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Abstract

Theaimsofthispaperare(i)toobtainanoverallvariationpatternfbrtheheadmorphologyinSo"dqgou"-

gazJre(zplantsgrowingonMt.Hakusan,Mt.NorikuradakeandMt.Yatsugatake,and(ii)toexaminewhetherany

boundariescanbefbundbetweenplantsgrowingatloweraltitudesandthoseathigheraltitudesashasbeen

stated.Morphometricstudieswereperformed.SamplingwasundertakenatevelylOOmetersinaltitudealong

mountaintrails・Sampleplantswerecollectedfi･oml6sitesonMt.Hakusan,11sitesonMt.Norikuradake,and

12sitesonMt.Yatsugatake.Tenplantswerechosenrandomlyateachsite.ThirteenmoIphologicalcharacters

weremeasuredanduniaswellasmultivaliateanalyseswereconducted.Formostcharacterschangewascon-

tinuouslyobservedsite-by-siteandthereweresignificantdiffbrencesamongthesites．'IWodistinctclusterscould

befbundbyPrincipalComponentAnalysis,butthetwoclusterscouldnotberecognizedbyasinglecharacter

alone.TheyagreewithKitamura'staxonomicdescriptionsofsubsp.(zsjα"cqandsubSp.Jejocama(1937,1957).

Keywox･ds:Mt.Hakusan,Mt.Norikuradake,Mt・Yatsugatake,PrincipalComponentAnalysis,

So"dqgoUj晤αz"､eα、

So"dqgoUj噌αz"℃αL・isaperennialherb

widelydistributinginthetemperateandsubarc-

ticzonesfiFomEuropetoEastAsiaandisex-

ceedinglypolymorphic・Thisspeciesgrowswidely

throughoutJapanindifferenthabitatssuchas

openriverbeds,fbrestfloors,sunnyrockyplaces,

grasslands,marshes,etc.atvarioussitesfi･om

seashorestothealpinezone.Kitamura(1937,

1957)consideredtheshapeandsizeofthein-

volucreandinvolucralbractsthemostimportant

characterstaxonomicallyandconsequentlyrec-

ognizedseveralintraspecifictaxa.Thesehave

oftenbeencalledaS.uj増αz"､e(zcomplexbecause

ofthedifficultyintaxonomictreatment,and

muchattentionhasbeenpaidtothemorphologi-

calvariationsandadaptations(Kawanoand

Takasul972;Kawanol974;Takasul975;

Hayashil976,1977,1978;Takasuetal.1980;

AbeandTakasul983;SuzukiandTeranuma

1986).Thesestudiesdemonstratedthat(i)some

characters,suchasleafshapeandsize,showre-

markablyplasticvariationsunderdifferentlight

conditions,and(ii)onthecontrary,theinvolucre

andtheinvolucralbractsexhibitlittlemorpho-

logicalvariabilityundervariousecologicalcondi-

tions.

AsfbrS.uj増αz"､eqplantsinhabitingthecen-

tralandnorthernpartsofJapan,Kitamura

(1937,1957)recognizedtwointraspeci6ctaxa,

subsp.(zsja伽aKitam.andsubsp.Jejoca叩α

(Benth.)Hult6n,onthebasisofherbarium

specimens.Somemorphometricandecological

studiessupportintraspecificdifferentiation.

Hayashi(1976,1978)conductedstudiesbasedon

bothherbariumspecimensandmass-collected

samplesfi､omseveralnaturalpopulationsand

fbundtwomorphologicallydistinguishabletypes.

