. hadstronglycontrastinghistoriesintermsofcutting.

Knowlesε t a1.(1992)studiedtwoanthropologically usingspatialautocorrelationandotherrelevant

disturbedLarixlaricinapopulations:oneregenerated statistics.toclari 布 the influenceofforestcuttingon

fromasitewithscatteredremnanttrees, butnot thegeneticstructureofthepopulations.The

surroundedbyanoff-siteseedsource, andtheother followingQuestionswereaddressedinthischapter.

regeneratedfromasitelackingremnanttreesbut Doesforestcuttinginfluencethegeneticstructurein

surroundedbyanabundantoff-siteseedsource.The thetwopopulations?Ifso , howdothegenetic

formershowedautocorrelationwhereasthelatterdid structuresdifferbetweenthetwopopulations, and

not.Twooutofsixcorrelogramsintheformer whatdi 百'erences inthegeneticstructurearelikelyto

populationweresignificantaccordingtothe influencesucceedinggenerations?

Bonferronicriterion.Thecitedauthorsconsidered

AKpopulation

KUpopulation

。

Fig 目皿 -1 LocationsofthetwostudiedFaguser e.刀ala

populations

essentialforenhancingtheQualityofconservation, for

managementofgeneticresources, andforcontrolling

thepotentialriskofgeneticdeterioration.Itherefore

studiedthegeneticstructureandvariabilityoftwo

thatthelimitednumberofremnanttreesmayhave 2.Materialsandmethods

actedaspointseedsources, sotheprogenieswere 1)Studiedpopulations , samplingandisozyme

lessmixedinthispopulation.YoungandMerriam analysis

(1994)studiedfourfragmentedandfourcontinuous TwopopulationsofFaguscrenataforestwere

Acersaccharumpopulations, andfoundeffectsof studied.OneislocatedatthenorthernfootofMt

fragmentationonthespatialgeneticstructure. Akitakomagatake(840m;39ー47"30"N, 140ー48'O"E;

Positiveautocorrelations , suggestingareduced designatedAK)inAkitaPrefecture, andtheotheris

degreeofmixingofprogenies, werefoundinthe locatedatthesouthernfootofMt.Kurikoma(870m;

shortestdistanceclassinfragmentedpopulations, and 38ー55'30"N, 140ー47'50"E;designatedKU)inMiyagi

nεgative autocorrelationswereobservedinthe PrefectureinnorthernHonshu, Japan(Fig.Ill-I).Both

longestdistanceclass, suggestingthatincorporation

ofimmigrantpollenpoolsoccurredinmatingevents

atforestpatchedges.

Faguscrenat ョ is alsogeneticallydiverseandalmost

allofthenucleargeneticvariationofthespeciesis

maintainedinthewithin-populationcomponent(CST

ニ 0.038; Tomarueta1.1997).Understandingthe

geneticprocessesoperatinginnaturalpopulationsis

oneofthemostimportantgoalsinpopulationand

conservationgenetics , becausesuchknowledgeis
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populationsarelocatedintheOhuMountains, where

Fcrenataforestispredominant.KUislocatedca.90

kmsouthofAK

A0.77hasurveyplotwasdelineatedinAK, andall

486treestallerthan3m intheplotweremapped,

anda1.23hasurveyplotwasdelineatedinKU, in

which174treestallerthan5m weremapped.The

heightanddiameteratbreastheight(DBH)ofthe6ω

mappedtreeswerethenmeasured, andhistogramsof

DBHdistributionareshowninFig. 皿 -2. Theranges

ofheightandDBHwere3-27mand2 司 92 cmin

AK, and8-25mand13-109cminKU, respectively.

Theaverageandstandarddeviationsoftheheight

andDBHvalueswere16.0ｱ 5.0mand18.3ｱ 11.4

cminAK.and19.6ｱ 3.0mand46.7ｱ 182cmin

KU, respectively.Thetreedensityandbasalareaof

Fcrenatawere665.0trees/haand23.9rrf/hainAK,

and141.5trees/haand27.8rrf/hainKU, respectively.

Thetwopopulationshavecontrastinghistoriesin

relationtoforestcutting.KUisanold-growthbeech

forest, butAKwascutduringthe1920s.Afewbeech

treeswereleftasmothertreesatthattime.The

remnanttreesintheAKpopulationcouldbeeasily

recognizedbecausetheyhadmuchlargerdiameters

(greaterthan70cm)thannewlyregeneratedtrees.

Experimentalsamples(winterbuds)werecollected

fromallmappedtrees, andthefollowingnineloci,

encodingeightenzymesystems, wereanalyzed:Mdhｭ

3m.C.l.l.1.37), 6Pg-2(E.C.1.1.1.44), Dia-landDia-2

(E.C.1. 8.l ω，白 t (E. C. 2引.1)， Amy-3(E.C.3.2.1.1), Aap-l

(E.C.3.4.11.2), Fm(E.C.4.2.1.2)andPgi-l(E.C.5.3.1.9).

Thedetailsoftheproceduresforisozymeanalysis

havebeendescribedpreviously(Tsumuraetai.1990;

Tomaruetai.1997)
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Fig.III-2 Distributionofdiameteratbreastheight(DBH)in
(a)theAKpopulationand(b)theKUpopulationof
Faguserenata.

2)Dataanalysis

Theproportionofpolymorphicloci(日; Iregarded

thelociwherefrequencyofthemostfrequentalleleis

lessthan0.95aspolymorphicloci) , theaverage

numberofallelesperlocus(Na), thee長ctive number

ofallelesperlocus(Ne;KimuraandCrow1964), the

observedheterozygosity(Ha)andtheexpected

heterozygosity(He)werecalculatedtodeterminethe

degreeofgeneticvariabilitywithinthetwo

populations.TheHevalueswerederivedby

averagingheovernineloci , wherehe 2n(I-L

p/)/(2n-1), Piistheallelefrequencyoftheithalleleat

agivenlocus, andn=samplesize(Nei1987).

Ialsocalculatedtwotypesofcoefficientsofspatial

autocorrelation:SNDfornominaldataandMoran'sI

forintervaldata.Inthenominalcase, thenumberof

joinsofeverygenotypecombinationwascountedata

givenlocusinagivendistanceclass.Thenominal

autocorrelationteststatisticisthestandardnormal
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deviate(SND)oftheobsεrved numberofjoinsfrom inacertainlocuswassignificantlynegatively

theexpectednumbεr ofjoins(SakalandOden1978a): correlated, oneallelewasexcludedfromthefollowing

SND=(Observedjoins-Expectedjoins)/Variance1/2. analysestoavoidnonrandomsamplingofalleles

TheSNDsareassumedtobenormallydistributed, becauseitiswellestablishedthatsimilargene

andthereforetheyhavecriticalvaluesof ｱ 1.96at frequencysurfacesyieldsimilarcorrelograms(Sakal

the5%levelofsignificance.Genotypeswhose andOden1978b:SakalandWartenberg1983).

frequencieslieoutsidetherange0.05to0.95, and Furthermore, alleleswithfrequencieslyingoutside

whichexpectednumbersofjoinsarelessthanunity, therange0.05to0.95arealsoexcluded.Thefollowing

areexcludedfromcalculationoftheSND.Joins sevenallelessatisfiedthetwocriteriaforinclusionin

betweenindividualshavingidenticalgenotypesare eachofthetwopopulations:Mdh-3b, Dia-lb, Dia-:zt',

referredtoaslikejoins, andjoinsbetweenindividuals Amy-Jb, Aap-lb, FmbandPgi-Y

havingdi 妊erent genotypesarereferredtoasunlike TheSNDandIvalueswerecalculatedusingthree

joins.Sixteenlikejoinsand11unlikejoinsinAKand setsofdistanceclassinthetwopopulations:12

14likejoinsand11unlikejoinsinKUsatisfiedthe distanceclassesof5mintervals(0-5m, 5-10mand

criteria, andwereusedforthecalculation. soon), sixdistanceclassesof10mintervals(0-10m,

Intheintervalcase, genotypesofeachindividual 10-20mandsoon), and20distanceclasses, adjusted

weretransformedto0.0, 0.5or1.0accordingtothe suchthatthevaluesofW werepracticallyequalin

numberofthecopiesofagivenalleletheypossessed. eachclass , andsothattherewasstatistically

ThenMoran'sIcoefficientswerecalculatedusingthe equivalenttestpowerineachclass.Asanalysesusing

followingformula(SokalandOden1978a):I=nL 工 these threetypesofdistanceclassesshowedvery

WijZjZj/ (WLz/), wheren samplenumber:Wjj- similartrends, Iconsiderhereonlytheresultsfrom

joinmatrix, beingsettounityiftheithandjth thefirsttypeofdistanceclass.Theoverall

individualsareinthedistanceclass , andzero significanceoftheindividualcorrelogramforeach

otherwise, W=thesumofjoinmatricesWjj:Zj=Xj- allelewasassessedusingtheBonferronipro
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polymorphiclocusbetweenpairsofindividualsina

givendistanceclass.Ameaniscalculatedforeach

distanceclassbyaveragingthepairwiseNACvalues

followingthecountingrulesofSurlesetal.(1990).A

grandmeanisalsocalculatedbyaveragingall

possiblepairwiseNACvalueswithoutrespectto

distance.Thegrandmeanrepresentsthenull

hypothesisofspatialrandomnessofalleles.Toassess

thesignificanceofexcessesanddeficitsofNAC.I

calculatedvariancesofNACvaluesineachdistance

classusingthebootstrapprocedure.Anexcessof

NACatacertaindistancesuggeststhatindividualsin

thatdistanceclasssharemoreallelesthanwouldbe

expectedinarandomdistribution.Thisexcessmust

beoffsetbyadeficitofNACinotherdistanceclasses

ThevarianceofgrandmeanNACisalsocalculated.

toexaminewhetherthegrandmeanNACvaluesin

thetwopopulationsdi 妊'er signi 白cantly. TheNACcan

varyfromato2.butitusuallyrangesfrom1.25to

1.75innaturalpopulations(Hamricketal.1993).

Theinbreedingcoefficient(Frs)wasderivedfrom

averagingιover polymorphicloci.whereι= 1ｭ

hoihe'heisexpectedheterozygosity.andhois

observedheterozygosity.Heterogeneityingenotype

frequenciesateachoftheninelociandlinkage

disequilibriumbetweenallpairsofninelociinthetwo

populationswereexaminedusingthechi-squaretest

oftheGDAversion1.0program(LewisandZaykin

1999).Alleleswithfrequencieslessthan0.05were

pooledtogetherasoneallelebeforethecalculation.

Somelinkage-disequilibrium-retainedlocuspairswere

observedintheAKpopulation.butnonewas

detectedinKU.Thedistributionoftwo-locus

genotypesoflinkage-disequilibrium-retainedlocus

pairswasexaminedbycalculatingtheSNDvaluesof

two-locusgenotypes.

To assess whether the detected linkage

disequilibriumislikelytodiminishornotastree

densityinAKdecreasesinthepresentgeneration.a

simulationoftheself-thinningprocesswascarried

out, usingtheDBHdatacollectedfor486treesinthe

population.TheECO-GENEversion1.0program(Degen

etal.1996)wasusedforthissimulation.Inthe

simulation.thevitalityofeachtreedecreases

accordingtothedegreeitscanopyoverlapswith

surroundingtreecanopieseveryyear.Whenthe

vitalityofatreefallstozero.thetreeisregardedas

dead.IusedgrowthdataofFagussyJvaticaprovided

bythesoftware.andextendedthesimulationtimeto

35yearsinfive 田year intervals.Becauseitisnot

certainthatfive-yeargrowthofF.syJvaticais

equivalenttofive-yeargrowthofF.crenata.I

referredtothefive-yeargrowthperiodasaunitof

simulationperiod(thus35simulatedyearsare

referredtoasthe7xsimulationperiod), Nomating

wasincludedinthesimulation:Isimplyexaminedthe

processofself-thinning.Astheresultswereidentical

amongfiverepetitions.Iattemptednomore

repetitionsandregardedtheresultsasonerepetition.

Ithencalculatedtwo-locusgenotypicSNDoflinkageｭ

disequilibrium-retainedlocuspairs.standardSND.

Moran'slandlinkagedisequilibriumvaluesfortrees

survivinginthesimulation.

3.Results

1)Geneticvariability

Intotal.33allelesweredetectedamongnineloci

encodingeightenzyme systemsin thetwo

populations(TableIII-1l.sixofwhichwerepresentin

onlyonepopulation.Parametersforevaluating

geneticvariabilityarepresentedinTableIII-2.The

Ne.He.andHovaluesintheAKpopulationare
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slightlylowerthanthoseinKU , althoughthe 2)Spatialautocorrelation

differencesarenotsignificant.Thecombinedaverage Thefollowingsevenallelessatisfiedthecriteriain

valuesandstandarderrorsof 日， Na.Ne.He.andHo thisstudyforselectingallelesandwereusedfor

inthetwopopulationswere78%.3.30ｱ 0.47, 1.30ｱ calculatingMoran'sIvalues:Mdh-3b, Dia-lb, Dia-Z>,

0.12, 0.202 ｱ 0.057and0.191ｱ 0.053.respectively. Amy-3b, Aap-lb, FmbandPgi-JC.Asforthenominal

case, 16likejoinsand11unlikejoinsinAKand14

TableID-1 Detectedallelesandtheirfrequenciesinthe

AKandKUpopulationsofFagus CIでnata.

Locus Allele Population

AK KU

Mdh-3 a 0.003

b 0.801 0.873

C 0.195 0.127

6Pg-2 C 0.998 0.997

d 0.002 0.003

Dia-l a 0.032 0.069

b 0.947 0.925

C 0.001 0.006

d 0.020

Dia-2 a 0.020 0.012

b 0.895 0.910

C 0.085 0.071

d 0.006
Got a 0.005

b 0.004 0.003

C 0.982 0.975

d 0.009 0.009

e 0.012
Amy-3 a 0.013 0.032

b 0.354 0.365

C 0.013 0.010

d 0.005 0.016

e 0.612 0.558

f 0.002 0.013

g 0.006

Aap-l a 0.002 0.016

b 0.944 0.913

C 0.053 0.072

Fm a 0.277 0.267

b 0.723 0.733

Pgi-l b 0.006 0.012

C 0.928 0.932

d 0.066 0.056

Totalno.ofdetectedalleles 30 3)



GeneticVariationandStructurewithinPopulationsofJapaneseBeech(Faguscre 刀ata)

Tableill-2 Paramρet ρしrムsof白りρen ρehe vaムria・b ・Iふty andinbIγre ρeding eρハUρL仔u ρeients

intheAKandKUpopulationsofFaguscrenata.

