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1.1¡¥T� 
� ϕϦ�º�VͽϖϓʝS30NW'ŹϞeϦѮRQSшBjϖл�º�SƗ

M8ŪɴƼõŹeŪϕϦVĬѶnÊϊR̨̭P]'͕̽Rοmkj(<V̨̭

VHcS'*ɲлŇ>Ѷ+RQVƩʼē�º�ϓʝ˜eŪ͑V~²��³¸�ȿ

˜R̖0hkj<PRƩ0(FVg1RϓʝnЦοBjÉO'͕̽ΒW]X]

X'õŹeϕϦV~²��³¸�'/j0WŹϞeϦѮRQVƦɲV~²��

³¸�S30N'ǒϹчVЉџVǂΎ'ƩʴR~²��³¸�ȿ˜(uxº�˜'

ʍфЉџ˜'ʍ̻Љџ˜RQ)VÉ4hgiЮĭRȿ˜VЮ̖RQSL0N'

ʴ)RЯɈSНhkjWCO/j(]4]RRh'ϕϦƼeɴƼ͟ϕϦSшm

jĬкS3:jțʚVϖл̨͕̽OW'<V˽SL0N'ŊĬR˞ȲRɁmk

N6HPWϕ0Ѡ0g1O/j(<kSуaN'ʕ͕̽S30NW'giʑ}

]0ϓʝɸнnʶͲBj<PP]H(ʕϰOϕϦ�º�PϕKN0jdVWĞ

ƒ̨SW 2 ̯ 2 ēVƩƦл�º�nɒB(ĝǫ̀SW'3 ͙OW˳ˍ̇ϦV 54
ǳS3:j 21 VľłϞVѲȂ�º�'4 ͙OWϕϦѶƒϰS3:j 129 ϕϦ

V 19 VϦѮSшBj 87 ƦɲV�º�nɒB(HI]'5 ͙OWq±�ϦV 19
ɸϕVϦȑVŭʧȪSшBj 2 ̯ 3 ēV�º�V<PO/j( 
 
1.2¡¥X 
1.2.1^d:	�+¶»6C4:k�+«·�/;AC5 
� }C'ϕϦ�º�SǒBjͽϖ̨q¢¶º�V˄ŧn Oakes(1998)P
Moisl(2015)nřΑP]NɕiМj(ʍİS'̀ Д̨˄ŧVф0ϖлɴ̌ƼŵИ

V͕̽SL0NeeϢ]8О]'΀0N�¸�®º�V̤ǞSgiťΗSRK

HĬкP]N�º��ϕϦƼVĬкSϕśBj(ʍȚS'FkäƨSL0Nd

ϕśBjR'<khWϕϦ�º�P01ϦOɏj<PRO6jB]NVĬкn

΁΋]HdVOWŅϰR0( 
� ϖлɴ̌ƼPW'ʌͨ'ɴƼõŹeʴ)R˄ŧ̨ĬʝЀɵRQ'ʴ)Rɴʌ

ЀɵSǒ]Nϖл̨Rȿ˜SgKNFV̈ȟnʀh4S]'óh4Vɴ̌Ƽ̨

R̺όnʀh4S]g1PBjϟaO/j(Morton(1978)SgkX'1851 Ǻ

S De Morgan RϘ]HȿͰVÉS'ϖлɴ̌ƼVƗʕ̨RŖ̑R͂[kN0

jP[kj(<V 1851 ǺV De Morgan VȿͰnİcPBkX'ϖлɴ̌ƼW

150 ǺäÀV˄ŧnɑKN0j( 
� ÞɼSΜjϖлɴ̌ƼV͕̽VR4O'ĳ̖[kjƦɲV̈ȟP'Ĭʝȿ˜

WǍɜRшþRόhkj(Oakes(1998)SgkX'�¸�®º�Sgjϖлɴ

̌Ƽ̨͕̽S30NWʼV 4 LV̈ȟлRg8ĳ̖[kj( 
 

1. Ϧeɴ͙Vф[ 
2. ɴ͙S3:jϦVïΊ 
3. QVg1RϦȑRg8ĳ̖[kj4 
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4. QVg1Rɴ˜̨R̈ȟR/j4 
 
� HP2X'Mendenhall(1887)V͕̽OW'*ϦVф[VĬǱ+nΑ2j<P

Sgi'Shakespeare e Bacon P0KHαŮRõǉeȨȱǉVɴònˋД]

N0j(<kW Shakespeare VͱȪRŊĬS̺hkN3hC'<VÇΒRŭ»

Ü̇O/jP01ĀϩR/j<P4h'»͑VαΒɞǂVŽѳnɂKHdVP

ϕ2j(}H'Williams(1970)VƝŴSgkX'Yule(1939)R*|³��SR

h0N(De Imitatione Christi)+P01ʌ̇VαΒɞǂŽѳnɂKHїSd*Ϧ

Vф[+nͽϖлP]Nĳ̖]N0j([hS Yule(1944)W*ϦVф[+I:

OR8'/jɴ͙VÉOɂmkN0j*ϦȑVϸǎ[+nρB K ͽϖл

(K-characteristics)n̤ʩ]'*|³��SRh0N+VαΒɞǂŽѳSL0N

Ϣ͵RʭϗnοKN0j( 
� <Vg1R'ɴ͙V̈ȟn»LVĬǱeψɲV̈ȟлSѝͮBj<POˋД

nǊʁSBjɸ˜W'Morton(1965)e Ellegård(1962)Sdόhkj(]4]'

Yule(1944)RQVİʓV͕̽S30NW˞̭Bj̈ȟлWǖɲVƞūRƩ0

R'ʆãn͹jSLkNψɲV�|��(õŹ)SшBjƩɲV̈ȟлS˞̭B

j<PRKN08(<kSí0�º�VȒȇW'Ćò(õŹ)8̈ȟл(ŹϞ)d]

8Ẅȟл(ŹϞ)8Ćò(õŹ)VѲȂρSRi'*ѲȂρV�º�nƳóSĬʝ

]N084+P01<PRϖлɴ̌ƼS3:jĬʝÀV̀˽V»LPRKN0

8( 
<1]HɴΘVÉO'ѲȂρV�º�SWıĲĬʝeƅƹĬʝ'ÊȹĬĬʝ'

~²��ºĬʝRQʴ)RƩƦлϓʝVȿ˜R̖0hkN08<PSRj(�

��*ψɲV�|��SшBjψɲV̈ȟлSL0N�¸�®º�SgKNʭͲ

n4:'ȜhkḦȟлSL0Nͽϖ̨RĨ̑nο1+P01̐ƎVϖлɴ̌

ƼO»Ρ̨S̖0hkjȿ˜VЮ̖W'Austin(1966)SFVήΦRahkj(

0mfjƩƦлϓʝPŷXkjȿ˜VЮ̖P]NW'ψɲV̈ȟлV͸aūm

DSgKNıĲĬʝnο0'Shakespeare P Fletcher VõŹnĬѶ]H

Baillie(1974)V͕̽RQRĞƒøV»LO/j(}H'Mosteller and 
Wallace(1963)S30NWαΒɞǂS£±�ͽϖVȿ˜R÷mkN0j<Pd

˞̭SĉBj([hS'Baayen, van Halteren and Tweedie (1996)S30NW'

ŏϦVµ£´V̈ȟлnџk'ɴ˜̨Rϑ˽4h˞̭]ḦȟлSL0NÊȹ

ĬĬʝnЮ̖Bj<POõŹVĬѶnο0'ГVȲŶnϓз]N0j˽Oϖл

ɴ̌ƼOWĔѺ̨O/j( 
� ʕϰɴV 3 ͙OW˳ˍ̇ϦVŪǳSшBjƩƦл�º�nɂ1(<kWÀϘ

Vϖлɴ̌ƼV˄ŧSУRjdVPϕ2j( 
� ʼS'�º��ϕϦƼS3:jЮ̖SL0NͨŏSͶß]g1(<<O01

�º��ϕϦƼPW*̈ǂV̨͕̭̽VHcSѝchkH�|��VѝūSш

Bj͕̽+PBj(Moisl(2015)SgkX'�º��ϕϦƼS30NdѲȂρ(Ć
ò[õŹ]8̈ȟл[ŹϞ])Vͽϖ̨ĬʝRR[kN0j(ĔѺ̨R͕̽P]NW

Miller(1971)'Kiss(1973)RQR/i'<khV͕̽OWѲȂρV�º�S~
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²��ºĬʝnЮ̖]N0j(]4]'ȐʆVìͽ̨RϘОϕϦƼe'̔ȹɴ

˜RQS30NW'ú́P]NϠΒVĠ̱SgKNɴRɴ˜̨SЮˀ4Q14

nıɶBj<PRοmkN0H(FVHc'ȐİW�º��ϕϦƼe�º��

�º�S~²��ºĬʝnЮ̖Bj͕̽W'ϕϦƼVÊˣPWRhR4KH(

]4]'�º���º�nƗSл̨Ĭʝnο1P01ɸ˜ϰW'ЛǺϕϦƼV

R4OйϊȪRƠ]'̈SȠ̑ϕϦƼ(Gilquin & Gries, 2009; McEnery & 
Hardie, 2012)eϥ̺ϕϦƼ (Gries & Stefanowitsch, 2007; Gries 2012; 
Stefanowitsch, 2010)RQO̖0hkN0j( 
� }H'Moisl(2015)SgkX'л̨R͕̽ȿ˜W'Ǿ8ϕϦV˄ŧ̨ƦŇe͖

ч̨ƦŇ'̈́ę̈ƦŇn͕̽BjʏŀRȿˈP]Nd̖0hkN6H(ϕϦV

˄ŧ̨RƦŇSл̨ȿ˜nЮ̖]HĔѺ̨͕̽P]N'Kroeber and 
Chrétien(1937)e Kroeber and Chrétien(1939)R/;hkj(͖ ч̨RƦŇn

ɂKHdVP]NW Reed and Spicer(1952)R'̈́ę̈ƦŇnɂKHdVP]

NW Labov(1963)e Labov(1966)R'FkGkĔѺ̨R͕̽O/j(ʕϰɴV

4 ͙Oɂ1ϕϦѶƒϰV�º�'5 ͙Oɂ1q±�ϦɸϕV�º�d'Ǿ0Ȳ

ŶO'<Vg1RϕϦƦŇSшmjdVPϕ2j( 
1.2.2^L:	�+¶»6C4:k�+«·�/;AC5 
� ɼʕS30NW'ɴ͙VαΒnɞǂBjŽѳSш]NWŢ84h˄ŧR/K

HR'ϖлɴ̌Ƽ̨R͕̽W<VŌÅͭOФǞ]'ƾʕ(1958)V˳ˍ̇ϦVƽ

˘ŊǳVαΒɞǂSшBj͕̽nƂ̹P]H»УV͕̽'ʘÀ(1994)Vɼδа

ɴV̲čSшBj͕̽RQRãρ̨R͕̽P]N/j( 
� }H'õŹ(ɼʕɴƼ)8̈ȟлVѲȂρV�º�SƅƹĬʝnЮ̖]'ɼʕ

ɴƼVõŹVѶƒŇnϟaH͕̽P]NW'ƾʕ ʕƩ(1981)R/;hkj(ŭ

ʴSѲȂρV�º�S~²��ºĬʝnЮ̖]H͕̽P]NW'Jin and 
Murakami(1993)eм ʸǩ ʘÀ(1993)R/j(ȗhW'ɼʕϦV̐ãɴVα

ΒɞǂVŽѳS30N'Ⅲ˽VķS8jɴƺVˋ̎RйϊO/j<Pnɒɦ]'

FkhVˋ̎4hЉџοįnõȹ]'~²��ºĬʝnЮ̖Bj<PSgKN

Ѽ0ͫȂOαΒnɞǂBj<PnťΗS]H( 
� [hS'õŹ(ɴ͙)8ŹϞ(ľϞ, ľłϞ)VѲȂρV�º�SıĲĬʝnЮ̖

]'ɴ͙V�¬¸´VĬѶSȹļ]HĔο͕̽P]Nʘ̗(2000)Rɓ;hkj( 
�  
� <Vg1S'ƊĠƨV͕̽nĄ̷BjPƫ68*ŏƦл+4h*ƩƦл+\

PĬʝǒϹPRj�º�VȒȇRɎƫ]N0j<PRm4j( 
1.2.3~ÍU�×�¶»6C4"�Ç�:Ï�+¡¥X 
� ķОVСi'ѲȂρnʴ)R�±¢V�º�SWŪ͑VƩƦлϓʝVȿ˜R

̖0hkN6H(<<OWƩƦлϓʝV»LO/jɲлŇ>ѶeFkSшУB

jȿ˜SL0NV͕̽ŧnО]N38( 
� ϕϦ�º�nĬʝBjїSW'ʴ)R͑ѶVѲȂ�º�RƻƎ]'FV͑Ѷ

PĬʝ̨̭SȣANĬʝȿ˜dƦmj(ʕ͕̽OW'ÊSĆò(õŹ)8̈ȟл(Ź
Ϟ)VѲȂρV�º�P'q±�©z��³ºƒ�º�(ǤƑ, 1987)nɂ1( 
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� ɲлŇ>ѶWʴ)RȒOϕϦ�º�Sǒ]Nȣ̖[kN6H(˨ ƨS30N'

ãρ̨RўϤV»LO/j*Literary & Linguistic Computing+S30N'ĺ

Įũ4h̐Ǝ}OVĠǊSL0NɲлŇ>ѶPŭ͟Vȿ˜O/j

*Correspondence Analysis+OʭͲn4:jP'1986 Ǻ 1 ʎ4h 1989 Ǻ 12
ʎ}OR 2 ç'1990 Ǻ 1 ʎ4h 1999 Ǻ 12 ʎ}OR 11 ç'2000 Ǻ 1 ʎ4h

2009 Ǻ 12 ʎ}OR 6 ç'2010 Ǻ 1 ʎ4h̐Ǝ}OR 3 çRϡȐ]H(FV

ÉÖSϰAhkN0jdVWĜϑ͉ѩʌ(The Synoptic Gospels)SшBjd

VO/i'Mealand(1995)e Linmans(1997)RQV͕̽WĞƒ̨RĆò8̈ȟ

лVѲȂρ�º�Sǒ]NɲлŇ>Ѷ(Correspondence Analysis)nЮ̖]N

0j(<khW'�º��ϕϦƼS30NɲлŇ>ѶnЮ̖Bj͕̽VͬͽS

ǟ]N0jR'»ɸɸϕƼS30NɲлŇ>ѶnЮ̖]H͕̽W

Cichocki(1989)RƂ̹O/j(Cichocki W ²¸�ϦVɸϕSL0NƏƔPɸ

ϕV̈ȟлP�º�Sǒ]NɲлŇ>Ѷ(ŜǒǘȂ˜)nЮ̖]N0j(Google 
scholar nʭͲ]HэiOW Cichocki(1989)nȉ̖]N0jϰɴW̐Ǝ}O 5
ç]4ƻƎ]R0R'Google scholar S30N*”Correspondence Analysis” 
“dialectology”+PʭͲBjP̐Ǝ}OS 96 çV͕̽R/i'FVÉSW

Cichocki(2006)d/j(ƏƔ8ɸϕV̈ȟлP01�º�ȒȇWɲлŇ>ѶV

Ю̖Sů0N3i'ÞȚV͕̽V̤ǞRʓβ[kj( 
� »ɸ'ɼʕƊĠS30NW'1990 Ǻãäь�º��ϕϦƼVÉOɲлŇ>Ѷ

Rĳ̖[kN6H(ø2X'ͽϖɲ͕̑̽ȾVĜŭĳ̖͕̽ĴȂVÉOd�º

��ϕϦƼшþVϫѳR 2005 ǺȂäʚˊǺȂψɲçǄɹ[kN3i'FVȹ

ʟV»дWͽϖɲ͕̑̽ȾVĜŭ͕̽³¦º�͟SϢО[kN0j1(»ɸ'ɸ

ϕƼS30NWɸϕVƏ̨̑ƦŇSL0NɲлŇ>Ѷn̖0NɛKH×Àŧћ

V»УV͕̽RʏŮO/j(ø2X'Inoue, 1988; ×À, 1990; Inoue, 1992; 
Inoue, 2009)([hS'FVˣknȉ6Ϳ0IÀ̗ŐÜV͕̽dɓ;hkj (ø
2X'Ueda, 1993; À̗, 2013; Ueda & Perea, 2014)( 
1.3�~ÍU�×1>34?B2�.'�+¡¥X 
� ʕ͕̽OW'ѲȂρ(d]8Wq±�©z��³ºƒ�º�)V�º�SʞV

ɲ л Ň > Ѷ (Hayashi’s Quantification Method > [Hayashi, 1952]; 
Correspondence Analysis }HW Multiple Correspondence Analysis[CA }H

W MCA][Benzécri, 1973])nЮ̖]'Ćòd]8WƦɲ(̈ȟлRQ)Sш]NȜ

hkHƩʼēVȃʵSƗM6SєĄ̇̄~²��ºĬʝnǄοBjɸ˜҃<<O

W*ɲлŇ>Ѷ~²��³¸�+Pŷ[҄nϕϦƼ�º�Sǒ]NϟοBj(

<Vɸ˜VȲŶM:SL0NW'2.4 ͤOɭcNО]j( 
� �º�Sǒ]N MCA d]8WÊȹĬĬʝ(PCA)RQnЮ̖]'ʼēƍΈn

ο0'ǖɲVʼēVȃʵĉSƗM0N(ѥ)єǠ~²��ºĬʝnǄοBjȿ˜

                                            
1 ϡȐBj͕̽ϫѳWƩɲƻƎBjVOįɓBj<PWб:jR'Ǿ0ȲŶOϕϦS3:jĬ

кVͽϖĬʝSшmjϫѳSL0NW'ͽϖɲ͕̑̽ȾV¥º©¤º�V*Ĝŭ͕̽�º�£

º�+http://www.ism.ac.jp/kyodo/index_i.html Oř̂Bj<PRO6j( 
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W*�¸�©~²��³¸�+P͎[k(*ɲлŇ>Ѷ~²��³¸�+dFV

»LO/j)'ʏ̖ȪRÊȍ[kj»ɸO'Ĕο͕̽S30N[}?}RŽѳ˽

R ɒ ɦ [ k N 0 j  (Kiers & Vichi, 2010; Timmerman, Ceulemans, 
Yamamoto, 2012; Vichi & Kiers, 2001; Yamamoto & Hwang, 2014)(»Ḽ

VɃı˽W̑ϰ̨Rϑ˽4h'*�¸�©~²��³¸�+S30NW'MCA
d]8W PCA V���¢P'(ѥ)єǠ~²��³¸�VдĬR̊͘]NǄο[

kjHc'ÔLVЫ1Ɨ˴nĲ)SʍЮŇ]N0j<PSRi'͝»Vȿ΀6

VƗ˴OȜhkHϓnȾÃP]H͝ÔVȿ˜OVʍЮϓR'ĘòP]NόHP

6SʍЮVϓnÃ2N0jPWэhR0<PO/j(FVHc'ЛǺS30N

W'FkhnŭʆSʍЮŇBjȿ˜Rɡʩ[kN0j(De Soete & Carroll, 
1994; Gattone & Rocci, 2012; Vichi & Kiers, Yamamoto, 2012)(]4]'<

khVŭʆʍЮŇVȿ˜W'MCA d]8W PCA PѥєǠ~²��³¸�n͸

aūmDjƞūSɡʩ[kHȿ˜O/i'MCA d]8W PCA PєǠ~²��

³¸�nŭʆʍЮŇBjȿ˜W͞ΒV̺jэiц̤[kN0R0(ʕ͕̽Vg

1S'ϕϦ�º�S~²��ºĬʝnЮ̖]g1PBjʆ'Ćòd]8Ẅȟ

лV~²��ºчVєǠȪnʀh4S]H0P01̨̭Sgj<PRƩ0(F

Vg1R̨̭VHcSW'ķОVg1Sɡʩ[kN0jŭʆʍЮŇVȿ˜WЮ

[R0( 
� ÔḼVɃı˽P]NW'�¸�©~²��³¸�R'ʼēƍΈnímR0

(L}iĘƦɲnFV}}ĳ̖]H)~²��ºĬʝVͺʟgiǷSϓзVǊʁ

RϓnÃ2jPWэhR0<PO/j((Arabie & Hubert, 1994; DeSarbo, 
Jedidi, Cool & Schendel, 1991) 
� *ɲлŇ>Ѷ~²��³¸�+nŲb�¸�©~²��³¸�Vȣ̖W'ø

2X'§º��r¸�ĬкO'¡²¸�V¦��°�¸�e˩ϾΒ��ª¸�

V̤όVHcSƩ̖[kj(ø2X'Arabie & Hubert [1994]eΫ[2001])(]

4]'͞ ΒRϬ]HэiϕϦ�º�Sǒ]N'*ɲлŇ>Ѷ~²��³¸�+n

Ю̖]HøW{PoQόhkR0(gKN'ʕ͕̽OW'*ɲлŇ>Ѷ~²��

³¸�+R*�¸�©~²��³¸�+Rɉ2jŽѳPŭʴVɃı˽nɑL<

PnȦѱSΊ6RRh'ǄїSϕϦ�º�S*ɲлŇ>Ѷ~²��³¸�+n

ϟοBj<PSgi'ÞȚVϕϦ�º�ϓʝ\Vɒнnɛj( 
 
1.4 �¡¥��� 
� äÀV͕̽ŧnόNˏM8˽W'ϕϦƼeɴ̌ƼS3:jĆò8̈ȟлVѲ

Ȃρ�º�ez��³z´�º�(Ѓ̨ƦɲSL0NVƩƦл�º�)VĬʝS

/HKN'Ⱥ)Wʴ)RˈєOȿ˜VЯɈSНhkjR'ϕϦ�º�S30N

W<VŽѳSшBj϶ϰRÂЈ]N0j<PO/j(<<O'НhkjЯɈP

W'ø2X'�º�VÑĎĬʝˈєOVʭϗ'FdFd~²��ºĬʝVЮ̖

ΛòRȡϊ4Q14'~²��³¸�RȡϊRƞūʼēƍΈní1ȿ˜(�¸�

©~²��³¸�)nɚj]64ű4'~²��³¸�S3:jĝǫ̀RĬѶȿ

˜eЉџVЯɈ'ʼēƍΈní1ȿ˜n̖0jїVʼēɲV˖ǂ'~²��³
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¸�ͺʟnƳóSϝûBj4'RQO/j( 
� ʕ͕̽OW'ĝǫ̀RϕϦ�º�OVϟοPΑǏVΉiМ]nСAN<kh

VŽѳSL0Nóh4VɒнnȜj<Pṋ̨PBj( 
� ʕ͕̽O*ɲлŇ>Ѷ~²��³¸�+͟Vͽϖȿ˜nϕϦ�º�SϟοB

j<PSW'äÁVg1RȲΎd/j( 
� СǷVϕϦƼV͕̽S30NW'ȜhkHЃ̨�º�Sǒ]N'ɴ̌Ƽe˄

ŧƼ'ΑŢƼRQʴ)R̺ϵn΃ū]'giƴȐȪV/jͺϰnǔ8R'Ѓ̨

�º�Sǒ]NͽϖƼVȿ˜(ɲлŇ>Ѷe~²��ºĬʝRQ)nЮ̖Bj<

PSgKN'л̨Rώ˽nɡù]'<k}OVϕϦƼV̺όS*ͽϖƼ4hό

H+ͺʟnɡ͂Bj<PRO6j([hS'*ͽϖƼ4hόH+̺όSǒ]N'

ϕϦƼVČS30NɻƻV̺όSǒBjġʭϗRοmk'ÞȂW'ϕϦƼVČ

4h'ͽϖƼSǒ]NŽѳRɡІ[kj(<Vg1S'ϕϦƼPͽϖƼVǒϠ

RR[kj<PSgKN'ϕϦƼVƁaRgį̔̕SRi'ͽϖƼSPKN

d'ϕϦƼVϊϮ4hɷ]0Ĭʝȿ˜nό0IB6K4:nȜj( 
� <Vg1RϕϦƼPͽϖƼPVǒϠV6K4:V»LPRj϶ϰnɡ͂Bj

<Pdʕ͕̽V̨̭O/j( 
 
1.5�½���x 
� ʕϰɴVʳȹWäÁVg1S}Pchkj( 
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� }C'2 ͙OW'ʕ͕̽V 3 ͙äьO̖0jͽϖȿ˜SL0NʲϑBj(ϕ

Ϧ�º�Sǒ]NW'[}?}RĬѶȿ˜RƻƎBj<Pǹϥ]HR'Ǆї
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SWȐϡ�º�\VЮ̖VϟοсϨe'ɻƻV̺όRQPV΃ų̄ʭϗnο1

<PRйϊO/j( 
� LM0N'3 ͙'4 ͙'5 ͙OWǄ�º�SƗM0N'ĔО]Hʴ)RĬʝ¢

¶��S3:jЯɈVǄønͶß]'ʕ͕̽OVǬƭnО]j(ρ 1 W<V 3
͙ĬSL0N�º�VĠǊѦPȿ˜ѦVʭϗÓѭn}PcN/j( 
� 3 ͙OW˳ˍ̇ϦVɴò͕̽SшBjϘȦ―O/jʘÀ Þω(1999)ϰɴn

ͽϖ͍Ƽ̨Sġʭϗ]H(<VĔο͕̽Rɉ2j˹Ǝ̨Rϫѳǹϥ]HÀO'

ʕ͕̽OWÊS 2 LVǬƭnοRKH(͝»S'ʼēƍΈní1~²��ºĬ

ʝPСǷV~²��ºĬʝnŲbʴ)RĬʝȿ˜VˋДnBj<P'͝ÔS'

�º�VÓķĨ̑P]NЮĭRƦɲƦɢnɹB<PO/j(ʴ)Rɸ˜eʙç

V͸aūmDVÉO'ʍdƴȐRͺʟnÃ2HVWǹɸʧƦɢnɹ]H�º�

S~²��ºĬʝnЮ̖BjʙçO/KH(<VͺʟȜhkHʷȒƈW'ʘÀ 

Þω(1999)Oɞ˰[kH˳ˍ̇ϦVȹ͘ϰPW̸̰]R0R'FkgiǖR0

Ѽ)2 �´º¢Vȹ͘ѮȀn͂żBjdVO/KH(ʕ͙OW[hS'

Neighbor-Net n̖0'țʚVɴ̌Ƽ̨̺όP̸̰BjĬѶPRKHĆòSL

0NVΑǏnϰAj( 
� 4 ͙OW'ϕϦѶƒϰV�º�Sǒ]Nͽϖ̨Rȿ˜nЮ̖]HĔѺ̨R̽

͕O/j Tsunoda, Ueda and Itoh (1995a)ϰɴnͽϖ͍Ƽ̨Sġʭϗ]H(

Tsunoda et al. (1995a)W'129 VϕϦV 19 VϦѮSшBj 87 VƦɲSL0N

V�º�(ϒ̗ 1991; Tsunoda, Ueda & Itoh, 1995b)Sǒ]N~²��ºĬʝ

nЮ̖]H(1990 ǺãS<Vg1R�º�n̊ĻOõȹ]H<PΛờʓ̨R

<PO/jR'[hS'СǷVϕϦѶƒϰV͕̽RϕϦVĬѶS˞̭BjVS

ǒ]N'ȗhV͕̽Vѧɷ̨RVWϕϦVĬѶPPdSƦɲVĬѶndϟaH

˽O/j([hS'À̗¹éη(1995)W'ŭ�º�SL0NÊȹĬĬʝn÷1

<PSgKNƦɲчV˹ƎʳТnʀh4S]N0j(]4]'ȗ͟V�º�W

ǘȂː˴Vϑ˽4hW'Ѽ)ѮȀǘȂO/i'åSѥ΄ȒVŀʟRΑ2hkj

VRhX'ŮΎǘȂSB7R0(BRmJ'À̗¹éη(1995)R̖0Hчіǘ

ȂnķɡP]HÊȹĬĬʝOW�º�VʳТnŊĬSɗ2N0jPWϕ2R0

ťΗȪR/j(F<Oʕ͕̽OW Tsunoda et al. (1995b)V�º�S'Tsunoda 
et al. (1995a)OWʀh4SRhR4KHʳТn̤όBj<Pnʓβ]'Ʃйǒ

ȣĬʝnЮ̖]H(ĬʝVͺʟW'Tsunoda et al. (1995a)V̺όVġΑRȡϊ

O/j<Pn͂żBjPPdS'ϕϦѶƒϰVϑ˽4hdɷHSΞŶ˪0̺ό

nȜH([hS'*ɲлŇ>Ѷ~²��³¸�+nЮ̖Bj<PSgKN'<k

hV̺όnʀ̶RdVP]H( 
� 5 ͙OW'q±�ϦɸϕSшBjƗ́ϦȑͽϖƼ̨͕̽VϘȦ―P02jʐ

д ̺и(1960)ϰɴnͽϖ͍Ƽ̨Sġʭϗ]H(ʐд ̺и(1960)W'ʄŸ 30 Ǻ

4h 31 ǺS4:N'ň˨Щ 13 Ə˽'ʸƬ 6 Ə˽Vq±�ϦVɸϕSL0N'

ƫύʶRϬʥnοKHͺʟO/j(ɼʕS3:j'Ɨ́ϦȑͽϖƼ̨͕̽VƂ

̹O/i'}HȗhVϬʥVȚ'Ʃ8Vq±�ϦVϠΒRÙ8RKN0j<P

4h'q±�ϦVЀɵVāƻP01ϑ˽4hdϘȦ―̨RϰɴO/j( 
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� ]4]'ʐд ̺и (1960)e'FkSƗM0H Asai(1974)e Lee and 
Hasegawa(2013)V͕̽W'0Ckd�º�VǘȂː˴Vϑ˽4hŽѳR/K

H(}H'0CkV͕̽dʐд ̺и(1960)V�º�V*ɸϕчVŏϦVŭʧȪ

Rm4hR0+P01ȯƝn˿ώ]N0j(ʕ͙OW'ʐд ̺и(1960)V�º

�S3:j'FVȯƝn˿ώO6R0»LVz��³ºP]NɲлŇ>ѶnЮ

̖]'ɚ̖]HʼēVȃʵ4hЉџοįn˒cj<PS]H(FVЉџοįS

~²��ºĬʝnЮ̖Bj<POʸƬV 6 LVɸϕSL0NϕϦƏ̑Ƽ̨Rϑ

˽4hgiƴȐRͺʟnȜH(ŭʴS'ÀϘVЉџοįS Neighbor-Net 
(Huson & Bryant҆2006)nЮ̖Bj<PSgKN'q±�ϦS3:jɸϕŵ

Ƌϰ̨ʳТnͽϖ͍Ƽ̨SġʭϜ]H( 
� ʍȚS 6 ͙S30N'ʕ͕̽Vȹʟnɸ˜ѦPǄЃ͍Ƽ̨Ϻ̌P01 2 LV

ϑ˽4h}Pcj(6.1 ͤOW 1.4 ͤOО]H̨̭SшBjŪ͑ͽϖĬʝS3

:jȿ˜VЯɈSшBjʭϗP01̨̭SūmDNʕ͕̽VɡʩSL0NО]'

6.2 ͤOWʕ͕̽nСANʀh4SRKHϖлɴ̌Ƽ'ϕϦѶƒϰśYq±�

ϦƼS3:jȹʟn}Pcj([hS'6.3 ͤOW'<khVĬʝnСAN͂

ż[kjͽϖ̨ȿ˜VǄЃ͍ƼĬк\VϺ̌V/j]6Ʒ'0mXĬʝÀVŻ

ƼSL0N*�º�V͍Ƽ+Vϑ˽4h͋όnО]j( 
 
(řΑ) 
� ʕϰɴV 3 ͙śY 5 ͙W'FkGk'Ǖк(2015a)'Ǖк(2015b)nʕϰɴV

Ū͙P]NĽ͞ăˀ]HdVO/j(}H'4 ͙W Whitman and Ono (2017, to 
appear)PǍɜSшУBjR'FVϰɴPWĲV�º�¹ĠǊSш]NɆ͒É

VϰɴSúɍ]N0j( 
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¨ 2§ «·��O×���'�Yy� 

� ʕ͙OW'ʕϰɴV 3 ͙äьO̖0jŪͽϖ̨ĬѶȿ˜SL0NʲϑBj1( 
 
2.1  �': 
� ̇ÓnĬѶBjVW͍ƼVƗ́O/i'FVȲŶOȐϡVǒϹnͽϖ̨SĬ

ѶBj~²��³¸�Ʉ˜Vʏ̖ȪW̢0V˿0dVO/j(»̠̮ɜ̨Rɸ

˜W'ŪǒϹVʴ)RČѦn˰ǂ]'ŪǒϹчVóh4VȲŶOVѶîȪ(/j

0WѥѶîȪ)nFkhVчV*Љџ+P]NǂΎ]'FVЉџVЬЛV�º�

SdPM0NŪ˰ǂǒϹn08L4V~²��ºSĬ:jɸ˜O/j(]4]'

ɻƻV~²��³¸�Ʉ˜WƩʴO/i(Everitt, Landau, Leese & Stahl, 
2011)'}HϓʝB]6�º�Sǒ]N'FkhV1J'QVɄ˜n̖0jV

RʍЮO/j4WȡC]dΛʀOWR0( 
� [hS'ƩƦл�º�RЃ̨Ʀɲ(z��³z´Ʀɲ)Oʳȹ[kjƞūSW'

FVg1SѶîȪ(ѥѶîȪ)VЉџnǂΎBj<PΛòR'ȡC]dΛʀOW

R8'ͽϖ̨SɲлŇBjóh4VˀȐŇRȡϊO/j(}C'ǘȂː˴Vϑ

˽4hW'ŮΎǘȂ(z��³z´Ʀɲ)eѮȀǘȂVЃ̨�º�S/KHЉџ

VǂΎRR[kj]6O/j(<knΑȷDC'Ѓ̨Ʀɲn{0, 1}V 2 ĉƦɲ(�
¨ºƦɲ)SƦɢ]N'Fk4ḫJSŏͯSЉџ҃ø.ȚОBj§¸���¸

Љџ҄͟nǂΎ]N*~²��ºĬʝ+nǄοBj<Pd]X]Xόhkjg

1IR'ŪƦɲчVшþSĠƎBjȯƝnŊĬSɅɣ]HɲлŇSgKNóh

4VȲŶOǘȂŇnο0'<kSƗM0HЉџn˒cj<PRgiʑ}]0O

/l1( 
� ʕ͕̽OW'Ѓ̨ƦɲVŪƦɲч(ŪĆòч)SĠƎBjȯƝSЮĭRɲлn

Ã2'ʼēƍΈn]RRh'FkhVƩʼę̄RʳТnϓʀBjȿ˜P]N'

*ʞVɲлŇ>Ѷ+(Hayashi, 1952; ʞ, 1993)VЮ̖nΑ2H( 
� ʞVɲлŇ>ѶWz��³z´�º�SǒBjÊȹĬĬʝPΑ2hk'СǷ'

ƉʏĉVƫ60ʼēSǒȣBjǖɲVʼē}OVƩʼē͖чOVǒϹVǱΊn

Α2'<knϓзBj<PRƩ0(]4]'˰ǂǒϹeƦɲRƩɲO/jƫύ

ʶ�º�S30NW'ǖɲVʼēI:OWŊĬRȯƝΈͮRR[kR0ƞūR

/j( 
� FVg1Rƞū'ɲлŇ>ѶVͺʟȜhkHƉʏĉVˋД̨ƫ60ʼē}O

V͖чS30N'ǒȣBjǒϹVȃʵ4hǒϹчV*Љџ+nϖͣ]'Љџο

įnõȹ]'~²��ºĬʝnǄοBj<PR'1 LVɸ˜P]NΑ2hkj(

ʕ͒OW'<Vɸ˜n*ɲлŇ>Ѷ~²��³¸�+P͎]'<kR]X]X

ϟο[kj( 

                                            
1 <<O'*~²��ºĬʝ+P01ϕΰn̖0CS'ͽϖ̨*ĬѶ+ȿ˜P01Ϧn̖0HV

W~²��ºĬʝ'*ɲлŇ>Ѷ~²��³¸�+I:OWR8ɲлŇ>ѶVƦɲeĆòV¢¶

��VΑǏdŲcjHcO/j( 
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� »ΡS'ŪĆĲVϓʝǒϹ΍SL0N*ĬѶ+nɹBƞū'q¢³y³S¾

ΗRɸ˜WR0(ʕ͒OW'ÀО]H 3 LVȿ˜RQnȦѱSΊ0HÀO'Ū

͑VϕϦ�º�VĬѶSL0N'ϟοсϨnο0'ŪϓʝǒϹSЮ]HЯɈe

Ǭƭnɹ]'΃ų̄Sıɶ]N08<PSĿcj(Ūͽϖ̨ȿ˜VȒę̑Rͺ

ʟOWR8'FkhnϟοсϨ]N08Ш͐VÉO'ŪϕϦ�º�VȪЃR˧

4YÀRKN8j<PnʓβBj( 
� ʕ͙VäÁVͤOW'ÊP]N'~²��ºĬʝ'ɲлŇ>ѶRQ'ʕ͒O

ˡ̖Bjͽϖȿ˜VƗʕnͨʀS}PcN38(<khSш]NW'BOSƩ

ɲVɴ̌eϰɴR/jHc'Ϣ͵W'шУBjŪɴ̌nř̂V<P( 
 
2.2 1>34CO� 
� »ΡS'Ćò8ƦɲVȒOȜhkjƩƦл�º�S30NW'ĆòV~²�

�³¸�PƦɲV~²��³¸�R/j(ʕ͕̽OW'ÊSĆòV~²��³

¸�nȦѱS30NϘB( 
� ~²��ºĬʝSWŪ͑Vɸ˜R/jR'ƫ68Ĭ:N'єĄ̇̄~²��

ºĬʝPѥєĄ̇̄~²��ºĬʝR/j(єĄ̇̄~²��ºĬʝPW'Ćò

чVѶîȂ/j0WѥѶîȂ(Љџ)SƗM0N'ʍdîN0jĆò4hѮʼS

ѝcN~²��ºnõKN08ɸ˜O/j(єĄ̇̄~²��ºĬʝW'~²�

�ºRõhkN08ʴƹRʷȒƈ҃�¸�¶�²©'dendrogram҄O͂

[kj(е м, 2011, p.237)(]4]'єĄ̇̄~²��ºĬʝW'ĆòɲRƩ0

PϖͣлRΚƫSRi'ƫлV�º�ϓʝSWů0N0R0(ƫύʶV�º�

���V~²��ºĬʝOWѥєǠ~²��ºĬʝR̖0hkj<PRƩ0

(е м, 2011, p.245)(ø2X'ѥєǠ~²��ºĬʝVãρ̨Rɸ˜O/j k
ǹƐ˜(k-means)W'єǠȪnΑ2C(/h4Ac~²��ºɲ[k]nɒǂ]N)
ĬѶBjɸ˜O/i'ϖͣлVϑ˽4hƫύʶ�º�Sǒ]NdǄοťΗRϖ

ͣлSŞ}j<Pd̈ȟO/j( 
� äÁS[hS'єǠśYѥєǠ~²��ºĬʝSL0NϩʀnĽ2j( 
2.2.1 Ðl�1>34CO� 
� BOSО]Hg1S'єĄ̇̄~²��ºĬʝS30NW'ÊS 2 LVЯɈS

Нhkj(͝»WЉџVЯɈO/i'͝ÔW�´º�¸�ȿ˜VЯɈO/j( 
2.2.1.1�ÃÒ�È{�

� Ćò!VƦɲ!Vĉn!!" ! = 1,2,…! ! = 1,2,…! PBjP'Ćò!PǒϹ!V¯

º~³��Љџ(Euclidean distance)  !!"W'äÁVg1SǂΎ[kj( 
 

!!" = !!" − !!" !
!