Thetwotypesdifferedinseveralcharactersof

theinvolucralbracts.Ofthosecharacters,Haya-

shi'sstudiesgavemostemphasistothevalidity
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of the inner/outer involucral bracts ratio for dis­

criminating the two types. He reported that on 

Mt. Tateyama and the neighboring mountains 

one type grew at lower altitudes and the other 

type at higher altitudes. In addition, he stated 

that intermediate forms between the two types 

were found at about 1,500-1,700 m above sea 

level, where the montane zone bordered on the 

subalpine zone. Consequently, Hayashi con­

eluded that two intraspecific taxa could be recog­

nized, one type corresponding to subsp. asiatica 

and the other to subsp. l eiocarpa. Nishizawa et 

al. (1997) collected sample plants every 100 m 

in altitude on Mt. Hakusan, from 1,200 to 2,500 

m. They reported morphological changes in sev­

eral head characters at about 1,700 or 1,800 m

in altitude where the subalpine zone replaces 

the montane zone. Natori (1964) studied S. vir­

gaurea growing on Mt. Yatsugatake from an eco­

logical point of view. He showed that the dry

weight of the aerial parts and that of the under­

ground parts showed a diphase in an allometric

relationship ; plants growing at lower sites fall

into one allometric growth pattern and those at 

higher sites fall into another one. 

No evidence for intraspecific differentiation, 

however, has been found in studies based on cy­

tological or molecular methods. Abe and Takasu 

(1983) collected plants from 13 populations, an 

elevational range from 2 m to 2,310 m in 

Toyama Prefecture, and reported that all of the 

samples examined had the same chromosome 

number, 2n=18, and the same karyotype. Naka­

mura et al. (1997) studied the cytological and ge­

netic polymorphism of plants collected at eight 

sites, from 1,260 m to 2,670 m, on Mt. Hakusan. 

The chromosome number and the karyotype 

were the same for all of the plants examined. 

They also found no chromosomal or genetic poly­

morphism based neither on a fluorescence in 

situ_hybridization method nor on other methods, 

RAPD, concluding that no differentiation among 

the sites on Mt. Hakusan could be supported. 

As mentioned above, the methods and morpho­

logical characters examined in the former stud­

ies were diverse. Lack of the common characters 

examined makes it hardly possible to compare 

the results among the study sites and to obtain 

an overall morphological variation pattern of S. 

virgaurea species. Thus, the aim of this paper is 

(i) to describe the full extent of morphological 

variability of head characters in S. virgaurea 

plants growing on Mt. Hakusan, Mt. Nori­

kuradake and Mt. Yatsugatake, and (ii) to exam­

ine whether any boundaries can be found be­

tween plants growing at lower altitudes and

those at higher altitudes as has been stated (Na­

tori 1964; Hayashi 1976, 1978).

Materials and methods 

Solidago virgaurea grows widely and continu­

ously from the foot to the summit on Mt. 

Hakusan, Mt. Norikuradake and Mt. Yatsuga­

take. The locations of the three mountains are 

shown in Fig. 1. Mt. Hakusan and Mt. Nori­

kuradake belong to the same climatic region 

characterized by heavy snowfall in winter, 

whereas Mt. Yatsugatake belongs to another cli­

matic region characterized by low snowfall in 

winter (Miyawaki 1985). 

Sample collections were carried out in the 

flowering seasons, from late August to mid­

October, 1997. Sampling was undertaken every 

100 meters in altitude along mountain trails. 

Sample plants were collected at 16 sites on Mt. 

Hakusan from Bettodeai (1,200 m) to the top of 

Ohnanjimine (2,684 m), 11 sites on Mt. Nori­

kuradake from Norikurakogen (1,700 m) to the 

top of Kengamine (3,026 m), and 12 sites on Mt. 

Yatsugatake from Minoto (1,350 m) to the top of 

Amidadake (2,805 m). 

Ten plants were randomly chosen at each site 
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Fig. 1. Locations of Mt. Hakusan, Mt. Norikuradake 
and Mt. Yatsugatake. 

- 118 -



December2001 J.Phytogeogr.Taxon Vol.49.No.2

wheretherewasnoevidenceofartifIcialactivi-

tiessuchastramplingormowing.Allheadson

themainstemwerecollectedandimmediately

putintoaplasticbagfilledwitha50%mixture

ofethylalcoholanddistilledwater・Theplant

heightandstemdiameteratthegroundlevel

weremeasuredbefbresampling.Voucherspeci-

menswerealsocollectedfi･omeachsiteandhave

beendepositedattheHerbarium,Kanazawa

University(KANA).