Population Differencebetween

AK KU two populations

PI 78 78

Na 3.3 (0.4) 3.3 (0.5) NS

Ne 1.31(0.11) 1.33(0.13) NS

He 0.200(0.057) 0.203(0.057) NS

H。 0.189(0.054) 0.193(0.052) NS

FIS 0.055(0.067) 0.042(0.080) NS

Averageswithstandarderrorsinparenthesesareshown.
Symbols:PI, thepropo 同ion ofpolymorphicloci(95%criterion);Na ,
theaveragenumberofallelesperlocus;Ne , theeffectivenumberof
allelesperlocus;He'theexpectedheterozygosity; 同， theobserved
heterozygosity, andF1S , inbreedingcoefficient.
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likejoinsand11unlikejoinsinKUsatisfiedthe ofthetwopopulationsandthevariancesforthetwo

criteriaandwereusedforcalculatingSND.As populationsarealsoshowninFig.1ll-3.Among14

analysesofthethreetypesofdistanceclassesshowed individualcorrelograms.onlytheIvalueofthePgi-J'

thesametrends.onlytheresultsfromthefirsttype alleleinthefirstdistanceclasssignificantlydi 妊'ered

G.e.12distanceclassesof5mintervals.from0-ωm) fromtheaverageIvalue(P<0.05).Theproportionof

arepresented. positivelysignificantlikejoinsinthefirstdistance

Sevenindividualalleliccorrelograms(ofMoran'sI classwas0.38inAKand0.29inKU(Fig. 皿 -4c ，d). The

values)calculatedforthetwopopulationsareshown proportionofpositivelysignificantlikejoinsinKU

inFig. 皿 3. Sixoutofsevenalleliccorrelograms(86 decreasedtozerobythefourthdistanceclass.

%)inAKshowedpositivelysignificantIsinthe whereasthatofAKonlydidsointheseventh

shortestdistanceclass(Fig.1ll-4a).andoneoutof distanceclass.Negativelysignificantunlikejoinswere

sevencorrelograms(14%)inKUshowedpositively thoughtofasthecumulativeeffectofpositive

significantIsinthefirstdistanceclass(Fig. 皿 -4b). associationsoflikejoins.Theproportionofnegatively

Evenwhenthefirsttwodistanceclasseswerepooled. significantunlikejoinsinthefirstdistanceclasswas

theproportionofpositivelysignificantIsinKUwas 0.27inAKand0.09inKU.Theproportionof

only43%.Theproportionsofpositivelysigni 五cant Is negativelysignificantunlikejoinsinAKishigher

decreasedasdistanceincreasedinbothpopulations. thanthatofKUoverthefirstthreedistanceclasses.

SignificantlynegativeIswerefrequentlyobservedin

largerdistanceclassesofAK.Sixoutofsevenallelic 3)Numberofallelesincommon

correlograms(allbutAm 'y-~ inAK.andtwooutof Thegrandmeanandthestandarddeviationofthe

seveninKUweresignificantatthe5%Bonferroni NACwas1.684ｱ 0.001inAKand1.649ｱ O.∞2 in

criterionprobabilitylevel.Theaveragecorrelograms KU.andtheydifferedsignificantly(P<0.001).The
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IndividualandaveragecorrelogramsofMoran'sIintheAKandKUpopulationsofFaguscren δtao

VariancesoftheMoran'sIvaluesoftheaveragecorrelogramwereestimatedusingthebootstrap
procedure.StandarddeviationsoftheMoran'sIvaluesoftheaveragecorrelogramarepresentedwitherror
bars.SolidcirclesdenotesignificantMoran'sIvaluesatthe5%probabilitylevelTheaveragecorrelogram
andcorrelogramsinwhichMoran'sIsignificantlydifferedfromtheIvalueoftheaveragecorrelogramin
thesamedistanceclassatthe5%probabilitylevelaremarkedwithboldlines.

Fig.ill-3

higherthanthatofKU(0.042ｱ 0.080;Tableill-2),NACvaluesofthetwopopulationsareshowninFig.

althoughthedifferencewasnotsignificant.Noill-5.TheNACswerepositivelysignificantinthefirst

heterogeneityingenotypefrequenciesandnolinkagethreedistanceclassesandnegativelysignificantin

disequilibriumwereobservedinKU , butboththefifthandsixthdistanceclassesinAK, showing

phenomenaweredetectedinAK.Theheterogeneitythepatternexpectedaccordingtoisolationby

ingenotypefrequenciesatthenineloci, andlinkagedistance.TheNACsofKUwerenotsignificant,

disequilibriabetweenthepairsoflocifortheAKexceptinthesecondandeighthdistanceclasses.

population , areshowninTable 皿 -3. Genotype

frequenciesattheAap-llocusweresignificantly

heterogeneous(P<O.OOll.The~s valueatthislocus

4)Inbreedingcoefficientsandlinkagedisequilibrium

TheFISvalueofAK(0.055ｱ 0.067)wasslightly
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(a)and(b)theproportionsofsignificantMoran'sIinAKandKUpopulations, respectively, of
Faguscrena は (c) and(d)theproportionsofpositivelysigni 五cant SNDsoflikejoins(PLJ)and

negativelysignificantSNDsofunlikejoins(NUJ)inAKandKU, respectively.

Fig.111-4

fourpairsofloci:Mdh-3-Amy-3, Dia-l-Amy-3, Dia-2was0.209 , indicatingmorehomozygotesthan

-Got, and 白t- Fm.expectedunderHardy-Weinbergequilibrium.

CombinedgenotypefrequenciesbetweenAap-land

5)Simulationoftheself-thinningprocessanditstheothereightlocialsodeviatedfromHardy-

effectongeneticstructureWeinbergequilibrium, atleastatthe5%probability

Thetwo-locusgenotypedistributionsoffour

linkage-disequilibrium-retainedlocuspairswere

level.EveniftheAap-llocuswasexcludedfrom

consideration, linkagedisequilibriumstillexistedfor
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Fig.III-5 NACvaluesover12distanceclassesintheAKandKUpopulationsofFaguscrenata.

GrandmeansofNACvaluesintheAKandKUpopulationsareshownbysolidlines.Solidmarkers

denoteNACvaluesthatsignificantlydi 宜ered fromthegrandmeanNACvalueatthe5%probability

level.VariancesoftheNACvalueswereestimatedusingthebootstrapprocedure.Errorbarsshow

onestandarddeviationoftheNACvalues

Tableill-3 Chi-squareheterogeneitytestfortheninelociandlinkage

disequilibriaamongthemintheAKpopulationofFagus crena 臼.

No 目 Locus Heterogeneity
Linkagedisequilibrium

test 2 3 4 5 6 7 8 9

Mdh-3 * *
2 6Pg-2 *

3 Dia-1 * *

4 Dia-2 * *

5 Got * *

6Amy-3 *

7 Aap-1 *** * *

8 Fm

9 Pgi-1

一， notsignificant.

*p<0.05, ***p<0.001.
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examinedbycalculatingSNDvalues.Fouroutof13 diminishedduringself-thinning(fallingtozerobythe

likejoinsgenotypiccorrelograms(0.31latfour 4xsimulationperiod), asexpected.Theproportionof

linkage 同disequilibrium-retained locuspairsshowed significantIsandstandardSNDsinthefirstdistance

positivelysignificantSNDsinthefirstdistanceclass classalsodecreasedtozero.Althoughthelinkage

(Tablelll-4).AsthepresenttreedensityintheAK disequilibriumwasdiminishedattheAmy-3&Dia-l

populationishigh(631.2trees/hal, theobserved locus-pair, thelinl 王age disequilibriumattheother

linkagedisequilibriumandtheclusteringoftwo-locus threepairswasreinforced.Thegrandmeanofthe

genotypesmightbediminishedduringtheprocessof NACvalues, andthestandarddeviationafterthe7x

self-thinning.Therefore, Iattemptedtosimulateself- simulationperiodwas1.665ｱ 0.002.TheNAC

thinning, andtodescribethegeneticstructureofthe decreasedfrom1.684(beforesimulation), butthe

resultantpopulationusingtheNAC, theparameters valuestillsignificantlydi 宜'ered fromtheNACofthe

ofspatialautocorrelationandlinkagedisequilibrium KU(P<O.OO1l.ThecorrelogramofNACafterthe7x

(TableIII-4). The heterogeneity ofgenotype simulationperiodispresentedinFig.Ill-6.TheNAC

frequencies at the Aap-l locus remained intheseconddistanceclassissign 出cant (P<0.05).If

nonsigni 五cant untilthe3xsimulationperiod(datanot thefirsttwodistanceclassesarepooled, theNAC

shown).ThepositivelysignificantSNDsoflikejoinsat correlogramsuggeststhegeneticclusteringof

thefourlinkage-disequilibrium-retainedlocuspairs multilocusgenotypes.Itisinterestingthatthe

Table1ll-4Changesindegreesoflinkagedisequilibriaandproportionsofpositively

significantSNDsoflikejoinsinthefirstdistanceclassduringtheself-

thinningsimulationusingdatafromtheAKpopulationofFaguscrenata.

SimulatedperiodPresent 1x 2x 3x 4x 5x 6x 7x

Densityofsurvivingtrees(/hal

631.2 513.0 402.6 319.5 245.5 203.9 172.7141.6

Linkagedisequilibrium

Amy-3&Mdh-3 * *本* *** *** *** *** *** ***

Amy-3&Dia-1 * NS * * * * * NS

Got&Dia-2 * * * * * * ** **

Got&Fm * * * * * * * **

ProportionofpositivelysignificantSNDoflikejoinsinthefirstdistanceclass

Amy-3&Mdh-3 2/5 2/5 1/5 1/5 0/3 0/3 0/2 0/0

Amy-3&Dia-1 1/3 0/3 0/3 0/3 0/2 0/2 0/2 0/0

Got&Dia-2 1/2 1/2 0/2 0/2 0/2 0/2 0/1 0/1

Got&Fm 0/3 1/3 0/3 0/3 0/2 0/2 0/2 0/1
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Figill-6 NACvaluesover12distanceclassesoftheAKpopulationofFaguscrenataafterthe7xsimulation
period

ThegrandmeanNACvalueisshownasasolidline.ThesolidmarkerdenotesaNACvaluethatdiffered
significantlyfromthegrandmeanNACvalueatthe5%probabilitylevel.VariancesoftheNACvalueswere
estimatedusingthebootstrapprocedure.ErrorbarsshowonestandarddeviationoftheNACvalues.

decreaseofthegrandmeanresultedfromdecreases subjectedtocuttingduringthe1920s, andtree

oftheNACsinlongerdistanceclasses.TheNACin densityofthepopulationwasreducedto6.5trees/ha

thefirstdistanceclassincreasedsubstantially(ム= atthattime.Theslight, butsignificantly, lower

0.075)comparedtochangesinotherdistanceclasses. geneticvariabilityfoundinAKisattributabletothe

foundere宜'ect causedbythecutting, whichleftjusta

4Discussion fewtreesstanding.Thedegreetowhichthegenetic

1)Geneticvariability variabilitywasreducedbythecuttingwouldhave

TheNe, He'andHovaluesoftheAKpopulation beenweakenedbypollenflowfromsurrounding

wereslightlylowerthanthoseofKU, andtheFrs populations, ifpresent(seebelow).

valuederivedforAKwasslightlylargerthanthatof

KD.ThegrandmeanofNACwassignificantlyhigher 2)Geneticstructure

forAKthanforKU, indicatingtherewaslessgenetic TheproportionofpositivelysignificantIand

variabilityandhighergeneticsimilarityamong positivelysignificantlikejoinsinshortdistance

individualsinAK.TheNACwouldbeexpectedtobe classeswerehigherthaninlongerdistanceclasses

moresensitivetodifferencesingeneticvariability (Fig. 皿 -4) ， indicatingtheexistenceofgenetic

thanotherparametersusedinthisstudy, becauseit clusteringinbothpopulations.However, thedegreeof

isbasedonpairsofindividuals, whereastheother theautocorrelationdi 旺ered markedlybetweenthe

parametersarelocus-based.TheAKpopulationwas populations.TheproportionofpositivelysignificantI
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(0.14)andSNDvaluesoflikejoins(0.29)inthefirst

distanceclassinKUismoreobviousthanthegenetic

structurefoundforsomeconiferspecies.The

proportionofpositivelysignificantIsfoundin

previousstudiesinclude8to14%intwoPicea

marianapopulations(Knowles1991)and2to9%in

tlueepopulationsofPinusbanksiana(Xieand

Knowles1991).ThesignificantSNDwas7%intwo

populationsofPcontortassp.JatifoJia(Eppersonand

Allard1989).However, thegeneticstructureobserved

inKUisstillintherangefoundforotherFagaceae

treespecies.ProportionsofsignificantIsfoundin

previousstudiesinclude67%inaQuercusJaevis

population(BergandHamrick1995), 44%inaQ.

macrocarpapopulation(GeburekandTripp-Knowles

1994), and25%inaF crenatapopulation(Kawano

andKitamura1997).PreviouslypublishedSNDvalues

rangefrom10to14%intwoFrenchF syJvatica

populations(Merzeauetai.1994)andfrom0to25%in

14ItalianF syJvaticapopulations(Leonardiand

Menozzi1996).Thus, thegeneticstructurefoundin

KUisfairlyhighcomparedtoestimationsforrelated

species.Limitedseeddispersalispresumablyrelated

totheobservedgeneticstructureinthispopulation,

asseedsofFcrenataareabundantlydispersedupto

10maroundamothertree, butusuallynotdispersed

beyond30m (YanagiyaetaJ.1969;Maeda1988).

KawanoandKitamura(997)estimatedgenetic

neighborhoodarea(A), whichisdefinedasthearea

centeredonindividualswithinwhich86.5%ofparents

aretobedetected, tobeA = 3,050 -4,091 nT,

equivalenttoacircleof31.2-36.1mradius.Similarly,

TroggioetaJ.(996)estimatedmeanpollenflow

distancetobe31.7minaF syJvaticapopulation.

DemesureetaJ.(1996)reportedmaternallyinherited

cpDNAtobemorehighlydifferentiated(GST=0.83)

thannuclearDNA(GST ニ 0.054) ， accordingtoan

isozymeanalysisof85FagussyJvaticapopulations.

Tomaruetai.(1998)alsofoundastrikingdi 旺erence

betweengeneticdifferentiationofmaternally

inheritedmtDNA(GST= 0.963)andnuclear-coded

isozymemarkers(GST=0.039)among17F crenaω

populations.Thesefindingsindicatethatthereisa

muchhigherlevelofpollenflowthanseeddispersal.

Tomaruetai.(1997)estimatedtheaveragenumberof

migrantsexchangedpergeneration(Nm)tobe6.3,

whichissigni 自cantly higherthanthelevelbelievedto

benecessarytopreventpopulationdifferentiation

(Nm>1l.

TheproportionofpositivelysignificantIandSND

valuesinAK(0.86and0.38, respectively)ismuch

higherthanthecorrespondingproportionsinKUand

inotherFagaceaespecies.Theforestcuttingis

presumedtobetightlyrelatedtothestronggenetic

structureinAK(seebelow).NegativelysignificantIs

werefrequentlyobservedinlongerdistanceclasses

inAK(morethan40m;Fig. 皿 -4a) ， indicating

considerablegeneticdissimilarityamongtrees

separatedbylargedistances.Thisisattributableto

thelimitednumberofreproductivetreeswith

di 妊erent genotypesresponsibleforestablishingthe

presenttreepopulation.Thirteenoutof14

correlogramsdidnotdifferfromtheaverage

correlogram, suggestingthatnoselectionoperates

overthese13alleles.OnlythePgi-JCcorrelogram(in

thefirstdistanceclass;P<0.05)intheAKpopulation

wassignificantlydifferentfromtheaverage

correlogram(Fig.1ll-3a).Tworemnanttreeswitha

DBHgreaterthan70cmhadac/dgenotypeatthe

Pgi-llocus(Fig. 1ll -7), andaroundthemoresoutherly

onetherewasaclusteroftreessharingthis

genotype.Theclusteringisclearlyresponsibleforthe
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Fig.III-7 ScattergramoffourgenotypesatthePgi-llocusintheAKpopulationofFaguscrenata.