!!!
 

� }H'Ćò!PǒϹ!V§¸���¸Љџ(Manhattan distance) !!"W'

äÁVg1SǂΎ[kj( 
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!!" = !!" − !!"
!

!!!
 

� }H'Ćò!PĆò!V̯шЉџ(Correlation distance) !!"W'äÁVg

1SǂΎ[kj( 

!!" = 1− !!" − !!• !!" − !!•!
!!!

!!" − !!•!
!!!

! !!" − !!•!
!!!

!
 

 

HI]'!!• = !
! !!"!

!!!  , !!• = !
! !!"!

!!!  
 

� äÀVg1RĆòчVЉџ!!"VB]NV͸aūmDnͣĪBj<POЉџ

οį! = {!!"}R˒chkj( 
2.2.1.2 2@C9B2�y� 
� »ΡS�´º�¸�PWäÁVg1RȿѮO/j(ñη, 2009)( 

1. � İʓ̉ȵP]N n ĆVĆòFkGkR~²��ºnR]N0jPΑ2

j(]HRKN~²��ºVĆɲ K W K=n PBj( 
2. ÑcЯɈ]H'ЉџP�´º�¸�Vȿ˜SgKNʍdЉџVǕ[0ǒn

˒c'Fkn»LV~²��ºSξūBj(K n K-1 P]N'K>1 Rh

X 3. SФa K=1 RhX~²��³¸�nͷÐBj( 
3. ɷ]8õhkH~²��ºPáV~²��ºPVЉџn'ÑcЯɈ]HЉ

џP�´º�¸�Vȿ˜SgKNϖͣBj(2.Sȼj( 
�  
� ЉџV�º�SƗM0N'ǒϹ΍nŪ~²��ºSĬ:jɸ˜(�´º�¸

�)SWäÁVg1R�³wº�°¸RƻƎBj(ø2X'єĄ̇̄~²��ºĬ

ʝV�´º�¸�Vȿ˜Sd'ʍ̻Љџ˜'ʍфЉџ˜(Sørensen, 1948)'u

xº�˜(Lee & Wilcox, 2014; Székely & Rizzo, 2005; Ward, 1963)'΍ǹƐ˜'

йȠ˜'RQR/j(<khVȿ˜W Lance-Williams family (Lance & 
Williams, 1967; ñη, 2009)SǟBj( 
� ʍ̻Љџ˜W'A P B V�´º¢VчO'ʍdЛ0ϊͱŭƢVЉџn A P

B VЉџPǂΎ]'�´º�¸�nοKN08ɸ˜O/j( 
� ʍфЉџ˜W'A P B V�´º¢VчO'ʍdЬ0ϊͱŭƢVЉџn A P

B VЉџPǂΎ]'�´º�¸�nοKN08ɸ˜O/j( 
� uxº�˜W'A �´º¢ĠдVĬɱRʍǕS'A P B PVчVĬɱRʍ

ƫSRjg1S'ɷ]0~²��ºA’nʳȹ]N08ɸ˜O/j( 
� ΍ǹƐ˜W'A P B V�´º¢VчO'Õ0VB]NVϊͱŭƢVǹƐn A
P B VЉџPǂΎ]'�´º�¸�nοKN08ɸ˜O/j( 
� йȠ˜W'A V�´º¢VйȠP'B V�´º¢VйȠPVЉџn A P B
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VЉџPǂΎ]'�´º�¸�nοKN08ɸ˜O/j( 
� ~²��ºĬʝV�´º�¸�ȿ˜SL0NW'Everitt, Landau, Leese & 
Stahl(2011]RϢ]0( 
� <khVÉO'ʍ̻Љџ˜'ʍфЉџ˜'uxº�˜R]X]X̖0hkj

ɸ˜O/l1(ʕ͒Od'ÊS<khR̖0hkj(HI]'uxº�˜SL

0NW'Ward(1963)Vy³��´ɡʩOW¯º~³��ÔÎЉџn̖0N0j

R'ЛǺV͕̽(Lee & Wilcox, 2014; Székely & Rizzo, 2005)SgKN'¯º~

³��Љџe§¸���¸ЉџSƗM0Huxº�˜d Lance-Williams 
family SǟBj<PR͂[kN0j(ʕ͒OW'<khVͺʟSƗM6'¯º

~³��ЉџP§¸���¸ЉџSƗM0Huxº�˜n̖0j( 
� <khV�´º�¸�VͺʟP]N'ʷȒƈ(�¸�¶�²©)nȜj( 
2.2.2 ÓÐl1>34CO� 
� ѥєǠ~²��ºĬʝW'k-means� (MacQueen, 1967; Steinhaus, 1957)
e'k-medoids� (Kaufman & Rousseeuw, 1987)e k-modes� (Huang, 1997)
RQR/j( 
� FVÉOdãρ̨RdVP]N]X]X̖0hkj k-means҃ k-ǹƐ˜)Vq

´�³�©W'äÁVg1R¢¶��Oʳȹ[kj( 
1. ~²��ºVĆɲ k n'Ñc/H2j( 
2. �º�V͖чVÉS'k ĆVèȲV˽n̤̔[Dj( 
3. ǒϹPRjŪ˽4h k ĆV˽}OVЉџnϖͣ]'k ĆV1JʍdЛ0˽

S²£´â:Bj( 
4. ŭA²£´â:n[kH˽VǹƐnɷHR˽P]Nǂcj((k ĆV˽R

ɷHSʋɷ[kHPΑ2hkj() 
5. ²£´â:RƦmhR8Rj}O'ķОV 3-4 V¢¶��nΉiМB( 

 
� ѥєǠ~²��ºĬʝV̈ȟP]N'єĄ̇̄RĬѶPW̡Ri'�º�n/

h4Acɒǂ[kHĆɲ(k Ć)V~²��ºS*Ĭ:j+P01<PR/j(

»ΡS'єĄ̇̄~²��ºĬʝOȜhkjʷȒƈW'*ʷȒƈnQ<Oĭj]6

4+'*óĆV~²��ºR/jPΑ2j]64+P01˽Wʀ̨͂OWR0(

ѥєǠ~²��ºĬʝW'~²��ºVĆɲnÑcÃ2j<PO<VŽѳnĖ

ʐ]g1P]N0j(HI]'k nЮĭRĉS/h4Acų̄̑Sǂcj<P

WѥǷSѠ]0(Rousseeuw (1987)RQS30NW'�´uv��(Silhouette)
P01ʲȦn̖0j<Pnɡʩ]N0j(ѥєǠ~²��ºĬʝSшBjϢ͵

W'ñη(2009)nř̂[kH0(�

� ʕ͒Oɂ1ŪϕϦ�º�VĬʝS30NW'ÀϘVg1SĬѶB]6~²�

�ºVɲnÑcǂcj<PWȬȲ̨SRi4UR0P01ȸȦR/i'ѥєǠ

~²��ºĬʝV÷̖Wб:H(HI]ŪϕϦ�º�Sш]N'̀ǄR̺όR

β͓[kN06'FkhVƗM6ŗʨR«�´VȆĲR˒chkjg1Rˈє

OW'ѥєǠ~²��ºĬʝVˡЎVƞW/iȜg1( 
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2.2.3 Ðl�1>34CO��ÓÐl1>34CO��È{�a� 
� єǠ~²��ºĬʝPѥєǠ~²��ºĬʝVЯɈVƗ˴W'2.2.1 ͤśY

2.2.2 ͤOО]Hg1RŏRjq´�³�©VЫ0I:OWR8'ĬʝǒϹPR

j�º�RQVg1S̔ȹ[kH4P01<PnΑȷBj<POєǠ~²��

ºĬʝPѥєǠ~²��ºĬʝVQJhnЯ[]64Rʀh4SRj<PR/

j(ø2X'ÜчV͏łSí1аìV�º�W»LVĜСV͆Ĕ4hĬǢ]N

08«�´nΑ2j<PRΛ́O/jHc'єǠ~²��ºĬʝnЮ̖Bj<

PRgiЮĭO/l1(ÜчV͏łSâѕBjϕϦV�º�SL0NW'»L

VĜСV͆Ĕ4hĬǢ]N08«�´P'ĬǢ]HϕϦŭƢVɜϔSgKN'

ϕϦRƦŇBj«�´VÇɸnΑȷBjȡϊR/j(gKN'ĬʝǒϹPRj

ϕϦV˄ŧ̨RΕʉnΑȷ]RRh'ķΒV«�´O/jєǠ~²��ºĬʝ

PȚΒV«�´O/jѥєǠ~²��ºĬʝn÷0Ĭ:j<PRЮĭO/l1(

»ɸ'ʕ͕̽Oɂ1ϕϦVƦɲeɴƼõŹSшBj~²��³¸�SL0NW'

b]lєǠȪnímR0ѥєǠ~²��ºĬʝnЮ̖Bj<PRƴȐRƞūd

/l1( 
� <khVЫ0nϥϵ]HÀO'єǠ~²��ºĬʝPѥєǠ~²��ºĬʝ

n÷0Ĭ:j<PO'äÁVg1R͕̽nο1<PdťΗO/l1( 
� ø2X'ϕϦ�º�SєǠ~²��ºĬʝnЮ̖]'ȜhkHϕϦVʷȒƈ

RɻƻVϕϦƼS3:jʷȒƈPW̡RjƞūSW'FkhVϕϦS30NW

ːǹìɨVg1RѥєĄ̇̄RϊƅRđ0N0jPΑ2j<PRO6j(gKN

ѥєǠ~²��ºnЮ̖Bj<PSgKN'ːǹìɨVʳТnʀh4SBj<

PRO6jIl1( 
� }H'ɸϕV͕̽S30Nd'єǠ~²��ºĬʝnЮ̖]HїS'ɻƻV

ϕϦƼS3:jʷȒƈP»ΝBjʷȒƈnÃ2jŏϦ΍W'FVϕϦnϠBˎ

ɺV͏łPPdSǾ}KHdVPΑ2j<PRO6jR'FVg1RͬͽȪn

͂[R0ŏϦSWFVˎɺRɑL̈ĲRÓȯ(ːǹìɨRQ)R/jPΑ2j<

PRO6jIl1( 
� ʕϰɴOW'ÊS 3 ͙P 5 ͙O~²��³¸�Ʉ˜n÷KN0jR'QJh

dєǠ~²��³¸�O/j(˳ˍ̇ϦVȹ͘ϰnͽϖ͍Ƽ̨Sġʭϗ]H 3
͙OW'ЉџP�´º�¸�ȿ˜nЯɈBkX'ʷȒƈR»ȲSǂ}j<Pn

ĒĔ]HHc'ѥєǠ~²��³¸�OWR8'єǠ~²��³¸�n̖0H(

q±�ϦVɸϕшþnɂKH 5 ͙OW'͹ѻÀq±�ϦVɸϕ�º�SWєǠ

ȪnϥcjVRƴȐO/i'}Hq±�ϦSш]NWːǹìɨRƗϬOWR0

Hc'єǠ~²��³¸�n̖0H( 
� HI]'ϕϦѶƒϰV�º�nɂKH 4 ͙Sш]NW MCA VЮ̖VaO'

ÊR̺όRȜhkjHc'єǠ~²��³¸�PѥєǠ~²��³¸�VЯɈ

SL0NWĸʼ̨RdVO/j( 
 
2.2.4 1>34?B2y��È{�a� 
� ÀОVg1S~²��³¸�ȿ˜SWʴ)RdVRƻƎBjR'ҁη ǋË
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(2006, p199)SgkX'~²��³¸�ȿ˜nϝûBjSW'ƫ68Ĭ:Nä

ÁV 3 LVϑ˽R/j( 
 
1)ėĻ�º�P~²��³¸�ͺʟVˋДSgjdV(ЮūȪƗ˴eѥЮūȪ

Ɨ˴Sgjϝû) 
2)~²��³¸�ͺʟΛòV/j͑V΢[SgjdV([}?}RɒʵSgj

ϝû) 
3)ŭA�º�nϓʝ]HψɲV~²��³¸�ͺʟVˋДSgjdV 
 
� 1)VЮūȪƗ˴Vϑ˽4hєĄ̇̄~²��³¸�nϝûBjɒʵP]N'2
ÎϨǮƗ˴'̈ ¸� �|ºƗ˴'Cophen þɲ'Spearman VѮï̯шþɲ'

KendallVѮï̯шþɲ'Goodman-KruskalVѮȀУшþɲRQRƻƎBj(

ѥєǠ~²��³¸�SL0NW Milligan(1981)RϢ]0(2)~²��³¸�

ͺʟΛònϝûBjdVP]N'ϚǊȪ(admissibility)Vϑ˽4hˀϚǊȪ'k
΍ʳТϚǊȪ'ƿĘʳТϚǊȪ'ˀύϚǊȪ'ĩϚǊȪ'ǒϹψχϚǊȪ'~

²��ºψχϚǊȪ'~²��ºĶѐϚǊȪRQʴ)RɒʵRɡʩ[kN0j(

Ϣ]8W'Fisher and Van Ness(1971)e Chen and Van Ness(1996)'
Mirkin(1996)RQRřΑSRj(HI]'ҁη ǋË(2006)SgkX'~²��

³¸�ȿ˜S30NW'2)Vϑ˽V/hfjȲŶO*ʍЮR+ȿ˜WƻƎ]R

0P[kN0j(3)VŭA�º�nϓʝ]HψɲV~²��³¸�ͺʟnˋД

BjɒʵP]NW'»Νþɲ'Â»Νþɲ'Rand ͽϖл'ăˀ Rand ͽϖл

RQR/j(ȚОBjg1S'~²��³¸�V*΢[+PW'ř̂Bjƨд

V̑ϰPVɳūȪPVϟοсϨVÉOόĪ]N08dVO/l1R'~²��

³¸�VͺʟFVdVnϝûBjʴ)Rȿ˜eɒʵRɡʩ[kN0j<PS̞

ȲBj(̼̗ ωǚ ʮ(2011)S30NW'ġ̐Ȫ'Ɛ͟Ȫ'ƨ̨Ɨ˴'Ġ̨Ɨ

˴'ϓзťΗȪP0KHɒнRɡ͂[kN0j(ʕ͕̽OW̼̗ ωǚ ʮ(2011)
V08L4VƗ˴(Ɛ͟Ȫ'ƨ̨Ɨ˴'ϓзťΗȪ)nř̂Bj<PSRj( 
 
2.3 ��~ÍU�× 
2.3.1��~ÍU�×�ÏÆy�:��� 
� »ΡS'ʞVɲлŇ>Ѷ(Hayashi’s Quantification Method >, QM>P̟B

<PR/j)(Hayashi, 1952)W'z��³z´�º�(Ѓ̨ƦɲSшBjƩƦл

�º�)SǒBjÊȹĬĬʝPΑ2hkj( 
� ʞVɲлŇ>ѶW'FV˄ŧ̨͹·4hŪƊOϬʥ͕̽eϕϦϓʝ͟)'̡

RjΕʉVÉO̊͘]N̤ʀ[kH<PO'ø2X Fisher҃ 1940 W҄ʍЮŇǘ

Ȃ˜(Optimal Scaling)' ²¸�V Benzécri҃ 1973 W҄ƩйǒȣĬʝ(Multiple 
Correspondence Analysis, MCA P̟B)'z��V�¶¸�ƫƼVωиѤȓ

(Nishisato, 2006)WŜǒǘȂ˜(Dual Scaling)'y²¸�V Gifi҃1990҄W͟

ЃȪĬʝ(Homogeneity Analysis)RQ'̡RjŮ͎OŷXkj<PR/jR'

ʕЃ̨SWɲƼ̨SWŭ͟RdVO/j(Ј͘ ʘÀ, 2010)(�  
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� <VʞVɲлŇ>ѶW'Ѓ̨Ʀɲ4hRjƩƦлV�º�SЮĭRɲлnÃ

2'ȐϡVϓʝǒϹVѝūVŪϊͱVчVĠƎ̨RшУʳТVʼēnɋĪ]'

ͺʟP]NƩʼē͖чSǒϹчVѶîȪnρ͂Bj(<VȲŶO'ʞVɲлŇ

>ѶWЃ̨ƦɲVÊȹĬĬʝ(Ј͘ ʘÀ, 2010)PΑ2hkj(҃ ÊȹĬĬʝW

Pearson[1901]SgKN̤ʀ[k'FVȚ'Hotelling[1933]SgKNġ̤ʀ[

kHȿ˜O/j (҄ 
� ɲлŇ>ѶRЮ̖[kj�º�VƒW08L4/j(ʕ͕̽OW'3 ͙S3

0NW'ѲȂρ(ʞV̖ϦOW̯шρ[Contingency Table])V�º�nɂ0'4
͙OW'q±�©z��³ºƒVƦȒ]H�º�nɂ0'5 ͙OWq±�©z

��³ºƒ(ǤƑ, 1987)eƩйЯɈƒ(ǡ̗ ωи, 1993)2V�º�nɂ1(ɲл

Ň>ѶP01̖ϦOWʍdĞƒ̨SW'̈́ëϬʥRQOȜhkjψɲVЃŽѭ

̭PFVЯɈΔS̯ȐBjq±�©z��³ºƒ�º�SЮ̖[kjR'Ǆї

SW'ɲлŇ>ѶP01ϕΰW<kh 3 LV�º�SĘNS÷mkN3i'ʍ

ЮRɲлnÃ2jƗ˴WʼSО]jg1Sŭ»O/j(áɸ'Benzécri(1973)
hV̖ϦOW 3 ͙Oɂ1ѲȂρVĬʝSW Correspondence Analysis(CA)VϦ

RȐNhk'4 ͙ 5 ͙Oɂ1q±�©z��³ºƒ�º�VĬʝSW Multiple 
Correspondence Analysis(MCA)VϦRȐNhkj( 
� ɲлŇ>ѶW'ø2Xq±�©z��³ºƒ�º�Sǒ]NW'Ūq±�©

VFkGkVz��³ºVϡȐ¹ѥϡȐnρB 2 ĉ�º�(�¨º�º�)SƦ

ɢ]'�º�οįnõi'οѭ̭Pįѭ̭Sɲл(йa)nÃ2j(FVїS'

οѭ̭Pįѭ̭V̯шRʍƫSRjg1S'ɲлnâÃBjVO/j(<Vʍ

ƫŇŽѳW/j͑VƉʏĉŽѳSǶ̵]'<VP6ʍƫŇ[kj̯шþɲV 2
ÎRǒȣBjʼēVƉʏĉP»ΝBj(FVƉʏĉWÊȹĬĬʝOƉʏĉnǌ

Ã̎VɒʵPBjVPŭʴSȐϡʼēVǌÃVɒʵP]N̖0hkj( 
� ʞVɲлŇ>ѶVͺʟW'СǷ'ƉʏĉVƫ60ʼēSǒȣBjǖɲVʼē

}OVƩʼē͖чOVǒϹVǱΊnΑ2'<kRϓз[kj<PRƩ0(]4

]'˰ǂǒϹdFVƦɲdƩɲO/jƫύʶ�º�S30NW'ƞūSgKN

W'ǖɲʼēI:OWȯƝΈͮ[kC'ɲлŇ>ѶVǱΊVϓзW4RiVѼ

ʼē}OΑȷ]R:kXRhC'ͺʟVϓзRƆѠPRj<PR/iȜj<P

S˞ȲBjȡϊR/j( 
� ɲлŇ>ѶVĝǫ̀Rϖͣȿ΀6SL0NW'Hayashi(1952)RİʓVɡʩ

O/i'giǸǾ0ɸ˜VϘОSL0NWʞ(1993)RϢ]0(ЛǺVɴ̌OW

ˑ̗ ʬЛ(2014)dϕśR/j(ɲлŇ>ѶW'ǒȣĬʝ(CA)PŭʴS'ѲȂρ

V�º�SL0NdЮȣťΗO/jR'ɼʕO»Ρ̨S÷̖[kN0j� �

uvqOW'ʞVɲлŇ>Ѷ(QM>)OWq±�©z��³ºƒ�º�VaRɂ

2jƞūdƩ0g1O/j(ʕ͒OW'ÇɸV�º�nɂ2j� �uvqP

]N'R V corresp n÷̖]H( 

                                            
2 5 ͙VâтOɂKH�º�W'ǡ̗ ωи(1993)OɂmkN0jƩйЯɈƒ�º�V̈ˆRȒ

O/jRɲлŇ>ѶS3:j̯шʍƫVƗ˴WƦmKN0R0( 
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2.3.2 Correspondence Analysis:(+hqU 
� <<OWɲлŇ>ѶPɲƼ̨S͟]8ÄLʕ͕̽O÷̖]H� �uvqS

ūmDN'CA(Correspondence Analysis)VǂȇŇSƗM0N'÷̖]Hȿ˜

SL0NͶßBj (Greenacre & Blasius, 2006, pp.12-14)(ÀSО]Hοѭ̭

Pįѭ̭V̯шʍƫŇVƗ˴P CA VǂȇŇVŭ͟ȪSL0NWø2Xʤ×

(1994)dř̂[kH0( 
� οį M n n z��³ºnɑLοѭ̭P p z��³ºnɑLįѭ̭VчV~

¶�ρP]NÃ2hkjѲȂροįO/jPBj(οį M W !!" , ! =

 1,… ,! 4L ! =  1,… ,!Pʌ8<PRO6j(ʍİS M n P !!" SƦȒBj<

PnΑ2j(!!" = !!" ! ,!Wοį M VϊͱV΃ŸO/j)(Þ'οį P VοŸ

n!!∙ (= !!∙ !)'įŸn!∙! (= !∙! !)P]N'FkGkn'!! P !!PʋS̟ͨ

SρϘBj([hS'οį P nοį S !!" (!!" = !!" − !! !! !! !!)SƦȒBj

P'οį S W' 

! = !!!! ! ! − !!! !!!! ! 
Vg1Sʌ8<PRO6j( 

HI]' ! =
!!
⋮
!!

, ! =
!!
⋮
!!

,  

!!!! ! =
! !! … !
⋮ ⋱ ⋮
! ⋯ ! !!

 , !!!! ! =
! !! … !
⋮ ⋱ ⋮
! ⋯ ! !!

 

� οį S Vϊͱ !!" οį M VοPįR̊͘O/jP01åϩOϑ˰ѲȂPʓ

βѲȂPVÍџnϝû]HлO'<kVĘNVϊͱSmHjÔÎŸR̊͘ȪV

ʭǂS3:jz±ÔÎͽϖлPRj(ɢϕBjPοį S VÚÕõ̖(̈ǂz�

�³ºŭƢVͺYL6VȎ[)VĉPɗ2j<PRO6j( 
� [hS'οį S SL0N'̡̈ĉĬϓnЮ̖]' 

! = !"!! 
nȜj(!Vįn*ǭ̡̈£~�´+P00' !Vįn*Ũ̡̈£~�´+P

00'!!! = !!! = !R˲H[kj(!n̡̈ĉοįPŷXkjǒϒοįO/j( 
� οį!Wοѭ̭Pįѭ̭VÚÕõ̖Vƫ6[n̈ȟM:jοѭ̭VŪz��

³ºVйan'!!WŭA8įѭ̭z��³ºVйan'οį S V̡̈ĉĬϓS

gKNÃ2N0j( 
� <V̡̈ĉĬϓV̡̈ĉVƫ60ǖɲSǒȣBjдĬnşiĪ]' 
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! ≃ !!!!!!! 
Vg1Rð²¸~VοįV͓OЛîBj<PnȲƈ]Hɸ˜O/jPϕ2j( 
  ǄїSW'!e!VŪįVϊͱnóh4VǘȂϬɳn]HdVn'z��³º

V̈ȟnρ]N0jȃʵP]NϓзS̖0j( 
� ĝǫ̀SW'CA S30NW'ο'įFkGkS30N'̡̈ĉnŝʃ[D

HȃʵPŝʃ[DR0ȃʵRΑ2hkj( 
FkGk' 

̡̈ĉnŝʃ[DHοVȃʵ(principal coordinates of rows): ! = !!!! !U! 

̡̈ĉnŝʃ[DR0οVȃʵ(standard coordinates of rows): ! = !!!! !U 

̡̈ĉnŝʃ[DHįVȃʵ(principal coordinates of columns): ! = !!!! !V! 

̡̈ĉnŝʃ[DR0įVȃʵ(standard coordinates of columns):! = !!!! !V 

OÃ2hkj( 
� äÁVŪ͙OWǄЃ̨S̡̈ĉnŝʃ[DH F e G n̖0jR'<khV

ĉn*ȃʵ+}HWgi¼ǐS*͖чȃʵ+PρϘBj(2.4 ͤř̂)( 
� R3'ÀϘV̡̈ĉĬϓS3:j̡̈ĉ!V 2 ÎRɲлŇ>ѶS3:jƉʏ

ĉS̯Ȑ]'ȜhkjʼēVǌÃVɒʵP]N̖0hkj( 
 
2.4 �~ÍU�×1>34?B2� 
� ĢѱOО]Hg1S'ɲлŇ>ѶVͺʟn'ˋД̨ƫ60ƉʏĉSǒȣBj

ʼē}OV͖чǱΊ4h�º�VȯƝnϓз]g1PBjƞū'ǒϹPRjƦ

ɲR/}iƩɲOWR0ƞūe'ǖɲVʼēVaRǌÃ̎(Ɖʏĉ)RѼ0ƞū

SWŽѳWR0R'ƦɲR4RiƩ8'ǌÃ̎(Ɖʏĉ)RƩʼēSĬɱ]N0

jƞūOW*ϓз+WǊʁOR0( 
� F<O'ʕ͕̽OW*ɲлŇ>Ѷ+VͺʟSǒ]N'ȜhkHǒϹ΍VƩʼ

ēVȃʵVǱΊ4hȜhkjЉџnϖͣ]'~²��ºĬʝnЮ̖]'ǒϹ΍

VĬѶSgKNϓзnǊʁSBj<PnΑ2j(<kn'ʕ͒OW*ɲлŇ>

Ѷ~²��³¸�+P͎Bj<PSBj(ʕ͕̽O÷̖Bj MCA SgKN

Љџοįn˒c Neighbor-Net nЮ̖Bjɸ˜d<V»LO/j(*ɲлŇ>Ѷ

~²��³¸�+W Lebart(1994)'Ϋ(2001)'Wen and Chien(2011)͟)Od

Ю̖[kN0jȿ˜O/jR'1.3 ͤOɻОVСiϕϦ�º�ϓʝS3:jЮ

̖W/}iahkR0g1O/j(}H'FVáVƞūdƩ8W'ŭA�º�

Sǒ]N<Vȿ˜P̮ɜ̨R~²��ºĬʝPVˋДe'ɲлŇ>ѶPVˋД

WR[kN0R0g1O/j(ʕϰɴOW'Ū͑VϕϦ�º�ϓʝS30N'

FkhPVˋДdο0LL'ȐϡϕϦ�º�VȪЃPŪͽϖȿ˜PV̯φ̨R

шþn˧6ȕiS]H0(ɢϕBjP'ȐϡV�º�VĬѶSW'ŊĬRȴȂ
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VĬѶȿ˜RȡϊO/jR'ȴȂRѼB7jP×±�nɐ0B7N'ʀȥS~

²��ºnĬџBj<PWʑcR0(FVȴȂPĬџȂPV�²¸�nόRR

h'�º�ϓʝnФcj<PSRjO/l1( 
� *ɲлŇ>Ѷ~²��³¸�+nЮ̖BjSȐHKN'ɲлŇ>ѶVǱΊ4

hЉџ�º�nȜjHcS'ŪǒϹVǱΊVóʼḙ̄}OVȃʵnĳ̖Bj4

Sш]NW'ʴ)Rɸ˜R/iȜj(HP2X'ÊȹĬĬʝO]X]Xοmk

jg1S'ƉʏĉVʹ͓ǌÃ̎Rø2X 80҂äÀ'90҂äÀSRj}OVʼē

nĳ̖Bjɸ˜R/j(}H'ƉʏĉnьѮSÈ]H¢¶��(�~³º¢¶�

�)4h'ƉʏĉV˯ǖRΆe4SRj»LķVʼēVȃʵnĳ̖Bjɸ˜d/

j(Ј͘ ʘÀ, 2010)( 
� СǷ'ɲлŇ>ѶVϓW̯ǫ̌O/j(ŏïR˖}KN0R0)HcS'Ūʼ

ēVĬǱWǹƐ 0'Ĭɱ 1 PRjʙçVdPOȜhkj(F<O'ǄїVȃʵ

nƩʼē͖чVЉџP]Nĳ̖BjHcSW'ƉʏĉnΑȷ]NġϖͣBjȡ

ϊR/j<PS̞ȲB]6O/j( 
� ʞ(1993: 86)OW'<VŽѳSL0NäÁVg1SϘО]N0j( 
 
“΃ǹƐW 0, Ǒ˜W!(!)e!(!)VĬɱn 1 S]Hi'/j0W'!(!)VÜSg

jĬɱn 1 SFl2Hi'̯шþɲV 2 ÎSFl2HiBjRQ'ЮǃΑ2k

Xg0”(ʞ, 1993: 86) 
 
� ʕ͕̽OW'n ʼḙ̄}OV͖чS3:j¯º~³��Љџ!!"WäÁVg1

SÃ2hkj(<kW'ʞVϘОSƗM:XŪʼēVĬɱn̯шþɲV 2 ÎS

Fl2j<PSǒȣBj(<<OW'ρϘW 2.3 ͤV CA VϩʀPǒȣ[D'

2.3.2 ͤ!VǂΎSƗM6VÁϘVȇOǒϹчVЉџn˒cN0j( 
 

!!" = !! !!" − !!"
!!

!!!  , !!=!!! !!!!!!
!!! . 

 !!W CA VǂȇŇS3:j k ʼḙ̄V̡̈ĉO/j(  
(˞Ȳ.� !!"Wkʼḙ̄V̡̈ĉSǒȣBjϓ[̡̈£~�´]Vz��³ºiVĉ

O/j(n ĆVz��³ºV m ʼē}OV͖чVǱΊnΑ2N0j(οѭ̭V

z��³ºn Rįѭ̭Vz��³ºp gidǕ[:kX'ȜhkjʍƫVʼē

W n-1 O/j() 
� <V!!Sgjйaâ:WɲлŇ>ѶVƉʏĉOʼēVйϊȂnϝû]NЉ

џSŝʃ[DHdVPϕ2j( 
� ŭʴS m ʼḙ̄}OV͖чS3:j§¸���¸Љџ!!"WäÁVg1SÃ

2hkj( 
 

!!" = !!!
!!! !!" − !!"  , !! = !!! !!!!!!