Thirteenmorphologicalcharactersweremeas-

uredinthisstudy(Tablel,Fig.2).Sincevege-

tativecharacters,suchastheshapeanddimen-

sionsofleaves、exhibitgreatplasticityinvarious

environmentalconditions(KawanoandTakasu

1972;Kawano1974;Hayashil977),theywere

excluded.Preliminarystatisticalexaminations

showednosignifIcantwithin-plantdiffbrence

(one-wayANOVA)fbranymorphologicalcharac-

tersofthehead.Thus,thefirstthreeheadsin

theinflorescenceweretakenandmeasured,and

ameanwascalculatedfbreachcharacter.Sam-

plematerialsweremagnifiedtwelvetimeswith

aProfilePrqjectorNikonV-20A,andtheywere

measuredandrecordedwithaDataProcessor

NikonDP-300.

Dataanalyseswereperfbrmedbyusingthe

StatisticalAnalysisSystem,version5(SAS

1985).AnalysisofVariance(ANOVA)fbrbal-

anceddatawascarriedouttocomparethe

meansamongthesitesonthesamemountain

usingtheGLMProcedure.Diffbrencesamong

Tablel.Morphologicalcharactersemployed

DHA

DIN

NIB

LII

LOI

WII

WOI

AII

AOI

NTF

NLF

PLH

DIS

Densityofhairsonpeduncle

Diameterofinvolucre

No.ofinvolucralbractsperhead

Lengthofinnerinvolucralbracts

Lengthofouterinvolucralbracts

Widthofinnerinvolucralbracts

Widthofouterinvolucralbracts

Areaofinnerinvolucralbracts

Areaofouterinvolucralbracts

No.oftubularflowersperhead

No・Ofligulateflowersperhead

Plantheight

Diameterofstematbase

(a)

(b)

(c)

LII

LOI

WⅡ WOI

Fig.2.Diagrammaticillustrationsof(a)capitulum,
(b)innerinvolucralbractand(c)outerinvolucral

bractofSo"dqgouj壇αz"℃α.Forabbreviations,see
Tablel.

meanswerecomparedbytheTukeymethodata

significantlevelofO､05.PrincipalComponents

Analysis(PCA)ofthecorrelationmatrixfbrl3

variableswasalsoperfbrmedbyusingthePRIN-

COMPProcedure・Analyseswereexecutedon

themainfiPamecomputerofthelnfbrmation

ProcessingCenter,KanazawaUniversity.

Results

1.Univariatedatadescription

Meansandstandarddeviationsofthethirteen

morphologicalcharactersaresummarizedinthe

Appendix.Formostcharacters,changewascon-

tinuouslyobservedsite-by-site,andtherewere

significantdiffbrencesamongthesites.Multiple

comparisonbytheTukeymethodrevealsthat

plantsgrowingatlowersitesdiffbrsignificantly

fi､omthosegrowingathighersiteswithrespect

tomanycharacters(Fig.3).Nosignificantdiffbr-

enceswerefbundintwocharacters,NIBonMt.

NorikuradakeandMt.YatsugatakeandWIIon

Mt.Yatsugatake.
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Fig. 3. Multiple comparison by Tukey method. Vertical bars represent the range of means that are not signifi­
cantly different. *, p < 0.001; **, p < 0.0001; NS, not significant. 

Table 2. Coefficients of the variable in the principal 
components in Solidago virgaurea. The first, sec­
ond and third principal components account for 
66.4, 12.7 and 8.3% of the total variation, respec­
tively. Boldface numbers show higher values in the 
first principal component. For abbreviations, see 
Table 1 

Variable 
Principal components 

Second First Third 

DHA 
DIN 

N IB 
L I I 
L O I

WII 

WOI 

A I I 
AO I 
NTF 
NLF 
PLH 
DIS 

0.234 
0.328 
0.239 

0.307 

0.332 

0.292 

0.319 
0.299 
0.309 
0.323 

0.230 
-0.188

0.110

-0.142 

0.029 

0.346 

-0.033

-0.073

-0.100 

-0.145 

-0.170 
-0.203

0.143
0.476
0.324

0.632

-0.152

-0.105

-0.345

0.037

0.050

0.341

0.171

0.293 

0.213 

-0.162

-0.288

0.563
0.373

2. Multivariate analysis

PCA was applied to the data set. The eigen­

vector of the first three principal components, 

each element of which represents a coefficient of 

the variable in the principal components, are 

shown in Table 2. Of those variables, LOI, DIN, 

NTF and WOI have a high absolute value in the 

first component, indicating that these variables 

have more intensive effects on the component 

score. The first principal component accounts for 

66.4% of the total variation, the second for 12.7%, 

and the third for 8.3%. Therefore, about 80% of 

the total variation is due to the first two princi­

pal components. A plot of principal component 

scores of morphological variables is shown in Fig. 