Thetwolargersquaresshowremnanttrees(withDBHsgreaterthan70em)withthec/dgenotype, the
southerlyonesurroundedbyaclusterofnewlyregeneratedtreessharingthedallele.

particularlyhighIvalueinthefirstdistanceclassat cuttinginAKduringthe1920sisalmostcertainly

thelocus.Ididnotregardtheclusteringasevidence responsibleforthesedi 旺erences

ofselection. Thelinkagedisequilibriaofcombinedgenotype

frequenciesbetweentheAap-llocusandtheother

3)Differencesingeneticstructureandvariability eightlociareattributabletotheheterogeneityof

betweenpopulations genotypefrequencyattheAap-llocusitself.

TherewerecontrastingresultsbetweentheAK However , fourothertwo-locuscombinationsalso

andKUpopulations.Firstnolinkagedisequilibrium retainedlinkagedisequilibrium(TableIII-3).A

wasobservedinKU.Thegenotypefrequencyofthe dramaticallyreduceddensityofreproductivetrees

Aap-llocusinAK, however, deviatedfromHardy- wouldbeexpectedtoinducegeneticdriftinthe

Weinbergequilibrium(TableIII-3), andfourlocuspairs geneticcompositionofremnanttrees{HartlandClark

showedlinkagedisequilibrium.Secondly , the 1997).Adecreaseindensityofreproductivetrees

proportionsofpositivelysignificantIs(0.86)and reducesthedegreeofoverlapofseedshadowsof

positivelysignificantlikejoins(0.38)inthefirst differentmothertrees, andconsequentlyreduces

distanceclassinAKwerehigherthanthe mixingofdi 宜'erent progenies, whichwouldincrease

correspondingproportionsinKU(0.14and0.29 , thelevelofgeneticclustering.YoungandMerriam

respectively;Fig.III-4).Thirdly, thegrandmeanof (1994)studiedfourfragmentedandfourcontinuous

NACinAKissigni 五cantly (p<0.001)higherthan Acersaccharumnaturalpopulations, andfoundless

thatofKU.Thefoundere宜'ect causedbytheforest mixingofgenotypesinfragmentedpopulationsthan
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incontinuouspopulations.Knowlesetal.(1992)also resolvedinasinglegenerationofrandommating;

reportedthatpopulationsregeneratedfromlimited however , linkagedisequilibriumofcombined

numbersofreproductivetreesshowedmoreobvious genotypefrequenciesbetweentwogivenlocicaused

geneticstructureinLarixlaricinapopulations. byfoundereffectsisretainedoverseveral

generations(HartlandClark1997).

4)Effectofself-thinningongeneticstructureand

variability

ThepresenttreedensityofAKisquitehigh(631.2

trees/ha).Itisimportanttoknowwhetherthe

observeddifferencesingeneticstructurebetween

twopopulationswillbediminishedduringtheselfｭ

thinningprocess.Simulationoftheself 廿llnnmg

processsuggestedthatthegeneticclusteringoftwoｭ

locusgenotypesoffourlinkage-disequilibriumｭ

retainedlocuspairswouldtendtodiminish, fallingto

zerointhe4xsimulationperiod.Theproportionof

positivelysignificantIsandSNDsalsodecreasedto

zerointhesimulation.Thereasonfortheweakening

ofthegeneticclusteringtomorethanthelevelofthe

KUwouldbeattributedtonoregenerationinthe

simulation.ThecorrelogramofNACindicatedthat

thegeneticclusteringwouldstillexistafterseven

simulationperiods.AstheNACisbasedonmultiple

loci, itcandetectthecumulativeeffectoffaintgenetic

clusteringinindividualloci.Therefore , theNAC

woulddetecttheunderlyinggeneticstructuremore

sensitivelythanMoran'sIandSND.Thegrandmean

ofNACdecreasedfrom1.684to1.665inthe

simulationbutitremainedsignificantlyhigherthan

theNACofKU0.649) , indicatinglessgenetic

variabilityandhighergeneticsimilarityoftheAK.

Eventhoughthegeneticclusteringoftwo-locus

genotypesatthreelinkage-disequilibrium-retained

locuspairswerecompletelyeliminatedduringthe

simulation, linkagedisequilibriastillremained.The

disequilibriumatagivenlocuswouldusuallybe

5)Implicationsforgeneticconservationand

management

Itisclearthatforestcuttingslightlybut

significantlydecreasedthegeneticvariabilityand

reinforcedthegeneticstructureinAKbyreducing

themixingofhalf-sibprogeniesderivedfroma

limitednumberofreproductivetrees.Thechanged

geneticstructure , however , isprobablyonlya

temporarye旺ec t. asthechangeswouldbealmost

eliminatedduringtheself-thinningprocess.according

tothesimulation.However, linkagedisequilibrium

andthereducedgeneticvariabilitywerenot

eliminatedintheself-thinningprocesssimulation.

Theseresultssuggestthatthereducedgenetic

variabilityandlinkagedisequilibriumwouldhavea

significantinfluenceoverseveralgenerations.

Reductionsinvariabilityimplyahigherpotentialfor

inbreedingdepression, andtheexistenceoflinkage

disequilibriummeansdistortionsinthecompositionof

thegenesetinthepopulation.Ifthenatural

compositionofthegenesetisassumedtobethemost

highlyadaptedtoagivenenvironment.linkage

disequilibriumalsoimpliesreductionsinthe

adaptabilityofpopulationsinsucceedinggenerations,

whichcouldbedetrimentalforconservationof

Importantgeneticresources.
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ChapterIV Geneticstructureinthenorthernmost

marginalpopulationofJapanesebeech

population:influenceofthefounding

eventongeneticstructure

1.Introduction

Abundanceanddistributionpatternsofgenetic

variationwithinandamongplantpopulationsare

consequencesofgeneticprocessessuchasmating

system, geneflow, randomgeneticdriftmutationand

selection(LovelessandHamrick1984;Hamricketal.

1992).Similarly, spatialgeneticstructurewithinplant

populationsisaconsequenceofthesamegenetic

processes(Sokaletal.1997;SokalandJacquez1991).

Thus, spatialautocorrelationanalysis(SokalandOden

1978a,b) canbevaluableforbothexaminingthe

geneticstructureofapopulationandidenti ちring the

maingeneticprocessesresponsibleforthes廿ucture.

Thegeneticstructureofawiderangeofforest住民

populationshasbeenstudied(BergandHamrick

1995;EppersonandAllard1989;Eppersonand

Alvarez-Buylla1997;Knowlesetai.1992;Youngand

Merriam1994).Earlystudiesonconifersfoundvery

littleclusteringofgeneticvariation, andevenwhen

detected, thedegreeofclusteringfoundwasslight

(EppersonandAllard1989;Knowles1990;Xieand

Knowles1991).Incontrast.geneticclusteringwas

frequentlyfoundinspeciesinwhichseeddispersal

waslimited, suchasCamel1iajaponica(Uenoetal.

2000), Quercusspp.(Bacilierietal.1994;Bergand

Hamrick1995;GeburekandKnowles1994;Ubukata

etai.1999)andFaguscrenata(KawanoandKitamura

1997;Ohkawaetai.1998;Takahashietal.2∞0). Thus,

within-populationgeneticstructureisobviously

influencedbythemechanismofseeddispersal

(Hamricketal.1993).

Foundingeventsofpopulationshavemajore旺ects

onwithin-populationgeneticvariationandstructure.

Thee旺ect generallyreducesgeneticvariation, with

respecttothesourcepopulation , althoughclinal

distributionsofgeneticvariationalonggeographic

rangescanarisefromaseriesofsuccessivefounding

events(Ledig2∞0; Miyamotoetal.2001;Suyamaet

al.1997;Tomaruetal.1997).Severalstudieshave

indicatedthatwithin-populationgeneticstructurecan

alsobeinfluencedbyre-foundingprocessesafter

forestcutting(Dayanandanetal.1999;Knowlesetal.

1992;Takahashietal.2000).

Beechhasbeenwellstudiεd withrespectto

geneticstructurewithinpopulations(Kawanoand

Kitamura1997;Kitamuraetai.1997a,b 1998;Leonardi

andMenozzi1996;Ohkawaetal.1998;Takahashiet

al.2000)aswellasphylogeography(Demesureetai.

1996;Merzeauetal.1994;Ohkawaetal.1998;Tomaru

etaJ.1997, 1998).PhylogeographicstudiesofF.

crenatapopulationscoveringitswholegeographic

rangehavefoundlittledi 宜erentiation (CST= 0.038)in

theisozymes, butcleardifferentiation(CST=0.963)

has been detected in maternally inherited

mitochondrialDNA.Theseresultssuggestthata

muchhigherrateofgeneflowisassociatedwith

pollenflowthanwithseeddispersal(Tomaruetal.

1998).SimilarresultshavealsobeenobtainedinF.

sylvatica(Compsetal.1990;Demesureetal.1996)

Thus, mostofthenucleargeneticvariationinFagus

hasbeenretainedwithinpopulationsratherthan

amongpopulations.Studiesoftheintra-population

geneticstructurehaverevealedthatgenetic

clusteringinFcrenatapopulationsisprobablydueto

limitedseeddispersal(Takahashietai.2000)

AssummarizedintheChapterI, palynological

studiessuggestedthatthecurrentmarginal

population, i.e.theUtasaipopulation, wasestablished
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betweenitswithin-populationgeneticstructureand

foundingprocess.Thepopulationisespeciallysuitable

forsuchanalysisbecauseofitswell-recordedforest

history.Acquiringgreaterknowledgeofhowgenetic

structurechangeswithtimeisimportant.sinceitwill

increaseouroverallunderstandingofthegenetic

structureofforesttreespecies.

2.Materialsandmethods

1)Thestudiedpopulation , samplingandisozyme

analysis

Istudiedabeech(FaguscrenataBlume)population

locatedintheKuromatsunailowlandonOshima

Peninsula.HokkaidoIsland.Japan(80m;42
0

38'56"N,

140
0

20'0"E;designatedUtasaiorUT ), This

Fig.N-1 LocationofthestudiedFaguscrenata representsthenorthernmosthabitatofthespecies.A

population, Utasai, andthehistoricalperiods 100mx130msurveyplotwasdelineated, andall119
whenFcrenataforestwasmostlikelytobe
establishedatfivelocationsonOshima treesintheplottallerthan3mweremapped.The

Peninsula, HokkaidoIslandacc?rdingto heightanddiameteratbreastheight(DBH)ofthe119
palynologicalanalysisbyIgarashi(1994)and
TakiyaandHagiwara(1997). treesweremeasured.Heightrangedfrom3-30m

(meanandstandarddeviation.20.9ｱ 7.6m).while

byimmigrantnutsfrompopulationslocatedfurther theDBHrangedfrom4-98cm(meanandstandard

southsomewherebetween350and680yr.B.P(Fig. deviation.44.8ｱ 23.4cm).AhistogramsofDBH

N-ll.ThisimpliesthattheUtasaipopulationhas distributionispresentedinFig.N-2.Thetreedensity

undergoneonlyafewgenerationssinceitwas andbasalareacoveredbyF.crenatawere91.5

founded.SimulationstudiesbySokalandWartenberg trees/haand18.4rrf/ha, respectively.Winterbuds

(983) and Epperson (990) indicate that a werecollectedfromallthemappedtrees, andused

considerablenumberofgenerationtimes(30-50 fortheanalysis.Thefollowing11loci, encodingeight

generations)areneededtoreachquasi-stationary enzymesystems, wereanalyzed:Mdh-2andMdh-3

status.Therefore.theUtasaipopulationmayexhibit (E.C.1.1.1.37).6Pg-2(E.C.1.1.1.44) , Dia-landDia-2

littleornowithin-populationgeneticstructure (E.C.1.8.1.4), Got(E.C.2.6.1.ll.Amy-3(E.C.3.2.1.ll.Aap-l

becauseoftheveryfewgenerationcyclesthathave andAap-2(E.C.3.4.11.2), Fmm.C.4.2.l.2)andPgi-l

passedsinceitwasfounded. m.C.5.3.l.9).Detailsoftheproceduresforisozyme

HereIpresentastudyofgeneticvariationand analysishavebeendescribedpreviously(Tomaruet

structureinthemostnortherly.marginalpopulation ai.1997;Tsumuraetai.1990)

ofF.crenatainthischapter.Idiscusstherelationship



152
林木育種センター研究報 22 第 19 号

5

20

25

expectationswasexaminedateachofthevariable

loci, andthepossibilityoflinkagedisequilibrium

betweenallpairsofthevariablelociwasexamined.

Bothtestswereperformedusingthechi-squaretest

oftheGDAversion1.0program(LewisandZaykin

1卯9). Alleleswithfrequenciesoflessthan0.05were

pooledtogetherasonealleleforthetwotests.

Iexaminedthegeneticstructureofthepopulation

atthreelevelsatthealleliclevelusingMoran'sI

correlograms, atgenotypiclevelusingstandard

normaldeviate(SND;SokalandOden1978a)analysis

andatthemultilocuslevelbycalculatingthenumber

ofallelesincommon(NAC;BergandHamrick1995;

SurlesetaI.1990).Thevalues, theirexpectationsand

varianceswerecalculatedover12distanceclassesof

5minterval(0-5m, 5-10mandsoon).ForMoran's

Ianalysis, Iusedonlythemostfrequentalleleateach

2)Dataanalysis polymorphicloci.Anaveragecorrelogramof1, which

O
o-10 -20-30-40-50-60 -70-80-90-100

DBH(em)

30

10

15

Fig.N-2 Distributionofdiameteratbreastheight
(DBH)intheUtasaipopulationofFagus

crenata

Polymorphiclociweredefinedaslociwherethe wassimplythearithmeticmeanoftheindividual

frequencyofthemostprevalentallelewaslessthan correlograms , wasproduced.Thevariancesof

0.95.Theproportionofpolymorphicloci(Pl), the averageMoran'sIvalueswerecalculatedusinga

averagenumberofallelesperlocus(Na), theeffective bootstrap procedure (sampling alleles with

numberofallelesperlocus(Ne;KimuraandCrow replacementone thousand times). For SND

1964), theaverageobservedheterozygosity(Ho)and determinations, genotypeswhosefrequencieslay

theexpectedheterozygosity(He;Nei1987)were outsidetherange0.05to0.95, andwhoseexpected

calculatedandusedtodeterminethedegreeof numbersofjoinswerelessthanunity, wereexcluded

geneticvariability. fromthecalculation.Elevenlikejoinsand15unlike

Theinbreedingcoe 伍cient (Frs)wascalculatedas joinssatisfiedthecriteria, andwereusedforthe

theaverageofιweighted bythesamplesizesfor calculationofSND.Forthedetailproceduresofdata

eachlocus , whereι= 1-halhe;hebeingthe analyses, pleaseseetheMaterialsandmethodsin

expectedheterozygosity;andho theobserved Chapterlll.

heterozygosityofthelocus.Onlyvariablelociwith Toevaluatethecharacteristicsofgenetic

twoormorealleleswereincludedinthecalculationof variabilityandwithin-populationgeneticstructureat

Frs.Thesignificanceoftheιvalues wastested 'theUtasaipopulation, Icomparedtheresultswith

accordingLiandHorvitz(1953).Deviationinthe twopreviouslystudiedbeechpopulations, thatis, an

genotype frequencies from Hardy-"\ 九Teinberg old-growthbeechpopulationatMt.Kurikoma(KU)
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TableN-1 Detectedallelesandtheirfrequenciesatthe11loci

examinedintheUtasaiFaguscrenatapopulation

Locus Allele

a b C d e

Ma作 2 1.000

2 ルグ'dh-3 0.725 0.275

3 6Pg-2 0.004 0.996

4 ι7ia-1 0.055 0.941 0.004

5 Dia-2 0.046 0.924 0.030

6 Got 0.008 0.013 0.958 0.021

7 〆4my-3 0.378 0.013 0.609

8 ノ4ap-1 0.029 0.920 0.051

9 Aap-2 1.000

10 Fm 0.391 0.609

11 Pg/~1 0.013 0.924 0.063

TableN-2 Parametersofgeneticvariabilityandinbreedingcoefficientsat

the11lociexaminedintheUtasaiFaguscrenatapopulation.