!!! . 
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� ʕϰɴOWäÁVŪ͙V�º�ϓʝS30NW'R Core Team(2014)V
*corresp+(Venable & Ripley, 2002)V�§¸�n÷KN'ȜhkHȃʵSÀ

ϘVȇnЮ̖Bj<PSgKN'ґ!!"Ғn˒cH(ķОVg1S'ʕϰɴOW'

<Vґ!!"ҒSƗM0N~²��ºĬʝnο1ɸ˜n*ɲлŇ>Ѷ~²��³¸

�+PBj( 
 
2.51>34CO�:Ï-+«·y��°Â 
2.5.1 Neighbor-Net�  
� ʕͤOW'ʕϰɴ 3 ͙'4 ͙'5 ͙Oϟο]H Neighbor-Net śYFkSшУ

]NǕк (2015b)Oɡʩ]H MCA_Neighbor-Net SL0NϩʀBj(

MCA_Neighbor-Net PW'*ɲлŇ>Ѷ~²��³¸�+PŭʴS ɲлŇ>Ѷ

VͺʟV͖чǱΊ4hȜhkjЉџ�º�Sǒ]N'Neighbor-Net nЮ̖B

jɸ˜O/j(<VȿѮ4hm4jg1S MCA_Neighbor-Net W�¸�©~

²��³¸�V»ȿ˜O/j(<Vɸ˜nʕϰɴOW 3 ͙'4 ͙OWφЈ̨S

̖0'5 ͙OWÉȠ̨Sˡ̖Bj(<Vɸ˜Oʏ̫R̺όRdHh[kHÓø

WÊS 5.6 ͤOͶß[kj( 
� Neighbor-Net (<<OW NN P̟B)Wʕʚ'̔ ̇ФŇVͬͽʷVϓʝS̖0

hkNц̤[kN6H҃Bryant & Moulton, 2003)(̔̇VͬͽФŇnϓʀB

jSW'ŏͯRʷ̉ʳТnɂ1VOWÂŊĬO'ƩɲVʷ̉ʳТnŭʆSρ̐

Bj���·º~VɸRЮĭO/j(̈S'�º�ϓʝVİʓˈєOWȐϡV

̔̇ФŇSшBj̺όRÌ]0ƞū'ɞϰVHcVɸ˜OWR8'�º�Vρ

̐Vɸ˜P]N NN R̖0hkj(ŏͯRʷ̉ʳТRQOW'ϨKH«�´O

VɞϰPRjœȰnб:jHcO/j(ʕ͒Oşiɂ1ϕϦVìɤƦǊeƏ̑

̨SњɜBjŪϕϦ҃ɸϕ҄чVϓʀRQd'FV̔̇ФŇVϓʀP'ɸ˜ϰ

P]NWѶîVČѦR/i'NN Vˡ̖Wʏ̫PȨ2j( 
� giĝǫ̀SW'NN W'ǒϹчVЉџοįnėĻ�º�P]N'Άe4S

ЛњVdVŭƢ҃ѶîVǒϹŭƢ҄nͺYL:jͬͽʷ̨R~²��ºnõi

À;jq´�³�©O/j(NN W'~²��ºV»дRйψ҃overlap҄]'

4LєǠPWRhR0~²��ºVʳТ'»͑Vͬͽʷ̨R���·º~nʳ

ȹBj(СǷV~²��ºĬʝVȿ˜nЉџ�º�οįSЮ̖]Hƞū'Ȝh

kjʷȒƈW�º�SL0N'0mX*ʍdȎ0+ʳТnşiĪ]HdVO/

j(]4]'NN nЮ̖Bj<PO'�º�V*ʍdȎ0+r ТI:OWR8'

0mX*2 ̠̭äьSȎ0+ʳТdşiĪB<PRťΗSRj( 
� NN V¢¶��SW(1)ĬѶǒϹnħѝBj¢¶��(2)ЉџοįnΈͮBj

¢¶��(3)ŪИVф[nɞǂBj¢¶��'śY(4)ǄїS���·º~nɠ̛

Bj¢¶��RƻƎBj((1)(2)(3)SL0NW'Bryant, Moulton and 
Spillner(2007)śY Huson and Bryant(2006)nř̂[kH0(}H(4)SL0

NW'Huson(1998)śY Wetzel(1995)nř̂[kH0( 
� ƈ 1 S Neighbor-Net(NN)VϓзVàɸSL0NͨŏRʲȦƈOϩʀBj( 
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ƈ 1. Neighbor-Net(NN)VϓзVàɸ 

 
� NN VĪĻWƈ 1 Vg1S'΁V̭̉V(���·º~Vg1R)Ȓn]N0

j(<V���·º~VƈW΄9Oĭj<PSgKN A P B R}P}i'C P

D R}P}iʍȚS 2 LV~²��ºR}P}jǭČV�¸�¶�²©Pϓз

Bj<PRO6j(ʼS΄:Oĭj<PSgKN'A P C R}P}i'B P D
R}P}iʍȚS 2 LV~²��ºR}P}j̲oÉV�¸�¶�²©Pϓз

Bj<PRO6j(]4]'A P D R}P}i'B P C R}P}iʍȚS 2
LV~²��ºR}P}jŨČV�¸�¶�²©PWϓзBj<PRO6R0(

}H'a Vф[Rф8'}H a Sǒ]N b Vф[RǕ[:kXǕ[0{Q'ǭ

ČV~²��ºVʳТR̲oÉV~²��ºVʳТgidȎ0ʳТPϓзBj

<PRO6j( 
� NN VƈnϓзBjїSW'}C'(1)ƈ 1 V a SǒȣBjф0ИnʍİSɛ

]'ф0Иn΄9SgKNĭɶ]'Ȝhkj~²��ºʳТ4hϓзnο1(

ʼS'(2) (1)VШ͐OȜhkHĭɶ΄9PÚmjĭiɸ(ƈ 1 V΄:SǒȣBj)
V1JИVф[Vф0(ƈ 1 V b SǒȣBj)ʳТ4hϓзnο1(äÀVg1

Rȿ΀6SgKNƈnϓзBj(ǄїSW'ǒϹVɲRƩɲSśYψўR΁V

̭̉VƈRʳȹ[kjHc'ÀϘVɸнOȜhkHƩɲVĭiɸVťΗȪnŭ

ʆSΑǏBjȡϊR̔Aj( 
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2.5.2  Box-Coxc} 
� ~²��³¸�͟S30N'ŪƦɲVˋ̎�º�4hЉџnϖͣBjɸ˜d

/l1R'ƞūSgKNWFVˋ̎�º�SĬɱƾǂŇƦɢV»͑O/j

Box-Cox Ʀɢ(Box & Cox, 1964)nЮ̖]'FknЉџ�º�P]N~²��º

ĬʝnɹBg1Rɸ˜dΑ2hkj҃3 ͙Sø͂[kj (҄ 
� Box-Cox ƦɢOW'ƦɢķV�º�n X P]'ƦɢȚV�º�n Y PBj

P]HP6äÁVg1RшþRȹ͘Bj(<<O d WĬʝΒRϙǂBj�²ª

º�O/j( 

! =
!! − 1
! ! ≠ 0

log!     ! → 0  
  

�  
� Box-Cox ƦɢR�º�ĬʝSї]NQVg1RȪЃnɑL4SL0NW

Osborne(2010)RϢ]0(̈ S d=0.5 VƞūWǹɸʧƦɢ'Ґ=0.0҃ 0.0 S˷Л҄

VƞūWǒɲƦɢPŷXkj(ēV�º�SƦɢnɹBɸ͢WŪ͑Α2hkj

R'FkhVʅѥWȐϡV�º�\VЮ̖VϟοсϨe'ɻƻV̺όRQPV

΃ų̄ʭϗ4hR[kj]6O/l1( 
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¨ 3§ ���»x¦½�«·¤g�M¬j  

       	 STº�N�Õp:a�
 54n�O×1 

 
3.1  �': 
� ʕ͙W˳ˍ̇ϦVõΒɞǂSшBjϘȦ―̨͕̽O/jʘÀ Þω(1999)n
ͽϖ͍Ƽ̨Sġʭϗ]HǕк(2015a)nÉȠSϰAj(ʘÀ Þω(1999)W˳ˍ

̇ϦS3:j 54 ǳVŪǳS3:j 21 VľłϞVĹūSǒ]N'ɲлŇ>Ѷn

Ю̖]'ȜhkH 2 ʼēVǱΊ4h'˳ˍ̇ϦVĘòVǳn 4 LV�´º¢S

Ĭ:'FkhVƕ͞ѮȀSL0N͂ż̨RͺϰndHh]N0j(ʕ͙OWɡ

͂]R0R'~²��ºĬʝnʘÀ Þω(1999)V�º�S̮ɜЮ̖]NȜhk

jʷ̉ƈOWȐϡV 4 �´º¢VĬѶRʀ̶OWR0ͺʟnȜjVO'<kR

ʘÀ¹Þω(1999)RɲлŇ>ѶnЮ̖BjłʺSRKHdVPɞǂ[kj( 
� »ΡS'ʴ)RϕϦ�º�Sǒ]NЮ̖Bjͽϖȿ˜Sш]NW'ø2Xƾ

ʕ кǪ(1976)SϢО[kN0jÉOЮ̖[kN0jɸ˜W'Ϧȑ8ϕϦ(ɸϕ)
SшBjz��³z´�º�4h'̯шþɲn˰jdV(Kroeber & Chrétien, 
1937; Kroeber & Chrétien, 1939)e'̯шþɲVʏȲȪnʭǂBjdV

(Chrétien, 1943)e'~²��ºĬʝnο1dV(Asai, 1974)RQR/j(]4

]'FkhWȐϡVz��´z´�º�VǘȂː˴҃ŮΎǘȂO/i'ȡC]

dчіǘȂnR[R0҄VȪЃn̈SΑȷ]N0jm:OWR8'<V˽O'

ʘÀ¹Þω҃1999҄VɲлŇ>ѶVЮ̖WȲŶV/jdVPȨ2j( 
� ]4]'[hS'͞ ΒRʘÀ Þω(1999)VɲлŇ>ѶVϓзngi˪8ΑǏ

BjHcS'ɲлŇ>ѶV 2 ʼēVǱΊśY 5 ʼēVǱΊ4hϖͣ[kj 2 L

VЉџ�º�Sǒ]N~²��ºĬʝnЮ̖]Hͺʟ'giŗǍRɸ˜nPK

N0jSdшmhC'ʘÀ¹ÞωRÊȍBjҌĬѶWb]lÂʀ̶PRKH(

F<O'ʕ͙OWƫĲ]N 2 LVǬƭnǔė]H(͝»S'ͱ�º�SǒBj

ƦɲƦɢVЮ̖'͝ÔS'�¸�©~²��³¸�VЮ̖O/j(<khVǬ

ƭV͸aūmDSgjʴ)RĬʝȿ˜nϟ]Hͺʟ'ĬɱƾǂŇƦɢV»͑O

/jǹɸʧƦɢnɹ]'ƦɢȚVĉn~²��ºĬʝBj<PSgKN'ʘÀ 

Þω(1999)Oɞ˰[kH˳ˍ̇ϦVȹ͘ϰSшBjͺʟn͂żBjʷȒƈRõ

ȹ[kH(ȜhkHʷȒƈW'ʘÀ Þω(1999)VɞϰPW̸̰]R0R'gi

ŗǍSϕ2X'Ѽ)2 �´º¢Vȹ͘ѮȀn͂żBjdVO/KH(L}i'

ȐϡV�º�Sgjͽϖ̨ϓʝI:OW'ʘÀ¹Þω҃1999҄Vg1S 4 ĬѶ

nʀ͂BjVWƆѠO/jPȨmkjͺʟnȜH(]4]'<kWʘÀ¹Þω

҃1999҄VɞϰnĘѦ̨SűǂBjdVOWR8'ȗhVɞϰngìǄSB

jSW'ȐϡV�º�VϓʝI:OWȡC]dŊĬOWR8'ɻƻVϕϦƼ̨

                                            
1 ʕ͙W'ўϤ*ϖлƊϦƼ+V 29 ǰ 8 ũ(pp.296-313)VǕк(2015a)nƫǸSĽ͞ăˀ]H

dVO/j( 
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̺όnŲc'ɷHSáVϒȂ4h̳cH�º�nŲcHϓʝnǞцBjRQ'

΃ų̄SΑǏ]R:kXRhR0O/l1( 
� [hSʕ͙OW'~²��ºĬʝVͺʟ*ˬƎ+]N0jPıɶ[kHǳS

L0N'Neighbor-Net nЮ̖Bj<PSgKN'*Ȍ0ʳТ+}OΑȷ]Hʆ

S'FkhVǳR*̲SˬƎ]N0jǳ+RV4'FkPd*̲SˬƎ]N0

jP}OW02R0ǳ(,Ɵ̜Óø-P<<OWŷ[)+RV4П͕]Hͺʟ'

ʜѷ(18)'İѩ(23)'ƧѢ(39)SL0NɻƻVɴ̌Ƽ̨ĬѶVġʭϗnɡϕ]H(

óh4Vř̂O6jƨ̨Ɨ˴RÃ2hkN0j�º�nĬʝBjїS'~²�

�ºĬʝVͺʟPƨ̨Ɨ˴RūΝ]R0ƞū'ūΝ]R0øSL0N

Neighbor-Net nЮ̖]'ʭϗBjP01ʕ͕̽VɸнWÞȚV~²��ºĬ

ʝn̖0HɛͲ̨͕̽V΋н̬PRjIl1( 
� ʕ͙OW'ÀОVϓʝͺʟSL0NäÁVŪͤOϢОBj(R3'3.9 ͤW

3.6 ͤ}OVͺʟnφЈBjʗɵP]NVĸʼ̨RĬʝͺʟn}PcN/j( 
 
3.2 ¡¥�­� 
� ˳ˍ̇ϦWĘ 54 ǳSmHjф΅ǕϩO'ȹ͘ȚŋǺnШ7N0j(ͳȇд

(970?~1014?)Rʌ0HP[k'ǹƾʆãVϽɺ̔ˡnΕʉSĕ˳ˍVȫPʦέ'

F]NǹƾʒS3:jϽɺ̈́ëV̔ȵnɠ6Ī]'ȺRƊVŢĞVʍѼǨP̭

[k'ϱƨƊSdǾ8ΐϛ[k'Ţ84h͕̽RR[kN6H( 
� ˳ˍ̇Ϧ 54 ǳWĘòVʳȹVϑ˽4häÁV 3 дSĬ:jVRСϩSRK

N0j((˕̗, 1951) 
͝҉дҎ҃ ǰ 1 *҄ʪƤ+.(ǰ 33)*ητΰ+ 
͝Ҋд: (ǰ 34)*ΧάÀ+.(ǰ 41)*Ǽ+ 
͝ҋд: (ǰ 42)*ņǇ+.(ǰ 54)*ƪ˧ʹ+ 
� *˳ˍ̇ϦRƳóS]Nȹ͘]H4+SL0NWÞɼ}Oʴ)R϶ϰRΉi

М[k'ø2X'Þω•ǆê(2010)SgkX' 
�

� Q1d',˳ˍ̇Ϧ-ȹ͘ϰRÂˌRː4:ϰSƛ]N]}KHVW'

Ū͕̽ΒV̖ϦeʲȦeȨΑɸ˜R−0ЫKN0H4hO/jg1SȨ

2NRi}DoO]H(Ʃ8V,˳ˍ̇Ϧ-͕̽ΒR'äÁVƃLVʲ

Ȧn��¬§�S]H}}϶ϰn]N0jVOB( 
� P'ϱǰVȹ͘ѮȀ(ŪǰW'Q101ѮȀOƕ͞[kH4) 
� Q'ϱǰVжį҃ŪǰnQVg1SÈ]jVRƴȐ4҄ 
� R'Ǻ҃̇͘ϦĠVʆчW'QVg1SФο]N0j4҄ 
� S'õΒ҃ϱǰVõΒW'»Ü4ÔÜ4'FkäÀ4҄ 
� <Vƃ˽W'FkGkĲĆSΑǏ[kj]6ŽѳOB( 

�Þω ǆê҆2010,pp.18-19	�
�

� HP2X'ÀϘV S(õΒ)Sш]N02X'ȚŌV 45 ǳ4h 54 ǳ}OV*ƽ

˘Ŋǳ+nĲõΒPBjdVRʏŮO/j(<Vƽ˘ŊǳĲõΒϩSL0NW'
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Ţ84h»ʙğ΢V*Τѿôȯ+'»ʙĥ΢V*ÅϲŽ͡+RQO'ͳȇдVƸ

O/jƫȈ¿ïRõΒO/jP01ϩR/j(<kSǒ]NW'˕̗(1951)e
ƫк(1984)W'űǂ̨Rόϓn͂]N0j(<VϩSL0NɴòVϖл̨RĬ

ʝnϟaHVW'*ƽ˘ŊǳVõΒ—ɴ͙Ƞ̑ƼSgjõΒɞǂ+(ƾʕ, 1957)
e*ɴòͽϖSgjõΒɞǂ—˳ˍ̇Ϧ'ƽ˘ŊǳõΒSL0N+(ƾʕ, 1958)
RQRƂ̹O/i'˳ˍ̇ϦV҉Ѭ/HiV'Ÿʾ'̮ƀ'ƣƀ'ΣȔϦ'Ƞ

̑ɠģɴ'ţ˽Vɲ'3gY˳ˍ̇ϦVŪǰ4hŋƺЯoO'҃ ŪǰVʍİVÖ

̧ƺPʍȚVÖ̧ƺV҄ŹϞĬѶnο0'Ū)VŮϞ'̖ϕ'ľϞ'ľłϞ'

ŹϞV/mDN 11 ĆSL0N'ƽ˘ŊǳV 10 ǳP'FkäƨV 44 ǳPVч

Oͽϖ̨ʭǂSgiÇΒVõΒRŭAPWϕ0Ѡ0PͺϰM:hkN0j(<

kSǒ]N'ɷ×(1997)WÖŊѩƈVƹѩοįPˉѩįVѲȂ�º�SƗM0

N'ƽ˘ŊǳĲõΒϩnűǂ]N0j(ЛǺV͕̽OW'ø2X'Tsuchiyama 
and Murakami(2013)OW'ŮϞ'łϞ'ȒǊϞ'ȒǊłϞ'ĸϞ'ľłϞ'

ľϞSǒ]NVÊȹĬĬʝVЮ̖e'²¸�© xµ��P01ȿ˜n̖0N

̈ȟлnɋĪ]HÀO'ÊȹĬĬʝnЮ̖BjĬʝnοKN0j(ͺʟWƽ˘

ŊǳĲõΒϩSǒ]Nűǂ̨RdVO/KH( 
� »ɸ'ķОV P(ȹ͘ѮȀ)Sш]N'*˳ˍ̇Ϧ+R̐ƎahkjǰȀOȹ͘

]HdVOR0P01ťΗȪnʍİSɒɦ]HVW'1922 ǺS̤ρ[kH'Ÿ

ЙŻгV*˳ˍ̇ϦSL0N+҃ ȚS,ɼʕ͇ͫŧ͕̽-SȾŞ҄O/j(ŸЙ

W'*Ǵʔ+ǰVĢѱдVϘОSL0NĬʝ]'äÁVg1SО]N0j( 
�

� ̟҃҄...BRmJŵ̺VѳʗVÀS}C̻0,˳ˍ̇Ϧ-Rõhk'

FkSȚ4h[}?}VдĬRâĽDhkHPόjVO/j(R'0C

kO/jS]Nd'PS48̐ƻV,˳ˍ̇Ϧ-RʪƤgiİcN̐Ǝ

V}}SȀnП1Nʌ4kHdVOR0<PI:Wʀh4IPȨ1( 
҃ŸЙ, 1926, pp209-210҄ 

�

� FVȚ'*˳ˍ̇Ϧƕ͞VѮȀ+(ъд, 1939)'*˳ˍ̇Ϧȹ͘ɬ+(̏À, 1940)
RQn͹N'*˳ˍ̇ϦV͕̽+(ˁ̗, 1954)S30N'ķŌд 33 ǰV1J'

ф΅̨ϊͱ4hRjͳVÀͬ 17 ǳP̻΅̨ȪʨVȎ0̏ѽͬ 16 ǳPV̡ЃȪ

nʧɍS'̏ѽͬ 16 ǳWͳVÀͬ 17 ǳRȹ͘]HȚSƕ͞[k'̐οVѮS

ɖė[kHdVO/jP01'˳ˍ̇Ϧȹ͘ϰRǞц[kjSΜKH( 
� ˁ̗W*˳ˍ̇ϦV͕̽+(ˁ̗, 1954)S30N'ŪǰV̥ƞÜ̇Sш]Nρ

҉n͂]H(»ό]NĬ4jg1S'̏ѽͬSĪN8jÜ̇WͳVÀͬVϠS

W̥ƞDC'ͳVÀͬ 17 ǳRȹ͘]HȚS'̏ѽͬ 16 ǳRƕ͞[kHP01

»LVʧɍPRKN0j([hS'ˁ̗W*˳ˍ̇ϦV͕̽+(ˁ̗, 1954)SŞ

chkHĲ͒*˳ˍ̇ϦVʍİVȒȵġϰ+S30N'ͳVÀͬ 17 ǳVȹ͘

VȚS'̏ ѽͬ 16 ǳRƕ͞[kHPΑ2hkjʧɍSL0N 11 ˽n/;N0

j(FkhV1J'ÉȠPRj 4 ˽nȉ̖Bj(҃ ȉ̖ɴÉO÷mkN0Hɽ

ƺWB]NɷƺS̮]H҄ 
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�

»'�͝»д¿Ŋ¿ǳÉͳÀͬŊ½ǳI:OУ΀ͽ»ndKHdVP]

Nƿͺ]ḢϦO/j(�

Ô'�̏ѽͬŊěǳW»ό�²�²Vg1Sό2jRĘònСANΘͼ

R/i'ͳÀͬPWĲVͽ»nɑKNǜj(�

¿'�̏ѽͬVǰ)VÓç Ü̇ĜSͳVÀͬV̇ϦÀṢЊnÃ2C'

ͳÀͬW̏ѽͬgi̊͘]Nǜi'¿Ŋ¿ǳÉ̏ѽͬŊěǳnѐ6

ŘKNdó͟Vɫјnʚ[R0(�

ƃ'�FkI:OУ΀ͽ»nɑLͳÀͬV̇ϦVǰ)VȾ)S̏ѽͬV

ǰ)RėKNǜj˾'ͳÀͬV̇Ϧnĭɶ]N'˿̑SĹiК}D

HȒSRKNǜi'ͳÀͬ4h̏ѽͬ'̏ѽͬ4hŚͳÀͬ\V1

LiS'ÂΛ́[R/j(�

(Þω•ǆê, 2010, pp.215-216) 
�

� ˁ̗ϩWƩ8VЁŭΒnѝcHR'áɸO˻]0ɃıdŠ:'ϰÒW̐Ǝd

΀0N0j(�

�

� �
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ρ 1:˳ˍ̇ϦOVͳVÀͬP̏ѽͬV̥ƞÜ̇VĬǱn͂]Hρ(ˁ̗, 1954, p10 giɇͪ) 
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��

3.3K¯¡¥-�E�G±(1999):��� 
3.3.1 �E�G±(1999)��² 
� 3.2 ͤOО]H͕̽ŧVÀOd'*P. ȹ͘ѮȀ+Sш]N'ϖл̨RĬʝn

ϟaHϘȦ―̨ϰɴPϕ2jdVR'ʘÀ•Þω(1999)O/j2(ʘÀ•Þω

(1999)OW'ĘǳS30NVĪ̐ѲȂVƩ0Àï 21 ϦVľłϞ3nşiÀ;'

Ū 54 ǳOVĪ̐ѲȂndPS'ĬʝnοKH(ĝǫ̀SW'ʘÀ•Þω(1999)
V�º�W'i ǳV j ̠̭ľłϞVĪ̐ɲn!!"P]HP6'i ǳ΃ϦɲO'!!"n
ĹKH!!"O/j( 
� ʘÀ•Þω(1999)W'˳ ˍ̇Ϧ 54 ǳnäÁVg1SĬѶ]'ͳVÀͬn A �

´º¢'̏ ѽͬn B �´º¢'͝ 2 дśYņǇ¿ǳn C �´º¢'ƽ˘Ŋǳn

D �´º¢P]H( 
�

A� ͳVÀͬ : 1҆5҆7҆8҆9҆10҆11҆12҆13҆14҆17҆18҆19҆20  ̓
                 21҆32҆33 
B� ̏ѽͬ : 2҆3҆4҆6҆15҆16҆22҆23҆24҆25҆26҆27҆28҆29҆ 
                 30҆31 
C� ͝Ôд : 34҆35҆36҆37҆38҆39҆40҆41 
C� ņǇ¿ǳ : 42҆43҆44 
D� ƽ˘Ŋǳ : 45҆46҆47҆48҆49҆50҆51҆52҆53҆54 
�

� ʘÀ•Þω(1999)OW'54 ǳŪǳV 21 VľłϞV΃ϦɲSǒBjĪ̐ѲȂS

ǒ]N'ɲлŇ>ѶnЮ̖]'ȜhkH 2 ʼēVǱΊƈ4h'ÊSäÁV 4 L

nϑǏ]N0j( 
1. A �´º¢҃ͳVÀͬ҄P B �´º¢҃̏ѽͬ҄W/}iйRKN3h

C'<kWˁ̗ǀÿV˳ˍ̇Ϧȹ͘ϰPшþR͂ż[kj( 
2. C �´º¢(͝ÔдPņǇ¿ǳ)P D �´º¢(ƽ˘Ŋǳ)PWйRiR/}

iR0( 
3. ĘòVǱΊnόjP'A �´º¢҃ͳVÀͬ҄P C �´º¢(͝ÔдPņ

Ǉ¿ǳ)PRйRi'B �´º¢҃̏ѽͬ҄P D �´º¢(ƽ˘Ŋǳ)PR

йRKN0j( 
4. A �´º¢҃ ͳVÀͬ g҄i D �´º¢(ƽ˘Ŋǳ)VɸR/PSʌ4kH

                                            
2ʘÀ•Þω(1999)SgkX'<VĬʝnο1HcS'*˳ˍ̇Ϧƫȹ+(˕̗, 1985) ndPS]'

˳ˍ̇Ϧ 54 ǰVĘɴnŏϦSĬĹ]HÀO'ŹϞ�º�͟VɲлĬʝSȡϊRȯƝnL:H

ͮ 37 ¾ 6 ŋϦV�º�£º�nõȹ]'<V�º�£º�ndPSĬʝnοKN0j(Ţɴ

�º�n�¸�®º�OȒȵͱϓʝBj<PRťΗRÞɼP̡Ri'ȐʆWB]NȿõʰO�

º�nõȹ]N3i'<VȲŶOdʘÀ•Þω(1999)WϘȦ―̨ϰɴO/j( 
3 ĝǫ̀SW*C+'*b+'*Hi+'*:i+'*Ri+'*i+'*T+'*6+'*]]+'*L+'*j+'

*B+'*ci+'*[B+'*hb+'*hj+'*A+'*:b+'*}A+'*}]+'*}{]+V 21
ϦO/j( 
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P01ķɡS͘NX'ƕ͞VѮȀW'A �´º¢҃ͳVÀͬ҄→C �´º

¢(͝ÔдPņǇ¿ǳ)→ B �´º¢҃̏ѽͬ҄→D �´º¢(ƽ˘Ŋǳ)P
ɞǂ[kj( 

� ̈S 4 ̠̭VɞϰW'ͳVÀͬȹ͘ȚS̏ѽͬRɖė[kHP01'ˁ̗

(1954)VϩPūΝ]N0j( 
3.3.2 �E�G±(1999)��_�¼Ö 
� ]4]'ʘÀ¹Þω(1999)V͕̽WʼVg1R˹Ǝ̨RŽѳnɉ2N0j( 
� ĔSО]H˳ˍ̇ϦSшBjɴ̌Ƽ̨RĬѶR;ǫ̌RdVO/jRhX'

{A},{B},{C},{D}V 4 ΍VǹƐĉSL0Nʀ̶RǮRρkjPΑ2hkj( 
� ƈ 4 WǘȂnFl2jHcS 21 VľłϞn Z Ʀɢ]HÀO'4 ΍VǹƐĉ

n¢¶��]HdVO/j( 

 
ƈ 1: 21 VľłϞn Z Ʀɢ]{A},{B},{C},{D}V 4 ΍SL0N'ǹƐĉn¢¶�

�]HdV 
�

� ]4]'Z Ʀɢ]HƦɲVĉ4hW'�´º¢VǮWÂʀ̶O/jHc'ŏ

SƦɲVȯƝnϑǏ]N0N0jI:OWÂŊĬR<PRm4j(F<O'ʼ

S'{A},{B},{C},{D}nƨ̨Ɨ˴P]NıĲĬʝSgjĬѶnϟaH(]4]'Ɨ

ʕ̨R{A},{B},{C},{D}V 4 ΍ıĲOWˀıĲ̎(ɸ˜W leave-out-one cross 
validation[LOOCV]n̖0H) R 54%͐ȂO/KH(}H'4 LV�´º¢V

08L4V�´º¢nöū]H 2 ΍'3 ΍ıĲdϟο]H4R'ˀ ıĲ̎W 75%
4h 88%͐ȂOΥ]8R4KH(dKPdˀıĲ̎R΢4KH{A},{B,C,D}S3

                                            
4 <kW 2 ΍ıĲR 7 Сi'3 ΍ıĲR 6 СiVϖ 13 СiVƞūR/j( 
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0Nd'ɴ̌Ƽ̨R̺όPW/}iɳū]N3hC'ıĲĬʝVͺʟ4hóh

4Vͺϰnǔ8<PWѠ]0( 
� gKN'ʕ͕̽OWɴ̌ƼVĬѶn;ǒP]R0R'ř̂Bjʡ͸aP]'

ɛͲ̨П͕ṋ̨P]N~²��ºĬʝnЮ̖BjɸнnPj( 
� [hS'ʘÀ•Þω(1999)OW'ķͤOО]Hg1S'ɲлŇ>Ѷnˡ̖]'

A �´º¢'B �´º¢'C �´º¢'D �´º¢Vƫ}4RшþnɅɣ]H(

HI]'ȗhW 2 ʼḙ̄}OVͺʟSƗM0NΑǏ]N0j(͞ΒW<1]H

ɲлŇ>ѶVǱΊV�´º¢ĬѶSL0NΑǏngi˪cjHcS'ɲлŇ>

ѶOȜhkHǱΊS~²��ºĬʝnϟο]H5(̓ ēV˖ǂSW'HP2Xƅ

ƹĬʝOahkjg1SƉʏĉR»ǂVĉäÀVdVnЯ[Α2ɸ

(Greenacre & Blasius, 2006) e'ƉʏĉV�~³º¢¶��4h'ƉʏĉV

˯ǖRΆe4SRj˽V»LķVʼē}Onɚ̖BjΑ2ɸ҃ Ј͘•ʘÀ 2̓010҄
RQR/jR'ʕ͒OW̐ʆ˽V»LVЯɈΔP]NȚΒnЯɈ]H(Ј͘ 

ʘÀ(2010)VΑ2ɸSț0'ƉʏĉV�~³º¢¶��҃ ƈ 2 n҄ϑǏBjP'

͝ 2 ʼḙ̄}OP͝ 3 ʼḙ̄äÁOWƫ6RˈǮR/i'[hS'5 ʼḙ̄}

OP͝ 6 ʼḙ̄äÁOdˈǮR/j(gKN'2 ʼḙ̄}OV͖чȃʵ'śY

5 ʼḙ̄}OV͖чȃʵnşiÀ;j<PP]H(ʘÀ Þω(1999)OW 2 ʼē

̭}OVȃʵnɚ̖]N0j(2 ʼḙ̄}OVʹ͓ǌÃ̎W 40҂O'5 ʼḙ̄

}OVʹ͓ǌÃ̎W 65҂O/KH( 
 

                                            
5 äьͽϖ̨RĬʝeƈVĪĻVHcV� �uvqP]N'R(2014)n÷̖]H(ĝǫ̀SW

ɲлŇ>ѶSW corresp n'~²��ºĬʝSW dist śY stats n÷̖]H҃corresp W'Ʃй

ǒȣĬʝ MCA V� �uvqO/jR'MCA PɲлŇ>ѶWɲƼ̨SWŭ͟O/j (҄ 



 
 

 
33 

�
ƈ 2: ʘÀ•Þω(1999)V�º�Sǒ]NɲлŇ>ѶnЮ̖]'Ɖʏĉn¢¶��]Hͺʟ. 