4. This ordination shows that the first principal 

component axis can separate two clusters, while 

the second axis cannot. 

One cluster spreads in the positive quadrants 

of the first axis and the other cluster occupies 

the negative quadrants. On Mt. Hakusan plants 

growing at sites from 1,200 m to 1,800 m in alti­

tude form one cluster and those from 1,900 m to 

2,700 m form the other cluster. Similarly, plants 

from 1,700 m to 1,900 m form one cluster and 

those from 2,000 m to 2,700 m form the other 
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clusteronMt.Norikuradake,andonMt・Yatsu-

gatakeoneclusterisfroml,300mto2,200m

andtheotherisfrom2,300mto2,700m.

ofaplantbody.Inourresults,oneclusteris

madeupofplantsgrowingbelow2,200mand

theotherclusterconsistsofplantsgrowing

above2,300m.Thefactthatthetwoindepend-

entstudies,eachofwhichisbasedonanecologi-

calandamorphologicalviewpoint,reachalmost

thesameconclusionclearlyindicatesthattwo

diffbrenttypesexistinS.uj増αz"℃aplantsgrow-

ingonMt.Yatsugatake.

Thethreeclustersinthenegativequadrants

ofthefirstaxis,whichwererecognizedinde-

pendentlyoneachmountain,overlapwithone

another,indicatingthattheyfbrmonecompre-

hensivecluster,andthethreeinthepositive

quadrantslikewisefbrmanothercluster(Fig.4)

Itisassumedthateachcluster、whichinhabits

diffbrentaltitudesonthemountains,thelower

sitesandhighersites,correspondstoanactual

biologicalunit,ataxon.AlthoughNatori(1964)

didnotrefbrtoclassifIcation,hisresultsclearly

showedtheexistenceofthetwotaxacharacter-

izedbydiffbrencesingrossmorphologyand/or

lifbhistorystrategiesintermsofthedifferences

inresourceallocationpatterns.Thusoneconclu-

sionisthattwotaxaarerecognizableinS．uか‐

9α"reqgrowingonthethreemountains.

Thisstudyclearlyshowsthatasinglecharac-

Discussion

Thisstudyrevealsanentirespectrumofvari-

ationsinheadmorphologyofS・Uj増α"7．eqplants

growingonMt.Hakusan,Mt.Norikuradakeand

Mt.Yatsugatake・PCAdemonstratesthattwo

clustersarerecognizableinthethreemountains

(Fig.4).Eachclusterhasacloserelationshipto

thealtitudeofthesamplingsites.Plantsgrow-

ingbelowonealtitudefbrmoneclusterand

thoseabovethataltitudefbrmtheothercluster.

Thisisthecasefbrthethreemountains,al-

thoughthealtitudesofborderlinesdiffbrfbr

eachmountain.