No. Locus Na Ne 持 Ho Fis

Mdh-2 1.00 0.000 0.000

2 Mdh-3 2 1.66 0.401 0.347 0.134

3 6Pg-2 2 1.01 0.008 0.008 0.000

4 Dia-1 3 1.13 0.112 0.084 0.248**

5 Di<ヨー2 3 1.17 0.143 0.126 0.120

6 Got 4 1.09 0.082 0.084 -0.026

7 Amy-3 3 1.94 0.488 0.504 ー0.034

8 Aap-1 3 1.18 0.151 0.151 ー0.005

9 Aap-2 1.00 0.000 0.000

10 Fm 2 1.91 0.478 0.513 ー0.072

11 Pgi-1 3 1.16 0.142 0.134 0.053

Average 2.5 1.30 0.182 0.178 0.046

(0.3) (0.11) (0.056) (0.057) (0.031)

Symbols:Na,theaveragenumberofallelesperlocus;Ne,theeffectivenumberof

allelesperlocus;比， theexpectedheterozygosity; 同， theobservedheterozygosity

andF1S ,theinbreedingcoefficient.Figuresinparenthesesshowstandarderrors.

**P<0.01
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and a secondary beech population. at Mt. correlogramsofMdh-:PandDia-2>showedpositively

Akitakomagatake(AK), thatwereappearedinthe significantIsintheshortestdistanceclass, although

previouschapter. thetwocorrelogramswerenotsignificantwith

respecttotheBonferronicriteria.Theproportionof

3.Results

population(TableIV-1l.Twoloci, theMdh-2andAap

119mappedFaguscrenatatreesoftheUtasai

2, wereinvariant.Theaveragevaluesandstandard

positivelysignificantIsintheshortestdistanceclass

was0.29.Thenumberofsignificantallelesinthe12

distanceclassesispresentedinFig.IV-4.No

negativelysignificantIsweredetectedatdistance

classeslessthan25m.Noneofthεseven individual

correlogramsshowedanIvaluewhichdiffered

significantlyfromthatoftheaveragecorrelogram,

suggestingnoselectionwasoperatingontheseven

studiedloci.Of11likejoinsconsidered, onlytheb/c

genotypeattheMdh-3(SND= 2.735)waspositively

significant(P く 0.01) inthefirstdistanceclass.Among

the15unlikejoins, twopairsweresignificantly

negativeinthefirstdistanceclass(SND(Mdh-3.b/b

c/d=2.434;SND(Fm;a/b-b/b)=-2.212).Negatively

significantunlikejoinsarethoughttoreflectthe

cumulativeeffectsofthepositiveassociationoflike

joins.Noneofthepositivelyandnegativelysignificant

correlogramsweresignificantaccordingtothe

Bonferronicriteria.Thegrandmeanandthestandard

deviationoftheNACwas1.629ｱ 0.002.The

correlogramoftheNACvaluesalsoshoweda

decreaseingeneticsimilaritywithincreasing

2)Geneticstructure distance, althoughnoNACsignificantlydifferedfrom

AsmentionedinMaterialsandmethods, Iused thegrandmeanNACvalue(Fig.IV-5).Thus, this

1)Geneticvariabilityandlinkagedisequilibrium

IntotaL27allelesweredetectedamong11lociin

variableloci.Linkagedisequilibriumwasexaminedat

allpossiblelocuspairsamongninevariableloci(36

pairs), andwasfoundtobesignificant(P<0.05)for

twolocuspairs(Mdh-3&Amy-3andMdh-3&Fm)

genotypefrequencieswasobservedatthenine

errorsofthePI, Na, N，ε， H，い and Hu parameters

describingthegeneticvariabilityatthe11lociinthe

standarderror, notsignificant).Noheterogeneityin

populationwere64%, 2.5ｱ 0.3.1.30ｱ 0.11.0.182ｱ

0.056and0.178ｱ 0.057, respectively(TableIV-2).The

ιranged from-0.072to0.248.Mostofιvalues were

notsignificantalthoughtheιat theDia-llocuswas

significant(P<0.01l.indicatinganexcessof

homozygotesatthelocus.TheF1Svalueforthe

Utasaipopulationwas0.046ｱ 0.031(meanand

onlythemostfrequentalleleateachpolymorphic multilocusanalysisindicatedthattherewasno

locusforcalculatingMoran'sIvalues.Thefollowing significantgεnetic clusteringintheplot.

sevenalleleswereusedforthecalculation:Mdh-3b,

Dia-lb, Di.θ-2>， Amy-3", Aap-lb, Fm b, andPgi-JC.The 4.Discussion

averageMoran'sIvalueforthefirstdistanceclass 1)Geneticvariabilityandlinkagedisequilibrium

was0.143(notsignificant)andthevaluedecreasedas IcomparedthegeneticvariabilityofUTwiththat

distanceincreased, indicatingthatgeneticsimilarity oftheKUpopulation, anold-growthpopulation, using

decreasesasdistanceincreases(Fig ，町 -3). The informationonisozymefrequenciesatninecommon
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ThegrandNACmeanisshownbythedashed-line.NoNACvaluessignificantlydifferedfrom
thegrandmeanatthe5%probabilityleveLVariancesoftheNACvalueswereestimatedusing
thebootstrapprocedure.Errorbarsshowstandarddeviations.

loci(excepttheMdh-2andAap-2.Mostparameters regions, presumedtobeduetoaseriesoffounding

weresimilarbetweenthetwopopulations, suggesting events, havebeenfoundinPinuscoulteri(Ledig2000)

thatUThadsimilargeneticvariabilitytotheKU andAlnustrabeculosa(MiyamotoetaI.2001).

populations.However, thenumberofallelesatthe Linkagedisequilibriumwasfoundattwopairsof

Amy-3wasonlythreeintheUT , whilethe lociinUT, butnonewereobservedintheold-growth

correspondingvaluewasseveninKU.TheNafor population , KU. Igarashi(1994)suggestedthatF.

UTwasslightly(butnotsignificantly)lowerthan crenataextendeditsdistributionnorthwards

thoseforKU , perhapsduetotheputativefounder approximately20m/yr.onHokkaidoIsland.Takiya

effectsthatinfluencedtheUtasaipopulation.This andHagiwara(1997)estimatedthemovementtobe

tendencyisconsistentwiththeresultsfroma closerto11m/yr. However, itusuallytakesabout

previousstudybyTakahashieta1.(1994), whofound 40yearsforF.crenatatobematureenoughto

thatrareallelesatlowfrequenciesinpopulationson producenuts(Hashizume198I), whicharethen

HonshuIslandwereabsentinpopulationson dispersednofurtherthan30mfromtheparenttree

HokkaidoIsland.Thecitedauthorsdiscussedthat (HashizumeetaI.1984;Maeda1988)whentheydrop.

thistendencycouldbeduetofoundereffectsthat Thus, theseestimatedmigrationratesareclearly

occurredduringthecolonizationprocessasF.crenata impossibleunlessotherdisseminationmechanisms

extendeditsrangenorthwardsafterthelastglacial capableofacceleratingmigrationwereinvolved, for

period.Similarreductionsinthenumberofallelesin example, longdistanceseeddispersalbybirds, such

shiftsfromputativerefugiatocurrentmarginal asJapanesenutcrackers(Nucifragacaryocatactes
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japonicus)andjays(Garrulusgladnari 山 pallid 佐on s，

Watanabe1990). ManythousandsofgreenF.

grandifolianutsweredispersedbybluejays

(Cyanocittaeristata)inawoodlotwasstudiedin

southeasternWisconsin.andthedistancesthejays

carriedthenutsrangedupto4km(Johnsonand

Adkisson1985).Thenumberofcachednutspertrip

rangedfromthreeto14.averagingseven. The

authorsconsideredthatcarriagebybluejaysmaybe

theprimarymeansbywhichbeechseedswere

dispersedtopatchesofforestlackingFgrandifolia.

TheseconsiderationssuggestthattheUtasai

populationmayhavebeenestablishedfromsmall

numbersofseedscollectedbybirds.Foundereffects

cancausenotonlyreductionsinthenumberofalleles

butalsolinkagedisequilibrium(HartlandClark1997),

sothedisequilibriumobservedintheUtasai

populationcouldberelatedtoeventsinthefounding

processofthepopulation.Oncelinkagedisequilibrium

hasbeenestablished, severalgenerationsareneeded

todissipateit, evenifthelociarenotactuallylinked

onachromosome(HartlandClark1997). Sincethe

Utasaipopulationappearstohavebeenfoundedsome

timearound350-680yr.B.P., thepopulationmay

notyethavehadenoughtimetodissipatelinkage

disequilibriumgeneratedduringitsfoundation, butit

wouldbeexpectedtodiminishinfuturegenerations.

forUTwassignificantaccordingtoBonferroni

criteria, althoughtheproportionofsignificant

correlogramsbasedonthesecriteriawas0.43inKU

(Takahashietal 目 2000). InUT, theproportionsof

positivelysignificantI, positivelysignificantlikejoins,

andnegativelysignificantunlikejoinsinthefirst

distanceclasswere0.29, 0.09, and0.13, respectively.

ThecorrespondingproportionsinKUwere0.43

(whenthefirsttwodistanceclasseswerepooled), 0.29

and0.09(TakahashietaI.2000). Thus, thegenetic

structureinUTisweakerandlessclearthaninKU.

Thesefindingscanbeexplainedbyconclusions

derived from simulation studies (Sokal and

Wartenberg1983;Epperson1990). Sokaland

Wartenberg(1983)examinedtemporalaspectof

geneticstructureinaseriesofMonte-Carlo

simulations, andfoundthatcorrelogramsbecame

significantwithinthefirstfivegenerationsof

foundation , evenwhenstartingfromarandom

distribution ofgenetic variation (Sokal and

Wartenberg1983). However, theIvaluesinthefirst

distanceclassandpatchsizes, asdefinedbytheXｭ

interceptsofthecorrelograms, continuedtoincrease

thereafter. Thesimulationsshowed30-50

generationswereneededbeforethecorrelograms

reachaquasi-stationarystatus(Epperson1990). The

UTpopulationcanbeconsideredaveryyoung

populationintermsofgenerationssinceits

2)Geneticstructure foundation.ThenumberofgenerationsthatUThas

TheMoran'sIandNACcorrelogramsshowedthat undergonemaynotbesufficientforitreachthe

valuesofthesecoe 伍cients decreasedasthedistance quasi-stationarystatusingeneticstructurethatthe

increased. Twoallelicandthreegenotypic(onelike specieswouldbeexpectedtodevelopeventually, i.e.

joinandtwounlikejoins)correlogramswere itcouldstillbeprogressingtowardsitsinherent

signi 五cant inthefirstdistanceclass. Theseresults geneticstructureendpoint.

suggestthatgeneticclusteringwaspresentinthe TheUTpopulationandtheAKpopulation(which

Utasaipopulation.However, noneofthecorrelograms was're-founded'fromafewremnanttreesafter
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forestcuttingduringthe1920s)showedinteresting,

divergent, differencesfromtheKUpopulation, The

AK population retained stronger linkage

disequilibrium(12outof36locuspairs)thanUT(two

outof36locuspairs), Furthermore, theproportions

ofpositivelysignificantlikejoins(0.09)andallelic

correlograms(0.00;accordingtotheBonferroni

criterion)inthefirstdistanceclassintheUT

populationweresmallerthanthoseofKU(0.29and

0.43), whilethecorrespondingforAK(0.38and0.86)

werelargerthanthoseofKU.NoNACvalueswere

significantinUT, whileNACvaluesoftheothertwo

populationswerepositivelysignificantatshorter

distanceclasses.Ifweassumethegeneticstructure

forKU, anold-growthforest, tobetypicalofoldｭ

growthpopulationsofthespecies , thegenetic

structureinUTwasweakerthanold-growthforest,

whereasthatinAKwasstronger.

Thewithin-populationpatternofgeneticvariation

isnotindependentofpreviousgenerations, especially

in species thathave limited seed dispersal

mechanisms(HamricketaJ.19931. Instead, the

geneticstructureofcurrentgenerationsmaybe

influencedbythecumulativeeffectofthegenetic

clusteringofmanyprecedinggenerations(Knowleset

aJ.1992). Knowlesetal.(1992)studiedtwotamarack

(Larixlaricina)populationsthathavemarkedly

differentanthropologicaldisturbancehistories. One

populationhadregeneratedfromasitewithscattered

remnanttreesbutwithnootherseedsourcenearby

Theotherhadregeneratedfromasitethathadno

remnanttrees, butitwassurroundedbyabundant

sourcesofseed. Theformershowedspatial

autocorrelation, whereasthelatterdidnot.Thecited

authorsalsodrewattentiontotherolethatpreceding

generationscouldplayinthegenotypicarraysofthe

remnanttrees. TheUtasaipopulationwaslikelyto

befoundedfromseedsrandomlycachedbybirds

frommoresouthernpopulationsthatmaybe

geneticallyunrelatedtoeachother. Incontrast.in

AK, thegenotypicarrayofthepopulationshould

reflectthegeneticclusteringofthetreespresent

priortotheforestcutting. Thus, theUTandAK

populationsresultedfromverydifferentfounding

processes(or, moreprecisely,‘re-founding' inthe

caseofAK)intermsoftheinfluenceofgenetic

structurebeforetheirfoundation.Oneplausible

explanationforthedi 任erences ingeneticstructure

betweentheUTandAKpopulationsisthatUTmay

havebeenestablishedataplacewhereF.crenata

hadnotexistedpreviously, soitwasnotinfluenced

byapre-existinggeneticstructure, whileAKwould

beexpectedtoreflect, atleastinpart, thegenetic

structureoftheprecedinggenerations.

ChapterVDemographicandgeneticprocessesoperating

onaJapanesebeechcurrent-yearseedling

population

1.Introduction

Whenconsideringevolutionaryprocesseswithin

plantpopulations, demographic(Alvarez-Buyllaetal.

1996b;FarrisandMitton1984;Linhartetal.1981;

Tonsoretal1993)andpopulationgenetic(Hartland

Clark1997)processesareimportantcomponents

Mostforesttreespecies, ascomparedtoplantspecies

withotherlifeforms, retainanabundantamountof

geneticvariationthatisstructuredwithinpopulations

(HamricketaJ.1992;Muona1989).Thewithinｭ

populationgeneticvariationismaintainedandcarried

fromgenerationviageneticprocesses, suchasmating

system, geneflowbypollenandseed, inbreeding

depression , randomgeneticdrift, mutation , and
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selection(HartlandClark1997).Itisimportantto

knowhowtheseprocessesmaintainwithin-population

geneticvariationinspecies, andhowtheyinteract

witheachothertoachieveoptimalgeneticvariation

thatensurespopulationadaptationandsurvival

(Wright1982).Additionally , understandingofthe

microevolutionarymechanismsofplantspeciescan

helpinplanningconservationstrategies(Alvarezｭ

BuyllaetaI.1996b;Epperson1990, 1992).