ʕ͕̽OW 2 ʼḙ̄}OVȃʵI:OWR8'6 ʼḙ̄4hƉʏĉV˯ǖRΆe4SRj<P

4h'~²��ºĬʝSW 5 ʼḙ̄}OVȃʵd̖0H( 
�

� }CɲлŇ>ѶVͺʟȜhkH 2 ʼḙ̄}OV͖чȃʵ4h¯º~³��Љ

џn̖06'uxº�˜Sgj~²��ºĬʝnЮ̖]H(̫ ȒƈWƈ 3 S͂B

g1S'B äƨVŉĲRĘ8ĪʚN0R0( 
� ʼS'ʹ͓ǌÃ̎nѼcN 5 ʼē}O͖чȃʵ҃ʹ͓ǌÃ̎ 65%҄4hȜh

kjЉџS'~²��ºĬʝ(¯º~³��Љџ'uxº�˜)nЮ̖]Hͺʟ

nƈ 4 S͂B(A'B'C'D VŉĲRĘ8O6N0R0<PRϑǏ[kj(  

                                            
6 <VЉџVϖͣOW'2.4 SϘ]Hg1SȃʵГV��º´nŪʼēVƉʏĉVƫ6[Sǒȣ

[DH(äÁŭʴ 
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�

ƈ 3: ɲлŇ>ѶV 2 ʼḙ̄}OVȃʵndPS~²��ºĬʝ(¯º~³��Љџ'uxº�

˜)nοKHʷȒƈ. 
ǭV~²��ºS B R}P}KN0jR'ŨV 2 LV~²��ºOW A,C,D VıĲRѠ]0( 

 

�
ƈ 4: ɲлŇ>ѶVҍʼḙ̄}OVȃʵndPS~²��ºĬʝ(¯º~³��Љџ'uxº�

˜)nοKHʷȒƈ.ɲ�´º¢SĬѶ]NϓзBj<PRѠ]0( 
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� ĔS͂]H'ʘÀ•Þω(1999)V 4 ̠̭VǳVȹ͘ѮȀSшBjÊȍn͓ʱ

̨SɫɑBjHcSW'FdFd~²��ºĬʝVʆ˽O{A},{B},{C},{D}VĬѶ

Rʀ̶O/jȡϊR/j(P<lR'{A},{B},{C},{D}Ū�´º¢V¢¶ p±´

Vͺʟ'ıĲĬʝVͺʟśYɲлŇ>ѶVͺʟȜhkH 2 ʼēVǱΊe 5 ʼē

VǱΊnĳ̖]H~²��ºĬʝVͺʟSW{A},{B},{C},{D}V�´º¢VƻƎ

nʀ̶S͂BdVWR8'FkhVȯƝI:4h'˳ˍ̇ϦVȹ͘ѮȀnɞ˰

BjSWэ̜R/iF1O/j(<<O'~²��ºĬʝVɸ˜V08L4'

ø2XЉџVЯɈS30NW'¯º~³��Љџ}HW§¸���¸Љџ'}

H�´º�¸�Vȿ˜OWʍ̻Љџ˜'ʍфЉџ˜'}HWuxº�˜VB]

NV͸aūmDnϟaHR'0CkdŭʴVͺʟO/j(FkhVͺʟSW'

FdFdʘÀ¹Þω(1999)Rɂ1g1R 4 �´º¢Vg1RǖɲVĬѶ4hW

4RiƨkHdVdǖR8R07(FVÉOW'̄ º~³��ЉџOuxº�˜

n̖0HƞūR'̯ȣS'ĬѶVʅѥnϰAhkjg1RͺʟndHh]N0

jŒϹO/j8( 
  äÀVg1RÑĎ̨R͕̽4h'ʘÀ¹Þω(1999)V˳ˍ̇ϦVľłϞV�

º�Sgj'{A}?{C}?{B}?{D}P01ȹ͘ϰSшBjÊȍW'ľłϞV¢¶

 p±´eıĲĬʝ'ɲлŇ>Ѷ4hȜhkHǱΊ\V~²��ºĬʝRQ'

țʚ4hg8÷mkjȿ˜PFVŏͯR͸aūmDSgj»ǂVǅϑ̨Rȿ΀

6nɑKNǔ6ĪB<PRѠ]0P01Žѳnɉ2N0j<PRm4j( 
3.3.3 �¡¥�R| 
� ʕ͕̽OW'ʘÀ¹Þω(1999)V*ľłϞ+VȯƝn̖0H�º�4h'Q

<}O˳ˍ̇ϦVȹ͘ϰSϺ̌O6j4nП͕Bj(ʘÀ¹Þω(1999)OW'

RE*ľłϞ+VȯƝS˞̭Bj4SL0NʼVg1SО]hkN0j( 
 

“ľłϞnĬʝǒϹSşiÀ;HVW'}C'ŮϞ'łϞ'ȒǊϞ͟VáV

ŹϞPˋ]N̡RiϦɲRǖR04hO/j(}HΛ͘Ϧ(ŮϞ'łϞ'Ȓ

ǊϞ͟)Rɴ͙VȲŶĠǊSшÃBjϦO/jVSǒ]N'âǟϦO/jľ

łϞWɴ͙VȲŶĠǊOWR8ёО'BRmJȲŶĠǊVͽūSшmjŹ

ϞP]N'̇ϦVϦišPǍɜRшУnʏBj4hO/j(” 
(ʘÀ¹Þω, 1999, pp774-775) 

 
� [hS'̐ãɼʕϦVɴò͕̽S3:jϘȦ―̨͕̽O/j Jin and 
Murakami (1993)S30NWⅢ˽VķVɴƺVĹūRйϊRƦɲPRKN0

jR'ȚV͕̽SgKN'Ⅲ˽VķVɴƺVĹūPľłϞVĹūWǍɜRшþ

                                            
7 ø2X'âтVƈ 28'ƈ 29 Sʍ̻Љџ˜Sgjͺʟn͂]N0jR'F1]HdVVʱ͚

RøO/j( 
8 ȚS͂Bʙç 4 V»дS̯ȐBj(âтOWƈ 13'ƈ 14 nř̂( 
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R/j<PRm4KN0j(gKNʕ͕̽OWʘÀ¹Þω(1999)VŢĞɼʕϦ

VɴòĬʝSľłϞVȯƝRʏŀO/jP01<PnķɡS͕̽nФcN08( 
 
3.4 �¡¥��� 
� ʘÀ•Þω(1999)V�º�n̖0N'ʘÀ•Þω(1999)V*ƕ͞VѮȀW'A
�´º¢҃ ͳVÀͬ →҄C �´º¢(͝ÔдPņǇ¿ǳ)→ B �´º¢҃ ̏ѽͬ҄

→D �´º¢(ƽ˘Ŋǳ)PΑ2hkj+P01ÊȍnʭϗBj(ʕ͕̽OW'*ϓ

з+RɲлŇVͺʟVƈn̳cNq�¥�~Sο1VOWR8'»ǂVȿ΀6

P]Ǹǂ]H~²��ºĬʝSgKNȜhkHʷȒƈSgKN'giǅϑ̨

SͺϰRȜhkjg1Sϱɸ˜nϟaj( 
� FVїS˞ȲB]6<PP]N'äÁV 2 ˽SL0NϰAj(͝»S'3 ͙

âтρ 1 SЕDHg1SƦɲVĬɱR̡RKN0j<PR~²��³¸�SȖ

ѫnÃ2j<PnΑȷ]NƦɲƦɢnο1]64P01<P'͝ÔS'3.3.3
ͤOϰAHg1S�¸�©~²��³¸�nο1]64P01<PO/j( 
� �

3.5 O��� 
3.5.1 2��mf 
� ķО 3.3 VϟοVͺʟn͹N'ʕ͕̽OWÊS 2 LV˽OVǬƭnΑ2H(

͝»˽W'ƦɲƦɢVЮ̖O/i'͝Ô˽W�¸�©~²��³¸�VЮ̖S

L0NO/j( 
� }C'»ḼVǬƭP]N'ʘÀ•Þω(1999)VĪ̐ѲȂ�º�(54 ǳ × 21
Ʀɲ)SFV}}~²��ºĬʝnЮ̖BjVOWR8'giɂ0eB0ȒS]

N4h'~²��ºĬʝnɹ]HhQ14PΑ2H(ĝǫ̀SW'ĬɱƾǂŇ

Ʀɢ(Hocking, 2013)V»͑O/j Box-Cox Ʀɢ(Box & Cox, 1964; Osborne, 
2010)VÉ4h'ǹɸʧƦɢPǒɲƦɢnΑȷ]H( 
� ʕ͕̽S30N'ĬɱƾǂŇƦɢnο0'FkhVƦɢĉS~²��ºĬʝ

nɹB<PRƴȐO/l1PɞǏ]H̘̑WäÁVСiO/j(~²��ºĬ

ʝnЮ̖BjHcSЉџοįnϖͣBjїS'ǔ4kHЉџR'ĬɱƾǂŇƦ

ɢnɹB<PSgKN'ЉџοįRĬɱVƫ60ƦɲVȖѫnƫ68Š:N]

}1P01ŀʟRѐ4kj(ĝǫ̀SW'ĬɱƾǂŇƦɢ҃ ʕ͕̽OW Box-Cox
Ʀɢ҄nЮ̖]HȚS~²��ºĬʝnο1<PW'Ū 54 ǳVƦɲO/jŪ

ľłϞVĬǱVĬɱR»ǂO/j<PSgiŪľłϞVȖѫRƐ»Ň]'FV

ÀƦɢȚVĬǱRˀύĬǱSЛM8P01ĳ˽R̔Aj( 
� ʘÀ•Þω(1999)V�º�W'!ǳV!̠̭ľłϞVĪ̐ɲn!!"P]HP69'

!ǳ΃ϦɲO'!!"nĹKH!!"O/j10(ʕ͕̽OW'!!"SL0NƦɲƦɢVʏ

˿Vϑ˽4h'(1)˿ƦɢV!!"(äÁ Raw data P͎Bj)P(2)!!"SǒɲƦɢnɹ

                                            
9 <<OV�º�SшBjϘ˜W'2 ͙V 2.3 ͤSțKH( 
10 <kW'΃ϦɲVȖѫnşiѐ8HcSWȡϊRĨ̑O/jPΑ2hkj(gKN'ʘÀ•
Þω(1999)V�º�nɂ1S/HKNW'΃ϦɲVȖѫnşiѐ0H�º�O/jP01<P

n̞Ȳ]N'ĬʝS/Hj<PRЮĭO/l1( 
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]H�º�P'(3)!!"SǹɸʧƦɢnɹ]H�º�VFkGkSǒ]ˀύĬǱ«

�´nȐNWcHƞūV BIC VĉnˋД]H(ͺʟ'(1)!!"P(3)!!"SǹɸʧƦ

ɢnЮ̖]H�º�nˋДBj<PP]H(<khVϢ͵SL0NW 3 ͙âт

nř̂[kH0(  
� 2 ḼVǬƭP]N'�¸�©~²��³¸�VЮ̖SL0NΑȷ]H(ʕ

͕̽OW'ÊSɲлŇ>Ѷ(QM>)Sgj�¸�©~²��³¸�Vanʭϗ]

HR'3.9.1 S30NWÊȹĬĬʝSgj�¸�©~²��³¸�SL0NdΑ

ȷ]H(�¸�©~²��³¸�nЮ̖BjїSWʼēɲVЯɈSL0NdΑ

ȷ]H(ķĨ̑O QM>nЮ̖BjƞūSW'ƈ 2(ʙç 4)eâтƈ 6(ʙç 5)
VƉʏĉV�~³º¢¶��nř̂]'ʹ͓ǌÃ̎W 40҂'65҂'80҂ṋ

ƾS 3 СiVʙçnϙǂ]H(ķĨ̑P]NÊȹĬĬʝnŲcH�¸�©~²

��³¸�nʭϗ]HͺʟW 3.9.1 SϘB( 
3.5.2 1>34CO���� 
� ÀϘV 2 LVǬƭSĜСBj˽P]NW'~²��ºĬʝS3:jЉџVЯ

ɈP�´º�¸�VɄ˜VЯɈR/j(ЉџVЯɈP]NW¯º~³��Љџ

}HW§¸���¸ЉџV 2 Сi'�´º�¸�Vɸ˜P]Nuxº�˜Pʍ

фЉџ˜V 2 Сinɚ̖]'ЉџP�´º�¸�V͸aūmD 4 СiVĘNV

ɸ˜VͺʟnˋД]H11( 
3.5.3 O��I�%�' 
� <khV˽nΑȷ]Hͺʟ'ĝǫ̀SW'2 LVǬƭ(�º�ƦɢVʏ˿P�

¸�©~²��³¸�Vʏ˿)Sgi'ķĨ̑P]N'Raw data'QM>'ǹɸ

ʧƦɢ'ǹɸʧƦɢ҅QM>V 4 ʙçnˋДBj<PP]H(ǹɸʧƦɢ�QM
>WķĨ̑P]N�º�SǹɸʧƦɢnɹ]'Ʀɢ]HĉS QM>nЮ̖Bj

<PnȲŶBj�<<OW'3.9 ͤOáVʙçPūmDNͺʟnɳ̑BjшþO'

Raw data nʙç 1'QM>nʙç 4'ǹɸʧƦɢnʙç 2'ǹɸʧƦɢ҅QM
>nʙç 5 PBj)([hS'QM>PǹɸʧƦɢ҅QM>SL0NW'�¸�

©~²��³¸�VʼēɲVЯɈP]NFkGk 3 ʙçnΑ2HHc'ķĨ̑

P�¸�©~²��³¸�Sш]NWūϖ 8 ʙçnʭϗ]H([hS'~²�

�ºĬʝVїVЉџVЯɈ�¯º~³��Љџ4§¸���¸Љџ4	P�´º

�¸�Vȿ˜VЯɈ�uxº�˜4ʍфЉџ˜4	SшBj 4 ʙçnΑȷBjP'

ūϖO 32 ʙçSL0N�¸�¶�²©nȜH( 
3.5.4 D®p:(+ª��¹J 
� <khV�¸�¶�²©SL0N'ʕ͕̽OW*»ΝȂ+P01ɒʵn̖0

NˋДnοKH(*»ΝȂ+WʘÀ¹ÞωV 4 �´º¢Vġ̐ȪVɒʵP]N

ʼVg1Sϟο̨SǂΎ]ϖͣ]H( 
»ΝȂ���¸�¶�²©nόNø2XAn»̠Ʃ8Ųb~²��ºn

A V~²��ºP]N'FV~²��ºRǄїS A nŲoO0j̎n

                                            
11ʍ̻Љџ˜SL0Ndʭϗ]HR'ʘÀ Þω[1999]V 4 ĬѶ4hХΙ]'Ɛ͟Ȫ(̼̗ ωǚ 

ʮ, 2011)4hdЮĭOWR0VO<<OW͂[R0( 
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*»ΝȂ+	
P]NϖͣBj(B�C�D Vƞūdŭʴ�HI]'/j~

²��ºR A n»̠Ųb<PP'FVáV~²��ºPˋД]N A V

ˋ̎R»̠Ѽ0ƞūR»Ν]˿0ƞūR/j<PS̞ȲBjȡϊR/

j	(A V*»ΝȂ+P B V*»ΝȂ+'C V*»ΝȂ+'D V*»

ΝȂ+nB]Nūϖ]HdVnĘòV»ΝȂPBj( 
HI]'Ɛ͟Ȫ(̼̗ ωǚ ʮ, 2011)Vϑ˽4hƴȐR~²��ºŇRġ̐[k

R4KH�º�OW»ΝȂWϖͣ]R4KH(}H'*»ΝȂ+ΛòW'̼̗

á(2011)S3:jƨ̨Ɨ˴PVɳūȪV̀ϥV»͑Pϕ2j( 
 
3.6 ª� 
� }C'QM>VЮ̖SȐHKNW'˳ ˍ̇Ϧ 54 ǳVƩʼē͖чS3:jǱΊ

nɅɣBjHcS¢¶��V»ϐnõȹ]H(3 ͙Vâтƈ 1 S'ʙç 4 S3

:j5ʼē}OVȃʵ͖чVŪ2ʼēǹѦVǱΊ(ȃʵГV��º´WŪʼēV

ƉʏĉVƫ6[Sǒȣ[DH)nЕDH(3 ͙Vâтƈ 2 S'ʙç 5 S3:j 5
ʼē}OVȃʵ͖чVŪ 2 ʼēǹѦVǱΊnЕDH(3.5 ͤOО]Hg1S<

<OW�º�Ʀɢ'ķĨ̑SL0NW'Raw data'QM>'ǹɸʧƦɢ'ǹɸ

ʧƦɢ҅QM>V 4 ʙçV»ΝȂnˋДBj( 
� äÀV 4 ʙç(ʼēɲnŲcjP 8 СiV͸aūmD)SL0N 4 ͑V~²�

�ºĬʝnЮ̖]HͺʟV»ΝȂV»ϐRρ 4 O/j13(<<Oρ͂Bj»Ν

ȂWƗ˴PBj�´º¢n{A},{B},{C},{D}V 4 LP]HƞūP'{A,C},{B,D}V
g1S 2 �´º¢CLn}Pc 2 LP]HƞūV 2 Сinϖͣ]N0j(14 
� ρ 4 n»ό]NĬ4jg1S'Ɨ˴PBj�´º¢n 4 LP]HƞūV»Ν

ȂWʲ]NѼ8R0(<<OW'Ɨ˴PBj�´º¢n 2 LP]HƞūVͺʟ

nÉȠSϘОBj( 
� »ΝȂnˋД]Hͺʟ'ǹɸʧƦɢnɹ]~²��ºĬʝnЮ̖]HͺʟR

ʍd»ΝȂR΢4KH(ʕͤOWFkhVͺʟSL0NÊSʭϗ]N08(H

I]'ͽϖ̨SWáSdʴ)RĬʝȿ˜(ÊȹĬĬʝRQ)RΑ2hk'<V˽

SL0NW 3.9 ͤOПĽ̨SО]j( 
� ʘÀ•Þω(1999)VľłϞVĪ̐ѲȂ�º�(54 ǳ×21 Ʀɲ)Sǒ]Nǹɸʧ

ƦɢnЮ̖]HdVS¯º~³��ЉџOЉџοįn˒c'uxº�˜SgK

N~²��³¸�nοKNȜhkHʷȒƈRƈ 5'§¸���¸ЉџOЉџο

įn˒c'uxº�˜SgKN~²��³¸�nοKNȜhkHʷȒƈRƈ 6'
¯º~³��ЉџOЉџοįn˒c'ʍфЉџ˜SgKN~²��³¸�nο

KNȜhkHʷȒƈRƈ 7'§¸���¸ЉџOЉџοįn˒c'ʍфЉџ˜

                                            
12 <<OıĲĬʝOV̖ϦV*ͫȂ+P01ϕΰn̖0R0VWʕ͙S3:j~²��ºĬʝ

S30NW'ʀ̀Rƨ̨Ɨ˴nɑHR0HcO/j( 
13 řΑ}OS'¯º~³��ÔÎЉџn̖0jʕʚVuxº�˜dʭϗ]HR'ƫǮWR4K

H( 
14 FVá'Α2hkj��º¸Sgj»ΝȂVϖͣdοKHR'ͅ ʟW{A,C},{B,D}Vƞūgi

dȮ4KH( 
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SgKN~²��³¸�nοKNȜhkHʷȒƈRƈ 8 O/j( 
� äÁVΑǏOW'ƈ 5 4hƈ 8 SĜС]NʍdǭS̥ƞBj 2 ǳ'BRmJ

ʱ͚S΃ϦɲRǖR0(11)ΤɱиP(16)шǝWѐ0NΑ2j( 
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�  

付録図番号 前処理
用いた次元

(累積寄与率）
距離

ｸﾗｽﾀﾘﾝｸﾞ
手法

A,B,C,Dの
一致度[%]

(A,C)と(B,D)の
一致度[%]

条件1 3章付録図11 Raw data 21 Euclid W 46.15(24/52) 75.93(41/54)
21 Manhattan W 49.02(25/51) 85.19(46/54)
21 Euclid D 32.69(17/52) 63.46(33/52)
21 Manhattan D 38.46(20/52) 64.71(33/51)

条件4 3章付録図13 QMⅢ 2(40.0%) Euclid W 48.15(26/54) 79.63(43/54)
2(40.0%) Manhattan W 44.44(24/54) 75.93(41/54)
2(40.0%) Euclid D 40.00(18/45) 55.56(25/45)
2(40.0%) Manhattan D 39.22(20/51) 58.33(24/48)

3章付録図14 5(65.9%) Euclid W 51.28(20/39) 62.00(31/50)
5(65.9%) Manhattan W 35.42(17/48) 61.11(33/54)
5(65.9%) Euclid D 44.68(21/47) 70.21(33/47)
5(65.9%) Manhattan D 38.46(20/52) 60.87(28/46)

3章付録図15 20 Euclid W 53.19(25/47) 58.33(28/48)
20 Manhattan W 33.33(16/48) 50.00(25/50)
20 Euclid D 39.22(20/51) 54.90(28/51)
20 Manhattan D 44.23(23/52) 69.57(32/46)

条件2 図5(3章付録図10) 平方根変換 21 Euclid W 52.94(27/51) 92.31(48/52)
図6 21 Manhattan W 56.86(29/51) 90.38(47/52)
図7 21 Euclid D 47.06(24/51) 75.00(30/40)
図8 21 Manhattan D 60.00(27/45) 72.73(32/44)

条件5 3章付録図16 平方根変換 2(38.7%) Euclid W 47.06(24/51) 74.07(40/54)
+QMⅢ 2(38.7%) Manhattan W 43.14(22/51) 76.92(40/52)

2(38.7%) Euclid D 42.00(21/50) 76.47(39/51)
2(38.7%) Manhattan D 31.91(15/47) 58.14(25/43)

3章付録図17
5(68.8%) Euclid W 43.14(22/51) 53.85(28/52)
5(68.8%) Manhattan W 45.45(20/44) 55.77(29/51)
5(68.8%) Euclid D 49.02(25/51) 72.55(37/51)
5(68.8%) Manhattan D 44.23(23/52) 68.63(35/51)

3章付録図18 20 Euclid W 53.19(25/47) 63.83(30/47)
20 Manhattan W 45.10(23/51) 68.63(35/51)
20 Euclid D 52.27(23/44) 54.90(28/51)
20 Manhattan D 39.22(20/51) 64.71(33/51)

表4: 各手法でのクラスタリングの一致度の一覧表.附録の図10から図18参照。

平方根変換+QMⅢは平方根変換を先にRawデータに適用し、変換した値にQMⅢを適用したことを示す。またクラスタリング
手法のWはWard法、Dは最長距離法を示す。一致度の()の中は、分母が一致度の計算の際に考慮した帖の数、分子が実

際に一致した数を意味する。
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�

ƈ 5:ķĨ̑P]NǹɸʧƦɢnɚ̖]'~²��ºĬʝ(¯º~³��Љџ҆uxº�˜)OȜ

hkHʷȒƈ.ǭV~²��ºS A P C R'ŨV~²��ºS B P D Rѝ}KN0j( 

�

 
ƈ 6: ķĨ̑P]NǹɸʧƦɢ]'~²��ºĬʝ(§¸���¸Љџ҆uxº�˜)OȜhkH

ʷȒƈ.ǭV~²��ºS A P C R'ŨV~²��ºS B P D Rѝ}KN0j 
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�

ƈ 7:ķĨ̑P]NǹɸʧƦɢ]'~²��ºĬʝ(¯º~³��Љџ҆ʍфЉџ˜)OȜhkH

ʷȒƈ.ŨV~²��ºS B P D Rѝ}i'FkäƨS A P C Rѝ}KN0j( 

 

ƈ 8: ķĨ̑P]NǹɸʧƦɢ]'~²��ºĬʝ(§¸���¸Љџ҆ʍфЉџ˜)OȜhkH

ʷȒƈ.ʍdŨV~²��ºSAPCRѝ}i'FVǭV~²��ºSBPDRѝ}KN0j( 

 

� ʘÀ•Þω(1999)VľłϞĪ̐ѲȂ�º�Sǒ]NǹɸʧƦɢnЮ̖]Hĉ

S'~²��ºĬʝ(¯º~³��Љџ u̓xº�˜)nɹ]Hƈ 5 Sш]NW'

ǭV~²��ºS A P C R'ŨV~²��ºS B P D Rѝ}KN0j(FV

ÉO'ǭV~²��ºS B V(23)İѩP D V(48)ɾεR'РS'ŨČV~²�

�ºS A V(18)ʜѷ C V(39)ƧѢRˬƎ]N0j( 
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� }H'ǹɸʧƦɢnЮ̖]Hĉn§¸���¸ЉџPuxº�˜O~²��

ºĬʝnοKHƈ 6 Sш]NW'ǭV~²��ºS A P C R'ŨV~²��º

S B P D Rѝ}KN0j(FVÉO'ǭV~²��ºS B V(23)İѩ'(28)
кĬP D V(48)ɾεR'РS'ŨČV~²��ºS A V(18)ʜѷ'C V(39)Ƨ
ѢRˬƎ]N0j( 
� ǹɸʧƦɢnЮ̖]Hĉn¯º~³��ЉџPʍфЉџ˜O~²��ºĬʝ

nοKHƈ 7 Sш]NW'ʍdŨV~²��ºS B P D R'FkäƨV~²

��ºS A P C Rѝ}KN0j(FVÉO'ǭV~²��ºS'B V(4)ƧѴ'

(15)γ̔'(22)̏ѽ'(23)İѩ'(27)ͧ˼' (28)кĬP D V(45)ʹƶ'(48)ɾε'

(52)κι'(53)ȿΏ'(54)ƪ˧ʹR'РSŨČV~²��ºS A V(8)Τǈ'C
V(39)ƧѢRˬƎ]N0j( 
� ʍȚS'ǹɸʧƦɢnЮ̖]Hĉn§¸���¸ЉџPʍфЉџ˜O~²�

�ºĬʝnοKHƈ 8 Sш]NW'ʍdŨV~²��ºS A P C R'FVǭV

~²��ºS B P D Rѝ}KN0jPΑ2'̌ iV~²��ºWѐ0NΑ2j

P'ʍdŨV~²��ºS B V(4)ƧѴ'(15)γ̔'(22)̏ѽ'(28)кĬ'D V

(45)ʹƶ'(48)ɾε'(50)ʛǝ'(51)˧Π'(52)κι'(53)ȿΏ'(54)ƪ˧ʹR'

FVǭV~²��ºS C V(39)ƧѢRˬƎ]N0j( 
� СǷ'~²��ºĬʝVͺʟW'ĬʝS̖0jЉџ'3gYȿ˜SgKNƫ

6RȖѫn1:jR'ƈ 5'ƈ 6'ƈ 7'ƈ 8 Vͺʟ4h'˳ˍ̇Ϧ 54 ǰWƫ

}4S»ϼ]NґA,CҒPґB,DҒPSĬ4k'»ΝȂ(ρ 4 ř̂)Wƈ 5 OW

92.31҂'ƈ 6 OW 90.38҂'ƈ 7 OW 75.00҂'ƈ 8 OW 72.34҂O/j<P

4h'~²��ºĬʝVͺʟȜhkHґA,CҒPґB,DҒP01ĬѶWˋД̨ƾ

ǂ]N0jPΑ2hkj(dPdP'ʘÀ¹Þω(1999)W*A?C?B?D+V

ƕ͞Ѯn͂ż]N3i'FV 4 ĬѶ A,B,C,D W'ÀVµ£´V~²��ºґA,CҒ

PґB,DҒVҊĬѶn[hSĬĹ]HdVPaRB<PRO6j(~²��º

ĬʝVȿ˜V͵40ЯɈSúhC'ͺǛґA,CҒPґB,DҒVҊĬѶWġ̐[k

H( 
�  
3.7 ¬j 
� ρ 4 4h'ƈ 5 Pƈ 6 W'ґA, CҒ,{B, D}VĬѶSш]NѼ0»ΝȂn͂B

<PRm4j(ƈ 5 OW 92.31%n'ƈ 6 OW 90.38҂n͂]N0j)(<VҊ�

´º¢\VĬѶRƾǂ̨O/j<PnķɡP]N'ƕ͞ѮȀSL0N϶ϰBk

XʼVg1SRj(̋ΎVͽϖĬʝI:4hW'ƕ͞ѮȀSL0NɒɦBj<

PWO6R0R'A gid D VɸRȚSʌ4kHPåǂBkX'ǖR8Pd

{A,C}Rʌ4kHȚSґB,DҒRʌ4kHP01<PSRi'<kW'ͳVÀ 17
ǳVȹ͘VȚS̊͘]N̏ѽ 16 ǳRʌ4kHPBjˁ̗ϩ(ˁ̗, 1954)nɫɑ

BjdVO/j( 
� HI]'ʘÀ•Þω(1999)O͂ż[kHg1R*A→C→B→D+Vȹ͘ѮȀn

ʀ̶S̀ϥBjdVOWR0(RERh'{A,C},{B,D}V»ΝȂR΢4KHƈ 5'
ƈ 6 S30Nd'ƈ 5 VǭČV~²��ºOW A P C PnĬ:j<PWѠ]



 
 

 
44 

8'ŭʴS'ŨČV~²��ºOW B P D PnĬ:j<PWѠ]04hO/j

҃{A},{B},{C},{D}VŪ~²��ºV»Ν̎W'FkGk'ƈ 5 O 52.94%Pƈ 6
O 56.86%O/i'ĬѶV»ΝȂWg8R0 (҄ 
� [hS'ρ 4 4h'A,B,C,D VĬѶSшBj»ΝȂWQVȿ˜S30Nd

60.00҂nЇ2j<PWR4KH(]HRKN'P҃ȹ͘ѮȀ҄VŽѳP]Nƈ

5'ƈ 6 nPh2jP'ƕ͞ʆãSgKN'ľłϞV÷0ɸ(ŪľłϞVĪ̐Ѳ

Ȃ)RƦŇBjPåǂBjRhX'˳ˍ̇ϦW*ґA,CҒ→ґB,DҒ+VѮSʌ4

kHPɞϰBj<PWťΗO/jR'A P C'B P D Vƕ͞ѮȀnıĲBj<

PW'FkäķS A P C'B P D VчVĬѶRʀ̶OWR0<P4h'ȐϡV

�º�VϓʝI:4hWͺϰ]RH0g1O/j( 
� áɸO'Þ}OW 2 ͙VÞω•ǆê(2010)Vȉ̖OͶß]Hg1S'P(ȹ͘

ѮȀ)VŽѳP]N<V~²��ºnΑǏ]HR'ǄїSW S(õΒ)VŽѳP]

Nd'ƈ 5 nPh2̮B<PRO6j(S(õΒ)VŽѳP]NPh2jP'ľł

ϞV÷0ɸRŢĞVõΒV̈ȟn/hm]N0jPåǂBjRhX'˳ˍ̇Ϧ

SW{A,C}nʌ0HõΒP{B,D}nʌ0HõΒVǖR8PdÔÜnȱǂBj<P

RO6j(dKPd'<kW»ÜVõΒVľłϞV÷0ɸR͹ǺŀʟOƦŇ]

Hͺʟ'ÔÜVõΒR0jg1Sa2jP01ťΗȪdΑȷ]R:kXRhR

0(<kSL0NW'ʘÀ(2002)Vǫ͚ȅȹõŹVÉVɴòVƦŇSшBjĬ

ʝRřΑSRj(ǫ͚VõŹOW'ȻķVõŹWⅢ˽VķVɴƺR*P+O/

jˋ̎RѼ8'РSȻȚVõŹWⅢ˽VķVɴƺR*]+O/jˋ̎RѼ8'

͹ǺƦŇSgjɴòVƦŇRahkj(ʘÀ 2002, p56).  
� [hS'ƈ 5 S30N'(18)ʜѷ'(23)İѩ'(39)ƧѢ'(48)ɾεV 4 ǳR'

[hSƈ 6 OW'(18)ʜѷ'(23)İѩ'(28)кĬ'(39)ƧѢ'(48)ɾεV 5 ǳR

REˬƎ]HV4ʭϗRȡϊO/j(ľłϞI:V�º�OWȯƝлRЈiR

0PΑ2j]64'FkPdÞ}OVȹ͘ϰOWόίP[kN0Hó4ṅϦ

KN0jV4'ÞȚVɴ̌ƼS3:jƼπ̨͕̽nβJH0(<V˽SL0N'

ͽϖƼVϑ˽4hW'(18)ʜѷ'(23)İѩ'(39)ƧѢSL0NɻƻVɴ̌Ƽ̨ʡ

͸anġΑBjȡϊR/jPʕ͕̽OWΑ2j(Ϣ͵SL0NW'3.9.2 ͤSN

϶ϰBj( 
�

3.8�Gs�¼Ö�
� ʕ͙OW'ʘÀ•Þω(1999)V˳ˍ̇ϦVŪǳVŪľłϞVĪ̐ѲȂV�º�

Sǒ]N'ĬɱƾǂŇƦɢV»͑O/jǹɸʧƦɢnЮ̖]'[hSƦɢ[k

HĉSǒ]N~²��ºĬʝnЮ̖]H(<kSgi'ʘÀ•Þω(1999)OW'

ɲлŇ>ѶVͺʟȜhkHǱΊV*ϓз+P01ȒO]4ό0IDR4KH˳

ˍ̇ϦVȹ͘ϰSшBjΑǏn'ʷȒƈSgjʀ̀RȒOɡ͂Bj<PRO6

H(<VͺʟW'ʘÀ•Þω(1999)S3:j*A→C→B→D+P01ȹ͘ѮȀV

ɞǏPW̸̰]R0R'ʕ͒VĬɱƾǂŇƦɢ҃Box-Cox Ʀɢ҄nɹ]H�º

�S~²��ºĬʝnЮ̖]HͺʟOW'giͽϖƼ̨SȿVКoIȿ˜n̖

0N'*ґA,CҒ→ґB,DҒ+P01ȹ͘ѮȀǹϥ]HR'A P C'B P D VF
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kGkVƕ͞ѮȀSL0NWb]lıĲRѠ]0<Pn͂]H( 
� ʕ͕̽OW'Box-Cox ƦɢSш]N'BIC VϖͣO'21 VľłϞV1J'

ƩɲVľłϞOɚ̖[kHǹɸʧƦɢnɚ̖]HR'<Vg1SƦɲ=PSƦ

ɢVĈφRĬ4kHP6S'FVÉOƩɲVdVnɚ̖Bj]64SL0Nd

ÞȚV͕̽RȡϊO/l1([hS'ʕ͒OWǒɲƦɢPǹɸʧƦɢVˋДn

ϟaHR'Box-Cox ƦɢȇV d W 0(ǒɲƦɢ)'0.5(ǹɸʧƦɢ)äƨSd[}

?}RĉnPiȜjVO'QVg1R d VĉRЮĭ4dÞȚVʭϗϫѳO/j( 
� ĬɱƾǂŇƦɢW'<k}OWǄ̖ÀWb]lƄǶĬʝS3:jÂƐ»Ĭɱ

nϓ˩BjHcVȿˈP]N̖0hkj<PRƩ8'~²��ºĬʝS̖0h

kjVWø2X DNA Vϓʝ(Zwiener, Frisch & Binder, 2014)VїRQVg1

O/i'Üɴ͍ƼS30NW͞ΒV̺jэi{PoQόhkR0(ÞƄVĬʝ

4h'óh4VƦɲƦɢR�º�VɑLљkḦȪnȉ6ĪB<PR/j<P

RĬ4KHVO'FVЮ̖ͥƇPэ̜SL0NdɛKN08<PdȲŶR/j

PȨ2j15(ÞȚW'gi΂ǍS'ɴ̌Ƽ̨̺όPͽϖƼ̨ȿ˜VξūSgj'