ConcerningS.uj酒αz"､e(zgrowingonMt.Ya-

tsugatake,ithasalreadybeendemonstrated

thatthedryweightoftheaerialpartsandun-

dergroundpartsshowadiphaseinanallometric

relationship,inwhichplantsgrowingabove

2,500minaltitudefallintooneallometricrela-

tionshipandthosegrowingbelow2,400minto

theotherone(Natoril964).Thisresultsuggests

thattwodiffbrenttypesexistonMt.Yatsuga-

takeintermsofthegrowthpatternanddesign

４

２

⑪

２

４

碧
邑
④
眉
。
ｇ
三
，
９
君
邑
巳
昌
宮
白
己
邑
④
ｇ
④
の

⑰4- 4-202

FirstPrincipalComponent

-6

Fig.4.Scatterdiagramdrawnonthefirstandsecondprincipalcomponents.Thefirstandsecondprincipalcom-
ponentsaccountfbr66%and13%ofthetotalvariation,respectively・SquaresindicateMt.Hakusan,circlesMt
Norikuradake,andtrianglesMt.Yatsugatake.Thenumeralnexttoeachsymbolindicatesaltitude(×100m)
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ter alone is not useful for discriminating the two 
clusters (=taxa) recognized by PCA. PCA shows 
that LOI, DIN, NTF and WOI have a higher ab­
solute value of coefficient in the first component 
(Table 2), indicating that these variables have 
larger influences on the component score. Of 
these characters, LOI, which has been used as a 
key character in the classification of this species 
(Kitamura 1937, 1957), also has the highest 
value in this study. Thus, in our results LOI is 

also considered the most important one as a di­
agnostic character. LOI alone can discriminate 
the given two clusters on Mt. Norikuradake, 
while it cannot on Mt. Hakusan and Mt. Yatsu­
gatake (Fig. 5 a). This is true of DIN, NTF and 
WOI (Figs. 5 b, c, d). 

These results indicate that even if the two 
taxa exist in S. virgaurea growing on Mt. 
Hakusan and Mt. Yatsugatake, we cannot tell 
them apart based on a single character. Hayashi 
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Fig. 5. Changes in means (solid circle) with standard deviations (solid line) against altitude : (a) length of outer 
involucral bract, (b) diameter of involucre, (c) no. of tubular flower, (d) width of outer involucral bract, and 
(e) ratio of inner/outer involucral bract. H, Mt. Hakusan; N, Mt. Norikuradake; Y, Mt. Yatsugatake. Broken
line shows the boundary of clusters distinguished in PCA (see Fig. 4).
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(1976,1978)pointedoutthevalidityoftheinner

/outerinvolucralbractsratiofbrdiscrimination.

Inthisstudy,thisratiocouldnotfilllydelimit

thetwotaxa(Fig.5e).OnMt.Norikuradake,

thisratiocandelimitthetwotaxa.OnMt.

Hakusan,twotypeswererecognizedbythisra-

tio,buttheydonotfilllyagreewiththeclusters

recognizedinPCA.Thisratiodoesnotworkat

allindiscriminatingthetwotaxaonMt.Ya-

tsugatake.ItisnoteworthythatNTF,whichhas

gainedlittleattention,canserveasadiagnostic

character.

Accordingtoourresults,thetwotaxaare

characterizedasfbllows:Plantsofonetaxon

haveheadswith5-10tubularflowers,involucre

2-3mmacross,outerinvolucralbractsl-2mm

lon9,0.5-1mmwide,growatlowerplaces;and

plantsoftheothertaxonhaveheadswithl5-25

tubularflowers,involucre3-4mmacross,outer

involucralbracts2-4mmlon9,0.8-1.5mmwide,

growathigherplaces(Figs.5a,b,c,d;Appen-

dix).

Itismostlikelythatthetwotaxa(clusters)

recognizedinPCAareequivalenttointraspecific

ones,because(i)theycannotbedistinguishedby

asinglecharacteralonebutberecognizedbya

multivariatemethodand(ii)nodiffbrentiation

canbefbundbetweenthetwointermsofcytol-

ogyandgenetics(AbeandTakasul983;Naka-

muraeta1.1997).Thetwotaxagenerallyagree

withKitamura'sdiagnosisofS.uj増αz"､e(zsubsp.

qsjα"cQandsubsp.Jejoca叩a(1937,1957).