Earlystudiesusedgeneticmarkersanda

demographicperspectiveinexperimentalpopulations

ofcerealplantstoidenti か the viabilityandfertility

componentsofselection(CleggandAllard1973;Clegg

etal.1978).Subsequently, thisapproachhasbeen

usedtocharacterizethegeneticprocesseswithin

plantpopulations(Alvarez-BuyllaetaI.1996b;Farris

andMitton1984;Linhartetal.1981;Tonsoretal.

1993).InapopulationofPlantagolanceola は a weedy

perennialherb, anexcessofhomozygoteindividuals

intheseedbank, relativetotheHardy-Weinberg

equilibrium, decreasedoverthecourseoftheplant

lifecycleandnoexcesshomozygoteindividualswere

observedintheadultstage(Tonsoretal.1993).

Similarly, temporalchangesoccurredinthegenetic

variationfromseed-rainseedstoadults , ina

populationofCecropiaobtusifolia, atropicalpioneer

tree(Alvarez-BuyllaetaI.1996a).Excesshomozygote

individualswereeliminatedinanaturallyregenerated

Pinussylvestrispopulationatbetween10and20

yearsofage(YazdanietaI.1985), andatthreeyears

ofageinanartificialpopulation(MuonaetaI.1987).

Heterogeneityofgeneticvariationisevidentamong

life-cycles-stages, asobservedinindividualsgrouped

bygaps, asintheCecropiaobtusifoliapopulation

(Alvarez-BuyllaetaI.1996a), orbyclumps, asinaP

ponderosapopulation(LinhartetaI.1981).Thus, itis

importanttointegrategeneticanddemographicdata

toobtainafinerpictureofthetemporalchangein

geneticvariationwithinpopulations(Alvarez-Buylla

etal.1996a,b).

Foresttreespeciesusuallyproducelargenumbers

ofseedsunderselectionpressure, andproportionately

fewsurviveuntilmaturation.Selectionprocessesare

intenseintheearlystages(Epperson1992),particularly

ininbredindividuals(MuonaetaI.1987;YazdanietaI.

1985).Therefore, becauseofthedrasticreductionin

population , massivemortalityduringtheseedling

stageisimportantinlifecyclefluctuationingenetic

variation.Inthisstudy, Ipresentdataontemporal

changes in genetic variation coupled with

demographicdata, withinaFaguserenatacurrentｭ

yearseedlingpopulation

2.Materialsandmethods

1)Studiedbeechpopulationandfieldmethods

SeedlingandadultpopulationsofFaguserenata

werestudied.Foradulttreestudies, asurveyplot

(adult-treeplot)covering2.1hawasdelineatedina

naturalFerenataforestlocatedatthesouthernfoot

ofMt.Kurikoma(870m;38ー 55'30"N, 140ー 47'50"

E).TheFerenatapopulationproducedanabundant

amountofnutsintheautumnof1995.Alladulttrees

thatproducednutsintheautumn(n=220)were

mappedwithintheadult-treeplot(Fig.V-1).The

rangeofdiametersatbreastheight(DBHs)ofthe

廿ees was20-109cm(average;51.2ｱ16.9cm), while

adultnut-producingtreeshadaDBHlargerthan50

cm.

Toinvestigatethegeneticvariationoftheseedling

population, Idelineatedasurveyplot(50mlongand

1mwidth), almostatthecenteroftheadult-treeplot

inlatespringin1996(Figs.V-1,2). Theplotwas
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dividedintotwo0.5-m-widesubplots:theobservation

subplot(OP)andthesamplingsubplot(SP).Moreover,

eachsubplotwasdividedintofivelO-m-longblocks.

TheOPwasusedtoinvestigatetheemergenceand

disappearanceofF.crenatacurrent-yearseedlings,

andonlythosethatsurvivedweresampledinthe

followingautumn.Allgerminatingseedlings, defined

asseedlingswhosecotyledonswerefullyexpanded,

weresampledintheSPduringfieldobservations,

conductedseventimesduringthesummerand

survivingseedlingsintheOPweresampledonthe21

October.Winterbudswerealsocollectedfromadult

treesintheadulttreeplot.Allsampleswere

subjectedtoisozymeanalysis.

m

autumn(5June, 13June, 20June, 5July, 30July, 30 40

August, and21October.)Newlygerminatedseedlings

werelabeledandrecorded, includingthecausesof

mortality(i.e., damping-off, herbivory, andunknown).

werealsorecordedintheobservationsubplot.Allthe
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Fig.V-1 ScattergramofinvestigatedFaguscrenata

current-yearseedlingsandadulttreesinaF.
crenataforestatMt.Kurikoma, innorthern
Honshu, Japan.

Solidcirclesandsmalldotsdenoteinvestigatedadult
trees(n=220)andcurrent-yearseedlings(n=1,408),
respectively.

20

Fig.V-2 LocationofaseedlingplotandadultFagus

crenatatreesandthecrowncoveroftheadult
treesthatsurroundedtheplot.

Rectangledenotestheseedlingplot(50mlongx1m
wide).Opencirclesdenoteadulttreesandthesizesof
thecirclesrepresenttherelativeDBH.

2)Isozymeanalysis

Fifteenmgofhypocotylfromeachseedlingwere

usedforisozymeanalysis, asdescribedpreviously

(Tsumuraeta1.1990;Tomarueta1.1997).The

followingsixloci, encodingfiveenzymesystems, were

analyzed;Mdh-3mc1.1.1.37), Dia-landDia-2mc

1.8.1心， Amy-3mC3.2.1.1), Fm(EC4.2.1.2)andPgi-l

(EC5.3.1.9).

3)Dataanalysis

Cumulativegerminationandsurvivalrateswere
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calculatedforfiveblocksoftheOP, andthechanges (Pi;regardedasthelociwherethefrequencyofthe

werecomparedusingthepairwiseKolomogorov- mostcommonallele<0.95);theaveragenumberof

Smirnovtest.AllgerminatingseedlingsintheOP allelesperlocus(Na);theeffectivenumberofalleles

weredividedintofoursub-cohortsbysamplingdate per locus (Ne); the observed and expected

(5June, 13June, 20Juneand5July).Thesub 叫cohort heterozygosities(HoandHe);andtheinbreeding

observedon30Julywasexcludedfromtheanalysis coe 伍cien t( F1S )' Dぽerences invaluesofpolymorphism

becauseofitssmallsamplesize.Differencesinthe indicesoffiveblocksbothbetweentwoseedlingsub-

finalsurvivalrateon21Octoberwerecompared populationsandamongthreesub-cohorts(the5July

amongthefiveblocksandamongthefoursub- and30Julysub-cohortsintheobservationsubplot

cohortsusingananalysisofvariance(ANOVA). wereexcludedbecauseoftheirsmallsamplesizes)

Additionally, temporalchangesinthesurvivalrateof weretestedusingtheANOVA.Thegeneticvariation

current-yearseedlingswereanalyzedinrelationto withintheseedlingpopulationwascomparedwith

rainfalldata, collectedfromJunetoOctoberin1卯6 at twoadulttreepopulations:1)All220mappedF.

thenearestmeteorologicalstation, Komanoyu(3.5km crenataadulttrees(referredtoasthewholeadult

eastofthestudyforest , 570m inaltitude).The populationorADW), and2)14adulttreesfromwhich

Kolomogorov-SmirnovandANOVA testswere thedistancestotheseedlingsubplotwerelessthan

performedusingtheSASproceduresnparlwayand 10m (referredtoasthelocaladultpopulationor

glm(SAS1988,199ωADL). Toassessthedegreeofgeneticdifferences

Asthesamplingandobservationsubplotswere betweenseedlingandadulttreepopulations, Nei's

sidebyside, Iassumedthattheyretainedsimilar geneticidentity(I)wascalculated(Nei1987).

amountsofgenetic variation. Thefollowing

polymorphismindices, describedinChapterIII , were 3.Results

calculatedtodeterminetheamountofgenetic 1)Demographyofseedlings

variationinthetwoseedlingsub-populationsandthe Atotalof1,179 seedlingsgerminatedintheOP

adultpopulation:theproportionofpolymorphicloci betweenJune5andOctober21(TableV-1l.Most

TableV-I DemographyofFaguscrenatacurrent-yearseedingsintheobservationsubplotatMt.

Kurikoma, northern Honshu, Japan

5Jun. 13Jun. 20Jun. 5Jul. 30Jul. 30Aug. 21Oct.

No.ofemergingseedlings 579 505 59 34 2

No.ofdeadseedlings 11 26 334 508 20 9

Cumulativeno.ofemergingseedlings 579 1,084 1,143 1,177 1,179 1,179 1,179

Cumulativeno.ofdeadseedlings 11 37 371 879 899 908

No.oflivingseedlings 579 1, 073 1,106 806 300 280 271

Mortalityfactors

Insects 6 15 8 2

Damping-off 4 326 477 4

Unknown 4 7 。 30 20 3
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Fig.V-3 ThenumberofemergingFaguscrenata
current-yearseedlingsandtheircumulative
germinationratesatfiveseedlingblocksat

Mt.Kurikoma, northernHonshu, Japan.

Fig.V-4 ThenumberofdeadFaguscrenatacurrentｭ
yearseedlingsandtheircumulative

mortalityratesatfiveseedlingblocks, Mt.

Kurikoma, northernHonshu, Japan.

seedlingsgerminatedbefore13June(91 .9%), although (betweenblocks1or2andblocks3, 4, or5)were

emergencecontinueduntilJuly30.Theirnumbers significant, suggestingthattheratechangesdiffered

andcumulativegerminationratesareshowninFig. amongthem.Ofthe1,179 germinatingseedlings, 271

V-3.Thenumberofgerminatingseedlingwas seedlings(23.0%)surviveduntilOctober21(TableV-

highestonJune5inblocks1and2, andonJune13in 1l.Thedeathsoftheremaining908seedlingswere

blocks3, 4, and5.Inaddition, thedistributionpatterns concentratedbetweenJune20andJuly30, andthe

ofthecumulativegerminationratewerecompared numbersandcumulativemortalityrateareshownin

and , outoftenpairwisecomparisons, sixpairs Fig.V-4.ThedrasticdeclineinsurvivalbetweenJuly
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Fig.V-5 ChangesinsurvivalrateforfourFagus

crenatacurrent-yearseedlingsub-cohorts
andtheaveragedailyrainfallduringthe
observationperiod.atMt.Kurikoma.
northernHonshu.Japan.

Errorbarsdenoteonestandarddeviation.Therainfall
datafromJunetoOctober1卯6 arefromthenearest
meteorologicalstation.Komanoyu.3.5kmeastofthe
surveyedforestatanaltitudeof570ill.

5andJuly30wasconsistentthroughoutthefive

blocks.asshownbypairwiseKolomogorov-Smirnov

tests.inwhichthreeoutoftencomparisonswere

significant.suggestingthatrealchangesinthe

cumulativemortalityratesbetweenblock3and

blocks1, 2.and5.However.thelowermortalityrate

inblock3onJuly5contributedtothesignificant

differences.Theaveragesurvivalratesandstandard

deviationsofthefoursub-cohortsinallblocksare

presentedinFig.V-5(excludingthesmallJuly30

-163 一

sample), BeforeJune20.herbivoreswereprimarily

responsibleforseedlingdeath.whereasbetweenJuly

20and30.damping-{)ffwasthemaincauseofdeath.

Theproportionoftheca 山田 of seedlingdisappearance

wastemporallyheterogeneous(P<O.01;Chi-square

test).Thedeclineofseedlingsduetodamping-offwas

associatedwithabundantrainfall(Fig.V-5).Thefinal

survivalrate.whichwassignificantlylowerin

seedlingsthatemergedlater(P<0.05.ANOVA).

rangedfrom2.94%(the5Julysub-cohort)to26.25%.

(the5Junesub-cohort).Thus.seedlingsthatemerged

earlierwerepredominantinthesurvivingpopulation.

2)Geneticyariability

Isozymeanalysiswasusedtoestimategenetic

variationin271seedlingsintheor.1,137 seedlingsin

thesr.and220nut-producingadulttrees.totaling

1,628 individuals.Asthesamplingandobservation

subplotsweresidebyside.itwasassumedthatthey

retainedsimilaramountsofgeneticvariation.

Twenty > seven allelesweredetectedatthesix

surveyedlociencoding 五ve enzymesystems(Tables

V-2.V-3.andV-4).Thepolymorphismindicesofthe

srwere: 日=お%. Na=3.8.Ne= 1.73. 正= 0.370.

andHo=0.387.thosefortheorwere83%.3.5.1.65.

0.331, and0.347.respectively(TableV-5).andthose

forthefoursub-cohortsinthesrarepresentedin

TableV-6.WiththeexceptionofPI.alltheindicesin

theorweresmallerthanthoseinthesr.ANOVA

showedthattheNevaluesinthefiveblocksofthe

orweresignificantlysmallerthanthoseofthesr(P

<0.01).whiledi 首'erences intheotherindiceswerenot

signi 五cant betweenthetwosubplots.

FortheADL.thepolymorphismindices.exceptthe

Navalue.didnotdi 旺er significantlyfromthosefor

theorandsr.TheNavaluefortheADLwas
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smallerthanforthetwosubplots, andwhenitwas

compared , using the pairwise t-tes t, it was

significantlylowerthanthevaluesfortheSP(P く

0.05), whileitdidnotdi 旺'er fromthosefortheOP(P<

0.10).FortheADW, thepolymorphismindices, except

thePivalue, wereconsistentlylowerthanthosefor

thetwosubplots.Thelocus-basedpairwiseιtest

indicatedthatthene, he'andhovaluesfortheADW

weresignificantlylowerthanthoseofthesampling

subplot(P く 0.05).

TheFrsvalueswerecomparedbetweentheADW

andtwosubplotsofseedlings(Fig.V-6).Although

mostoftheindividualFrsvalueswere not

significantlydi 妊'erent fromzero.theFrsforDia-lin

TableV-2 Allelefrequenciesatsixlociinthecurrent-yearseedlingsandadult
treesofFaguscrenata atMt.Kurikoma.northernHonshu, Japan.

LocusAllele SeedlingSubplot Adulttrees

SP OP ADL ADW

N 1,137 271 14 220

ル1dh ・3 b 0.730 0.770 0.893 0.861

C 0.270 0.230 0.107 0.137

d 0.002

Dia 噂 1 a 0.185 0.192 0.214 0.075

b 0.810 0.808 0.786 0.920

C 0.001

d 0.001 0.005

e 0.001

Dia-2 a 0.101 0.006 0.016

b 0.821 0.943 0.893 0.907

C 0.074 0.035 0.107 0.061

d 0.004 0.016 0.014

e 0.002

Amy-3 a 0.192 0.199 0.041

b 0.259 0.235 0.286 0.352

C 0.012 0.009 0.009

d 0.023 0.026 0.036 0.014

e 0.503 0.515 0.642 0.566

f 0.008 0.005 0.011

g 0.003 0.011 0.036 0.007

Fm a 0.427 0.407 0.357 0.266

b 0.573 0.593 0.643 0.734

Pgi-1 b 0.007 0.009 0.011

C 0.962 0.954 0.893 0.941

d 0.031 0.035 0.107 0.048

e 0.002

SPandOParethesamplingandobservationsubplotsforseedlings ,
respectively.ADLincludedonlythe14adulttreeswithin10moftheseedling

plot, andADWincludedallmappedadulttrees.
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TableV-3 AllelefrequenciesatthesixlociinthefiveblockswithinthetwoseedlingsubplotsofFaguscrenata

current-yearseedlingatMt.Kurikoma.northernHonshu.Japan.