̯φ̨RΑǏR˪chkj]6O/j( 
� HI]'ʕ͙OWєĄ̇̄~²��ºĬʝnЮ̖]HR'ʕ͙OɂKH˳ˍ̇

ϦVȹ͘ϰS3:jŽѳVȪЃWb]lѥєǠ~²��ºĬʝVЮ̖RЮ]N

0jťΗȪS˞ȲBjȡϊR/j(ʕ͕̽OW'ѥєǠ~²��ºĬʝRİʓ

ĉSgKN̡Rj~²��ºn̔ȹ]N]}1<P(İʓĉúƻ)4h'єǠ~

²��ºĬʝnɚ̖]H(ѥєǠ~²��ºĬʝVЮ̖WÞȚVϫѳO/j( 
� }H'ʕ͕̽SW�º�Sш]NäÁVg1Rэ̜˽R/j<PSd̞ȲB

jȡϊR/j(͝»S'˳ˍ̇ϦVģʕ4hľłϞV�º�nȜjїS'/j

ϦRQVľłϞSĬѶ[kj4P01<PSш]N'ǓхǉVÉS30NdȲ

όRĬ4kj<PR/jP01˽O/j([hS'ʕ͕̽OɂKH�º�WŪ

ǳVľłϞVĪ̐ѲȂnŪǳV΃ϦɲOĹKHˋ̎Vĉn̖0N0jR'˳ˍ

̇ϦS30NW'ŪǳV΃ϦɲSǮR/jHc'̀ ̎VĉVfh7SǮR/j(

ø2XΤɱиOW΃ϦɲR 724 ϦSǒ]N'ΧάÀOW΃ϦɲR 20196 ϦO/

jVO'ˋ̎ɞǂĉVʵ˴ϨǮP]NW
!"#$%
!"# ≃ 5ć͐ȂVц6R/j(gK

N'˳ˍ̇Ϧ͕̽S30NʘÀ¹Þω(1999)V�º�n̖0N'ʕ͕̽gid

[hS˓̨̖R«�´n͘Nj<PWȲŶR/jPȨmkjR'ÀϘVэ̜n

ĬʝVїSǷSȲϵ]R:kXͽϖƼ̨ĬʝVaRĔο]'ɴ̌Ƽ̨̐ǄPÍ

џ]HͺʟPRjIl1([hS'ʕ͕̽OWʘÀ¹Þω(1999)Sț0'26 V

ľłϞV1J 21 VľłϞnĬʝS̖0HR'ľłϞVƦɲЯɈP01ώ˽d

ÞȚV͕̽SWȡϊPΑ2hkj( 
                                            
15 dKPd'ƾʁR�º�ƦɢW�º�Vɂ0ngiƆѠSBj<PdȺ)WΓSпAN34

R:kXRhR0Il1(HP2X,ˀύĬǱS]HR1/j�º� X PĲVˀύĬǱS]HR

1/j�º� Y VˋVĉ(X/Y)W'�º�ºĬǱSț1(�º�ºĬǱWǹƐPĬɱ3gYѼ

ʼV«ºª¸�RƻƎ]R0( 
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3.9 «·�°Â 
� ʕϰVǞцRψўO/KHHc'ʕͤOW'2 LV˽SL0NφЈnο1(

͝»˽W'ÊȹĬĬʝVͺʟnĽ2'*�¸�©~²��³¸�+SшBjͺʟ

ngi˪8ΑǏBj<PO/j(͝Ô˽W'~²��ºĬʝVͺʟ'ɻƻVɴ

̌Ƽ̨̺όPř̂]'*ˬƎ+]N0jPıɶ[kHǳSL0N'Neighbor-Net
nЮ̖Bj<PSgKN'*ʍdȎ0+ʳТäƨVʳТ}OΑȷ]HÀO'*̲

SˬƎ]N0j+PΑ2hkjǳSL0NП͕Bj<PO/j( 
3.9.1 �4B6<1>34?B2�:Ï�+°Â 
� }C'ʍİSʕͤOW'�º�Ʀɢ'ķĨ̑SL0N Raw data(ʙç 1)'ǹ

ɸʧƦɢ(ʙç 2)'Z Ʀɢ(ʙç 3)'QM>��ʙç 4	'ǹɸʧƦɢ҅QM>��ʙ

ç 5	'ÊȹĬĬʝ�ĜĬɱοį	��ʙç 6	'ǹɸʧƦɢ҅ÊȹĬĬʝ�ĜĬɱο

į	��ʙç 7	'ÊȹĬĬʝ�̯шοį	�ʙç 8	V 8 ʙçV»ΝȂnˋДBj(

3.6 PŭʴS'ǹɸʧƦɢ҅QM>WķĨ̑P]N�º�SǹɸʧƦɢnɹ]'

Ʀɢ]HĉS QM>nЮ̖Bj<Pn'ǹɸʧƦɢ҅ÊȹĬĬʝW'ķĨ̑P

]N�º�SǹɸʧƦɢnɹ]'Ʀɢ]HĉVĬɱĜĬɱοįSƗM0NÊȹ

ĬĬʝnǄο]H<PnFkGkȲŶBj(FVȚV~²��ºĬʝSL0N

W'ЉџVЯɈP]N¯º~³��Љџ}HW§¸���¸ЉџV 2 Сi'�

´º�¸�Vɸ˜P]Nuxº�˜PʍфЉџ˜V 2 Сinɚ̖]'ЉџP�

´º�¸�V͸aūmD 4 СiVĘNVɸ˜VͺʟnˋД]H( 
� �¸�©~²��³¸�VÓķĬʝS3:j QM>eÊȹĬĬʝ͟VЮ̖S

/HKNW'˳ˍ̇Ϧ 54 ǳVƩʼē͖чS3:jǱΊnɅɣBjHcS¢¶

��V»ϐdõȹ]H(3 ͙Vâтƈ 1 Sʙç 4 S3:j 5 ʼē}OVȃʵ͖

чVŪ 2 ʼēǹѦVρ͂(ȃʵГV��º´WŪʼēVƉʏĉVƫ6[Sǒȣ

[DH(äÁŭʴ)n'3 ͙Vâтƈ 2 Sʙç 5 S3:j 5 ʼē}OVȃʵ͖ч

VŪҊʼēǹѦVρ͂n'3 ͙âтƈ 3 Sʙç 6 S3:j 4 ʼē}OVȃʵ͖

чVŪ 2 ʼēǹѦVρ͂n'3 ͙âтƈ 4 Sʙç 7 S3:j 6 ʼē}OVȃʵ

͖чVŪ 2 ʼēǹѦVρ͂n'3 ͙âтƈ 5 Sʙç 8 S3:j 3 ʼē}OVȃ

ʵ͖чVŪ 2 ʼēǹѦVρ͂nFkGkЕDH( 
� [hS'ķĨ̑O QM>eÊȹĬĬʝnЮ̖BjƞūSW'3.3 ͤVƈ 2(ʙ
ç 4)VáS 3 ͙âт 2 Vâтƈ 6(ʙç 5)'âтƈ 7(ʙç 6)'âтƈ 8(ʙç 7)'
âтƈ 9(ʙç 8)VƉʏĉV�~³º¢¶��nř̂]'ʹ͓ǌÃ̎W 40҂'

65҂'80҂ṋƾS 3 СiVʙçnϙǂ]H( 
� äÀV 8ʙç(ʼēɲnŲcjP 19Сi)SL0N 4͑V~²��ºĬʝnЮ

̖]HͺʟV»ΝȂV»ϐRρ 5 O/j(<<Oρ͂Bj»ΝȂWƗ˴PBj

�´º¢nA,B,C,DV 4LP]HƞūP{A,C},{B,D}Vg1S 2LV�´º¢C

Ln}Pc 2 LP]HƞūV 2 Сinϖͣ]N0j(ʙç 1,2,4,5 Wρ 4 giġ

ɟЕ)(ʕ͙VâтS30NW'ÊSŪʙçS3:j¯º~³��ЉџPuxº

�˜nЮ̖]HʷȒƈVĬʝͺʟnЕDj(âтVƈ 10 4hƈ 27 ř̂)(ʍ̻

Љџ˜SL0NWρ4PŭʴSʘÀ Þω[1999]V4ĬѶ4hХΙ]Ш7N0j
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VOρ 5 SWͺʟn͂[R0R'řΑ}OSâтƈ 28'âтƈ 29 SʷȒƈn

ø͂]H( 
� <kh 8 ʙçV»ΝȂnˋД]HłʺWäÁVСiO/j( 
� ʙç 1 S30NWŪľłϞVĬɱVȯƝnĬʝS̖0N0jR'ʙç 2 S3

0NWĬɱVȯƝnφˀBjPPdSĬǱnˀύĬǱSЛM:N0j([hS'

ʙçҋS30NWĬɱVȯƝnƿĘSşiѐ0N0j(gKN'ʙç 1.3 n

ˋДBj<PO'ŪľłϞVĬɱVȯƝR~²��³¸�SÃ2jȖѫn˰j(

[hS'ʙç 6.ʙç 8 }OW'ʙç 1.3 FkGknÊȹĬĬʝOʼēƍΈ]

HͺʟSǒȣBj(ʙç 1.3 VͺʟPʙç 6.8 VͺʟnˋДBj<PO'2
͙OО]H�¸�©~²��³¸�R'ʘÀ Þω(1999)V�º�Oʏŀ4Q1

4nΑǏBj( 
� ʙç 4 Pʙç 5 OW'ɲлŇ>ѶSgjʼēƍΈRʘÀ Þω(1999)V�º�

SQVg1SȖѫnÃ2j4nΑǏBjHcSϙ:H((ɲлŇ>ѶW'�º�

VĉRˀO/jg1RѲȂρnȱǂ]N0jHc'Z Ʀɢ҅QM>WοmR4

KH) 
� ͽϖ̨RĬʝͺʟP]Nρ 5 4h'äÁVg1R<PRϑǏO6j( 
� ͝»S'2 ͙OО]H�¸�©~²��³¸�nο1]64'P01<Pn

Α2jP'ʙç 1 Pʙç 4'ʙç 2 Pʙç 5 nˋДBjP QM>VƞūSWʹ

͓ǌÃ̎n/;jP»ΝȂWb]lŏϬSȮ8Ri'ÀïVǖɲVʼēVϓR

ʀ̀Sg0<PRm4j(<kW'ÊȹĬĬʝOW'ĆòVƦɲ\VŝȣnƦ

ɲчV̯шþɲ(ĜĬɱ)Sѝͮ]'ƦɲV͖чǱΊP]Nϓn˒cjVSǒ]

N'QM>OW'ĆòVƦɲЯɈ��º¸4hĆòPƦɲV̯шS̵̭]'Ć

òV͖чǱΊPƦɲV͖чǱΊnŭʆS˒cj'P01ʼēƍΈVϓ˜SЫ0

R/i'<V̈ȟSgj<PRΑ2hkj(}H'ʙç҉Pʙç 6'ʙç 2 P

ʙç 7'ʙç 3 Pʙç 8 nˋДBjPÊȹĬĬʝVƞūW QM>PW̡Riʹ

͓ǌÃ̎n/;jP»ΝȂWŏϬSȮ8RjPWϕ2R0R'�¸�©~²�

�³¸�R1}80KN0jPdϕ2R0(gKN'͝»˽S30NĜСBj

<PW'ʘÀ Þω(1999)VľłϞVˋ̎V�º�S30NW'ĘΡ̨S�¸�

©~²��³¸�W1}80KN3hC'Raw �º�eƦɲƦɢ]H�º�S

~²��ºĬʝnЮ̖]HͺʟVɸR»ΝȂW΢0P01<PO/j( 
� ͝ÔS'åS�¸�©~²��³¸�nο1ƞū'ʼēɲVЯɈSgjͺʟ

VЫ0nόjHcʙç҉Pʙç 6'ʙç 1 Pʙç 8 nˋДBjP'Raw �º�

P'Raw �º�S Z ƦɢnЮ̖]HƞūSW'ÊȹĬĬʝnοKNʹ͓ǌÃ̎

n/;Nd»ΝȂWŏϬSѼ}KN08PWϕ2R0(gKN/jʼēndK

NʼēΈͮnο0'~²��ºĬʝnοKHɸRg0<PRĬ4j(}H'͝

»˽OО]Hg1S'ʙç 1 Pʙç 4 nˋДBjP'QM>n Raw �º�SЮ

̖BjƞūOd'ǌÃ̎d/;Nd»ΝȂWŏϬSѼ}KN08PWϕ2C'

ʍİV 2 ʼēndKNʼēΈͮnο0'~²��ºĬʝnοKHɸR΢0( 
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付録図番号 前処理
用いた次元

(累積寄与率）
距離

ｸﾗｽﾀﾘﾝｸﾞ
手法

A,B,C,Dの
一致度[%]

(A,C)と(B,D)の
一致度[%]

分類の再検討を必要とする帖

条件1 3章付録図11 Raw data 21 Euclid W 46.15(24/52) 75.93(41/54)
21 Manhattan W 49.02(25/51) 85.19(46/54) 18, 23, 28, 39
21 Euclid D 32.69(17/52) 63.46(33/52)
21 Manhattan D 38.46(20/52) 64.71(33/51)

条件3 3章付録図12 Z変換 21 Euclid W 46.30(25/54) 85.19(46/54) 18,23,39
21 Manhattan W 50.98(26/51) 68.52(37/54)
21 Euclid D 48.00(24/50) 84.62(44/52)
21 Manhattan D 43.75(21/48) 54.90(28/51)

条件4 3章付録図13 QMⅢ 2(40.0%) Euclid W 48.15(26/54) 79.63(43/54) 23, 48, 49
2(40.0%) Manhattan W 44.44(24/54) 75.93(41/54)
2(40.0%) Euclid D 40.00(18/45) 55.56(25/45)
2(40.0%) Manhattan D 39.22(20/51) 58.33(24/48)

3章付録図14 5(65.9%) Euclid W 51.28(20/39) 62.00(31/50)
5(65.9%) Manhattan W 35.42(17/48) 61.11(33/54)
5(65.9%) Euclid D 44.68(21/47) 70.21(33/47)
5(65.9%) Manhattan D 38.46(20/52) 60.87(28/46)

3章付録図15 20 Euclid W 53.19(25/47) 58.33(28/48)
20 Manhattan W 33.33(16/48) 50.00(25/50)
20 Euclid D 39.22(20/51) 54.90(28/51)
20 Manhattan D 44.23(23/52) 69.57(32/46)

条件2 図5(3章付録図10) 平方根変換 21 Euclid W 52.94(27/51) 92.31(48/52) 18, 23, 39
図6 21 Manhattan W 56.86(29/51) 90.38(47/52) 無し
図7 21 Euclid D 47.06(24/51) 75.00(30/40)
図8 21 Manhattan D 60.00(27/45) 72.73(32/44)

条件5 3章付録図16 平方根変換 2(38.7%) Euclid W 47.06(24/51) 74.07(40/54)
+QMⅢ 2(38.7%) Manhattan W 43.14(22/51) 76.92(40/52)

2(38.7%) Euclid D 42.00(21/50) 76.47(39/51)
2(38.7%) Manhattan D 31.91(15/47) 58.14(25/43)

3章付録図17
5(68.8%) Euclid W 43.14(22/51) 53.85(28/52)
5(68.8%) Manhattan W 45.45(20/44) 55.77(29/51)
5(68.8%) Euclid D 49.02(25/51) 72.55(37/51)
5(68.8%) Manhattan D 44.23(23/52) 68.63(35/51)

3章付録図18 20 Euclid W 53.19(25/47) 63.83(30/47)
20 Manhattan W 45.10(23/51) 68.63(35/51)
20 Euclid D 52.27(23/44) 54.90(28/51)
20 Manhattan D 39.22(20/51) 64.71(33/51)

条件6 3章付録図19 PCA(VCov) 2 (48.3%) Euclid W 51.85(28/54) 79.63(43/54) 18, 23, 28, 48

2 (48.3%) Manhattan W 42.59(23/54) 75.93(41/54)
2 (48.3%) Euclid D 50.00(26/52) 61.11(33/54)
2 (48.3%) Manhattan D 46.15(24/52) 73.08(38/52)

3章付録図20 4 (70.6%) Euclid W 50.00(26/52) 81.48(44/54) 18, 23, 24, 28
4 (70.6%) Manhattan W 48.89(22/45) 75.93(41/54)
4 (70.6%) Euclid D 46.94(23/49) 69.23(36/52)
4 (70.6%) Manhattan D 44.44(24/54) 81.40(35/43)

3章付録図21 6 (81.1%) Euclid W 50.00(26/52) 75.93(41/54)
6 (81.1%) Manhattan W 50.00(26/52) 64.81(35/54)
6 (81.1%) Euclid D 48.00(24/50) 57.69(30/52)
6 (81.1%) Manhattan D 33.33(17/51) 51.92(27/52)

条件7 3章付録図22 平方根変換+ 2 (42.1%) Euclid W 55.77(29/52) 68.52(37/54)
PCA(VCov) 2 (42.1%) Manhattan W 47.06(24/51) 68.52(37/54)

2 (42.1%) Euclid D 52.94(27/51) 56.86(29/51)
2 (42.1%) Manhattan D 42.86(21/49) 58.82(30/51)

3章付録図23 6 (72.5%) Euclid W 56.25(27/48) 78.85(41/52) 18, 23, 24, 28, 35, 40
6 (72.5%) Manhattan W 52.94(27/51) 86.27(44/51) 18, 23, 39
6 (72.5%) Euclid D 39.58(19/48) 56.86(29/51)
6 (72.5%) Manhattan D 59.09(26/44) 52.27(23/44)

3章付録図24 8 (80.8%) Euclid W 45.10(23/51) 80.77(42/52) 18, 23
8 (80.8%) Manhattan W 52.94(27/51) 79.63(43/54) 無し
8 (80.8%) Euclid D 47.06(24/51) 64.71(33/51)
8 (80.8%) Manhattan D 42.86(21/49) 66.67(34/51)

条件8 3章付録図25 PCA(R) 3 (43.2%) Euclid W 51.92(27/52) 83.33(45/54) 39
3 (43.2%) Manhattan W 50.00(26/52) 81.48(44/54) 18,39
3 (43.2%) Euclid D 50.98(26/51) 80.56(29/36)
3 (43.2%) Manhattan D 54.90(28/51) 82.05(32/39)

3章付録図26 8 (73.8%) Euclid W 46.00(23/50) 85.19(46/54) 18,23,39
8 (73.8%) Manhattan W 48.98(24/49) 79.63(43/54) 18, 39
8 (73.8%) Euclid D 56.52(26/46) 58.82(30/51)
8 (73.8%) Manhattan D 45.83(22/48) 70.59(36/51)

3章付録図27 10 (81.5%) Euclid W 51.92(27/52) 85.53(45/52) 8, 18, 23
10 (81.5%) Manhattan W 56.86(29/51) 75.93(41/54)
10 (81.5%) Euclid D 36.54(19/52) 57.78(26/45)
10 (81.5%) Manhattan D 59.46(22/37) 68.09(32/47)

平方根変換+QMⅢは平方根変換を先にRawデータに適用し、変換した値にQMⅢを適用したことを示す。またクラスタリング手法のWはWard法、Dは最長距
離法を示す。一致度の()の中は、分母が一致度の計算の際に考慮した帖の数、分子が実際に一致した数を意味する。

表5: 各手法でのクラスタリングの一致度の一覧表.
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3.9.2 Neighbor-Net:(+��_���n�O� 
� ķͤOW'ʴ)Rȿ˜(ƦɲƦɢ'�¸�©~²��³¸�͟)n~²��º

ĬʝS30Nϟ]'ϟοсϨ]Hͺʟn*»ΝȂ+Vϑ˽4hρ 5 S͂]HR'

~²��ºĬʝn̖0N0jäÀ'ώϏŇ[kHʳТW�º�VdKPdȎ0

ʳТO/j(gKN'*ˬƎ+]N0jPıɶ[kHǳR'Ȍ0ʳТnΑȷ]N

dR3ˬƎ]N0jPıɶ[kjǳ(<kn*̲SˬƎ]N0jǳ+Pŷ[)R
V4'FkPdȌ0ʳТnΑȷBjP'ȡC]d*ˬƎ+]N0jPWϕ0ĭ

kR0ǳ(*Ɵ̜Óø+P<<OWŷ[)RV4'P01<PSL0NZj0S

4:jȡϊR/j( 
� F<O'ʕͤOW�º�VȎ0ʳТI:OWR8Ȍ0ʳТdɋĪBj<PV

O6j Neighbor-Net (Huson & Bryant, 2006)n̖0j<PSgKN'*̲Sˬ

Ǝ]N0jǳ+SL0NП͕]H( 
� Neighbor-Net 4hȜhkHƈSǒ]N'�®º³��r�~RƈVĭiɸ

nǽL4ϟB<PSgKN'*̲SˬƎ]N0jǳ+WFkhVĭiɸn]Nd

R3*ˬƎ+]N0jǳPΑ2j<PRO6'*Ɵ̜Óø+WFkhVĭiɸS

gKN'*ˬƎ+V̉ȵRϓ˩[kjǳV<PnɒB(ĬʝøSL0Nƈ 9 S

͂B( 
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ƈ 9: ʘÀ¹Þω(1999)VľłϞV�º�SL0N̯шοįn̖0HÊȹĬĬʝ

nЮ̖]'͝ 3 ʼḙ̄}OVȃʵndPS¯º~³��ЉџOЉџοįnϖͣ

]'Neighbor-Net nЮ̖]Hͺʟ( 
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� ƈ 9 WʘÀ¹Þω(1999)V�º�S̯шοįSƗM0HÊȹĬĬʝnЮ̖]'

͝ 3 ʼḙ̄}OVȃʵndPS¯º~³��ЉџOЉџοįnϖͣ]'

Neighbor-Net nЮ̖]HͺʟO/j(uxº�˜nЮ̖]H~²��ºĬʝ

S30NÊS'{A,C}Pɴ̌Ƽ̨SWĬѶ[kN0HdVO'{B,D}SˬƎ]N

0HdVn&O'{B,D}Pɴ̌Ƽ̨SWĬѶ[kH0HdVO'{A,C}SˬƎ]

N0HdVn˽΄V&O'FkGkρ]H(Neighbor-Net SgjĬʝOW'

~²��ºĬʝVͺʟSǒȣBjĭiɸWƈ 9 S30N9VĭiɸO/j(]

4]'ƈ 9 n:VĭiɸOĭj<PSgKN'23 ǳ'24 ǳ'28 ǳ'29 ǳ'

31 ǳ'48 ǳWˬƎV̉ȵOWR8Ri'{B,D}�´º¢SǟBj(gKN'<

kh 6 ǳW*Ɵ̜Óø+PΑ2hkj(HI]':VĭiɸOd&OƇKH 39
ǳWˬƎ̉ȵnϓ˩Bj<PRO6C'*̲SˬƎ]N0jǳ+PΑ2hkj( 
� ρ 5 O*»ΝȂ+RѼ4KH 16 ʙçSL0N Neighbor-Net nο0'*̲S

ˬƎ]N0jǳ+nʭϗ]HP<l'8 ǳ:1 Ƅ(Τǈ)'18 ǳ:12 Ƅ(ʜѷ)'23
ǳ:11 Ƅ(İѩ)'24 ǳ:2 Ƅ(Ζμ)'28 ǳ:4 Ƅ(кĬ)'35 ǳ:1 Ƅ(ΧάÁ)'39 ǳ:8
Ƅ(ƧѢ)'40 ǳ:1 Ƅ(ȝ˜)'48 ǳ:2 Ƅ(ɾε)'49 ǳ:1 Ƅ(ǋʔ)P01ͺʟPR

KH(<Vͺʟ4h'1)ʜѷ(18)W{A}Sǟ]N0jPɻƻVɴ̌Ƽ̨͕̽OW

Α2hkN0jR'ʕ͕̽Vͺʟ4hW{B,D}�´º¢Sǟ]N0jťΗȪnʭ

ϗBjȡϊR/j(2)İѩ(23)W{B}Sǟ]N0jPɻƻVɴ̌Ƽ̨͕̽OWΑ

2hkN0jR'ʕ͕̽Vͺʟ4hW{A,C}�´º¢Sǟ]N0jťΗȪnʭϗ

BjȡϊR/j(3)ƧѢ(39)W{C}Sǟ]N0jPɻƻVɴ̌Ƽ̨͕̽OWΑ2

hkN0jR'ʕ͕̽Vͺʟ4hW{B,D}�´º¢Sǟ]N0jťΗȪnʭϗB

jȡϊR/j(̈ SƧѢSL0NW'ɴ̌Ƽ̨͕̽S30Nd{B,D}�´º¢S

ǟBjVOWR04P01<PR'ŌÅͭķSη×(1966)S30NÊȍ[kN

0jHc'ʕ͕̽4hȜhkH˳ˍ̇Ϧȹ͘ϰSшBj͂żW'ɴ̌Ƽ̨Sd

˿ʧɍRdVOWR0(äÀV 3 ˽RľłϞI:VȯƝn÷KHͽϖƼ̨R̽

͕4hɴ̌Ƽ\ɡϕO6jʍd̀ǄRɡʩPϕ2j( 
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Ù§HÎ 
Ù§HÎ 1: o��c}�k~c}��Ä 
� ʕͤOWʘÀ¹Þω(1999)�º�Sǒ]NÑĎĬʝP]NƦɲƦɢ(Box-Cox
ƦɢSǟBj 2 LVɸ˜)SшBjϢ͵n͂B(Box-Cox ƦɢPWäÁVȇOρ

[kj(X RēV�º�O/i'Y RƦɢȚV�º�O/j( 

! =
!! − 1
!  ! ≠ 0

log! ! → 0
 

� ÀȇV dP]Ng8̖0hkjVW'd?0Vƞū(L}iǒɲƦɢ! = log!)'

d]8W d=0.5(L}iǹɸʧƦɢ! = !!!
! �HI]ʕ͕̽OW'ǂɲѭPǂɲ

ćnѐ0H! = !P]Nϖͣ]H)VƞūR/i'äьOW'ǄїV�º�V

ȪЃdřΑS]RRh'ǒɲƦɢPǹɸʧƦɢVQJhRʘÀ•Þω(1999)V�

º�SЮ]N0j4nʭϗBj( 
� ˑ̗(2005, pp.53-54)SgkX'ĬɱƾǂŇƦɢS30N'ǒɲƦɢnɚ̖B

jƞūW'ēV�º�Vʵ˴ĊǮPǹƐR»ǂVˋSRKN0jȡϊR/j(

}H'ǹɸʧƦɢnɚ̖BjƞūSWēV�º�VĬɱPǹƐR»ǂVˋSR

KN0jȡϊR/j( 
� äÁ'3 ͙âтρ 1 SʘÀ•Þω(1999)V�º�VƗʕ̨Rͽϖлn͂B( 
�

3 ͙âтρ 1: ʘÀ•Þω(1999)V˳ˍ̇ϦVŪǳVľłϞVĪ̐ѲȂSшBjͽϖл»ϐ҈ 

���� ǹƐ� Ĭɱ� ĬɱPǹƐVˋ� ʵ˴ĊǮPǹƐVˋ�

���� 0.0145223 0.0000032 0.0002232 0.1239665 
�&�� 0.0117019 0.0000154 0.0013140 0.3350919 

��*�� 0.0116281 0.0000085 0.0007302 0.2505890 

��*�� 0.0098042 0.0000069 0.0007006 0.2673210 

��*�� 0.0096402 0.0000067 0.0006989 0.2692625 

�*�� 0.0091697 0.0000074 0.0008028 0.2958800 

���� 0.0083970 0.0000039 0.0004603 0.2341199 

���� 0.0078275 0.0000123 0.0015688 0.4476903 

�#��� 0.0075489 0.0000035 0.0004616 0.2472695 

���� 0.0036193 0.0000025 0.0006966 0.4387062 

�+�� 0.0040273 0.0000024 0.0005859 0.3814197 

���� 0.0032710 0.0000036 0.0011002 0.5799591 

�'*�� 0.0025044 0.0000009 0.0003491 0.3733650 

����� 0.0018256 0.0000009 0.0004797 0.5125997 

�)&�� 0.0017003 0.0000005 0.0002892 0.4124435 

�)+�� 0.0017326 0.0000004 0.0002550 0.3836249 
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���� 0.0012774 0.0000003 0.0002681 0.4581634 

��&�� 0.0012763 0.0000005 0.0003602 0.5312360 

�%��� 0.0013328 0.0000009 0.0006929 0.7210261 

�%��� 0.0010765 0.0000007 0.0006874 0.7990600 

�%$��� 0.0005415 0.0000001 0.0002391 0.6644674 

�

� 3 ͙âтρ 1 VŨ 2 įVĉnˋД]Ndʀh4Rg1S'ʵ˴ĊǮPǹƐV

ˋP'ĬɱPǹƐVˋPnˋД]NdQJhRgiƾǂ]N0j4W'ı́P

]R0( 
� <<O'˳ˍ̇Ϧ 54 ǳVèȲVÔLV i ǳP j ǳV'21 VľłϞVĪ̐Ѳ

ȂSgj¯º~³��Љџ!!"n'i ǳV k ̠̭VľłϞVŪǳV΃ϦɲSǒB

j̯ǒĪ̐ѲȂĉn!!"P]N'äÁVg1SǂΎBj( 
 

!!" = !!" − !!"
!

!"

!!!
      !, ! = 1⋯ 54  

� ľłϞVĪ̐ѲȂĬǱV�º�S~²��ºĬʝnɹBƞūW'<VľłϞ

чVЉџ�º�{!!"}R̖0hkj(]4]'3.5 ͤOО]HǬƭV͝»˽P]

N'!!"RQnǒɲƦɢ4ǹɸʧƦɢBj<PnΑ2j( 
� ľłϞV 54 ǳSmHjĪ̐ѲȂĉVĬǱ'ūϖ 21 VĬǱSL0N'ǒɲƦ

ɢPǹɸʧƦɢnЮ̖]'ˀύĬǱSgiЛ0ƦɢnÃ2HdVnFkGkV

ľłϞVĬǱP]NЯY'ǒɲƦɢRgiƩ8ЯXkkX'ǒɲƦɢnĘòV

�º�SЮ̖Bj<PPBj(ŭʴSǹɸʧƦɢRgiƩ8ЯXkkX'ǹɸ

ʧƦɢnĘòV�º�SЮ̖Bj<PPBj( 
� Ʀɢ]HľłϞVĬǱVˀύĬǱ\VȐNW}iV΢[Sш]NW'R V

mclust V���º�VÉS/j'�º�nˀύĬǱS r��r¸�[Djш

ɲ densityMclust nĳ̖]'ɒʵP]N£±�ȯƝлƗ˴ (Bayesian 
Information Criterion)(Schwarz, 1978)n̖0H16(«�´V΢[nρBɒʵ

O/j BIC RǕ[0ĉnÃ2HƦɢRͽϖƼ̨SWʑ}]0ƦɢP02j17( 
 

!"# =  −2 ∙ ʍƫǒɲǗȂ + Λ̘Ȃ ∙ log �¸¢´�±� �

� O/j( 

                                            
16 äÁ BIC P̟B( 
17 R V mclust V���º�VÉOW'BIC V͜ũVů6RРO/j(FVHc'СǷW BIC
RʍǕVdVnЯ]X΢0R'mclust n÷KHϖͣOWʍƫVdVnЯXR:kXRhR0(

ʕ͒OW̃ў[n[:jHc'mclust V BIC V͜ũVů6nРВ[D'СǷСi'ϓзRO

6jg1S]H(R V mclust O BIC n˒cjїSW̞ȲBjȡϊR/j( 
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� /jľłϞVĬǱnǒɲƦɢ]ˀύĬǱnȐNWcHƞūP'ǹɸʧƦɢ]

ˀύĬǱnȐNWcHƞūV BIC W̮ɜˋДBj<PWO6R0(RERhX'

BICVÉVѭnRBǗȂVǘȂRǒɲƦɢPǹɸʧƦɢOWƦmKN]}KN

0j4hO/j(Ϣ͵SL0NW'͛Ġ΅(1989)RQnř̂(ʕ͒V 3 ͙âт

ρ 2 OW'ǒɲƦɢVǘȂPǹɸʧƦɢVǘȂnƦɢķVǘȂSūmDjg1

SφˀnοKH BIC nϘB18(äÁ'3 ͙âтρ 2 RSFkGkVľłϞVĬ

ǱSǒ]N'Ʀɢķ'ǒɲƦɢȚ'ǹɸʧƦɢȚV�º�SˀύĬǱ«�´n

ȐNWcN BIC nˋД]HdVO/j19( 
 
3 ͙âтρ 2: ˳ˍ̇ϦVŪľłϞVĪ̐ѲȂVĬǱSǒɲƦɢPǹɸʧƦɢnЮ̖]HїV

BIC Vĉ҈  

���� ��
� ���� �	��� ���� 
����� ����

���� ���}~� ���}�� ���}�� 
�&�� �~�}�� �~�}�� �~�}�� 

��*�� ���}~� ���}�� ���}�� 
��*�� ���}�� ���}�~ ���}�� 
��*�� ���}�� ���}�� ���}�� 

�*�� ���}�� ���}�� ���}~� 
���� ��~}�� ���}~� ��~}�� 
���� ���}�� ���}�� ���}�� 

�#��� ���}�� ���}�� ���}�� 
���� �~�}�� ��~}�� ��~}�� 
�+�� �~�}�� ���}�� ���}�� 

���� �~�}�� ���}�� �~�}�� 
�'*�� ��~}�� ���}�� ���}�� 
����� ��~}~~ ��~}�~ ���}�� 

�)&�� ���}�� ��~}�� ���}�� 
�)+�� ���}�� ���}�� ���}�� 
���� ���}�� �~�}�~ ���}�� 

��&�� �~�}�� �~�}�� �~�}�� 
�%��� ���}�~ ��~}�� ���}~~ 
�%��� ���}�� �~�}�� ���}�� 

�%$��� ���}~� ���}�� ���}�� 

�

                                            
18 φˀѭVĝǫ̀RϖͣSL0NW'Burnham and Anderson(2002)nřΑS]H( 
19 ʕ͕̽OW'!!"n 10 ¾Ϧ/HiVĉS̮]HdVS'densityMclust nЮ̖]'BIC nϖ

ͣ]H(HI]'!!"R�¶VĉnPjƞūSW'j ̠̭VľłϞVĉVÉOʍǕVĉVÔĬV

»Vĉnýǃ̨Sãė]N BIC nϖͣ]H(ǄїV~²��ºĬʝS÷KHĉW<Vg1R�

¶�´VĨ̑n]N0R0�º�O/j( 
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� 3 ͙âтρ 2 Vͺʟ4h'21 VľłϞV1J 12 VľłϞO'ǹɸʧƦɢR

ǒɲƦɢgidЮ]'21 VľłϞV1J 13 VľłϞOƦɢķRǒɲƦɢgi

dЮ]'21 VľłϞV1J 11 VľłϞOǹɸʧƦɢRƦɢķgidЮ]N0

jP01ͺʟnȜH(gKN'ʕ͒S30NWĘòV�º�SǹɸʧƦɢnЮ

̖Bj<PP]H(HI]'BIC WŖ̨̑SWĈφPRKN0jʙçV BIC V

1JʍdǕ[0dVnЯ]Xg0R'3 ͙âтρ 2 VͺʟnόjP'ƦɢķP

ǒɲƦɢPǹɸʧƦɢV BIC VǮWmC4RdVRƩ0( 
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Ù§HÎ 2: 4B6<1>34?B2.���Ñ�FRO�:Ï�+À� 
� ʕͤOW'�¸�©~²��³¸�n̖0jїS'ÓķĬʝP]NVɲлŇ