Kawano(1974)arguedthatS.u贈azJreaoccur‐

ringintheJapaneselslandsoriginallygrewon

Hoorsofdeciduousfbrestandsincethenhad

gainedvarioushabitats,suchaslowlandgrass-

lands,maritimepinefbrests,subalpineconifer-

ousfbrests,alpinemeadows,etc.Considering

presentgeographicalrangesofsubsp．αsja伽a

andsubsp.Jejoca叩aintheEurasianContinent

andadjacentregions,however,0urstudyindi-

catesthatthetwotaxa,whichmayhaveorigi-

natedatdiffbrentareasintheContinent,have

comeintocontactonmountainsincentraland

northernpartsofHonshu,Japan.Thegeo-

graphicaldistributionandelevationalhabitat

segregationofthetwotaxaaretheoutcomeof

geohistoricalevents.Asfbrsubsp."oca叩α,the

presentdistributioninhigherelevationsinthe

centralandnorthernpartsofHonshumaybe

thefinalresultofseveralrepetitionsofanad-

vancetotheJapaneselslandsfi'omnorthernre-

gionsinthecoolerperiodsandasubsequentre-

treatinthewarmerperiods,whilepresentdis-

tributioninvarioushabitatsfbrsubsp・asjα〃cα，

everywherefi･omseashorestolowmountains,

maybetheoutcomeofthelatestadvanceinthe

warmerperiods.

Subsp.Jejocqrpqislikelytoexhibitlarger

morphologicalvariabilitythansubsp.qsjα〃ca

withinamountain,andalsoshowsgreatvari-

ationsamongmountains(Figs.3,4,5).Oneof

thereasonsfbrthismaybeduetothefactthat

subsp."ocqrpqisrestrictedtonarrowareas

whichareisolatedfromoneanotherinhigher

altitudeofmountainsincentralHonshu,while

subsp.qsja伽ainhabitsvarioushabitats,every-

wherefi･omseashoretomountains.Thus,subsp.

JeZoc(zrpqmayhaveadaptedtotheenviron-

mentalconditionscharacteristicofeachmoun-

tain.

AsHayashi(1976)pointedout,intermediate

plantswerefbundatsiteswherethetwotaxa

hadgotincontact.TheyarefbundonMt.

HakusanandMt.Yatsugatake(Figs.3,5;Ap-

pendix).Theintermediateplants,whichobscure

theboundaryandcausedifficultyinclassifica-

tion,maybehybridsbetweenthetwotaxa.How-

ever,thisisamereassumptionandrequiresa

surveyofvariationpatternsfbrsubsp・asjα〃ca

andsubsp.JeZocamagrowingintheContinent.

Inconclusion,wecanrecognizethetwotaxa

inS.Uj増α邸re(zgrowingonMt.Hakusan,Mt.

NorikuradakeandMt.Yatsugatake.However,

thisresultisbasedonarestrictednumberof

sampleplantsfi･omonlythreemountainsincen-

tralHonshu,Japan.Whenweconsiderthedif

fbrentiationofthisspecies,evenifthefbcusis

restrictedtothelocaldifferentiationaroundthe

Japaneselslandsandadjacentregions,wehave

totakeaccountoftheworldwidevariationpat-

terns.Thusfilrtherstudiesshouldincludeplants

sampledfromwiderareasandmoremountains

ontheJapanlslandsandadjacentregions.
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西沢徹''4・木下栄一郎2．矢倉公隆・清水建美3：

本州中部地方の3山岳に生育するアキノキリンソ

ウの頭花形態の変異

本研究の目的は，（1）白山，乗鞍岳，八ヶ岳に

生育するアキノキリンソウ（広義）の頭花形態の変

異を生育地の下部から上部にわたって明らかにする

こと，（2）従来言われてきたように低地から山地

帯に生育する集団と亜高山帯から高山帯に生育する

集団間に差異が認められるかどうかを明らかにする，

ことである。試料の採取は各山岳とも登山道に沿っ
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て標高100mごとに行ない ， 1地点あたり10個体