LocusAllele BlocksintheSPsubplot BlocksintheOPsubplot

2 3 4 5 2 3 4 5

N 74 125 243 569 126 25 47 93 88 18

Mdh-3 b 0.912 0.831 0.746 0.687 0.691 0.920 0.859 0.739 0.738 0.625

C 0.088 0.169 0.254 0.313 0.309 0.080 0.141 0.261 0.262 0.375
d

Dia-1 a 0.115 0.136 0.216 0.207 0.119 0.140 0.106 0.263 0.193 0.111

b 0.885 0.860 0.782 0.787 0.881 0.860 0.894 0.737 0.807 0.889

C 0.004 0.001

d 0.002 0.002

e 0.003

D忽-2 a 0.023 0.071 0.116 0.122 0.042 0.017

b 0.901 0.868 0.823 0.792 0.866 0.900 0.913 0.932 0.980 1.000

C 0.068 0.061 0.056 0.085 0.075 0.100 0.087 0.017 0.010

d 0.008 0.005 0.001 0.017 0.034 0.010

e
Amy-3 a 0.139 0.188 0.258 0.193 0.091 0.140 0.106 0.253 0.227 0.111

b 0.410 0.220 0.213 0.254 0.329 0.360 0.309 0.188 0.210 0.222

C 0.014 0.012 0.019 0.009 0.012 0.011 0.005 0.017

d 0.016 0.010 0.032 0.024 0.011 0.016 0.045 0.056

e 0.430 0.540 0.492 0.503 0.532 0.480 0.520 0.528 0.495 0.583

f 0.007 0.008 0.004 0.009 0.012 0.020 0.011 0.005

g 0.016 0.004 0.032 0.005 0.006 0.028

Fm a 0.414 0.411 0.447 0.437 0.367 0.480 0.468 0.376 0.414 0.278

b 0.586 0.589 0.553 0.563 0.633 0.520 0.532 0.624 0.586 0.722

Pgi-1 b 0.041 0.004 0.006 0.005 0.004 0.060 0.005 0.006

C 0.898 0.940 0.959 0.977 0.956 0.860 0.926 0.968 0.977 0.971

d 0.061 0.056 0.035 0.018 0.040 0.060 0.074 0.027 0.017 0.029

e 0.020

SPandOParethesamplingandobservationsubplotsforseedlings,respectively.Ndenotessamplenumbersoffourpopulations.

theADWwaspositivelysignificant(P<0.01l.and cohor 与ts 臼\J une “ヮo andJuly5戸5) poss白ess ρed lessgenet・IC

thosefortheDia-landAmy-3intheSPwere diversity.TheANOVAcomparisonsamongthefour

negativelysignificant(P<0.001l.TheaverageFrs sub 圃cohorts indicatedthatthedi 妊'erences intheNa

valuewithitsstandarderrorfortheADWwas0.031 andNevalueswerestatisticallysignificant(P<O.∞1

ｱ 0.039.andthecorrespondingvaluesfortheSPand fortheNaandP く 0.05 forNe).

OPwere-0.047 ｱ 0.027and0.048 ｱ 0.038. Differencesingeneticvariationbetweenthetwo

respectively.althoughnoneoftheaverageswere subplotsforseedlingsandtheadultpopulationwere

significantlydi 宜'erent fromzero. examinedusingNei'sgeneticidentity, I(Fig.V-7).

Thegeneticvariationinthefoursub ・cohorts was Theadulttreesincludedinthepopulationdepended

comparedusingthepolymorphismindices(TableV- onthedistancefromtheseedlingplotTheIvalues

6).Theyshowedthatthemorelatelygerminating werehighbetweentheOPandADL(0.995ｱ O.∞7)
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andbetweentheSPandADL(0.990ｱ 0.007).TheI (0.986ｱ 0.005, P<0.01)suggeststhatthegenetic

valuesdecreasedwithincreasingdistancebetween variationoftheADWdi妊'ered fromthatinthetwo

theadulttreesandtheseedlingplo t, andthe subplots.Additionally, theIvaluesshowthatgenetic

differencewassignificantwhenthedistancewas variationofseedlingswasmosthomogeneouswith

within20m.AcomparisonoftheIvaluesforOPand adult 仕ees within10moftheseedlingplot.

ADW(0.989ｱ 0.005.P<0.05)andforSPandADW

TableV-4 Allelefrequenciesatthesixlociinthesevensub-cohortswithin

thetwoseedlingsubplotsofFaguscrenata atMt.Kurikoma,

northernHonshu, Japan

LocusAllele Sub-cohortsintheSPsubplot Sub-cohortsintheOPsubplot

5Jun 13Jun 20Jun 5Jul 5Jun 13Jun 20Jun

N 622 415 75 25 152 111 6

Mdh-3b 0.714 0.727 0.882 0.840 0.741 0.806 0.833

C 0.286 0.273 0.118 0.160 0.259 0.194 0.167

d

Dia-1 a 0.178 0.208 0.140 0.120 0.178 0.207 0.205

b 0.817 0.791 0.846 0.880 0.822 0.793 0.750

C 0.001 0.007

d 0.002 0.001

e 0.002 0.007

Dia 幽2 a 0.144 0.022 0.079 0.091 0.012

b 0.789 0.882 0.842 0.818 0.934 0.957 0.875

C 0.067 0.085 0.079 0.091 0.036 0.036

d 0.011 0.018 0.007 0.125

e

Amy-3a 0.180 0.208 0.203 0.188 0.197 0.212 0.083

b 0.252 0.257 0.311 0.333 0.211 0.257 0.417

C 0.013 0.012 0.007 0.007 0.014

d 0.020 0.029 0.014 0.023 0.027 0.083

e 0.527 0.478 0.458 0.479 0.542 0.476 0.417

f 0.007 0.010 0.007 0.010

g 0.001 0.006 0.010 0.014

Fm a 0.426 0.440 0.362 0.353 0.394 0.432 0.417

b 0.574 0.560 0.638 0.647 0.606 0.568 0.583

Pgi-1 b 0.003 0.016 0.013 0.005

C 0.971 0.948 0.953 0.960 0.964 0.940 0.917

d 0.026 0.036 0.047 0.040 0.023 0.050 0.083

e 0.005

SPandOParethesamplingandobservationsubplotsforseedlings.
respectively.Ndenotessamplenumbersofsevensub-cohortswithintwo

seedlingsubplots.
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TableV-5 Polymorphismindicesandinbreedingcoefficientsintheseedlingsandtwo

F.crenataadultpopulationsatMt.Kurikoma.northernHonshu.Japan.

Parameter Seedlingsubplot Adultpopulation

SP OP ADL ADW

N 1,137 271 14 220

PI 83 83 100 100

Na 3.8 3.5 2.3 3.8

(0.8) (0.8) (0.3) (0.7)

Ne 1.73 1.65 1.51 1.45

(0.24) (0.26) (0.14) (0.17)

He 0.370 0.331 0.324 0.270

(0.078) (0.087) (0.061) (0.070)

He 0.387 0.347 0.310 0.262

(0.085) (0.095) (0.093) (0.070)

Fis ー0.047 ー0.048 0.043 0.031

SPandOParethesamplingandobservationsubplotsforseedlings , respectively.ADL

includedonlythe14adulttreeswithin10moftheseedlingplot, andADWincludedallmapped

adulttrees.Ndenotesthesamplesize.PI, Na , Ne, He , He, andFISdenotethepropo 附on of

polymorphicloci(0.95criterion) , numberofallelesperlocus, effectivenumberofallelesper

locus, expectedheterozygosity , observedheterozygosity , andinbreedingcoefficient ,
respectively.Standarderrorsareinparentheses.

0.20

•
015 -

0.10
。

。

0.00 。

。

上T内9ー0.05 j:.

。

0.10 ~ト~ •• 。

ー0.15
ADW SP OP

Fig.V-6 Frsvalueswithinthewholeadultpopulation(ADW).samplingsubplot(SP).and

observationsubplot(OP).

CircledenotesindividualFrsvaluesatpolymorphicloci.Solidcirclesindicatesignificant

valuesatthe1%level.SquaresdenoteaverageFrsvaluesovertheloci.witherrorbarsof

onestandarderror
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TableV-6 Polymorphismindicesandinbreedingcoefficientsoffour

Faguscrenata current-year seedling sub-cohorts within the

samplingsubplotsatMt.Kurikoma, northernHonshu, Japan.

Parameter

N

PI

Na

Ne

He

H。

FIS

5June

622

83

3.7

(0.8)

1.72

(0.23)

0.372

(0.079)

0.400

(0.084)

0.069

Sub-cohort

13June

415

100

3.5

(0.8)

1.74

(0.27)

0.366

(0.082)

0.369

(0.095)

ー0.018

20June

75

83

3.2

(0.7)

1.64

(0.27)

0.329

(0.082)

0.353

(0.097)

ー0.074

5Jul

25

83

2.3

(0.2)

1.61

(0.23)

0.333

(0.080)

0.328

(0.085)

0.016

Ndenotesthesamplesize.PI, Na , Ne, He'Ho, andF1sdenotethepropo 吋ion ofpolymorphic

loci(0.95criterion) , numberofallelesperlocus, effectivenumberofallelesperlocus , expected
heterozygosity , observedheterozygosity , andinbreedingcoefficient, respectively.Standard

errorsareinparentheses

1.000

0.990

と 0.980
c
ω
τコ

()

(jj0.970
c
。

。

0.960

0.950
10 20 30 40 50 60 ADW

(ADL)
Range(m)ofadultpopulation

fromtheseedlingplot

Fig.V-7 Nei'sgeneticidentitiesbetweenthetwosubplotsforseedlings(theobservationsubplot

(OP)andsamplingsubplot(SP))andtheadulttreepopulationsinaFaguscrenata

forest, northernHonshu.Japan.

TheADWisthewholeadultpopulationintheadulttreeplot.Errorbarsshowonestandard

error.*P<0.05, **P<0.01.
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4.Discussion

1)GeneticvariationwithintheFaguscrenata

seedlingpopulation

Thegeneticcompositionoftheseedlingpopulation

wascomparedwiththatoftheadultpopulationforF.

crenatausingNei'sgeneticidentity(Fig.V-7).This

decreasedwithincreasingdistancebetweentheadult

treesandtheseedlingplotThegeneticvariationin

theseedlingpopulationdifferedsignificantlyfromthe

adultpopulation(ADW;P<0.01l.inthattheseedling

populationwashomogeneouswithrespectto

neighbouringadulttreeswithina10田m range.The

Ne , He'andHovaluesforthesamplingand

observationsubplotsalsosuggestthattheseedling

populationwasmoregeneticallysimilar, whichmay

beattributedtothelimitedseeddispersalinthis

species, withtheneighbouringadulttrees.NutsofF.

crenataaredispersedbygravity, andsoundnutsare

notusuallydispersedbeyond20mfromtheedgeof

themothertreecrown(Maeda1988;Yanagiyaetal.

1969).Thus, itappearsthatthegeneticvariationofa

small number of adult trees contributes

disproportionatelytothatfoundintheseedling

population.

Thegeneticvariabilitywithinthesurviving

seedlingsintheOPwasaslargeasthatofthe

seedlingsthatgerminatedintheSPduringthe

summer, whiletheNevaluefortheOPwasslightly,

butsignificantly, smallerthanthatfortheSP.TheHe

andHovaluesfortheOPweresmallerthanthosefor

theSP, butnotsignificantlyso.Itappearsthatlittle

geneticvariationwaslostbythemassivedeathof

seedlings(Fig.V-5).

TheNavaluesoftheSP(3.8)andOP(3.5)were

largerthanthatoftheADL(2.3), andaslargeasthat

oftheADW(3.8).Furthermore , theseedling

populationpossessedthreerarealleles(Dia-ld, Dia-le,

andPgi_le)thatwerenotobservedinadultswithinω

m oftheseedlingplot.Thissuggeststhatpollen

dispersalisverylarge(>ωm) ， whichisconcordant

withthemeandistanceofpollenflowinF.sylvatica

(31.7m)(Troggioetal.1996)andinQuercus

macrocarpa(76.9ｱ45.0m)(DowandAsWey199ω.

Despiteextensivepollenflow, thegeneticvariation

ofseedlingswasmostsimilartothatofneighbouring

adulttrees.Duetolimitedseeddispersal, nearby

seedlingswereamixtureofhalfandfullsiblings

(Hamricketai.1993).Evenifpollendonorsrepresent

alargenumberofadulttreesscatteredoverawide

range, alargeproportionofthegeneticvariationis

representedbyasmallnumberofjustneighbouring

reproducingtrees, showingthelargeinfluenceof

limitedseeddispersal, eveninthefaceofhighpollen

flow.

2)Massivemo パality ofcurrent-yearseedlings

MostFaguscrena ωseedlings emergedbetween5ｭ

13Jun, andthepatternsdi 妊'ered betweenblocks1

and2, andblocks3, 4, and5, suggestingthatmicroｭ

environmentalfactors , importantforseedling

emergence, areheterogeneousamongtheblocks.

Althoughthedisappearancepatternofseedlingsin

block3differedfromthatinblocks1, 2, and5, overall,

thedi 百erences inthesepatternsweremoreobscure

thantheemergencepatterns, suggestingthatmacroｭ

environmentalfactorsplayagreaterroleinthe

disappearancewhencomparedtotheemergence

process.ThedrasticdisappearanceofF.crenata

current-yearseedlingswasconcentratedbetween

June20andJuly30inallblocksandinfoursubｭ

cohorts(FigsV-4andV-5), andisconsistentwith

studiesbyMaeda(1988)andSahashietai.(1 卯4) that
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foundthatseedlingdeath , duetodamping-off,

occurredfromearlyJunetomid-July.Here, more

thanhalfofseedlingdisappearanceswasdueto

herbivorybeforeJune20 , anddamping-offwas

predominantduringthesubsequentrainyseason(P<

o.on(TableV-I;Fig.V-3).SahashietaI.(1995)revealed

thatColletotrichumdematium , whichexistsinthe

litterlayeroftheF.erenataforestfloor , was

responsiblefordamping-o 任 of F.crenataseedlings

throughcontactduringgerminationinthelitterlayer.

TheyconductedinoculationexperimentswithC.

dematiumunderhighhumidity, andobservedahigh

incidencesofdamping-offintheseedlingsamples

(Sahashietal.1995).ThemassivedeathoftheF.

crenatacurrent-yearseedlingpopulationinmystudy

isprobablyrelatedtohumidityandfungus.

Theearlier-emergingseedlingsub-cohortsshowed

higherfinalsurvivalratescomparedtothelaterｭ

emergingseedlingsub-cohorts(P<0.05;Fig.V-5).

Thesurvivalrateofallfoursub-cohortsdecreased

similarlyduringtherainyseason, betweenJune20

andJuly30, withlittledecreasethereafter(Fig.V-2).