>ѶeÊȹĬĬʝS3:j'ĆòV��qV¢¶��eʼēɲЯɈV�~³º

¢¶��Sшmjͺʟnɡ͂Bj( 
 

�

�

�

�
3 ͙âтƈ 1: Raw data SɲлŇ>ѶnЮ̖]HƞūV'5 ʼē}OVȃʵ͖

чVŪ 2 ʼēVǹѦρ͂(ȃʵГV��º´WŪʼēVƉʏĉVƫ6[Sǒ

ȣ[DH) 
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�

�

�

�

�

3 ͙âтƈ 2:Raw data SǹɸʧƦɢnɹ]HȚSɲлŇ>ѶnЮ̖]Hƞū

V'5 ʼē}OVȃʵ͖чVŪ 2 ʼēVǹѦρ͂(ȃʵГV��º´WŪʼē

VƉʏĉVƫ6[Sǒȣ[DH) 
�

�

�
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�

�

�

3 ͙âтƈ 3:Raw data VĬɱĜĬɱοįndPSÊȹĬĬʝnЮ̖]'4 ʼē

}OVȃʵ͖чVŪ 2 ʼēVǹѦρ͂]HdV 
�

�

�

�

�
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�

�

�

�

 
3 ͙âтƈ 4:Raw data SǹɸʧƦɢnɹ]HĉVĬɱĜĬɱοįndPSÊ

ȹĬĬʝnЮ̖]'6 ʼē}OVȃʵ͖чVŪ 2 ʼēVǹѦρ͂]HdV�
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�

�

3 ͙âтƈ 5: Raw data V̯шοįndPSÊȹĬĬʝnЮ̖]'3 ʼē}O

Vȃʵ͖чVŪ 2 ʼēVǹѦρ͂]HdV 
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�

3 ͙âтƈ 6:Raw data SǹɸʧƦɢnɹ]HȚSɲлŇ>ѶnЮ̖]Ȝhk

HƉʏĉV�~³º¢¶��(ρ 5 Vʙç 5 VʼēɲnʭϗBjHcS̖0

H( 
�

�

�

�

�

�

�

�

�
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�

3 ͙âтƈ 7:Raw data VĬɱĜĬɱοįndPSÊȹĬĬʝnЮ̖]Ȝhk

HƉʏĉV�~³º¢¶��(ρ 5 Vʙç 6 VʼēɲnʭϗBjHcS̖0

H( 
�

�

�

�

�

�

�

�

�

�
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�

3 ͙âтƈ 8:Raw data SǹɸʧƦɢnɹ]HĉVĬɱĜĬɱοįndPSÊ

ȹĬĬʝnЮ̖]ȜhkHƉʏĉV�~³º¢¶��(ρ 5 Vʙç 7 Vʼē

ɲnʭϗBjHcS̖0H( 
�

�

�

�

�

�

�

�

�
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�

3 ͙âтƈ 9: Raw data V̯шοįndPSÊȹĬĬʝnЮ̖]ȜhkHƉʏ

ĉV�~³º¢¶��(ρ 5 Vʙç 8 VʼēɲnʭϗBjHcS̖0H( 
�

�

�

�

�

�

�

�

�

�

�

�
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Ù§HÎ 3: 1>34?B2�ª���D®p�:(+¹J 
  ʼS'ʕɴÉOWɟЕ]R4KHʘÀ Þω(1999)V�º�S~²��ºĬʝ

nЮ̖]HdVnЕDj(ÊS'¯º~³��ЉџPuxº�˜nЮ̖]Hʷ

ȒƈVĬʝnЕDH(3 ͙ρ 4 ř̂)R'ø2X'ƈ 10 WǹɸʧƦɢnɹ]Hĉ

S¯º~³��ЉџPuxº�˜SƗM0N~²��³¸�n]Hͺʟ'ƈ 11
W'ʘÀ¹Þω(1999)Vͱ�º�S¯º~³��ЉџPuxº�˜SƗM0N

~²��³¸�n]HͺʟO/j(äÁ'ƈ 10 4hƈ 27 Wρ 4'ρ 5 Pǒȣ

[DNř̂[kH0(R3'ƈ 28'ƈ 29 Vg1Sʍ̻Љџ˜n̖0HͺʟW

B]N~²��³¸�R1}804R4KH(*»ΝȂ+VǂΎSL0NW 3.5.4
ͤnř̂[kH0( 
  



 
 

 
66 

�
3 ͙âтƈ 10: 3 ͙ʕɴƈ 5 ġɟ(Raw data SǹɸʧƦɢnɹ]Hĉ4h¯º

~³��ЉџSƗM6Љџοįnϖͣ]'uxº�˜SgKN~²��³¸

�nοKHͺʟ 
�

�¸�¶�²©nѼ[ 0.15 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6 P̠

ũâ:jP' 
w w �w �w �w �w �w �w

�w �w �w ��w ~w �w ~w

�w �w ~w �w �w �w �~w

�w ~w �w �w ~w ~w �w

�w ~w ~w �w ~w �w �w

<VP6»ΝȂW' 
A(3): B(6): C(2): D(5)=12/23: 10/16: 1/4: 4/8, ĘòP]N 27/51=52.94 
 
[hS�¸�¶�²©nѼ[ 6.5 ŵИOĭi'~²��º1 nѐ0NΑ2jP 
w w �{�w �{�{�w

�{�w ��w �w

�{�w �w ��w

<VP6»ΝȂW' 
(A,C)(2,3): (B,D)(4,5,6)=25/27: 23/25,ĘòP]N 48/52=92.31 
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3 ͙âтƈ 11:Raw data 4h¯º~³��ЉџSƗM6Љџοįnϖͣ]'u

xº�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 0.03 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5 P̠ũ

â:jP' 
w w �w �w �w �w �w

�w �w ��w �w �w �w

�w �w �w �w �w �w

�w �w �~w ~w ~w ~w

�w ~w �w ~w �w �w

<VP6»ΝȂW' 
A(1): B(5): C(2): D(4)=3/5: 6/8: 10/30: 5/9,ĘòP]N 24/52=46.15 
 
[hS'�¸�¶�²©nѼ[ 0.05 ŵИOĭjP' 
w w �{�w �{�{�w

�{�w ��w �w

�{�w �~w ��w

<VP6»ΝȂW' 
(A,C)(1,2): (B,D)(3,4,5)= 25/35: 16/19,ĘòP]N 41/54=75.93 
�
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3 ͙âтƈ 12:Raw data S Z Ʀɢnɹ]Hĉ4h¯º~³��ЉџSƗM6Љ

џοįnϖͣ]'uxº�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 15 ŵИOĭi'~²��ºnǭ4h 1,2,3,4 P̠ũâ:

jP' 
w w �w �w �w �w

�w �w �w �w �~w

�w ��w �w ~w �w

�w �w ~w �w �w

�w �w ~w ~w �w

<VP6»ΝȂW' 
A(3): B(1): C(4): D(2)=3/4: 14/28: 8/20: 0/2,ĘòP]N 25/54=46.30 
 
[hS'�¸�¶�²©nѼ[ 18 ŵИOĭKHP6' 
w w �w �{�{�w

�{�w �w ��w

�{�w ��w �w

<VP6»ΝȂW' 
(A,C)(2,3,4): (B,D)(1)= 23/26: 23/28,ĘòP]N 46/54=85.19 
 
�
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3 ͙âтƈ 13: Raw data SɲлŇ>ѶnЮ̖]'2 ʼḙ̄}OVȃʵnɚ̖]'

¯º~³��ЉџSƗM6Љџοįnϖͣ]'uxº�˜SgKN~²��

³¸�nοKHͺʟ 
�

�¸�¶�²©nѼ[ 4 ŵИOĭi'~²��ºSǭ4h 1,2,3,4 P̠ũnL

:HP6' 
w w �w �w �w �w

�w �w �w �w �w

�w ��w �w ~w �w

�w ~w �w �w �w

�w �w �w ~w �w

<VP6'»ΝȂW 
 A(4):B(1):C(2):D(3)= 7/13: 12/17: 7/20: 0/4, ĘòP]NW 26/54=48.15 
 
[hS'�¸�¶�²©nѼ[ 6.5 ŵИOĭKHP6' 
w w �w �{�{�w

�{�w �w ��w

�{�w ��w �~w

<VP6'»ΝȂW 
 (A,C)(2,3,4): (B,D)(1)= 27/37: 16/17, ĘòP]NW 43/54=79.63 
�

�
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3 ͙âтƈ 14: Raw data SɲлŇ>ѶnЮ̖]'5 ʼḙ̄}OVȃʵnɚ̖]'

¯º~³��ЉџSƗM6Љџοįnϖͣ]'uxº�˜SgKN~²��

³¸�nοKHͺʟ 
�

�¸�¶�²©nѼ[ 2 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6,7,8 P̠

ũâ:HP6'�

�

<VP6»ΝȂW' 
A(3): B(5): C(8): D(7)= 4/5: 4/8: 9/20: 3/6, ĘòP]N 20/39=51.28 
�

[hS�¸�¶�²©nѼ[
ŵИO6i'	V~²��ºnѐ0NΑ2jP'�

w w �{�{�{�w �{�{�w

�{�w �w ��w

�{�w ��w ��w

<VP6»ΝȂW' 
(A,C)(6,7,8): (B,D)(2,3,4,5)=17/28: 14/22,ĘòP]N 31/50=62.00 
�

w w �w �w �w �w �w �w �w �w

�w �w ~w �w �w �w �w �w �w

�w ~w �w �w �w �w �w �w �w

�w �w ~w ~w ~w ~w ~w �w �w

�w ~w ~w ~w �w �w ~w �w �w
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3 ͙âтƈ 15: Raw data SɲлŇ>ѶnЮ̖]'20 ʼḙ̄}OVȃʵnɚ̖

]'¯º~³��ЉџSƗM6Љџοįnϖͣ]'uxº�˜SgKN~²

��³¸�nοKHͺʟ�

�

�¸�¶�²©nѼ[ 2.2 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6,7 P̠

ũâ:jP' 
w w �w �w �w �w �w �w �w

�w �w �w �w ~w ~w �w ~w

�w ~w �w �w �w �w ~w �w

�w �w ~w �w ~w �w ~w �w

�w ~w ~w �w ~w ~w ~w �w

<VP6»ΝȂW' 
A(6): B(5): C(3): D(7)= 8/8: 7/8: 3/13: 7/18, ĘòP]N 25/47=53.19 
 
[hS'�¸�¶�²©nѼ[ 3.2 ŵИOĭi'1,2 V~²��ºnѐ0NΑ

2jP' 
w w �w �{�{�{�w

�{�w �w ��w

�{�w �w �~w

<VP6»ΝȂW' 
(A,C)(3): (B,D)(4,5,6,7)= 8/13: 20/35,ĘòP]N 28/48=58.33 
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3 ͙âтƈ 16: Raw data SǹɸʧƦɢnɹ]HĉSɲлŇ>ѶnЮ̖]'2 ʼ

ḙ̄}OVȃʵnɚ̖]'¯º~³��ЉџSƗM6Љџοįnϖͣ]'u

xº�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 1.5 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6 P̠ũ

â:jP' 
w w �w �w �w �w �w �w

�w ~w �w �w �w �w �w

�w �w ��w �w ~w ~w �w

�w ~w ~w ~w �w �w �w

�w ~w �w ~w �w �w �w

<VP6»ΝȂW' 
A(6): B(2): C(5): D(4)=7/16: 11/19: 5/11: 1/5, ĘòP]N 24/51=47.06 
�

[hS�¸�¶�²©nѼ[ 6.5 ŵИOĭjP' 
w w �{�w �{�{�{�w

�{�w �w ��w

�{�w ��w �~w

<VP6»ΝȂW' 
(A,C)(3,4,5,6): (B,D)(1,2)=24/34: 16/20,ĘòP]N 40/54=74.07 
�
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3 ͙âтƈ 17: Raw data SǹɸʧƦɢnɹ]HĉSɲлŇ>ѶnЮ̖]'5 ʼ

ḙ̄}OVȃʵnɚ̖]'¯º~³��ЉџSƗM6Љџοįnϖͣ]'u

xº�˜SgKN~²��³¸�nοKHͺʟ 
�

�¸�¶�²©nѼ[ 2.5 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6 P̠ũ

â:jP'�

w w �w �w �w �w �w �w

�w �w ~w �w �w ~w �w

�w �w �w �w �w �w �w

�w ~w ~w �w �w ~w �w

�w ~w �w �w �w ~w �w

<VP6»ΝȂW' 
A(4): B(2): C(6): D(3)= 9/23: 7/8: 3/8: 3/12, ĘòP]N 22/51=43.14 
 
[hS'�¸�¶�²©nѼ[ 4.2 ŵИOĭi'1 ~²��ºnѐ0NΑ2j

P' 
w w �{�{�w �{�w

�{�w ��w �w

�{�w ��w �w

<VP6»ΝȂW' 
(A,C)(5,6): (B,D)(2,3,4)= 6/9: 22/43, ĘòP]N 28/52=53.85 
�
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3 ͙âтƈ 18: Raw data SǹɸʧƦɢnɹ]HĉSɲлŇ>ѶnЮ̖]'20
ʼḙ̄}OVȃʵnɚ̖]'¯º~³��ЉџSƗM6Љџοįnϖͣ]'

uxº�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 2.0 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6,7,8 P

̠ũâ:jP' 
w w �w �w �w �w �w �w �w �w

�w �w ~w ~w �w ~w �w ~w ��w

�w ~w �w �w ~w ~w �w �w �w

�w ~w ~w ~w �w �w ~w �w �w

�w ~w ~w ~w ~w �w �w �w �w

<VP6»ΝȂW' 
A(8): B(6): C(5): D(7)= 12/28: 9/11: 3/4: 1/4,ĘòP]N 25/47=53.19 
 
[hS�¸�¶�²©nѼ[ 3 ŵИOĭi'1,2,3,4 V~²��ºnѐ0NΑ2

jP' 
w w �{�w �{�w

�{�w �w ��w

�{�w ��w ��w

<VP6»ΝȂW' 
(A,C)(7,8): (B,D)(5,6)= 19/32: 11/15,ĘòP]N 30/47=63.83 
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3 ͙âтƈ 19: Raw data SÊȹĬĬʝ(PCA)nЮ̖(ĬɱĜĬɱn÷̖)]'2
ʼḙ̄}OVȃʵ4h'¯º~³��ЉџSƗM6Љџοįnϖͣ]'ux

º�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 0.04 ŵИOĭi'~²��ºSǭ4h 1,2,3,4 P̠ũn

L:HP6' 
w w �w �w �w �w

�w �w �w �w �w

�w �w �w �w �w

�w �w �w ~w �w

�w �w ~w �w �w

<VP6'»ΝȂW 
 A(2):B(3):C(1):D(4)= 8/12: 8/14: 8/17: 4/11, ĘòP]NW 28/54=51.85 
 
[hS'�¸�¶�²©nѼ[ 0.07 ŵИOĭKHP6' 
w w �{�w �{�w

�{�w ��w �w

�{�w �w �~w

<VP6'»ΝȂW 
 (A,C)(1,2): (B,D)(3,4)= 23/29: 20/25, ĘòP]NW 43/54=79.63 
�
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3 ͙âтƈ 20: Raw data SÊȹĬĬʝ(PCA)nЮ̖(ĬɱĜĬɱn÷̖)]'4
ʼḙ̄}OVȃʵ4h'¯º~³��ЉџSƗM6Љџοįnϖͣ]'ux

º�˜SgKN~²��³¸�nοKHͺʟ 
�

�¸�¶�²©nѼ[ 0.03 ŵИOĭi'~²��ºSǭ4h 1,2,3,4,5 P̠ũ

nL:HP6' 
w w �w �w �w �w �w

�w �w �w �w �w ~w

�w �w �w �w �w �w

�w �w �~w ~w ~w ~w

�w ~w �w ~w �w �w

<VP6'»ΝȂW 
 A(1):B(5):C(2):D(4)= 6/10: 7/11: 10/24: 3/7, ĘòP]NW 26/52=50.00 
 
[hS'�¸�¶�²©nѼ[ 0.06 ŵИOĭKHP6' 
w w �{�w �{�{�w

�{�w ��w �w

�{�w �w ��w

<VP6'»ΝȂW 
 (A,C)(1,2): (B,D)(3,4,5)= 26/34: 18/20, ĘòP]NW 44/54=81.48 
�
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3͙âтƈ21: Raw dataSÊȹĬĬʝ(PCA)nЮ̖(ĬɱĜĬɱοįn÷̖)]'

6 ʼḙ̄}OVȃʵ4h'¯º~³��ЉџSƗM6Љџοįnϖͣ]'u

xº�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 0.03 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5 P̠ũ

â:jP' 
w w �w �w �w �w �w

�w �w �w �w �w ~w

�w �w �w �w �w �w

�w �w �~w ~w ~w ~w

�w ~w �w ~w �w �w

<VP6»ΝȂW' 
A(1): B(5): C(2): D(4)=8/12: 5/7: 10/25: 3/8,ĘòP]N 26/52=50.00 
 
[hS'�¸�¶�²©nѼ[ 0.06 ŵИOĭjP' 
w w �{�w �{�{�w

�{�w ��w �w

�{�w ��w ��w

<VP6»ΝȂW' 
(A,C)(1,2): (B,D)(3,4,5)= 26/37: 15/17,ĘòP]N 41/54=75.93 
�
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�
3 ͙âтƈ 22: Raw data SǹɸʧƦɢnɹ]HĉSÊȹĬĬʝ(PCA)nЮ̖

(ĬɱĜĬɱn÷̖)]'2 ʼḙ̄}OVȃʵ4h'̄ º~³��ЉџSƗM6

Љџοįnϖͣ]'uxº�˜SgKN~²��³¸�nοKHͺʟ 
�

�¸�¶�²©nѼ[ 0.18 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5 P̠ũ

â:jP' 
w w �w �w �w �w �w

�w ~w �w �w �w �w

�w �w �w �w �w ~w

�w ~w ~w ~w �w �w

�w �w ~w ~w �w �w

<VP6»ΝȂW' 
A(2): B(1): C(5): D(4)=6/11: 9/10: 5/14: 9/17,ĘòP]N 29/52=55.77 
 
[hS'�¸�¶�²©nѼ[ 0.35 ŵИOĭjP'�

w w �{�w �{�{�w

�{�w �w ��w

�{�w ��w ��w

<VP6»ΝȂW' 
(A,C)(3,4,5): (B,D)(1,2)= 22/33: 15/21,ĘòP]N 37/54=68.52 
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3 ͙âтƈ 23: Raw data SǹɸʧƦɢnɹ]HĉSÊȹĬĬʝ(PCA)nЮ̖

(ĬɱĜĬɱn÷̖)]'6 ʼḙ̄}OVȃʵ4h'̄ º~³��ЉџSƗM6

Љџοįnϖͣ]'uxº�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 0.15 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6,7 P

̠ũâ:jP' 
w w �w �w �w �w �w �w �w

�w �w �w �w �w �w ~w ~w

�w �w ~w �w �w �w �w �w

�w ~w �w �w �w �w ~w ~w

�w ~w ~w �w ~w �w ~w �w

<VP6»ΝȂW' 
A(4): B(7): C(3): D(5)= 8/12: 6/7: 7/17: 6/12, ĘòP]N 27/48=56.25 
 
[hS'�¸�¶�²©nѼ[ 0.3 ŵИOĭi'1 V~²��ºnѐ0NΑ2

jP' 
w w �{�{�w �{�{�{�w

�{�w ��w �w

�{�w �w ��w

<VP6»ΝȂW' 
(A,C)(2,3,4): (B,D)(5,6,7)= 24/32: 17/20,ĘòP]N 41/52=78.85�
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3 ͙âтƈ 24: Raw data SǹɸʧƦɢnɹ]HĉSÊȹĬĬʝ(PCA)nЮ̖

(ĬɱĜĬɱn÷̖)]'8 ʼḙ̄}OVȃʵ4h'̄ º~³��ЉџSƗM6

Љџοįnϖͣ]'uxº�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 0.15 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6,7 P

̠ũâ:jP' 
w w �w �w �w �w �w �w

�w �w �w ��w �w ~w �w

�w �w ~w �w �w �w �w

�w ~w �w �w �w ~w ~w

�w ~w ~w �w �w ~w �w

<VP6»ΝȂW' 
A(3): B(6): C(2): D(4)= 11/27: 7/11: 1/4: 4/9, ĘòP]N 23/51=45.10 
 
[hS'�¸�¶�²©nѼ[ 0.25 ŵИOĭi'1 V~²��ºnѐ0NΑ2

jP' 
w w �{�{w �{�{�w

�{�w ��w �w

�{�w �w ��w

<VP6»ΝȂW' 
(A,C)(2,3): (B,D)(4,5,6)= 24/31: 18/21,ĘòP]N 42/52=80.77 
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�
3 ͙âтƈ 25: Raw data SÊȹĬĬʝ(PCA)nЮ̖(̯шοįn÷̖)]'3 ʼ

ḙ̄}OVȃʵ4h'¯º~³��ЉџSƗM6Љџοįnϖͣ]'uxº

�˜SgKN~²��³¸�nοKHͺʟ�

�

�¸�¶�²©nѼ[ 12.5 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5 P̠ũ

â:jP' 
w w �w �w �w �w �w

�w �w ~w �w �w ��w

�w �w �w �w �w �w

�w �w ~w �w ~w �w

�w �w �w ~w ~w �w

<VP6»ΝȂW' 
A(5): B(2): C(3): D(1)=11/23: 7/10: 3/8: 6/11,ĘòP]N 27/52=51.92 
 
[hS'�¸�¶�²©nѼ[ 25 ŵИOĭjP' 
w w �{�w �{�{�w

�{�w �w ��w

�{�w ��w �w

<VP6»ΝȂW' 
(A,C)(3,4,5): (B,D)(1,2)= 26/33: 19/21,ĘòP]N 45/54=83.33 
�
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3 ͙âтƈ 26: Raw data SÊȹĬĬʝ(PCA)nЮ̖(̯шοįn÷̖)]'8 ʼ

ḙ̄}OVȃʵ4h'¯º~³��ЉџSƗM6Љџοįnϖͣ]'uxº

�˜SgKN~²��³¸�nοKHͺʟ 
�

�¸�¶�²©nѼ[ 10 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5,6 P̠ũ

â:jP'�

w w �w �w �w �w �w �w

�w �w �w �w �w �w �~w

�w �w �w �w �w ~w �w

�w �w ~w ~w ~w �w �w

�w �w ~w �w ~w ~w ~w

<VP6»ΝȂW' 
A(6): B(1): C(5): D(3)=10/18: 7/16: 1/4: 5/12,ĘòP]N 23/50=46.00 
 
[hS'�¸�¶�²©nѼ[ 20 ŵИOĭjP' 
w w �{�{�w �{�{�w

�{�w �w ��w

�{�w ��w �w

<VP6»ΝȂW' 
(A,C)(4,5,6): (B,D)(1,2,3)= 22/24: 24/30,ĘòP]N 46/54=85.19 
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3 ͙âтƈ 27: Raw data SÊȹĬĬʝ(PCA)nЮ̖(̯шοįn÷̖)]'10 ʼ

ḙ̄}OVȃʵ4h'¯º~³��ЉџSƗM6Љџοįnϖͣ]'uxº

�˜SgKN~²��³¸�nοKHͺʟ 
 
�¸�¶�²©nѼ[ 15 ŵИOĭi'~²��ºnǭ4h 1,2,3,4,5 P̠ũâ

:jP' 
w w �w �w �w �w �w

�w �w �w �w ��w �w

�w �w �w �w ~w �w

�w ~w �w ~w �w �w

�w �w �w ~w ~w ~w

<VP6»ΝȂW' 
A(4): B(2): C(5): D(1)=6/13: 8/17: 11/16: 2/6,ĘòP]N 27/52=51.92 
 
[hS'�¸�¶�²©nѼ[ 20 ŵИOĭi~²��º3 nѐ0NΑ2jP 
w w �{�w �{�w

�{�w �w ��w

�{�w ��w �w

<VP6»ΝȂW' 
(A,C)(4,5): (B,D)(1,2)= 21/22: 24/30,ĘòP]N 45/52=85.53 
�

�
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�

3͙âтƈ28: Raw dataSǹɸʧƦɢnɹ]Hĉ4h¯º~³��ЉџSƗM

6Љџοįnϖͣ]'ʍ̻Љџ˜SgKN~²��³¸�nοKHͺʟ 
�

<VP6�¸�¶�²©W~²��ºn{PoQȒȹ]N0R0Hc»ΝȂW

ϖͣO6R4KH(�

�

�

�

�

�

�

�

�

�

�

�

�

�
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�

3 ͙âтƈ 29: Rw data 4h¯º~³��ЉџSƗM6Љџοįnϖͣ]'ʍ

̻Љџ˜SgKN~²��³¸�nοKHͺʟ 
�

<VP6�¸�¶�²©W~²��ºn{PoQȒȹ]N0R0Hc»ΝȂW

ϖͣO6R4KH(�
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¨ 4§ ¶»×`½6C4"�eÌkuO��Ç� 

       Ø»Ô´Q�¶»�Z�O× 

 
4.1  �': 
� ʕ͙OWϕϦѶƒϰSƩƦлϓʝSgjͽϖ̨q¢¶º�nǔė]H»LV

ĔѺ̨͕̽O/j Tsunoda ,Ueda and Itoh(1995a)V͕̽nġʭϗBj(

Tsunoda et al. (1995a)W 129 ϕϦV 19 VϦѮSшBjƦɲVϖ 87 Vz��

³ºSL0NV�º�£º�(ϒ̗ 1991; Tsunoda, Ueda & Itoh, 1995b)Sǒ

]N~²��ºĬʝnЮ̖]H(1990 ǺãS<Vg1R�º�£º�n̊ĻO

õȹ]H<PΛờʓ̨R<PO/jR'[hS'СǷVϕϦѶƒϰV͕̽R

ϕϦVĬѶS˞̭BjVSǒ]N'ȗhV͕̽Vѧɷ̨R˽WϕϦVĬѶPP

dSƦɲVĬѶndϟaH˽O/j1([hS'À̗¹éη(1995)OW'ÊȹĬ

Ĭʝn÷1<PSgKNƦɲчV˹ƎʳТnʀh4S]N0j(]4]'ȗh

V͕̽WǘȂː˴Vϑ˽4h08L4Žѳ˽R/KH(ȗhW'129(ϕϦ)8
87(z��³º)V�º�nõȹ]N0jR'F<OWŪϕϦV 19 VϦѮVFk

GkVοŸR 1 SRjg1S'ϒ̗VϕϦƼ̨R̺όndPSйaâ:[kџ

ɱĉ(0.0 e 0.4, 0.6, 1.0)RÃ2hkN0j(ρ 4 ř̂)R'<khWѼ)ѮȀǘ

ȂO/i'åSѥ΄ȒVŀʟRΑ2hkjVRhX'ŮΎǘȂO/j(BRm

J'À̗¹éη(1995)R̖0HчіǘȂnķɡP]HÊȹĬĬʝOW�º�V

ʳТnŊĬSɗ2N0jPWϕ2R0ťΗȪR/j(F<Oʕ͕̽OW

Tsunoda et al.(1995b)V�º�S(Ʃй)ǒȣĬʝnЮ̖Bj<PSgKN'

Tsunoda et al.(1995a)OWʀh4SRhR4KHʳТn̤όBj<Pnʓβ]'

ͽϖ̨ĬʝnοKH( 
� ͺʟP]NÊS 3 LV˽nɒɦBj<PRO6H(4.6 ͤ)(͝ »S'Tsunoda 
et al. (1995a)VÊRÊȍO/j˿ČΊϞϕϦ(Adpositionless)VϕϦWϦѮV

ϑ˽4hWȚΊϞϕϦ(Postpositional)VϕϦPŭAg1SɕjΟ1P01ͺ

ʟWġΑnϊBj<PRm4KH(Tsunoda et al. (1995b)V�º�SƩйǒȣ

ĬʝnЮ̖]Hͺʟ'1 ʼḙ̄P 3 ʼḙ̄Vĉn 2 ʼēǹѦOόj<PSgK

N'˿ČΊϞϕϦ(Adpositionless)PȚΊϞϕϦ(Postpositional)PķΊϞϕϦ

(Prepositional)W 3 LV̊ΛV~²��ºnȹ]N0jP01<PRϑǏ[k

H(͝ÔS'ϕϦn~²��³¸�]Hͺʟ4h'ȗhWČΊϞRĬѶVɒʵ

P]NWʍdĒkN0jP01<Pnɒɦ]N0jR'Ⱥ)VĬʝOẀ4S

ČΊϞRĬѶVɒʵP]NWʍdĒkN0HR'ŭ͐ȂVɒʵP]N*ÊϦ'

̨̭Ϧ'łϞVѮȀ+śY'*ȾʏʨP̨̭ϦVѮȀ+RΑ2hkj<Pnɒɦ

]H(͝ ¿S'ƦɲVĬʝ4h'2 LVĬѶRйϊO/j<PRm4KN6H(

»LW'ŮϞţĠO*ÊϊдķΊƒ+O/j4*ÊϊдȚΊƒ+O/j4P0

                                            
1 <Vg1Rȿ˜SL0N Cysouw(2005)OW'*reversed approach+Pϝ]N0j( 
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1<PP'd1»LWͤµ£´O*ÊϊдķΊƒ+O/j4*ÊϊдȚΊƒ+

O/j4P01<PO/j(Ϣ]8Wʕϰnř̂)([hS'ΞŶ˪0˽P]N'

ŮϞţĠO/KNd*ȾʏʨP̨̭ϦVѮȀ+I:W'ͤµ£´VƦɲPŭA

ɕjΟ0nBj<PRm4KH(<V̐ϹSL0NW'Whitman and Ono 
(2017, to appear)S30N'СϕϦƼ̨Rϑ˽4hϩʀRϟahkN0j( 
� ΑǏOWʼV 2 ˽nɒɦ]H(4.7 ͤ)(}C'Ⱥ)R Tsunoda et al. (1995b)
V�º�£º�n'ЛǺõhkHgiƫ6RϕϦѶƒϰV�º�£º�O/j

WALS (The World Atlas of Language Structure) Online (Dyer & 
Haspelmath, 2013)PˋД]ͫʥ]HP<l'˿ČΊϞϕϦ(Adpositionless)P
ıɶ[kHdVO WALS OWȚΊϞϕϦ(Postpositional)SĬѶ[kN0jd

VRƩ8/j<PRm4KH(BRmJ'Tsunoda et al. (1995a)Rǔ0H*˿

Č Ί Ϟ ϕ Ϧ (Adpositionless) V ϕ Ϧ W Ϧ Ѯ V ϑ ˽ 4 h W Ț Ί Ϟ ϕ Ϧ

(Postpositional)VϕϦPŭAg1SɕjΟ1P01ͺʟ+V»дW�º�£º

�VϨiSgjťΗȪO/j<PR͂ż[kH(̓ S'Ⱥ)W'Tsunoda et al. 
(1995b)V�º�£º�VϕϦV�¸¢´Rͬͽ̨SdƏƔ̨SdĊKN0j

<Pnɒɦ]H(ͬͽ̨W'±¸�¹±º¶��ϦɺVϕϦRʱ͚SƩ8'Ə

Ɣ̨SWq ³zVϕϦRʱ͚SǖR8±º¶��VϕϦRʱ͚SƩ0(<k

W'΁΋̨RϕϦV�º�£º�O/j Ethnologue(Lewis, Gray & Charles, 
2013)PˋД]Ndʀh4O/j( 
� äÀVg1S'Tsunoda et al. (1995b)V�º�£º�eFkn̖0H

Tsunoda et al. (1995a)VͺʟW'Ⱥ)VĬʝSgiэ̜eġΑnϊBj˽Rǽ

L4ɱό[kH(]4]'1990 ǺãS<k{QV�º�£º�n»ÜVϕϦƼ

ΒVĻSgKNʳͦ]'[hSWͽϖĬʝnЮ̖]HP01ϒ̗HJVĔѺȪ

WeWiѧɷ̨RϟaP02'Tsunoda et al. (1995a)WϘȦ―̨R͕̽O/j(

ÞȚW'ͬͽ̨SdƏƔ̨Sdgi�²¸�VPkH�º�£º�ndPS'

ϕϦѶƒϰV�º�Sǒ]Nͽϖ̨Rq¢¶º�nşj͕̽(åS<kn

*Statistical Typology+P01)nķФ[DN08<PRʑ}kj( 
� ʕ͙OW'ÀОVϓʝͺʟSL0NäÁVŪͤOϢОBj(�

 
4.2 ¡¥�­� 
� ϕϦѶƒϰPWϕϦS3:jʈЧ̨RʳТnÊSП͕BjƼŽV<PO/j

R'İʓVϕϦѶƒϰW̐ƎVϕϦѶƒϰPW̡RjdVO/KH(1800 Ǻã'

Friedrich von Schlegel e Wilhelm von Humboldt hSãρ[kj͕̽W'Ȓ

ȵϰnÊRǒϹP]'FkGkVϕϦVȒȵϰ̨ѶƒSûĉıɶRßƎ]eB

4KH(ø2X'/j̑ȱƒSǒ]N'�±�ϦWÉƊϦgiЮū]N0jH

cS'�±�ϦWÉƊϦgiĒkHϕϦO/i'ɯS'�±�ȨȱWÉƊȨȱ

giĒkN0jP0KHϰ̑O/j(³¸�± 1997, ƫƘ ŢϿ ǡ˚ϛ, 2006: 
27)(FVȚ 20 ÅͭSRKN Ferdinand de Saussure'Leonard Bloomfield e

¢²�ƼˢRQVÜ)SgKNϕϦƼΛòRƫ6RВɢn]H(<Vg1Rˣ

kVÉO'ϕϦѶƒϰSѧɷndHh]HVR'Joseph Greenberg O/j(
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Greenberg V͕̽SgKN'*QVg1R͑ѶVϕϦR/j4+P01Ž04

h*ϱϕϦSWQVg1RʳТR/j4+P01Ž0SϕϦѶƒϰVÊѳRƦ

Ň]H([hS'ȗWϱϕϦVʳТVÉS*/jϕϦS X R/jRh'Y d}

Hόhkj+P01*ŲȲ̨ʈЧȪ+P01¢²�ƼˢS/KHΑ2ɸnʀ͂

̨SɀJ͘NH(³¸�± 1997, ƫƘ ŢϿ ǡ˚ϛ, 2006: 30)(ͽϖ̨SW'

<V*ŲȲ̨ʈЧȪ+P01ʲȦW*̯ш+VʲȦSЛ0dVO/i(HI]'

*ŲȲ̨ʈЧȪ+W Y RhX X P01<PWȲŶ]N0R0˽O*̯ш+PW

̡Rj)'ͽϖƼVȿ˜nЮ̖BjÁƏRO6HP02g1(HI]'Greenberg 
(Greenberg, 1966)V͕̽Wѧɷ̨RdVO/KHR'ŭʆSϕϦѶƒϰΒSϫ

ѳn͗6â:H(ŔJ'FkWϕϦV�¸¢´VŽѳO/j(Greenberg (1966)
WȐʆP]NWƫ60 30 VϕϦ�¸¢´n÷0'�¸¢´VĊinб:g1

P]HR'Dryer (1989)e Hawkins (1983)RɒɦBjg1S'FkSWǄїW

ĊiR/i'ƴȐR�¸¢´VʳͦVйϊȪRɒɦ[kH( 
� <VÉO'ϕϦѶƒϰV�º�Sǒ]Nͽϖ̨Rq¢¶º�nşj͕̽

(Statistical Typology)R'ЛǺSRKN̤Ǟ]N6H(]4]'FkhV͕̽

VƩ8R'ϕϦѶƒϰV͕̽Oäķ4hŽѳSRKN0H*͕̽VǒϹnQV

g1S�¸¢³¸�Bj]64+(Maslova, 2000)P01<PRQ'Ѓ̨R͕̽

nġʭϗBj<PRÊRϫѳO/KH(Ϣ]8W Bickel (2008)RϢ]0(<V

g1R͕̽ŧVÉS/KN Tsunoda et al.(1995a)WĔѺ̨R͕̽O/j( 
 
4.3 K¯¡¥�Tsunoda, Ueda and Itoh (1995a):��� 
� Tsunoda et al.(1995a)W'129 VϕϦSшBj 19 VϦѮSшBj 87 VƦɲ

SшBj�º�£º�(ϒ̗ 1991; Tsunoda, Ueda & Itoh, 1995b)Sǒ]N~

²��ºĬʝnЮ̖]H(äÁ'ρ 1 S 129 VϕϦV»ϐn'ρ 2 S 19 VϦ

ѮV»ϐ'ρ 3 S 19 VϦѮV 87 VƦɲSL0NV»ϐnFkGkЕDj([

hS'ρ 4 Sʕ͕̽O÷̖]H Tsunoda et al. (1995b)VǄїVɲĉ�º�V

»дnЕDj(}H'4 ͙âтS 129 ϕϦVïΊnϘ]HÅ̜ƏƈnЕDj( 
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4)6/=)/-��� 4)6/=)/-�6)5- 4)6/=)/-��� 4)6/=)/-�6)5- 4)6/=)/-��� 4)6/=)/-�6)5-

%� �)8)6-;- %��  ?)0141 %�� !74

%� �7:-)6 %�	 �)A) %�� �1/04)6,(�076<)1

%� �76/741)6 %�
 !)514 %�
 $)4)8)1

%� �>-631 %�� �)66),) %
�  7=<0-);<-:6(�757

%	 !=:31;0 %�� �=:=;0);31 %
� �);<-:6(�757

%
 �):1 %�
 !1*-<)6 %
� �)5

%� �=6/):1)6 %	� �1B7 %
� �@14

%� �1661;0 %	� �=:5-;- %
� �=1+0-

%
 �*30)B %	� �)6,):16(�016-;- %
	 �7475+01

%�� �,A/0- %	� !0)1 %

 �)*16)4(�+01

%�� �)*):,1)6 %	� �)7 %
� �)3+019=-4

%�� �>): %		 �)5*7,1)6 %
� ��-3+01�

%�� �-7:/1)6 %	
 #1-<6)5-;- %

 �)+)4<-+

%�� �=;;1)6 %	� �)4)A %��� !7274)*)4

%�	 �741;0 %	� �6,76-;1)6 %��� �076<)1(�)A)6

%�
 �B-+0 %	
 !)/)47/ %��� �07:<1

%�� �=4/):1)6 %
� �473)67 %��� �78)4)

%��  -:*7��:7)<1)6 %
� �)8)58)6/)6 %��� �;<0=5=;(')87<-+

%�
  ?-,1;0 %
� �1374 %��	 �1814

%�� �7:?-/1)6 %
� �)4)=)6 %��
 �)0=)<4

%�� �)61;0 %
� �0)57::7 %��� &)9=1

%�� �-:5)6 %
	 !76/)6 %��� �)8)/7

%�� �=<+0 %

  )57)6 %��
 �781

%�� �6/41;0 %
� �1=-)6 %��� �0-5-0=->1

%�	 �:1;0 %
� �)7:1 %��� �75)6+0-

%�
 $-4;0 %

 $)::=6/= %��� �=1;-67

%�� �:-<76 %�� �)43)<=6/= %��� �17?)