を無作為に採取した。 採取場所は白山 16 ヶ所， 乗

鞍岳 11 ヶ所， 八ヶ岳 12 ヶ所である。 13 形質につ

いて計測し分散分析と主成分分析を行った。 その結

果，
ほとんどの形質では標高に沿った連続的な変異

が見られ ， それらに関して低地と高地の生育地の間

で有意な差が認められた。 この結果は3山岳に共

通であった。 主成分分析ではいずれの山岳でも標高

に対応した2つの明確なクラスタ ー が認められた。

2つのクラスタ ー は単独の形質では判別 できないこ

となどいくつかの理由によりそれぞれ別の種内分類

群を表していると考えるのが最も合理的である ， と

結論した。

（守 920-1192 金沢市角間町 金 沢大学教育学部

生物学教室； 2 〒 920-1192 金沢市角間町 金沢大

学理学部附属植物圏； 3 〒 390-0312 松本市岡田松

岡 211-3 清水植物研究室； 4 現住所 〒 920-1192

金沢市角間町 金沢大学理学部植物自然史講座）
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Appendix.MeansandstandarddeviationsofthethirteenmorphologicalcharactersofSo"dqgou贈α"花a
Forabbreviations,seeTablel.

Localities AltitudeNDHA(/0.25mm2)DIN(mm)NIBLII(mm)LOI(mm)
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Mt.Norikuradake

F10,99=11.37**F10,99=36.65**F10,99=2.47F10,99=7.27**F10,99=47.59**F-value
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Mt.YatSugatake

F11,108=3.64*F11,108=15露仁ドF11,108=1.22F11,108=5.27**F11,108=1露拝F-value

*p<0.001,**p<0.0001
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WII (mm) WOI (mm) All (mmり AOI (mmり NTF NLF PLH (cm) DIS (mm) 

0.86士0.09 1.02士0.16 3.74土0.32 3.46士0.44 23.47±3.53 8.67士1.51 19.6士 2.37 3.08士0.33

0.89士0.12 1.12 士0.10 4.18士0.54 3.16土0.52 24.17士4.18 10.47士1.30 22.4± 5.25 3.05士0.71

0.88士0.17 1.04士0.19 3.73士0.60 2.59士0.50 19.58士 4.10 8.37士1.13 27.8士 5.49 3.16士0.65

0.87士0.12 1.20士0.13 3.57士0.72 3.34士0.67 19.27士1.40 7.83士1.10 25.4士 5.91 2.94土0.59

0.83士0.11 1.02士0.13 3.46士0.47 2.34土0.44 20.33士3.58 8.60±1.22 24.7士 4.92 2.84士0.36

0.84士0.11 1.18士0.13 3.83士0.35 3.21土0.65 17.83土3.95 8.33士1.71 36.0土 3.86 3.45士0.56

0.84士0.13 0.99士0.15 3.72土1.40 2.33土0.46 14.90士1.84 7.40士1.49 33.1士 7.28 3.02 士0.52

0.86士0.06 1.13士0.13 3.55土0.39 2.52士0.58 17.33士4.46 9.33士1.44 43.7士 5.54 3.22士0.37

0.86士0.08 1.01士0.11 3.08士0.28 2.13土0.52 16.37士3.23 8.17士1.69 41.3士 6.55 3.18土0.47

0.74士0.06 0.88士0.07 2.31士0.36 1.43士0.33 14.67士3.12 6.83士1.60 37.2士11.28 2.72士0.60

0.69土0.17 0.76土0.17 2.74士0.68 1.09士0.43 9.43±3.04 5.93±0.98 35.2士 8.97 2.18士0.46

0.75士0.12 0.71士0.12 2.63土0.34 0.95士0.29 7.27士1.36 5.63土0.91 36.6±8.95 2.15土0.44

0.66士0.09 0.68士0.12 2.54土0.37 0.88士0.20 6.63士1.16 5.73士1.04 41.3士 8.79 2.46士0.38

0.72士0.06 0.68士0.10 2.71士0.54 0.87士0.25 7.57士1.39 5.73士0.62 45.0士17.37 2.53士0.90

0.74士0.11 0.65士0.14 2.78士0.54 0.86士0.31 6.97士1.45 5.07士0.97 33.2士 7.18 2.53士0.59

0.72 士0.07 0.66士0.11 2.80士0.39 0.94士0.30 7.00士1.87 5.23士1.07 37.7士 7.57 2.40士0.53

F1s.1«=5.02** F1s,144=2J.ol'* F1s.144=9.62** F1s.144=48, 如F1s,144=44.00'* Fis,!44=16.4戸F1s,144=9.23** F!3,126=5.54** 