However, thefinalsurvivalrateonOctober21was

di 旺'ered amongthesub-cohorts.Asimilartendency

hasbeenobservedinhinokicypress(Chamaecyparis

obtusa;YamamotoandTsutsumi1979), fourCarpinus

species(ShibataandNakashizuka1995), ironwood(c.

caroliniana), sweetgum(Liquidambarstyracif1ua), red

maple(Acerrubrum)andAmericanelm(Ulmus

americana)(Strengetal.1989).Strengetal.(1989)

enumeratedthreepossibleexplanationsforthe

phenomenon:I)temporalchangesoccurinthe

environmentsothatearlyconditionsaremore

favorableforseedlingsurvival;2)spatialdifferences

occuratthetimeofemergence , sothatearly

seedlingsemergeinmorefavorablemicrohabitats;

and3)thereisatendencyforintrinsicallyvigorous

seedlingstoemergeearlierintheseason.However,

the 五rst twoexplanationscanberuledout, because

disappearancepatterndidnotdifferamongblocksin

thisstudy(Fig.V-4).YamamotoandTsutsumi(1979)

foundthatmortalitywashighestinthegrowthstage,

whenseedlingshavecotyledons, andsubsequently

decreasesalongwiththegrowthstage, whilethe

mortalityrateofseedlingswithscalyleaveswaszero.

Thefindingssuggestedthatdampnessontheforest

floorjustaftertheseedlingsemergeaffectstheir

survival, andistightlyrelatedtotheirgrowthstage

untiltheonsetoftherainyseason.

ChapterVI Developmentofsoftwarecalculating

indicesforcharacterizingwithinｭ

populationgeneticstructure

1.Introduction

Theinvestigationofwithin-populationgenetic

s廿ucture hasbeenanimportantaspectofpopulation

geneticssinceSokalandOden(I978a ,b) first

introducedtheuseofspatialautocorrelationanalysis.

Thetechniqueallowsthedeterminationofthemajor

geneticprocessesthathaveproducedthegenetic

structurewithinapopulation.Thisisachievedby

examiningtogetherwithrelevantparametersof

populationgenetics(BergandHamrick1995;Sokal

andJacquez1991;SokaletaI.1997andliteraturecited

therein).Thecalculationofspatialindicesforseveral

distanceclasses, coveringthewholeofastudysite, is

laborious.Softwaredesignedtoperformsuch

calculationsis , therefore , valuable.Thesoftware

described here , the Program for Spatial

AutocorrelationforWindows95/98, Delphiversion

1.1.1(PSAwinDversion1.1.1), cancalculatethree

spatialindices:Moran'sI(SokalandOden1978a),
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SND(StandardNormalDeviates;Sokalandaden

1978a)andNAC(NumberofAllelesinCommon;

Surleseta1.1990;BergandHamrick1995).These

indicesarefrequentlyusedinspatialgeneticstudies

ofplantpopulations.

Thisversionofthesoftwarewasdevelopedfrom

PSAwinversion4.3.2(unpublished).Priortoversion

4.3.2, PSAwinhadbeendevelopedusingVisualBasic

version5.0(MicrosoftIncJThisresultedinthe

programtakingalongtimetocalculateindicesfrom

largedatasets, i.e.thosecontainingmorethan500

samples.Toresolvesuchproblems, thesoftwarewas

convertedfromVisualBasicintoDelphiversion5.0

(BorlandInc.)andrenamedPSAwinDver.1.0.0.

PSAwinDver.1.1.1includesmostofthefunctionsin

PSAwinver.4.3.2andproducestheresultsrapidly,

evenwithalargedataset.

2.Systemrequirementsandinstallation

PSAwinDver.1.1.1mustberunonaPC, with

Windows95orhigher.Softwareinstallationisvery

simple:theapplicationfile, PSAwinD111.exe, canbe

copiedintoanydirectoryonthecomputer'shard

disk.Noadditionalfilesareneededtorunthe

software.Testsconfirmthatthesoftwarewillrun

successfullyonthefollowingcomputers:1)Dell

DimensionXPSH233withWindowsME(English

version), CPU:Pentium IT , RAM:64MB, 2)NECNX

VS30Dmodel(DOS5machine)withWindows98

(Japaneseversion), CPU:GenuineIntelFamily6Model

8(733MHz), RAM:158MB, and3)EpsonDirectEDi

CubewithWindows98(Japaneseversion), CPU:

GenuineIntelFamily6Model8(501MHz), RAM:128

MB.

3.Datafiles

PSAwinDrequiresatleasttwodatafilesfor

calculatingthespatialindices:aDATfileandaLaC

五Ie. TheDATfileshouldincludegeneticdatarelating

toeachindividual, andtheLaCfile, thelocationdata

foreachindividual.Thedataformatforeachofthe

twodatafilesisdescribedintheusers'manual.

Thesefilesmusthavethesamefilenamewiththe

relevantextensions,“ .dat" and“.loc" (forexample,

“ pine.dat" and“ pine.loc"). Anoptionaldatafile, LYR,

canbecreated.Thisfileallowstheusertodefine

layers(datasub-sets)withinthedataset.Usingthe

layers, itispossibletocalculatethespatialindicesof

specificdatasub-sets.

Thesimplestwaytocreatethedatafilesistousea

spreadsheetapplication, suchasExcel(Microsoft

Corp.)orLotus(LotusDevelopmentCorpJThese

programsallowthedatatobesavedasacomma

delimitedtextfile.Aftersavingthedatainthis

format, thefilecanbeopenedusinganytexteditor,

andmodi 自ed asrequired.Thefilecanthenbesaved

withthecorrectfilename , andtheappropriate

extensionaddedsubsequently.

4.CalculationSteps

1)ConversionoftheDATfileintoaGENfile

Oncethedatafileshavebeencreated, theuser

shoulddouble-clickontherocketiconofPSAwinD, to

startthesoftware.Themainwindowcontainsa

buttonlabeled“ File conversionofDAT 五Ie intoGEN

血e (♀)" .SelecttherelevantDATfile, thenclickon

thisbutton.ThesoftwarebeginsprocessingtheDAT

日e tocreateaGENfile.Conversionfailuresuggests

thattheDATfileincludesoneormoreerrors.Ifthis

isthecase, checktheDAT file , correctanyerrors

andclickonthebuttonagain.PSAwinDusesthe
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resultingGENfileforitscalculations.TheGENfile

canbeviewedinanytexteditor.

2)Selectionofdistanceclassesandcalculationof

Wvalues

Threetypesofdistanceclassaresupportedbythis

software:1)sequential:0-10.10-20, 20-30etc;2)

cumulative:0-10, 0-20, 0-30etc;3)Gabrielnetwork(See

Sokalandaden1978a).Fromthe “ Distance class"

menu , selectthetypeofdistanceclassrequired.

Selectingthe“ DC option(0)"onthemenubargives

thechoiceoffiveoptions.Oncethecorrectoptionhas

beenselected, clickonthebutton “ Determine

distanceclasses(DC; 宜)" • Thesoftwareproducesa

matrixofdistanceclassesbetweenalltheindividuals,

andcalculatesWvalues.Severaldialogboxeswill

appearduringtheprocess, foreach, selectthe

appropriateanswerandclickthe “ OK" button.

Rock'smove, Bishop'smove, andQueen'smoveare

notsupportedinthisversion(SeeSokalandaden

1978a).

3)Calculationofthespatialindices

Nextstepistocalculatethespatialindices.Inthis

versionofthesoftware , threespatialindicesare

available:Moran'sI(SokalandOden1978a), SND

(StandardNormalDeviates;Sokalandaden1978al,

andNAC(NumberofAllelesinCommon;Surlesetai.

1990;BergandHamrick1995)

ThreemethodsforcalculatingSNDareprovided:

genotypic;sameallele;anddifferentalleles.For

examiningthespatialpatternofdominantmarkers,

suchasflowercolororpresence/absenceofdominant

DNAmarkers, oneofthelattertwomethodsshould

beused.Theserepresentthejoincountstatistics

betweenidenticalanddifferenttypes, respectively.In

geneticstudiesexaminingthespatialpatternof

genotypesusingisozymemarkers, thefirstmethodof

calculatingSNDshouldbeused.Thisprocedure

calculatesSNDforeverycombinationofgenotypesat

eachlocus, and, therefore, tendstobemoretime

consumingthantheothertwomethods.Toensure

calculationsareperformedasquicklyaspossible, the

“ Identical genotypesONLY"buttonshouldbe

checked, asrequired.Whenthisbuttonischecked,

thesoftwarecalculatesSNDonlybetweenidentical

genotypes, thusreducingtheprocessingtime

Itispossibletoincludeeitherallthelociinthedata

fileoronlythepolymorphiclociω5% criteria)when

calculatingtheNAC.Theusercanspeci か which is

required.

5.Output

Theresultsofthecalculationsareoutputascomma

delimitedtextfileswiththeextensions: “ RTl" and

“ RT2" forMoran'sI; “ RPS" and“ SND" forthe

SND;and“ NAC" fortheNACdata.Toviewthe

results, itisrecommendedthatthe 血es areopenedin

aspreadsheetapplicationsuchasExcelorLotus,

usingthefunctionforopeningcommadelimitedtext

filesinaworksheetTheresultscanthenbereadily

usedtoproducetablesandfigures.

6.Otherfeatures

1)Auto-calculation

Whenthe“ Auto 目calculations" buttonischecked,

thesoftwareautomaticallycalculatestheMoran'sI

andtheSND , immediatelyaftercalculatingthe

distanceclassmatrixandWvalues.

2)Auto-drive

Thevarianceofeachdistanceclassisinfluencedby
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theWvalue.withtwicethesumofthejoinnumber

includedineachclass.Therefore.toequalizethe

statisticalpoweroftheindicesineachdistanceclass.

theWvaluesforeveryclassmustbestandardized.

Thisisusuallyachievedbyrepeatedlycalculatingthe

Wvalues.andchangingthelowerandupperlimitsof

eachdistanceclass.untilsuitablerangesare

determined.Theauto-drivefunction.withinthis

software.determinesdistanceclasseswithequalW

valuesautomatically.

3)Summaryfiles

Thesoftwarecancreatesummaryfilesfromthe

RT2andSNDfiles.Thesummaryfilespresentthe

numberandtheproportionofsignificantalleles(or

genotypes)atthreelevelsofsignificance.This

facilitatestheidentificationofgeneraltrendswithin

theresults.

4)Defininglayers

Spatialindicesforsub-setswithinthedatafilecan

becalculatedbyde 宣ning layers(datasub-sets).Itis

possibletocalculatethespatialindicesforvarious

combinationsoflayers, byincludingorexcluding

certaindatasub-setsfromthecalculation.Tousethis

function.anadditionaldatafile.LYR, isrequired.If

threelayersarecreated.forexample.onthebasisof

thesizeofeachindividual:Large(L), Medium(M).and

Small(S).threecalculationproceduresarepossible.

Theseare1)betweenidenticallayers:2)between

di 百"erent layers;3)betweenspecificcombinationsof

layers.Thefirstprocedureincludesonlyjoins

betweenidenticallayersinthecalculations;joins

betweendi 旺"erent layersareexcluded.Thesecond

procedureincludesonlyjoinsbetweendifferent

layersinthecalculations.Thelastprocedureincludes

joinsonlybetweenspecificcombinationsoflayers.In

thiscase.itispossibletocalculatetheSNDandthe

Moran'sIforvariouscombinationsoflayers.Inthe

exampleabove, selecting“"L-M

joinsbetweentheLlayerandtheMlayer.Inputting

“L-notL".wouldincludejoinsbetweentheLlayer

andtheM layerandjoinsbetweentheLlayerand

theSlayerinthecalculation.AftercalculatingtheW

values.anSDSfileiscreated.Usingthis, itispossible

tocalculatetheMoran'sIandSNDforthedefined

layers.ThisversionofPSAwinD, doesnotsupport

thecalculationofNACwithdefinedlayers.

Chaptervn Generaldiscussion

1.GeneticvariationandstructurewithinFagus

crenatapopulations

Thegeographicgeneticvariationinpopulationsof

FaguscrenatainnorthernHonshuandHokkaidowas

studiedinChapterIT.Thegeneticvariationwas

homogeneousamongpopulations(CST= 0.015).

althoughfiverarealleleswereabsentfromfour

populationsinHokkaido, probablyduetofounder

e旺"ects throughcolonizationfromHonshutoHokkaido

afterthelastglacialperiod.Aspecies'rangewide

studyongeographicgeneticvariationbyTomaruet

aJ.(I 99ηfound higherdegreeofdifferentiationamong

populations(CsT=0.038).indicatingthatmostofthe

nucleargeneticvariationisduetothewithinｭ

populationcomponent.

Thewithin-populationdistributionpatternof

geneticvariationwasstudiedintwoF.crenata

populationsthathadcontrastingforesthistories,

reviewedinChapterill.Onepopulation(KU)wasin

anold-growthbeechforestatMt.Kurikoma.while

theother(AK)wasinasecondarybeechforestatMt.

Akitakomagatake.whichwasloggedduringthe
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1920s.Thegeneticstructureofthetwopopulations. numberofallelesperlocusbetweentheadulttrees

examinedbyspatialautocorrelation.showeda andseedlingsindicatesthatadulttreeslocated60m

positiveautocorrelationatadistanceoflessthan20 awayfromseedlingsparticipatedinmatingevents.

m, probablyduetolimitedseeddispersal.However. ForFcrenata.thedistributionofgeneticvariation

thereweredi 妊'erences intheirgeneticstructuresand amongpopulationswashomogeneous.whilevariation

linkagedisequilibriumbetweenthetwopopulations, wasspatiallystructuredwithinpopulation.Although

suggestingthatforesthistoryisinfluential.I long-distancepollenflowispresentwithinpopulation,

examinedthenorthernmostmarginalF crenata limitedseeddispersalisassociatedwiththespatial

population(UT)inabeechforesttodeterminehow geneticstructuring.

thepopulationwasestablishedandhowitwas

a宜ected bygenerationtime.Thegeneticstructureof

thepopulation, examinedbyusingspatialindicesat

threelevels(genotypic.allelic.andmultilocusbasis),

didnotshowaclearpositiveautocorrelation, evenat

shorterdistanceclasses, incomparisontoanoldｭ

growthbeechpopulation(KU), suggestingthatthe

generationtimewasnotsufficienttogenerate

inherentgeneticstructureinthespecies.These

resultsareconcordantwithpredictionsfromprevious

simulationstudies(SokalandWartenberg1983;

Epperson1990).Additionally.AKhadastronger

geneticstructurethantheUTpopulation.indicating

thatgenerationtimeandthewaybywhichthe

populationshavebeenestablishedhaveinfluenced

thegeneticstructure.Thus, foresthistoryisan

essentialcomponentwhenoneconsiderswithinｭ

populationgeneticstructure.

Thegeneticvariationwithinanadulttree

populationandtwocurrent-yearseedlingpopulations

wasintensivelyexaminedinaF crenatapopulation

inanold-growthbeechforestatMt.Kurikoma

(ChapterV).Nei'sgeneticidentityindicatesthatlittle

geneticvariationexistsbetweentheseedling

populationandneighbouringreproducingadult 廿ees.

suggestingthatmostofseedsdispersejustbeneath

thecrownoftheirmothertrees.Thedi妊erence inthe

2.Populationgeneticanddemographicanalyses

Populationgeneticdataareacumulativerecordof

thepopulationdynamicswithinpopulation , thus

geneticvariationwithinpopulationsisa任ected by

populationdynamics.Geneticvariationisinfluenced

bygeneticprocessessuchasgeneflow.random

genetic drift. mutation , and selection, while

demographicdatatrackgeneticvariationthrough

evolutionaryselectionprocesses.Thus , when

populationgenetic dataareintegratedwith

demographicdata.multi-dimensionalinformationon

populationdynamicscanbeobtained.Population

geneticanddemographicanalysesprovidevarious

waystoinvestigatethedata, andmulti-directional

analysesareessentialtotheirinterpretation.A

comparisonofallelicandmultilocus-basedspatial

analysesisimportant, becauseitprovidesinformation

aboutthecovariance-likecomponentamonglocifor

spatial genetic structure. Likewise. linkage

disequilibriumanalysisisimportantbecauseitdetects

foundingevents.Thus.comprehensiveanalysesthat

integratepopulationgeneticanddemographicdata

areneededtofullyunderstandpopulationdynamics.