%�� �:-6+0 %�� �1A):1 %��� �)>)27

%�
 �7:<=/=-;- %�� �1A)?)::) %��	  ):+--

%��  8)61;0 %�� $):181:1 %��
  4)>-A

%�� �<)41)6 %�� �2):= %��� �07+<)?

%�� �=5)61)6 %�	 �=61A)6<1 %��� &=+01

%�� �7,-:6(�:--3 %�
 �5=-;0) %��
 �5)0)��76+)

%�� �-:;1)6 %�� �)9):= %��� �)37<)

%�	 �)62)*1 %�� �A5):) %��� �4)+3.77<

%�
 �16,1 %�
 �=):)61 %��� �<13)5-3?

%�� �-6/)41 %�� ":=*=��))87: %���  )08<16

%�� �);9=- %�� �)6-4) %��� �-B(�-:+-

%�
 �/A8<1)6(�:)*1+ %�� �1:)0) %��	 �7);<(!;15;01)6

%�� �7,-:6(�-*-:? %�� �1@3):A6)6) %��
 �1<3;)6

%�� !1/:16A) %�� �8)4)1 %��� �;3157

%�� �)=;) %�	 �=-+0=) %��� �0=3+01

%�� &7:=*) %�
 !=A=+)6 %��
 �1>30

�1. �� (1991)�129����
�X117�Choctaw�Chickasaw��
�	�
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ρ 2. ϦѮSшBj 19 ƦɲVĠǊ(ɼʕϦ'ΩϦSgjø͂). ϒ̗(1991)Vâ

т4hɇͪ 
��}w w tMw 28bw Zbw

�w �{w� ´ �w ��� Sw ���w

�w �`´�X`w Ìw ¢w

�w -5=´�`w Ìw Ì{w ¢w

�w .Q`´�`w Ìw Ìw

�w /`´�`w Ìw Ìw

�w )#`´�`w Ìw Ìw

�w q�T´�`w Ìw ¢w

�w �5�`´3g�`w Ìw ¢{wÌw

�w Ce·\Iw Ìw ¢w

�~w 8�`´
�`w Ìw ¢w

��w �`´�`w � ¹»�w ?¦w

��w �`´)#`w Ìw Ì{w ¢w

��w K�·�w 07w G°w

��w

�YK�0³· �{w� ·�

Xw G°w 5¼w

��w K�`w (�0w 0uw

��w

H
K�0³· �{w� ·�

Xw G°w 5¼w

��w �"·�w �`b%w � ·N*w

��w 9�T´�Tw Ìw Ì{w ¢w

��w MLT´�Tw Ìw ¢w

˞) <<OWɼʕϦRÊP]NPjz��³ºn҅P]'ɼʕϦRÊP]NP

jz��³ºPŝǒVz��³ºn¢P]H(̔ P#VÇɸVĉnPjƞūSW'

҅'#nöϘ]H(
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日本語 英語

1 S, OとV

X1_1 SOV ○

X1_2 SVO ○

X1_3 OSV

X1_4 VSO

X1_5 OVS

X1_6 VOS

2 名詞と側置詞

X2_1 後置詞 (＋) ○

X2_2 前置詞 (−) ○

X2_3 無側置詞

X2_4 その他

3 所有格と名詞

X3_1 所有格-名詞 (＋) ○ ○

X3_2 名詞-所有格 (−) ○

X3_3 名詞を挟む

X3_4 その他

4 指示詞と名詞

X4_1 指示詞-名詞 (＋) ○ ○

X4_2 名詞-指示詞 (−)

X4_3 名詞を挟む

X4_4 無し

X4_5 その他

5 数詞と名詞

X5_1 数詞-名詞 (＋) ○ ○

X5_2 名詞-数詞 (−)

X5_3 名詞を挟む

6 形容詞と名詞

X6_1 形容詞-名詞 (＋) ○ ○

X6_2 名詞-形容詞 (−)

X6_3 名詞を挟む

X6_4 その他

7 関係節と名詞

X7_1 関係節-名詞 (＋) ○

X7_2 名詞-関係節 (−) ○

X7_3 その他

8 固有名詞と普通名詞

X8_1 固有名詞-普通名詞 (＋) ○ ○

X8_2 普通名詞-固有名詞 (−) ○

9 比較の表現

X9_1 A-B-比較級 (＋) ○

X9_2 A-比較級-B (−） ○

X9_3 無し

X9_4 その他

10 本動詞と助動詞

X10_1 本動詞-助動詞 (＋) ○

X10_2 助動詞-本動詞 (−) ○

X10_3 無し

11 副詞と動詞

X11_1 Vより前 ○ ○

X11_2 Vより後 ○

X11_3 文頭 ○

X11_4 文末 ○

X11_5 その他 ○

表3.19の語順に関する変数の87カテゴリーの内容. Tsunoda, Ueda and Itoh (1995b)より作成

右側の2列は日本語と英語がどのカテゴリーに該当するかを例示している。

語順 変数（語順のカテゴリー）
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ρ 4. ʕ͕̽O÷̖]H Tsunoda et al. (1995b)Vɲĉ�º�V»д 
Language X1_1 X1_2 X1_3 X1_4 X1_5 X1_6   ⋯ X5_1 X5_2 X5_3 

X1.Japanese 1 0 0 0 0 0 ⋯ 1 0 0 
X2.Korean 0.7 0 0.3 0 0 0 ⋯ 1 0 0 
X3.Mongolian 0.7 0 0.3 0 0 0 ⋯ 1 0 0 
X4.Evenki 1 0 0 0 0 0 ⋯ 1 0 0 
X5.Turkish 1 0 0 0 0 0 ⋯ 1 0 0 
X6.Mari 1 0 0 0 0 0 ⋯ 1 0 0 
X7.Hungarian 0 1 0 0 0 0 ⋯ 1 0 0 
X8.Finnish 0 1 0 0 0 0 ⋯ 1 0 0 
X9.Abkhaz 1 0 0 0 0 0 ⋯ 0.6 0.4 0 
X10.Adyghe 1 0 0 0 0 0 ⋯ 0 1 0 
X11.Kabardian 0.6 0 0.4 0 0 0 ⋯ 0 1 0 
X12.Avar 1 0 0 0 0 0 ⋯ 1 0 0 
X13.Georgian 0.6 0.4 0 0 0 0 ⋯ 1 0 0 
X14.Russian 0 1 0 0 0 0 ⋯ 1 0 0 
X15.Polish 0 1 0 0 0 0 ⋯ 1 0 0 
X16.Czech 0 1 0 0 0 0 ⋯ 1 0 0 
X17.Bulgarian 0 1 0 0 0 0 ⋯ 1 0 0 
X18.Serbo-Croatian 0 1 0 0 0 0 ⋯ 1 0 0 
X19.Swedish 0 0.7 0 0 0.3 0 ⋯ 1 0 0 
X20.Norwegian 0 0.7 0 0 0.3 0 ⋯ 1 0 0 

⋮  ⋮     ⋮      ⋮      ⋮    ⋮       ⋮       ⋮       ⋮      ⋮ 
X60.Ilokano 0 0 0 1 0 0 ⋯ 0 0 0 
X61.Kapampangan 0 0 0 0.6 0 0.4 ⋯ 1 0 0 
X62.Bikol 0 0 0 0.6 0 0.4 ⋯ 0.6 0.4 0 
˞�X60.Ilokano V X5_1, X5_2, X5_3 VοŸR 0 O/jVW'ĉRʻ˰ĉO/

j<PnȲŶBj( 
 
� 4.1 OО]Hg1S'1990 ǺãS<Vg1R�º�£º�n̊ĻOõȹ]H

<PΛờʓ̨R<PO/jR'[hS'СǷVϕϦѶƒϰV͕̽RϕϦVĬ

ѶS˞̭BjVSǒ]N'Tsunoda et al. (1995a)Vѧɷ̨R˽WϕϦVĬѶP
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PdSƦɲVĬѶndϟaH˽O/j( 
� }C'ȗ͟W Tsunoda et al. (1995b)V�º�S~²��ºĬʝnЮ̖]NȜ

HϕϦVʷȒƈSL0N'FVʷȒƈV~²��ºnʍdg8ϩʀBj<PR

O6j(ŏ)ƦɲnЯYĪ]H(ͺʟ'ȗ͟W 2 LV̺όnȜN0j(͝ 1 S'Ʀ

ɲVÉO*ŮϞPČΊϞVѮȀ+RϕϦSшBjʷȒƈnʍdg8ϩʀBj<

P(͝ 2 S'*ŮϞPČΊϞVѮȀ+VÉOd'ϕϦR*ķΊϞϕϦ(Prepositional)+
4'Fkäƨ(*ȚΊϞϕϦ(Postpositional)+P*˿ČΊϞϕϦ(Adpositionless)+)
SĬ4kj<PO/j(̈S'Tsunoda et al. (1995a)OW'Þ}OïΊM:V

Ѡ]4KH*˿ČΊϞϕϦ(Adpositionless)+R*ȚΊϞϕϦ(Postpositional)+
PϦѮVϑ˽4hWŭAɕjΟ0n͂BP01ͺʟWϕϦѶƒϰVϑ˽4hû

ĉR/jPȎϬ]N0j( 
�  
4.4 �¡¥��� 
� Tsunoda et al. (1995a)OW'4.3 OО]Hg1S 129(ϕϦ)887(Ʀɲ)V�º

�nõȹ]N0jR'F<OWŪϕϦV 19 VϦѮVFkGkVοŸR 1 SRj

g1S'ϒ̗VϕϦƼ̨R̺όndPSйaâ:[kHџɱĉ(0.0 e 0.4, 0.6, 
1.0)RÃ2hkN0j(<VƒV�º�nåSƦȒq±�©z��³ºƒ�º�

PŷoO38(Tsunoda et al. (1995a)W 19 VŪʼēR̊͘]N0jPåǂ]

N~²��ºĬʝnЮ̖]N0jR'<VĬʝȿ˜SW 2 LVŽѳR/j( 
� ͝ 1 S'Tsunoda et al. (1995a)V̨̭WƦɲчV˹ƎʳТnɗ2j<POd

/KH(]4]'ŏRj~²��ºĬʝOW'ƦɲчVĠƎ̨R��º¸(̯ш

шþ)nŊĬSɗ2j<PRO6R0(gKN'ƦɲчVĠƎʳТnΑȷ]HƩ

ƦлϓʝeÊȹĬĬʝVЮ̖Rʑ}]0( 
� ͝ 2 S'Tsunoda et al. (1995b)V�º�WѼ)ѮȀǘȂO/i'åSѥ΄Ȓ

VŀʟRΑ2hkjVRhX'ŮΎǘȂO/j(BRmJ'Tsunoda et al. 
(1995a)V~²��ºĬʝe'Fkn̤Ǟ[DHÀ̗¹éη(1995)R̖0Hчі

ǘȂnķɡP]HÊȹĬĬʝOW�º�VʳТnŊĬSɗ2N0R0ťΗȪR

/j(gKN'ŮΎǘȂ�º�SǒBjÊȹĬĬʝPΑ2hkjƩйǒȣĬʝ

(MCA)nЮ̖Bj<PRƴȐPΑ2hkj( 
� ʕ͕̽V̨̭W'Tsunoda et al. (1995b)V�º�S'Ĭʝȿ˜P]N MCA
nЮ̖Bj<PO'Tsunoda et al. (1995a)VͺʟnġʭϗBjPPdS'Fk

hVͺʟ4hϕϦƼ̨SɷHR̺όnȜj<PO/j( 
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4.5 O��� 
� ʕ͙OW'Tsunoda et al. (1995b)V�º�S MCA nЮ̖]'ȜhkHǖɲ

VʼēVǱΊSƗM0NϕϦ3gYƦɲnϓз](4.6.1 ͤ)'F<OVϓзnφ

ȎBjHcS~²��ºĬʝnЮ̖]H(ĝǫ̀SW'�º�VƒRѲȂρ�

º�PƦȒq±©z��³ºƒ�º�O/jP01Ы0W/jdVV'2 ͙OО

]H*ɲлŇ>Ѷ~²��³¸�+V»͑O/j(4.6.2 ͤ)( 
� ~²��³¸�Vȿ˜SL0NW'uxº�˜(Ward, 1963)n̖0'̖0j

ЉџP]NW'¯º~³��ЉџśY§¸���¸ЉџV 2 ͑nϟο]H(ʕ

ʚVuxº�˜W¯º~³��ÔÎЉџn̖0HdVO/jR'¯º~³��

Љџ'śY§¸���¸Љџn̖0Hȿ˜W Székely and Rizzo (2005)e Lee 
and Wilcox (2014)SgKN Lance-Williams family (Lance & Williams, 1967)
SǟBj<PR͂[kN0j( 
� ʕ͙OW'MCA SW R(2014)V*MASS+���º�(Venables & Ripley, 
2002)V*corresp+V�§¸�n'~²��ºĬʝSW*stats+���º�V

*dist+3gY*hclust+V�§¸�n̖0H( 
� R3'4.9 ͤVͽϖ̨φЈOW'СǷV~²��ºĬʝOWɗ2j<PVO6

R0�º�V*2 ̠̭äьSȎ0+ʳТnɗ2j]8'Neighbor-Net śY

MCA_Neighbor-Net nЮ̖]HͺʟnͶß]N0j( 
 
4.6 ª� 
4.6.1 eÌkuO��ª� 
� }C'ƈ 1 S MCA nЮ̖]NȜhkHƉʏĉV�~³º¢¶��nЕDj( 
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ƈ 1. MCA V�~³º¢¶��( 
 
� ƈ 1 V�~³º¢¶��4hW'MCA VͺʟȜhkHǱΊSL0N'óʼē

̭}OS˞̭Bj]64ʀ̶OWR0(҉ʼḙ̄nѐ0N)(F<O'ʕ͕̽OW'

}C 3 ʼḙ̄}OVȃʵSL0NĬʝ]H([hS'ƉʏĉV˯ǖRΆe4S

Rj҉LķVʼē(6 ʼḙ̄)}OVȃʵS~²��ºĬʝnЮ̖]N'MCA V

ͺʟnĬ4ieB8ώϏŇBj( 
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ƈ 2-(a)҈MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 2 ʼḙ̄ÀVǱΊ 
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ƈ 2-(b)҈MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 3 ʼḙ̄ÀVǱΊ 
 
� ƈ 2-(a)(b)W'MCAVͺʟȜhkH 129VϕϦV 1ʼḙ̄P 2ʼḙ̄VǹѦ'

1 ʼḙ̄P 3 ʼḙ̄VǹѦO/j(3 ʼḙ̄}OVʹ͓ǌÃ̎W 24.07%O/K

H(ƈ 2-(a)S30NW'ǭČSȚΊϞƒϕϦRŨČSķΊϞƒϕϦRѝ}KN

0j<PRĬ4j(ƈ 2-(b)S30NWǭČSȚΊϞƒϕϦRŨČSķΊϞƒϕ

ϦRѝ}i'[hS'3 ʼḙ̄S˿ČΊƒϕϦR'ȚΊϞƒϕϦPķΊϞƒϕϦ

PWĲS~²��ºnR]N0j<PRĬ4j( 
  

-2.
0

-1.
5

-1.
0

-0.
5

0.0
0.5

1.0
1.5

-4-3-2-1012

Ts
un
od
a_
et_
al_
19
95
_M
CA
_la
ng
ua
ge
s_
plo
t_1
_3

1di
m

3dim

X1
.Ja
pan

eseX2
.Ko

rea
n

X3
.M
on
go
lian

X4
.Ev
enk

i

X5
.Tu
rkis

h

X6
.Ma

ri

X7
.Hu

nga
rian

X8
.Fin

nis
h

X9
.Ab

kha
z

X1
0.A

dyg
he

X1
1.K

aba
rdia

n

X1
2.A

var
X1
3.G

eo
rgi
an

X1
4.R

uss
ian

X1
5.P

olis
h

X1
6.C

zec
h

X1
7.B

ulg
aria

n

X1
8.S

erb
o-C

roa
tian

X1
9.S

we
dis
h X
20
.No

rwe
gia
n

X2
1.D

ani
sh

X2
2.G

erm
an

X2
3.D

utc
h

X2
4.E

ngl
ish

X2
5.Ir
ish

X2
6.W

els
h

X2
7.B

ret
on

X2
8.F
ren
ch

X2
9.P

ort
ug
ue
se X3
0.S

pan
ish
X3
1.It
alia

n

X3
2.R

um
ani
an

X3
3.M

od
ern
_G
ree
k

X3
4.P

ers
ian

X3
5.P

anj
abi

X3
6.H

ind
i

X3
7.B

eng
ali

X3
8.B

asq
ue

X3
9.E

gyp
tian

_A
rab
ic

X4
0.M

ode
rn_
He
ber
w

X4
1.T
igri
nya

X4
2.H

aus
a

X4
3.Y

oru
ba

X4
4.S

wa
hili

X4
5.H

aya

X4
6.T
am
il

X4
7.K

ann
adaX4
8.B

uru
sha

ski

X4
9.T
ibe
tan

X5
0.M

izo

X5
1.B

urm
ese

X5
2.M

and
arin

_C
hin
ese

X5
3.T
hai

X5
4.L
ao

X5
5.C

am
bo
dia
n

X5
6.V

ietn
am
ese

X5
7.M

ala
y

X5
8.I
nd
on
esi
an

X5
9.T
ag
alo
g

X6
0.I
lok
an
o

X6
1.K

apa
mp
ang

an
X6
2.B

iko
lX6
3.P

ala
uan

X6
4.C

ha
mo
rro

X6
5.T
on
ga
n

X6
6.S

am
oa
n

X6
7.N

iue
an

X6
8.M

ao
ri

X6
9.W

arr
ung

u

X7
0.K

alk
atu
ngu

X7
1.D

iya
ri

X7
2.A

iya
wa
rra

X7
3.W

arip
iri

X7
4.D

jaru

X7
5.K

uni
yan

ti
X7
6.A

mu
esh

a

X7
7.J
aqa

ru

X7
8.A

ym
ara

X7
9.G

uar
ani

X8
0.U

rub
u-K

aa
po
r

X8
1.C

ane
la

X8
2.P

irah
a

X8
3.H

ixk
ary
nan

a

X8
4.A

pal
ai

X8
5.Q

uec
hua

X8
6.T
uyu

can
X8
7.T
ol

X8
8.H

igh
lan
d_C

hon
tai

X8
9.W

ala
pai

X9
0.S

ou
the
ast
ern
_P
om
o

X9
1.E

ast
ern
_P
om
o

X9
2.M

am
X9
3.I
xil

X9
4.Q

uic
he

X9
5.P

olo
mc
hi

X9
6.R

abi
nal
_A
chi

X9
7.C

akc
hiq
uel

X9
8.K

/ek
chi
/

X9
9.J
aca

ltec
X1
00
.To
jola

ba
l

X1
01
.Ch

on
tai_

Ma
yan

X1
02
.Ch

ort
i

X1
03
.Co

pa
la

X1
04
.Ist
hu
mu
s_Z

ap
ote
c

X1
05.
Pip
il

X1
06.
Na
hua

tl

X1
07.
Ya
qui

X1
08
.Pa

pa
go

X1
09.
Ho
pi

X1
10.
Ch
em
ehu

evi
X1
11
.Co

ma
nch

e

X1
12
.Lu
ise
no

X1
13
.Ki
ow
a

X1
14
.Na

vaj
o

X1
15.
Sa
rce
e

X1
16.
Sla
vey X1

17
.Ch

oct
aw

X1
18.
Yu
chi

X1
19.
Om

aha
-Po

nca

X1
20
.Da

kot
a

X1
21
.Bl
ack

foo
t

X1
22.
Ati
kam

ekw
X1
23.
Sa
hpt
in

X1
24.
Ne
z_P

erc
e

X1
25
.Co

ast
_T
sim

shi
an

X1
26.
Git
ksa

n
X1
27
.Es
kim

o

X1
28.
Ch
ukc

hi

X1
29.
Niv
kh

後置
詞型

言語
前置

詞型
言語

無側
置詞

型言
語



 
 

 
100 

 

ƈ 3-(a). MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 2 ʼḙ̄ÀVǱΊ(X1
S30N SOV'OVS'OSV nPjϕϦn OV VĉnPjϕϦP]N*1+P]'

SVO'VSO'VOS nPjϕϦn VO VĉnPjϕϦn*2+Pρ͂]H([h

S'ψɲVz��³ºVĉnPjdVWĘNVĉnρ͂]H(äÁŭʴ 
 
� ƈ 3-(a)(b)'ƈ 4-(a)(b)'ƈ 5-(a)(b)WFkGkʕ͕̽O˞̭]H X1'X2'X3
VĉnÊϊдȚΊƒ'ÊϊдķΊƒVϑ˽4hɳ̑]'ώϏŇ]HdVO/j(

ĝǫ̀SWƈ 3-(a)(b)OW X1 SL0NÊϊдȚΊƒP]N SOV'OVS'OSV
n'OV nPj*1+P]N}Pc'ÊϊдķΊƒP]N SVO'VSO'VOS n'

VO nPjĉP]N*2+P]N}PcH(ƈ 4-(a)(b)OW X2 SL0NÊϊдȚ

ΊƒP]NȚΊϞn*1+'ÊϊдķΊƒP]NķΊϞn*2+'˿ČΊϞVϕϦ

n*3+'*FVá+n*4+P]H(ƈ 5-(a)(b)OW X3 SL0N'ÊϊдȚΊƒ

P]N*Ⱦʏʨ-̨̭Ϧ+nPjϕϦn*1+'ÊϊдķΊƒP]N*̨̭Ϧ-Ⱦʏ

ʨ+nPjϕϦn*2+'*ŮϞnɔb+n*3+'*FVá+n*4+P]H( 
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ƈ 3-(b)҈MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 3 ʼḙ̄ÀVǱΊ(X1
Sш]N҆OV VĉnPjϕϦn*1+P]'VO VĉnPjϕϦn*2+P]H 

 
 
 
 
 
 
 

  

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

-4
-3

-2
-1

0
1

2
MCA_Tsunoda_et_al_1995b_on_X1

1dim

3d
im

1
11

1

1

1

2

2

111

1
12

22

2

2
2

12 1212

12

122

222

22
2 2
2

2
111

1

1
2

21
2

22 2

1
1

1

1

1

1

2

2
2

2
2

2
2

2
222

2 2

2
2

2

2

1

11

1

1
12

1 2

1

1

2

1

11

1
1

1

1 2

21

1

1

22

2

2

2
2

2 22
2
2

2
22

2
1
12
1
1

1
1

1

1
1

1

1

1

1
1

2

2 2

2

2

21

12

1



 
 

 
102 

 

 

ƈ 4-(a). MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 2 ʼḙ̄ÀVǱΊ(X2
Sш]N҆ȚΊϞVĉnPjϕϦn*1+'ķΊϞVĉnPjϕϦn*2+'˿Č

ΊϞVĉnPjϕϦn*3+'*FVá+VĉnPjϕϦn*4+P]H( 
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ƈ 4-(b). MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 3 ʼḙ̄ÀVǱΊ(X2
Sш]N҆ȚΊϞVĉnPjϕϦn*1+'ķΊϞVĉnPjϕϦn*2+'˿Č

ΊϞVĉnPjϕϦn*3+'*FVá+VĉnPjϕϦn*4+P]H( 
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ƈ 5-(a). MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 2 ʼḙ̄ÀVǱΊ(X3
Sш]N *̓Ⱦʏʨ-̨̭Ϧ+VĉnPjϕϦn*1+'*̨̭Ϧ-Ⱦʏʨ+VĉnP

jϕϦn*2+'*ŮϞnɔb+VĉnPjϕϦn*3+'*FVá+VĉnPjϕ

Ϧn*4+P]H( 
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ƈ 5-(b). MCA VͺʟȜhkH 129 VϕϦV 1 ʼḙ̄P 3 ʼḙ̄ÀVǱΊ(X3
Sш]N *̓Ⱦʏʨ-̨̭Ϧ+VĉnPjϕϦn*1+'*̨̭Ϧ-Ⱦʏʨ+VĉnP

jϕϦn*2+'*ŮϞnɔb+VĉnPjϕϦn*3+'*FVá+VĉnPjϕ

Ϧn*4+P]H( 
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ƈ 6-(a)҈MCA VͺʟȜhkH 87 VƦɲV 1 ʼḙ̄P 2 ʼḙ̄ÀVǱΊ 

 
ƈ 6-(a)(b)W 87 ƦɲV 1 ʼēP 2 ʼēÀVǱΊ'RhYS 87 ƦɲV 1 ʼēP 3
ʼēÀVǱΊn͂]H([hS'ƈ 6-(c)(d)OW'ʕ͕̽OW˞̭]H X1_1'
X1_2'X2_1'X2_2'X2_3'X3_1'X3_2'X4_1'X4_2'X5_1'X5_2'X6_1'
X6_2 VǱΊS˞̭Bj<PSgKNͤµ£´VÊϊдķΊƒ'ÊϊдȚΊƒP

ŮϞţµ£´VÊϊдķΊƒ'ÊϊдȚΊƒVʳТnϑǏBj<PRO6j( 
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ƈ 6-(b)҈MCA VͺʟȜhkH 87 VƦɲV 1 ʼḙ̄P 3 ʼḙ̄ÀVǱΊ  
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ƈ 6-(c)҈ƈ 6-(a)VÉO'ʕ͕̽R˞̭]HƦɲ(X1_1, X1_2, X2_1, X2_2, X3_1, 
X3_2, X4_1, X4_2, X5_1, X5_2, X6_1, X6_2)VǱΊ 
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ƈ 6-(d)҈ƈ 6-(b)VÉO'ʕ͕̽R˞̭]HƦɲ(X1_1, X1_2, X2_1, X2_2, X3_1, 
X3_2, X4_1, X4_2, X5_1, X5_2, X6_1, X6_2)P˿ČΊϞ(X2_3)VǱΊ( 
 
� ƈ 2-(a)(b)'ƈ 4-(a)(b)śYƈ 6-(a)(b)(c)(d)4h'äÁV 2 ˽Rʀh4SRK

H(͝»S'ƈ 2-(a)(b)śYƈ 4-(a)(b)4h'129 VϕϦWȚΊϞƒϕϦ'˿Č

ΊϞƒϕϦ'ķΊϞƒϕϦV 3 LV~²��ºnR]N0j(<khV 3 LV

~²��ºV̯ǫ̌RïΊW'ƈ 6(d)S3:jȚΊϞ(X2_1)P X2_3(˿ČΊϞ)
P X2_2(ķΊϞ)V̯ǫ̌RïΊшþPǒȣ]N0j<PRĬ4j(<V<PW'

Tsunoda et al. (1995a)VÊϊR̺όO/j*˿ČΊϞƒϕϦRϦѮVϑ˽4h

WȚΊϞƒϕϦPŭAɕjΟ0nBj+P01<PRġΑnϊBj<Pn͂ż

Bj(MCA Vͺʟ4hW'<khV 3 LV�±¢VϕϦWFkGk̊͘]H~

²��ºnRBPΑ2HɸRΛ́O/j( 



 
 

 
110 

� ʼS'ʕ͕̽R˞̭]HƦɲ(X1_1, X1_2, X2_1, X2_2, X3_1, X3_2, X4_1, 
X4_2, X5_1, X5_2, X6_1, X6_2)Vȃʵn͂BP' 
 
ÊϊдȚΊ� � � � � � � � � � � � � ÊϊдķΊ 
X1_1[SOV]=(-1.75, 0.13, -0.45)        X1_2[SVO]=(1.32, -0.83, 0.05) 
X2_1[ȚΊϞ]=(-1.70, -0.52, 0.33)      X2_2[ķΊϞ]=(1.51, -0.11, 0.85) 
X3_1[Ⱦʏʨ-ŮϞ]=(-0.76, -0.22, -0.37) X3_2[ŮϞ-Ⱦʏʨ]=(1.27, 0.11, 0.48) 
X4_1[ɒ͂Ϟ-ŮϞ]=(-0.32, -0.86, -0.59) X4_2[ŮϞ-ɒ͂Ϟ]=(0.57, 1.81, 0.97) 
X5_1[ɲϞ-ŮϞ]=(0.24, -0.60, -0.41)   X5_2[ŮϞ-ɲϞ]=(-0.82, 1.64, 0.97) 
X6_1[ȒǊϞ-ŮϞ]=(-0.00, -1.06, -0.53) X6_2[ŮϞ-ȒǊϞ]=(-0.04, 1.25, 0.58) 
 
� <khVȃʵĉ3gYƈ 6-(c)(d)4h'ÊϊдķΊƒ(X1_2, X2_2, X3_2, X4_2, 
X5_2, X6_2)PÊϊдȚΊƒ(X1_1, X2_1, X3_1, X4_1, X5_1, X6_1)VƦɲSĬ

4kj<PRʀh4SRKH([hS'FVÉOdͤµ£´(X1_2, X2_2, X3_2/ 
X1_1, X2_1, X3_1)PŮϞţĠµ£´(X4_1, X5_1, X6_1/ X4_2, X5_2, X6_2)V
ƦɲSĬ4kj(]4]'ͤµ£´(X1_2, X2_2, X3_2/ X1_1, X2_1, X3_1)VƦ

ɲVÉSW'ʕʚŮϞţĠµ£´PΑ2hkj*ȾʏʨPŮϞ(X3_2, X3_1)+R

»ϼ]NˬƎ]N0j(<V̐ϹSL0NW'WALS nĬʝ]H͞ΒV͕̽

(Whitman & Ono, 2017, to appear)OdϑǏ[kH(FVÉOWϕϦƦŇVϑ

˽4h<V̐ϹVϩʀnϟaN0jR'ʕ͙OWͽϖ̨RČѦRÊ̴O/jH

c͘JėhR0( 
4.6.2 ~ÍU�×1>34?B2�ª� 

� <<OW'ķͤOȜhkH MCA VͺʟngiĬ4ieB8BjHcS 2 ͙

OV]HɲлŇ>Ѷ~²��³¸�nЮ̖Bj(ɲлŇ>Ѷ~²��³¸�V

Ю̖Sї]N'͞ ΒWƈ 1 V�~³º¢¶��4h'6 ʼḙ̄}OVǱΊn̖0

j<PP]H(6 ʼḙ̄}OVʹ͓ǌÃ̎W 36.61%O/KH([hS'ɲлŇ

>Ѷ~²��³¸�VͺʟP'Tsunoda et al. (1995a)Vg1S~²��ºĬʝ

n Tsunoda et al. (1995b)S̮ɜЮ̖]HͺʟnˋД]H( 
4.6.2.1 129¶»�O��ª� 
� MCA Vͺʟ'6 ʼḙ̄}OVϕϦVǱΊ4h¯º~³��ЉџSƗM6Љџ

οįnϖͣ]uxº�˜SgKN~²��ºĬʝnǄο]Hͺʟnƈ 7-(a)(b)
S'MCA Vͺʟ4h'6 ʼḙ̄}OVϕϦVǱΊ4h§¸���¸ЉџSƗM
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6uxº�˜nǄο]Hͺʟnƈ 8-(a)(b)S'Tsunoda et al. (1995b)Vͱ�º�

4h'¯º~³��ЉџSƗM6uxº�˜SgKN~²��ºĬʝnǄο]