1.04士0.08 1.51士0.12 4.80士0.74 5.35士0.95 21.03士5.19 5.63士1.79 16.5土 4.62 1.99士0.52

1.09土0.15 1.65士0.21 5.12土0.86 6.23士1.26 18.40士5.27 5.97士1.77 22.5士 4.99 2.49士0.50

1.00士0.13 1.38士0.15 4.40士0.68 4.29士0.99 21.27士3.88 7.07士2.16 23.2士 4.78 2.65士0.58

1.04士0.10 1.43士0.16 4.54土0.70 4.66士1.70 21.50士3.82 7.57士1.56 28.1士 4.20 2.62士0.94

0.91土0.14 1.19士0.16 4.10士0.92 3.09士1.04 18.17士 4.11 7.50士 1.00 37.6士 5.76 2.31士0.49

0.81士0.11 1.15士0.13 3.45士0.40 2.69士0.55 16.77士4.52 7.73士2.24 48.7士13.39 3.12士0.60

0.88士0.08 1.14士0.08 3.57士0.25 2.31士0.38 15.30士1.77 6.93士1.12 34.0士 5.37 2.33士0.54

0.88士0.07 1.23士0.15 3.94土0.68 2.87土0.73 16.57土2.97 6.60士0.75 46.8士 8.12 2.83士0.45

0.82±0.10 0.69士0.12 3.29士0.43 0.96士0.25 8.53士1.32 5.07士0.41 54.2士 9.46 2.53士0.31

0.73土0.11 0.81土0.16 3.99士0.58 3.41土1.15 8.20土1.48 4.97土0.78 42.0士 6.96 2.34土0.52

0.75±0.06 0.66士0.09 3.07土0.41 0.93士0.20 8.53士0.82 5.07士0.58 75.4士17.98 3.18±0.47 

F10,99=13.52** F10.99=51.74** F10,99=10.32** F10,99=31.80** F10,99=21.26** F10,99=5.64** F10,99=37.21 ** Fio,99=4.09** 

0.78士0.11 1.02士0.13 3.40士0.35 2.66士0.28 18.83士2.99 6.70士1.04 23.60士 6.92 2.02士0.21

0.80士0.16 0.99士0.23 3.69士0.85 2.42士0.80 15.43士3.34 6.50士1.28 31.80士 7.19 2.39士0.52

0.75士0.11 1.10士0.16 3.36土0.55 2.79士0.75 16.67士4.60 6.43土1.07 30.20士 6.83 1.90士0.38

0.73土0.11 0.97土0.15 3.20士0.51 2.43士0.96 16.23士 3.15 7.13士 3.00 29.80士 2.35 1.94士0.29

0.82士0.07 1.12土0.15 3.69士0.51 2.67士0.56 14.30士 3.80 6.73士1.00 30.90士 5.82 2.14土0.37

0.68士0.07 0.82土0.12 3.09士0.44 1.59士0.42 12.57士3.72 6.67±1.09 31.10士 8.12 2.04士0.40

0.69士0.12 0.88土0.17 3.18士0.62 1.77士0.52 11.73士2.13 6.67士0.97 27.40士 4.50 1.63士0.26

0.72 士0.10 0.75士0.09 2.89士0.37 1.15士0.19 9.27士1.80 5.43士0.90 33.20土 5.07 1.93土0.28

0.73士0.05 0.80士0.10 2.78±0.45 1.23士0.24 8.43士1.32 5.07士0.56 28.30士 5.46 1.58士0.19

0.76士0.13 0.69土0.10 3.20士0.54 1.09士0.19 9.07土1.04 5.37士0.95 41.20士10.85 2.48士0.52

0.75士0.17 0.70士0.19 2.85士0.36 1.17士0.22 8.03土1.06 4.90士0.65 41.40士 9.26 2.24士0.55

0.80士0.12 0.85士0.14 3.20士0.54 1.09士0.19 9.43士1.46 5.37土0.64 31.80士 6.39 1.79士0.31

F11.10s=l.45 F11,10s=9.96** F11,10s=3.18* F11,10s=l8. 炉F11.10s=17.7茫F11,10s=6.72** F11,10a=7.47** F11,1oa=5.81** 
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