3.Futurestudies:conservationofFaguscrenata

populations
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Theresultspresentedinthisstudywerefrom

threeFcrenatapopulations.Thisstudyshowedthat

populationstructureanddynamicsareinfluencedby

foresthistoryanddiscretegeneticprocesses.The

quantityofdatacollectedforthisstudymaybe

msu 伍cient todescribethepopulations廿ucture and

dynamicsindetail.Thus, furtherstudiesonmultiple

populationsareneededforthisspecies.Future

conservatione旺'orts forFcrenatashouldconsiderthe

amountofdisturbanceapopulationcanwithstand,

howitcanovercomeadecreaseineffective

populationsize , andhowmanygenerationsare

neededtorecoveritsinherentgeneticstatus.To

answerthesequestions, itisimportanttocharacterize

secondarybeechforeststhathavehadtheirgenetic

variationmodi 五ed byhumanintervention.

Onegenerationofaforest 廿ee speciesisusually

muchlongerthanhumanlifetime.Thus, population

geneticistsandconservationistsneedtomakean

intensesystematicefforttocharacterizethe

populationgeneticanddemographicchangesin

populations.Long-termmonitoringofmultiple

populationswouldproducethecomprehensive

picturethatisnecessaryforconstructingappropriate

managementandconservationstrategiesforthis

species.

Summary

1.GeographicgeneticvariationinFaguscrenata

populationsinnorthernHonshuandHokkaido

ThegeneticvariationofFaguscrenataBlumewas

investigatedin14populationsintheHokkaidoand

Honshu regions of northern Japan. Within

populations, averages for the proportion of

polymorphicloci(95%criterion), thenumberofalleles

perlocus, thee宜'ective numberofallelesperlocus, the

戸

り

月
i

'
E
A

expectedaverageheterozygosity, andtheobserved

averageheterozygositywere58.2%, 2.63, 1.34, 0.197

and0.160, respectively.Therelativemagnitudeof

genedi 宜erentiation andtheaveragegeneticdistance

amongpopulationswere0.015and0.002, respectively.

Theinbreedingcoe 血cient averaged0.036.Overall, I

detected24rarealleles(Jessthan5%oftheallele

仕equency). ThegeneticcompositionoftheHonshu

andHokkaidopopulationswasessentiallythesame,

exceptfor 宣ve rareallelesabsentfromtheHokkaido

populations.TheseresultsindicatethattheHokkaido

populationsmayhaveexperiencedapartial

bottleneckintheprocessofseeddisseminationfrom

Honshu.

2.Differencesingeneticstructureandvariability

betweentwoFaguscrenatapopulationswith

contrastingforesthistories

Toexaminethee旺'ects offorestcuttingonwithinｭ

populationgeneticstructure, thegeneticstructure

andvariabilityoftwoJapanesebeech(Faguscrenata

Blume)populationswithcontrastingdisturbance

historieswereinvestigated.Sixhundredandsixty

beechtrees, coveringtwohectaresintotal, were

mappedandgeneticallyanalyzedusingnineisozyme

lociencodingeightenzymesystems.Theproportion

ofpolymorphicloci, theaveragenumberofallelesper

locus, theeffectivenumberofallelesperlocus, the

expected heterozygosity , and the observed

heterozygositywere78%, 3.3, 1.31, 0.200, and0.189,

respectively, inasecondarypopulation(designated

AK)cutduringthe1920s.Thecorrespondingfigures

were78%, 3.3, 1.33, 0.203, and0.193, respectively, inan

old-growthpopulationdesignatedKUTheinbreeding

coe 血cient andgrandmeanofthenumberofallelesin

common(NAC)were0.055and1.飴4 inAK, and0.042
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and1.649inKU, respectively.Thegeneticvariability structureinthepopulationwasexaminedbyMoran's

wasslightly , butsignificantly, lowerinAK.The Lstandardnormaldeviate(SND), andthenumberof

geneticstructureofthetwopopulationswas allelesincommon(NAC).Thegeneticclusteringin

strikinglydifferent.Theproportionsofpositively thepopulationwasweakerandlessclearthan

significantMoran'sIandSNDvaluesfoundinthe previouslystudiedpopulations.Thecommongenetic

shortestdistanceclasswere0.86and0.38forAK, and structurecommonlyseeninpopulationsofthis

0.14and0.29forKU , respectively.Furthermore, specieshasprobablynotyetemergedherebecause

significantlinkagedisequilibriumwasobservedin ofthesmallnumberofgenerationssinceitwas

AK, butnotinKU.Aself-thinningprocesswas founded.

simulatedtoexaminedifferencesingeneticstructure

thatmightinfluencefuturegenerations, andthis

suggestedthatreducedgeneticvariabilityand

linkagedisequilibriumwouldhaveasignificant

influence in the AK population for several

generations.

3.Geneticstructureofanortherlymarginal

populationofFaguscrenata

Geneticvariabilityandstructurewereexaminedin

thenorthernmostmarginalpopulationofJapanese

beech(FaguscrenataBlume) , locatedinthe

Kuromatsunailowland(Utasa i), HokkaidoIsland,

Japan, withspecialregardtotheinfluenceofthe

foundingprocessonitsgeneticstructure.From

palynologicalrecords, itappearsthatthepopulation

wasestablishedbetween350and680yearsago.I

investigated119 廿ees ， using11isozymeloci, which

encodedeightenzymesystems.Theproportionof

polymorphicloci, averagenumberofallelesperlocus,

effectivenumberofallelesperlocus , expected

heterozygosityandobservedheterozygosityinthe

populationwere64% , 2.5, 1.30, 0.182and0.178 ,

respectively.TheaverageFrswas0.046.Significant

linkagedisequilibriumwasfoundfortwopairsofloci

(P<0.05), probablyrelatedtofoundereffectsduring

andafterestablishmentofthepopulation.Genetic

4.Geneticanddemographicchangesingenetic

variation in a Faguscrenataseedling

population

Istudiedthegeneticanddemographicaspectsofa

Faguscrenatacurrent-yearseedlingpopulation.The

demographyof1179current-yearseedlingsthat

emergedwithina2らni surveyplotwasobservedina

F.crenataforestlocatedatMtKurikoma, northern

Honshu, Japan.MostseedlingemergedinearlyJune,

andseedlingmortalitywashighestintherainy

period, betweenJuly5andJuly30.Theearlyｭ

emergedseedlingsub-cohorthadasignificantly

highersurvivalratethanlaterones.Thesurvivalof

current-yearseedlingswastightlyrelatedtotheir

growthstageuntiltheonsetofrainyseason.Using

sixpolymorphiclociencodingfiveenzymesystems,

271seedlingsthatsurviveduntilthefirstautumnin

theOP, 1,137 seedlingsthatgerminatedintheSP, and

220nut 同producing adulttreeswithin60m ofthe

seedlingplot(atotalof1,628 individuals)were

analyzed. Seedling populations were more

homogeneouswithneighbouringadulttreeslocated

within10moftheseedlingplotcomparedtothe

wholeadult-treepopulation.Limitedseeddispersal

predominantlyinfluencedthegeneticvariationofthe

seedlings, althoughlongdistancepollenflowwas
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incorporatedintomatingevents.TheOPpopulation

possessedslightly, butsignificantly, lowerlevelsof

geneticvariationthantheSPpopulation, possiblydue

probablytothemassivemortalityduringtherainy

season.
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ブナ (Fagus crenata) の集団内における遺伝変異と遺伝構造

高橋誠

要 旨

森林樹木では，ほとんどの遺伝変異は集団内に保持されている。集団内の遺伝変異は，遺伝子流動や突然変

異，遺伝的浮動，自然淘汰といった遺伝的なプロセスの影響を受けて次世代へ引き継がれる。このようなプロ

セスに影響を受ける集団内の遺伝的な構造と動態について理解を深めることは，その種の適切な管理と保全の

ために必要と考えられる。

ブナは，日本の冷温帯広葉樹林を構成する主要な樹種の一つである。本研究では，アイソザイムを遺伝マー

カーとして，集団遺伝学的解析と空間的自己相関解析により，ブナの集団内における遺伝的な構造と動態を理

解することを目的とした。

まずはじめに，北日本のブナの集団内と集団聞における遺伝変異を明らかにするため，北海道黒松内低地に

位置する歌才自生北限地の集団を含む 14 集団については遺伝子座のアイソザイム分析を行った。解析の結果，

多型的な遺伝子座の割合(日')， 1遺伝子座あたりの平均対立遺伝子数 (Na) ， 1遺伝子座あたりの有効な対立遺

伝子数 (Ne) ， 平均ヘテロ接合体率の期待値 (He) と観察値 (H o) は，それぞれ 58.2% ， 2.63 , 1.34，仏197 ，

0.160であった。また，集団関に遺伝的な分化はほとんど認められず(遺伝子分化係数: CsT = 0.015) ，遺伝変

異のほとんどは集団内に保持されていることが明らかになった。ただし，頻度が0.05以下の対立遺伝子には地理

的な分布の偏りがみられ，特に非常に頻度の低い 5 つの対立遺伝子 (0.01以下)は，本州の集団のみで検出され，

北海道の4集団では検出されなかった。これは最終氷期以降のブナの分布拡大の際に本州から北海道へ分布を拡

大する際，弱いびん首効果を受けた可能性を示唆していると考えられた。

ブナの遺伝変異のほとんどは集団内に保持されていることが明らかとなったが，この変異が集団内にどのよ

うに分布しているのか，すなわち集団内の遺伝構造がどのようになっているのかを，履歴が異なる 2 集団にお

いて調査した。一方は栗駒山麓に位置し，老齢林と考えられる集団 (KU) であり，他方は秋田駒ヶ岳山麓に位

置し， 1920年代に母樹保残施業により伐採された後に更新した二次林 (AK) で、あった。これら2集団において

合計2.0haの個体位置図を作成し，延べ船O個体について9遺伝子座のアイソザイム分析を行った。

日， Na , Ne, He'Hoの値は ， KU ではそれぞれ 78% ， 3.3, 1.31 , 0.203, 0.193，同様にAKでは78% ， 3ぶ1.31，

0.200 , 0.1 89で， 2集団はほぼ同程度の遺伝変異を保持していた。しかし， NAC(thenumberofallelesin

common) の平均は KU では1. 649 ， AK では1. 684 で， AK の遺伝変異はわずかではあるが有意に KU よりも低かっ

た。両方の集団に遺伝構造が認められ，これは限られた範囲への種子散布様式が密接に関連していると考えら

れた。一方， 2集団における遺伝構造の程度は明らかに異なった。短い個体間距離の距離階級における有意な正

のモランの Iと同一遺伝子型間での SND (基準正規偏差)の割合は， AK ではそれぞれ 0.86 と 0.38 であったが，

KU では 0.1 4 と 0.29 であった。また，有意な連鎖不平衡が AK では認められたが， KU では検出されなかった。 AK

集団の個体密度が減少する際，その遺伝構造と連鎖不平衡の程度が減少するかどうかを自己間引きのシミュレ
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ーションで調べた。その結果，連鎖不平衡が数世代の間影響し続けることが示唆された。

AKと KUの集団間での遺伝変異と遺伝構造の比較から，集団内の遺伝構造には，集団の履歴が影響すること

が明らかになった。最終氷期以降のブナの分布変還については，花粉分析により比較的よく研究されており，

現在の北限集団である歌才集団は，集団の成立から350~680年しか経過していないとされている。これはこの

集団が成立後数世代しか経過していないことを意味する。この歌才集団に1.3haの調査プロットを設定し， 119

個体について 11 遺伝子座のアイソザイム分析を行い，集団の成立過程の遺伝構造に与える影響について解析を

行った。

歌才集団における日 ， Na , Ne , He'~。の値はそれぞれ 64% ， 2.5, 1.30, 0.182，仏178であった。また2組の遺

伝子座間で連鎖不平衡が認められた。この連鎖不平衡は集団の成立に伴う創始者効果に関係していると考えら

れた。この集団内での遺伝構造をモランのIと SND， NACを用いて解析した。遺伝子の集中分布の程度は， AK

やKU に比べて弱く，不明瞭で、あった。歌才集団は成立後間もないため，ブナ集団内において本来形成されるべ

き遺伝構造がまだ形成されていないと考えられた。

集団内の遺伝変異を考える上で，個体群動態的な視点からも解析することが重要で、ある。なぜならば，生活

史の各段階における遺伝変異は個体数の変化に伴って変動していることが予想されるからである。そこで，栗

駒山麓のブナ老齢林に設定した調査地に 50ni の実生調査プロットを調査し，そこに発生した実生の動態と遺伝

変異を調査した。実生調査プロットは，実生の動態を観察するための OPサブプロットとアイソザイム分析のサ

ンプルを採取するための SPサブプロットに分割した。

OPサブプロットでは合計1，1 79個体の実生が発生した。発芽は 7月上旬に集中し，枯死は 7月5 日 ~7 月 30 日の梅

雨期に集中していた。観察終了の 10月 21 日まで 271 個体の実生が生残したが，発芽時期の早い個体群が発芽時期

の遅い個体群よりも有意に高い生存率を示した。当年生実生の生残は，梅雨期の到来までにどの程度生育して

いるかと密接に関連していると考えられた。実生集団が保有する遺伝変異の調査は， OPサブプロットで生残し

た271 個体， SPサブプロットに発生した1，1 37個体および実生プロットから 60m 以内の 220 個体の繁殖個体につい

て6遺伝子座のアイソザイム分析により行った。

その結果，当年生実生個体群の遺伝変異は， 10m 以内の距離に位置するごく近隣の母樹と最も類似していた。

調査地外からの花粉の流入が認められたが，限られた種子散布様式が，実生集団の遺伝変異に顕著に影響して

いると考えられた。

一連の研究の結果，ブナにおいてほとんどの遺伝変異は集団内に保持されていることが明らかになった。ま

た，集団内における遺伝変異の分布はランダムではなく，重力による種子散布様式の影響により遺伝子の集中

分布が形成されたと考えられた。履歴の異なる集団を解析することにより，このような遺伝構造には集団の履

歴が深く関わってることが明らかになり，集団内の遺伝構造を考える上で，種子散布といった種の種特性の他

に，森林の履歴も重要であることが分かつた。当年生実生集団における動態と遺伝変異についても解析を行っ

た。その結果，生存率は発芽時期に依存的であることが明らかになった。また，実生集団における遺伝変異は

10m 以内の繁殖個体と最も類似していることから，実生集団において種子散布様式が影響していることが明ら

かになった。

今回の一連の研究から，集団内の遺伝変異を空間統計学的手法や個体群統計学的手法を用いて解析する方法

は，集団内の遺伝変異に影響を与えている遺伝的なプロセスを推定するのに有効であると考えられた。今後，
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さまざまな集団における遺伝構造や個体群動態についてのデータを蓄積して行くことにより，集団内で遺伝変

異に作用している遺伝的なプロセスについて，より深く理解することができるものと考える。