Hͺʟnƈ 9-(a)(b)S'Tsunoda et al. (1995b)Vͱ�º�4h§¸���¸Љџ

SƗM6uxº�˜SgKN~²��ºĬʝnǄο]Hͺʟnƈ 10-(a)(b)SF

kGk͂B(ƈ 7 4hƈ 10 W(a)(b)nūmDN»LVƫ6R�¸�¶�²©n

RB( 
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ƈ 7-(a). MCA V 6 ʼḙ̄}OVǱΊ4h¯º~³��ЉџSƗM6Љџοįn

ϖͣ]uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 1) 
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ƈ 7-(b). MCA V 6 ʼḙ̄}OVǱΊ4h¯º~³��ЉџSƗM6Љџοįn

ϖͣ]uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 2) 
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ƈ 8-(a). MCA V 6 ʼḙ̄}OVǱΊ4h§¸���¸ЉџSƗM6Љџοįn

ϖͣ]uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 1) 
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ƈ 8-(b). MCA V 6 ʼḙ̄}OVǱΊ4h§¸���¸ЉџSƗM6Љџοįn

ϖͣ]uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 2) 
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ƈ 9-(a).ͱ�º�VĘƦɲn̖0N¯º~³��ЉџSƗM6Љџοįnϖͣ

]'uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 1) 
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ƈ 9-(b). ͱ�º�VĘƦɲn̖0N¯º~³��ЉџSƗM6Љџοįnϖͣ

]'uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 2) 
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ƈ 10-(a). ͱ�º�VĘƦɲn̖0N§¸���¸ЉџSƗM6Љџοįnϖ

ͣ]'uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 1) 
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ƈ 10-(b). ͱ�º�VĘƦɲn̖0N§¸���¸ЉџSƗM6Љџοįnϖ

ͣ]'uxº�˜SgKNϕϦV~²��ºĬʝnǄο]Hͺʟ(FV 2) 
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� ƈ 7-(a)(b)'ƈ 8-(a)(b)'ƈ 9-(a)(b)'ƈ 10-(a)(b)nόjP'129 VϕϦW'

MCA VЮ̖SшmhC'ƫ68 2 LV�´º¢SĬ4kN0j(<khV 2 L

V�´º¢n 4.6.1 ͤO˞̭]HÊϊдȚΊƒ'ÊϊдķΊƒV(ŏ)ƦɲV 2 L

VÊz��³ºSǒ]N'282 V~¶�ρnõȹ](2 LVÊz��³ºäƨS

ǟBjϕϦW˿ώ]H)'ǒϒ�´VŸVʍƫĉn�´VūϖĉOĹKHĉnƈ

7-(a)(b)Sш]N͂B( 
 

ÊϊдȚΊƒ   vs.   ÊϊдķΊƒ ϩʀ̎ 

X1_1 [SOV]  vs.  X1_2 [SVO] 91.51% 

X2_1 [ȚΊϞ]� and 

X2_3 [˿ČΊϞ] 
vs. X2-2 [ķΊϞ] 96.36% 

X3_1 [Ⱦʏʨ-ŮϞ]  vs. X3_2 [ŮϞ-Ⱦʏʨ] 87.10% 

X4_1 [ɒ͂Ϟ-ŮϞ]  vs. X4_2 [ŮϞ-ɒ͂Ϟ] 64.80% 

X5_1 [ɲϞ-ŮϞ]  vs.  X5_2 [ŮϞ-ɲϞ] 45.24% 

X6_1 [ȒǊϞ-ŮϞ]  vs.  X6_2[ŮϞ-ȒǊϞ] 52.34% 

 
� ƈ 8 SL0Nd'ƫ6R 2 LV�´º¢Sш]NWƈ 7-(a)(b)PĘ8ŭAĬѶ

RȜhkH(<V<PW'MCA VͺʟSǒBj~²��ºĬʝVЮ̖R'÷̖

BjЉџSǒ]N¶���RͺʟndHhB<PnȲŶBj( 
� <khVͺʟ4h'Tsunoda et al. (1995a)V̺όVСi X2[ŮϞPČΊϞ]R
ŏƦɲP]NW~²��ºV 2 ĬѶnʍdg8ϩʀO6N0j(]4]'Ǆї

SW'X2 I:OWR8'X1[S, O P V]P X3[ȾʏʨPŮϞ]d{_ŭ͐ȂS~²

��ºV 2 ĬѶnϩʀO6N0j(<V<P4h'Tsunoda et al. (1995a)V*Č

ΊϞRĬѶVɒʵP]NWʍdĒkN0j+P01̺όSW˞ȲnϊBj<P

Rʀh4SRKH( 
4.6.2.2 87c~�O��ª� 
� ʼS'MCA Vͺʟ'6 ʼḙ̄}OVƦɲVǱΊ4h¯º~³��ЉџSƗM

6Љџοįnϖͣ]uxº�˜SgKN~²��ºĬʝnǄο]Hͺʟnƈ 11
S'MCA Vͺʟ4h'6 ʼḙ̄}OVϕϦVǱΊ4h§¸���¸ЉџSƗM

6uxº�˜nǄο]Hͺʟnƈ 12 S'Tsunoda et al. (1995b)Vͱ�º�4

h¯º~³��ЉџSƗM6uxº�˜SgKN~²��ºĬʝnǄο]Hͺ
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ʟnƈ 13 S'Tsunoda et al. (1995b)Vͱ�º�4h§¸���¸ЉџSƗM

6uxº�˜SgKN~²��ºĬʝnǄο]Hͺʟnƈ 14 SFkGk͂B(

ʕ͕̽ÖS˞̭]H X1_1, X1_2, X2_1, X2_2, X2_3, X3_1, X3_2, X4_1, X4_2, 
X5_1, X5_2, X6_1, X6_2 SL0NWѱS”%”nâ:Ľ2H( 
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ƈ 11. MCA V 6 ʼḙ̄}OVǱΊ4h¯º~³��ЉџSƗM6Љџοįnϖ

ͣ]uxº�˜SgKNƦɲV~²��ºĬʝnǄο]Hͺʟ( 
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ƈ 12. MCA V 6 ʼḙ̄}OVǱΊ4h§¸���¸ЉџSƗM6Љџοįnϖ

ͣ]uxº�˜SgKNƦɲV~²��ºĬʝnǄο]Hͺʟ( 
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ƈ 13. ͱ�º�VĘƦɲn̖0N¯º~³��ЉџSƗM6Љџοįnϖͣ]

uxº�˜SgKNƦɲV~²��ºĬʝnǄο]Hͺʟ( 
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ƈ 14. ͱ�º�VĘƦɲn̖0N§¸���¸ЉџSƗM6Љџοįnϖͣ]

uxº�˜SgKNƦɲV~²��ºĬʝnǄο]Hͺʟ( 
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� ƈ 11 4hƈ 13 SL0N'»ϼ]N 4 LVƦɲV~²��ºR̀ϥ[kj(

1) X1_1, X2_1, X3_1 4hRjͤµ£´VÊϊдȚΊƒVƦɲPŮϞţĠµ£´

V[Ⱦʏʨ-ŮϞ](ÊϊдȚΊƒ)VƦɲV�´º¢'2) X1_2, X2_2, X3_2 4hR

jͤµ£´VÊϊдķΊƒVƦɲPŮϞţĠµ£´V[ŮϞ-Ⱦʏʨ](ÊϊдķΊ

ƒ)VƦɲV�´º¢'3)X4_1, X5_1, X6_1 4hRj X3_1 äƨVŮϞţĠдV

ÊϊдȚΊƒVƦɲV�´º¢'4) X4_2, X5_2, X6_2 4hRj X3_2 äƨVŮ

ϞţĠдVÊϊдȚΊƒVƦɲV�´º¢O/j(HI]'ƈ 14 S30NW

X3_1 P X4_1, X5_1, X6_1 RŭA~²��ºnR]N0j<PSW˞ȲBjȡ

ϊR/j)( 
� ]4]RRh'ƈ 11 4hƈ 13 VƦɲV~²��ºĬʝ4hW'ìͽ̨Rϕ

ϦѶƒϰV̺όPWee̡RKHͺʟRϑǏ[kj(ƈ 11Pƈ 12S30NW'

ÊϊдķΊƒV X1_2, X2_2, X3_2 V�´º¢PÊϊдȚΊƒV X4_1, X5_1, 
X6_1 R҉LV~²��ºSƻƎ]N0j([hS'ƈ 13 S30NWÊϊдȚ

ΊƒV X1_1, X2_1, X3_1 PÊϊдķΊƒV X4_2, X5_2, X6_2 R҉LV~²�

�ºSƻƎ]N0j( 
� țʚV̺όPЫ0R/jÉOd MCA VͺʟȜhkHƈ 6-(c)(d)PŭʴS'~

²��ºĬʝVͺʟS30Nd 1)ÊϊдķΊƒPÊϊдȚΊƒP01ĬѶP

2)X3[ȾʏʨPŮϞ]äƨVŮϞţĠдVƦɲ4Fkäƨ4P01ĬѶWƾǂ]

NϑǏ[kH( 
� ʍȚS'Tsunoda et al. (1995a)V*˿ČΊϞƒϕϦRϦѮVϑ˽4hWȚΊ

ϞƒϕϦPŭAɕjΟ0nBj+P01̺όW˞ȲnϊBj(ƈ 11 4hƈ 14
SL0N»ϼ]N X2_3[˿ČΊϞ]Vz��³ºW'ÊϊдȚΊƒVz��³º

PŭA~²��ºnR]N0R0(Ĕο͕̽PV<Vg1RЫ0SL0NVϕ

ϦƼ̨RŲȲVΑǏW'ʕϰɴVͥƇnЇ2jR'ϕϦѶƒϰV͘ƞ4hWΞ

Ŷ˪0ˠǏndHhBťΗȪR/j( 
 
4.7 ¬j 
4.7.1 �¡¥�t),� ³:��� 
� ʕ͕̽VÊϊRͺʟWäÁV 3 ˽O/j(͝»S'Tsunoda et al. (1995a)V
ͺϰO/j*˿ČΊϞƒϕϦRϦѮVϑ˽4hWȚΊϞƒϕϦPŭAɕjΟ0

nBj+<PWġΑnϊBj(MCA VǱΊśYɲлŇ>Ѷ~²��³¸�Vͺ
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ʟ4h'ȚΊϞƒϕϦ'ķΊϞƒϕϦ'˿ČΊϞƒϕϦn 3 LV̊͘]HѶƒ

P]NΑ2j<PRgiЮĭP02j(͝ ÔS'Tsunoda et al. (1995a)V*X2[Ů
ϞPČΊϞ]RŏƦɲP]NWʍdg0ĬѶVɒʵO/j+P01ÊȍSW˞Ȳ

BjȡϊR/j(ʕ͕̽Od̀4S'X2 WŏƦɲP]NWʍdĒkHĬѶVɒ

ʵO/KHR'ŭ͐ȂS΢0ĬѶVɒʵP]N X1[S, O P V]P X3[ȾʏʨPŮ

Ϟ]Rɓ;hkH(ŭAg1RͺʟWWALSn÷KH Albu (2006)OdȜhkN

0j( ͝¿S'ƦɲVĬѶS30N 1) X3[ȾʏʨPŮϞ]äƨVŮϞţĠµ£´

VÊϊдķΊƒPÊϊдȚΊƒVĬѶP 2)ͤµ£´P X3[ȾʏʨPŮϞ]OVÊ

ϊдķΊƒPÊϊдȚΊƒVĬѶR̤ό[kH(ʕʚ'ŮϞţĠµ£´VƦɲ

O/j X3[ȾʏʨPŮϞ]RREͤµ£´VƦɲPŭA~²��ºnȒȹ]N0

j4SL0NW Whitman and Ono (2017, to appear)nř̂[kH0(ϕϦѶƒ

ϰV͘ƞ4hW'<V̤όΛòRϕϦƼSPKNйϊO/jI:OWR8'ϒ

̗R̊ΛVϕϦƼ̺όndKNŞѝĬʝ]ɲĉŇ]H�º�£º�n MCA O

Ĭʝ]Hʕ͕̽V̺όP'Tsunoda et al. (1995b)PW̡RKH�º�£º�O

/jWALSV�º�£º�S MCA nЮ̖]HͺʟO/j Whitman and Ono 
(2017, to appear)RŭA̺όSΜKH<PdƫƦйϊRͺʟO/j(RERhX'

ÀϘV̺όRϕϦчVƦɲV��º¸P]NѯȎRdVO/j<Pn͂ż]N

0jHcO/j( 
4.7.2 �¡¥� ³�­�:��� 
� ʕ͕̽W'Ĕο͕̽O/j Tsunoda et al. (1995a)e Whitman and Ono (2017, 
to appear)PWee̡RKH̺όRȜhkH(ʕͤOW'FVg1RͺʟRȜh

kHΕʉSL0NΑǏBj( 
� ͝»S'Tsunoda et al. (1995b)V�º�£º�ÀVϨĬѶR*˿ČΊϞƒϕ

ϦRϦѮVϑ˽4hWȚΊϞƒϕϦPŭAɕjΟ0nBj+P01 Tsunoda et 
al. (1995a)V̺όn̔oIťΗȪR/j(Tsunoda et al. (1995b)O*˿ČΊϞ

ƒϕϦ+PĬѶ[kN0j 19 VϕϦV1J'Avar, Burmese, Alyawarra, 
Aymara, Quechua (Imambura, Huallaga), Walapai, and Luiseño V 8 LVϕ

ϦWWALSS30NW*ȚΊϞƒϕϦ+SĬѶ[kN3i'WALSP Tsunoda 
et al. (1995b)VÇɸO*˿ČΊϞƒϕϦ+PĬѶ[kN0jVW Blackfoot P
Kiowa V 2 ϕϦI:O/j(FkäƨV Tsunoda et al. (1995b)O*˿ČΊϞƒ

ϕϦ+PĬѶ[kN0jϕϦW WALS OW NA O/j(*˿ČΊϞƒϕϦRϦ

ѮVϑ˽4hWȚΊϞƒϕϦPŭAɕjΟ0nBj+P01̺όW<V<PS
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ІƅBjťΗȪR/j(HI]'FVg1R�º�VŽѳR/iRRhdʕ̽

͕V MCA VͺʟW'ȚΊϞƒϕϦ'ķΊϞƒϕϦ'˿ČΊϞƒϕϦn 3 LV

̊͘]HѶƒn͂ż]N0j<P4h'ÞȚ[hRjϕϦƼ̨'ͽϖƼ̨RП

͕nο1ȡϊR/j( 
� ͝ÔS'Tsunoda et al. (1995b)OЯXkHϕϦV�¸¢´SWͬͽ̨SdƏ

Ɣ̨SdĊiR/KH(129 ϕϦVͬͽ̨RĬѶnäÁS͂B((ŪͬͽSǟB

jϕϦVɲW'ͬͽŮVȚlSâ:Ľ2H) 
�  
129 ϕϦVͬͽ̨RĬѶ 

 
  
(1)ͬͽÂʀ: 6 (ɼʕϦ͟),  (20) �wϦɺ: 1, 

(2) q´�±Ϧɺ: 3,  (21) ©²Ϧɺ: 1,  

(3) u²´Ϧɺ: 3,  (22) z³¡Ϧɺ: 2, 

(4) ňω�ºz��Ϧɺ: 3,  (23) ��®qϦɺ: 1, 

(5) ňʛ�ºz��Ϧɺ: 1,  (24) �tz×q¸Ϧɺ: 1,  

(6) Ŏ�ºz��Ϧɺ: 1,  (25) ¥z¸Ϧɺ: 5,  

(7) ŒʽϦɺ: 24,  (26) §­Ϧɺ: 11,  

(8) q ¶•q�q�r�~Ϧɺ: 4,  (27) y�•§¸�wq¸Ϧɺ: 2,  

(9) ��vº´•�´� p�q¸Ϧɺ: 3,  (28) u�•q��zϦɺ: 8,  

(10) �²��Ϧɺ: 2,  (29) z±y·•�×q¸Ϧɺ: 1,  

(11) ��•�£��Ϧǟ: 4, (30) q���z¸Ϧɺ: 3,  

(12) z©•�±Ϧɺ:2,  (31) �ºϦɺ: 2,  

(13) «¸•~ªº´Ϧɺ: 2,  (32) ©��}q¸Ϧɺ: 1, 

(14) yº��¶��qϦɺ: 12,  (33) q´�¸|q¸Ϧɺ: 2,  

(15) �§•�®¸{¸Ϧɺ: 2,  (34) ��¢�rq¸Ϧɺ: 2, 

(16) ¡��¸Ϧɺ: 1,  (35) �r©�q¸Ϧɺ: 2,  

(17) q²·z¸Ϧɺ: 1, (36) w�|«º•q³®º�Ϧɺ: 1,  

(18) ��Ϧɺ: 2,  (37) �®��t�•z©�¬�tz¸Ϧɺ: 1.  

(19) �t�•�q²�Ϧɺ: 2,  
 

 
� Ethnologue (Lewis, Gray & Charles, 2013)SgkX'̐ƎϠΒR̔6N0j

ϕϦV1J 30.2%Wq ³zS'14.9҂Wqª³zƫђS'32.4%Wq�qS'

4҂W±º¶��S'18.5%WƬǹ˟SƻƎ]N0j(]4]'Tsunoda et al. 



 
 

 
129 

(1995b)S30NW'q ³zVϕϦW 4.2%]4Ų}kR0VSǒ]N'±º

¶��VϕϦWĘòV 20.2%nőcj(gKN'Tsunoda et al. (1995a)Wͬͽ

̨SdƏƔ̨SdѥǷSĊKH�º�£º�SƗM0N0j<PRĬ4j(Þ

ȚVϫѳP]NW'giͬͽ̨SdƏƔ̨Sd�²¸�VPkH�º�£º�

n̖0Nͽϖ̨ϕϦѶƒϰV͕̽nФcj<PRɓ;hkj(Ǆї'͞ΒW

Whitman and Ono (2017, to appear)S30NWALSS MCA nЮ̖]'ŭʴ

Vʭϗn]N0j( 
 
4.8 Gs�¼Ö 
� MCA n÷KH Statistical Typology V͕̽P]N'ÞȚV͕̽ϫѳP]NW

2 LVɸůȪRΑ2hkj(͝ »SƦɲVУшSL0N'ʕ͕̽WɛͲ̨RdV

O/KHRgiåϩʭϜSЮ]H MCA SшУ]Hͽϖȿ˜nȣ̖Bj<PS

gKNƦɲчVУшSL0N'ɻƻVϕϦѶƒϰS3:jåϩnͽϖ̨SʭϜ

Bj<PRΑ2hkj( 
� ͝ÔS'ʕ͕̽OW MCA P~²��³¸�PVö̖VR4O'ϕϦV~²�

�³¸�SǌÃ]N0jƦɲnɛB<PSgKN'ϕϦѶƒϰS30Ngiʕ

Ѓ̨RƦɲnͻiКb<PR/j͐ȂťΗO/KH(MCA OWÀïVɲʼēn

ΑǏBj<PSgKNFV<PRЪȹ[kH)(]4]'ʕЃ̨RƦɲnşiѐ

0HP6S(ÊSϕϦV)~²��ºSQVg1R̈ȟR̐kj4P01<Pn

ʭϜBj<Pdƫ6RϫѳPRl1( 
� țʚ4hVЃ̨RϕϦѶƒϰS3:jˠǏSƗM0Håϩn'MCA SшУ]

HåϩʭϜ̨Rȿ˜n̖0ͽϖ̨R͘ƞ4hʭϗnο1̯φ̨Rq¢¶º�R'

ÞȚVϕϦѶƒϰVǄЃ͍Ƽ̨R̤ǞSǌÃBj<PRʓβ[kj( 
 
4.9 «·�°Â��Neighbor-NetW! MCA_Neighbor-Net�Ç�  
� ʕͤOW'Tsunoda et al. (1995b)V�º�Sǒ]N Neighbor-Net nЮ̖B

j<PSgKN'~²��ºĬʝOWɗ2j<PVO6R4KH�º�V 2 ̠

̭äьSȎ0ʳТnώϏ̨Sɗ2j<PO'ϕϦƼ̨Sʏ̫RȯƝnȉ6ĪB

<Pṋ̨PBj(ƈ 15 W Tsunoda et al. (1995b)V�º�Sǒ]N'MCA n

Ǆο]ȜhkHЉџοįSǒ]N Neighbor-Net nЮ̖]HdVO/j(ʼēɲ

W MCA ~²��ºPŭʴS 6 ʼēP]H)(ƈ 16 W Tsunoda et al. (1995b)V
�º�4h¯º~³��ЉџSƗM0NЉџοįnϖͣ]ȜhkHЉџοįS
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ǒ]N'Neighbor-Net nЮ̖]HdVO/j(ƈ 15'ƈ 16 WFkGk X1 S

ш]N'ƈ 17'ƈ 18 WFkGk X2 Sш]N'ƈ 19'ƈ 20 WFkGk X3 S

ш]N²£³¸�]N0j( 
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ƈ 15. Tsunoda et al. (1995b)V�º�Sǒ]N'MCA_Neighbor-Net nЮ̖]

HdV(X1 SL0N²£³¸�]N0j(Blackfoot SL0NW'ʠRф4K

HHc̱̟]H( 
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� ƈ 15'ƈ 16 S30NW'WK6iPƈVÀČS OV ƒϕϦRѝ}i'ƈV

ÁČS VO ƒϕϦRѝ}KN0j( 
  ƈ 17'ƈ 18 S30NdWƈVÀČSȚΊϞƒϕϦ(1)Rѝ}i'ƈVÁČS

ķΊϞƒϕϦ(2)Rѝ}i'FkhVÉчS˿ČΊϕϦ(3)Rѝ}KN0j( 
� HI]'ƈ 19'ƈ 20 S30NW*Ⱦʏʨ#̨̭Ϧ+ƒϕϦRÀČS*̨̭Ϧ

#Ⱦʏʨ+ƒϕϦRÁČSѝ}KN0jdVV'X1 śY X2 SшBjƈ{Q'ʀ

̀SWĬ4kN0R0(<V<PW'X1 śY X2 Sǒ]N X3 Vϩʀ̎Ree

ð0<Pnŝʃ]N0jPΑ2hkj( 
� <Vg1S'4.6.2 ͤO*ɲлŇ>Ѷ~²��³¸�+nЮ̖]H�¸�¶�

²©VϑǏOW 129 VϕϦRƫ68 2 ĬѶ[kjʳТRȎϬ[kjR'

MCA_Neighbor-Net e Neihgbor-NetAnalysis OW'4.6.1 ͤV MCA VͺʟV

˞Ȳ˪0ϑǏOȜhkj 3 ĬѶRgiʣБSƈSρ̐[kN0j(ÞȚVϫѳ

P]N'<VƈnϕϦƼ̨̺όSgiϢ͵SʭϗBj<POϕϦѶƒϰS3:

jɷHR̺όn̤όBj<PRʓβ[kj( 
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4§HÎ 

 

4 ͙âтƈ 1. 4 ͙OşiÀ;H 129 VϕϦVïΊn͂]HÅ̜Əƈ 
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5§ /08»�¶�O×:Ï�+M�¸ 
     	a¢»r�Z�v6C4:a���	 
�

5.1  �': 
� ʕ͙Wq±�ϦɸϕSшBjƗ́ϦȑVŭʧȪ�º�nŞѝ'Ĭʝ]Hʐд¹

̺и(1960)nͽϖ͍Ƽ̨SġʭϗBj(ʐд ̺и(1960)WʄŸ 30 Ǻ4h 31 Ǻ

S4:N'ň˨Щ 13 Ə˽'y Ƭ 6 Ə˽Vϖ 19 Ə˽Vq±�ϦVɸϕSL0N'

ƫύʶRϬʥnοKN0j(<kW'ɼʕS3:j'Ɨ́ϦȑͽϖƼ̨͕̽V

Ƃ̹O/i'}HÞɼ}OSƩ8Vq±�ϦVϠΒRÙ8RKN3i'q±�

ϦVЀɵVāƻP01ϑ˽4hdϘȦ―̨RϰɴO/j(ȗhW'ȜhkH�

º�4h'ŪɸϕVǒQ1]VѶîȂnǂΎ]'q±�ɸϕĘòVшþSL0

Nɞ˰nοKN0j(ˇȦRRh'FVѶîȂVǂΎWq�¥�~RйaM:

VȴWűcR0]'áɸO'3Fh8ϖͣʺVȪΗRQSшBjȐʆVʆą̃

ĴͮÀ'Λ̘SͽϖĨ̑nο2j̓ƟSWR4KHO/l1( 
� FVȚ'ϖͣʺ̓ƟVɭſd/i'Asai(1974)Wʐд ̺и(1960)V�º�S

ƗM6'q±�ϦVɸϕSшBj~²��ºĬʝn3<RKN0j(]4]'

<kd�º�Vɂ0ɸSL0NͽϖƼ̨SɭſVôƏR/jg1SȨmkj(

ø2X'ʐд ̺и(1960)V�º�Rz��³z´�º�O/jP01̈ȟnΑ

ȷDC'ɸϕчVѶîȂnq�¥�~RйaM:Oϖͣ]N0j<PRɓ;h

kj(}H'ʐд ̺и(1960)S30N'q±�ϦVɸϕ A VŏϦҏPɸϕ B V

ŏϦҏ’VŭʧȪSL0N(óh4V̘̑O)*ıɶBj<PRO6R0+PĬѶ[

kjƞūRǖR8R0R'FVg1R�º�nѐƨ]Nϓʝ]N0jVW'̯

ȣVϽйRȯƝRˡ̖O6N0R0VOWR04PΑ2hkj( 
� [hS'ЛǺV Lee and Hasegawa(2013)V͕̽Od'ʐд ̺и(1960)V�

º�ndPS'£±�˜n̖0Hq±�ɸϕVͬͽʷɞǂnοKN0jR'ʐ

д ̺и(1960)V�º�Rz��³z´�º�O/jP01̈ȟnΑȷDC'}

H*ŭʧȪnıɶBj<PRO6R0+PĬѶ[kH�º�nѐƨ]N0j˽

W'Asai(1974)PŭʴO/i'ɭſVôƏR/iF1O/j( 
� ʕ͙OW'ʐд ̺иV�º�nͽϖ̨SgiЮĭPȨmkjşiɂ0n]N

~²��ºĬʝnϟa'ϕϦƏ̑Ƽ̨Rϑ˽4hdgiƴȐRͺʟnП͕Bj(

<VÉO'ƩйǒȣĬʝ(MCA)P~²��ºĬʝn͸aūmDHɸ˜e'

                                            
1ʕ͙W'ўϤ*ňɸÜɴ͕̽+V 8 ǰ(pp.25-41)VǕк(2015b)nĽ͞ăˀ]HdVO/j( 
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Neighbor-Net n͸aūmDH MCA_Neighbor-Net P͞ΒR͎Bjɸ˜dЮ̖

]'Þ}OV~²��ºĬʝOWόίP[kN0Hq±�ϦS3:jɸϕŵƋ

ϰ̨ʳТnʀh4SBj<PdϟaH( 
�*ŭʧȪnıɶBj<PRO6R0+PĬѶ[kH�º�nĬʝSşiėk'

MCA nЮ̖]HÀO˒cHЉџοįS~²��ºĬʝnɹB<PSgi'y Ƭ

V 6 LVɸϕRʛ˨ǧPω˨ǧSĬ4kH(<V<PWʸƬSŎňSǡΘRЅ

i'˨ÀV˙ǧÚСnÊP]N0jP01Ə̑Ƽ̨̺όP»Ν]N0j( 
� [hS'MCA VͺʟȜhkHЉџοįSǒ]N'�º�V*ʍdȎ0+ʳТ

VanşiĪB~²��ºĬʝOWR8'*2 ̠̭äьSȎ0+ʳТnşiĪD

j Neighbor-Net nЮ̖Bj<P(MCA_Neighbor-Net)SgKN'Éǫ(1996)O
ɒɦ[kN0H˗ˣ¹ŋ˃nÉȠP]HɸϕŵƋϰ̨ʳТ'˗ˣ¹ŋ˃¹ʸƬ

ƒśYωλƯƒ¹ʛλƯƒǹϥBj<PRO6H(<khVͺʟW'Ĕο̽

͕R�º�V*ʍdȎ0+ʳТVanşiĪB~²��ºĬʝn̖0N0H<

PSgKN'ʀh4S[kN0R4KH*2 ̠̭äьSȎ0+ʳТn

MCA_Neighbor-Net SgKNώϏŇO6H<PnȲŶBj( 
  [hS'<khVͺʟP'*ŭʧȪnıɶBj<PRO6R0+PĬѶ[kH

�º�nѐƨ]H�º�SMCAnЮ̖]ȜhkHЉџοįSNeighbor-NetĬ
ʝnЮ̖]HͺʟnˋД]HP<l'˗ˣ¹ŋ˃nÉȠP]HɸϕŵƋϰ̨ʳ

ТǹϥBj<PWO6HR'˗ˣ¹ŋ˃¹ʸƬƒśYωλƯƒ¹ʛλƯƒW

̀ϥ[kR4KH(<V<PW'ʕ͕̽OɂKHʐд¹̺и(1960)V�º�S3

0NW'*ŭʧȪnıɶBj<PRO6R0+PĬѶ[kH�º�RʏȲŶRȯ

ƝnɑKN0j<Pn͂ż]H(�

� ʕ͙OW'ÀОVϓʝͺʟSL0NäÁVŪͤOϢОBj(�

�

5.2 ¡¥�­� 
� <<OW'ʕ͙VĬʝSΜKHƏ̨̑ΕʉSL0NͨŏSО]N38( 
� ƈ 1 S'q±�ϦRäķϠ[kN0Hz©�¬�zŌǩ'ŋǩįǩśYʸƬ'

}H̐Ǝq±�ϦRϠ[kN0jň˨ЩVĘòƈnƈ 1(Ə̑юƏƈ, 2016)S͂

B(ʼS'ň˨ЩVĘòƈnƈ 2-(a)(Ə̑юƏƈ, 2016)S'ʸƬVƏȒƈnƈ

2-(b)S͂B(ˤ×, 1933)([hS'ƈ 3 SW'ʐд¹̺и(1960)OŞѝ[k'ʕ

͙VĬʝǒϹP]HʸƬɸϕ'śYň˨ЩɸϕSǒȣBjƏƈnʐд¹̺и

(1960)giȉ̖Bj( 
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ƈ 1. q±�ϦRäķϠ[kN0Hz©�¬�zŌǩ҆ŋǩįǩśYʸƬ҆}H

̐Ǝq±�ϦRϠ[kN0jň˨ЩVĘòƈ(Ə̑юƏƈ, 2016) 
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ƈ 2-(a). ň˨ЩVĘòƈ(Ə̑юƏƈ, 2016) 
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ƈ 2-(b). ʸƬVƏȒƈ(ˤ×, 1933) 
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ƈ 3. ĬʝVǒϹP]HʸƬɸϕ'śYň˨ЩɸϕSǒȣBjƏƈ(ʐд¹̺и, 

1960) 
 

� ŎʸƬSWƈ 2-(b)VСi'ŎňSǡΘRСKN3i҆ˤ×(1933)SgkXÚ

СdÊS˙ǧV˨ЋO/j(ŎʸƬVʛ˨ǧPω˨ǧSL0N'ʕ ×(1933)VϘ

ОRřΑSRj(ɽåŮЭ0śYɽƺWɷåŮЭ0śYɷƺS͞ΒR̮]H)( 
 

“˨ǧWʲ]NŏϬOƩʚĽ'ØȄVÔ˱PΗ̥ų'É̺ǿ'ň̺ǿ'V¿

ŌǩäƨSWːǹ̨ΔͤWѰjϻȌO/j(ˆSω˨ǧVƳˏWҀƓ˼ǡ

΍RТjо6»͗ІVŏϬn—jäƨ'Ô¿Vо0ΚІRΆ0ȋnɠ8V

aO˅QŎňSЅjP͎]NǮɫR8'Ťʕǩ˨ǧV̈ΣHjˈÆRˆS

ÉƮдSg8̤Ъ]'FVÁSWǕǹкnǞц]'Ǖ˱nɝ\NѾ˵VǕ

ÉȠnR]ʕǩ˵ƞVĒ͊ƏHjΛ́VʙçnÃ2N0j((É̟)ʛ˨ǧW

ŎɸÉ̺ǿǥ4hȳгǥ}OWǡǦRǧSНKN˙ǧW;ơOR:kXˈ

ÆR̮JS˨SНKN0j” 

Japanese Society of Cultural Anthropology

NII-Electronic Library Service
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� � � � � � � � � � � � � � � � � � � � � � � (ˤ×, 1933 pp.25-26) 
 
� 5.3 ͤSϢОBjR'Ĕο͕̽S30NW<khVƏ̨̑ÓȯRϕś[kN0

R0VOWR04P͞ΒWΑ2H( 
� ̈S'ʸƬSŎňVǡΘRЅi'˙ǧSWǡRНKN0jƏȒO/i'ÚС

WÊS˙ǧÚСnÊP]N0jP01ˤ×(1933)VϘО4h'y ƬVɸϕWʛ˨

ǧPω˨ǧSm4kjVOWR04'ɞ˰]H( 
� ]HRKN'ʕ͕̽V̭ɒBP<lWͽϖ̨SgiЮĭRȿ˜n̖0RRh'

ϕϦƏ̑Ƽ̨SgiƴȐRϓзnÃ2jϓnП͕Bj<PO/j( 

 
5.3 K¯¡¥:��� 
5.3.1 K¯¡¥��² 

5.3.1.1 �É� Ë(1960) 
  ʐд ̺и(1960)W'Swadesh(1955)VƗ́Ϧȑ 200 ϦndPS̊ΛVϕϦƼ

̨R̺όSƗM6ǄїSϬʥBjƗ́ϦȑnЯɈ]'19 VƏ˽VϦȑVŭʧȪ

SL0N'äÁVρ 1 Vg1RƗ˴SVKPi'Ϭʥ�º�n}PcN0j( 
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ρ 1: ʐд ̺и(1960)OVϦȑVŭʧȪSшBjƗ˴(ʐд ̺и(1960, p.309)giõȹ 

҅ ϦʧRÕSǒȣ]ū1dV 

� ϦʧRÕSǒȣ]R0dV 

7 ˋД[j]6ȒȵͱR'»ɸ}HWÇɸVɸϕSÔL(äÀ)/

i'FV1J»LQ1]VшþR҅O'áɸVшþR�O/j

Pϥchkjƞū(σϬʥΒR'ŽѳVÔL(äÀ)VŏϦV÷̖

˜VЫ0SL0NϢ]8ÄLˀ̀RƝŴRO6'FVͺʟȲΎ

ͱRˀ̀SϘО[kN0jƞūSW'FV1JQJh4nɚj

]64ʀh4RVRʈСIR'ÊP]N<khVʙçRʻ:H

HcS'HIÔL(äÀ)VŏϦRÈ]ƝŴ[kN0jƞūSW'

7P01ϘũnL:jP01ĨΊnPh?jnȜR4KH( 

% ǒȣшþVÂʀRƞū'}HWˋДVHcS0CkVȒȵͱn

Pj]64'ÂʀVƞū( 

? ϬʥͺʟS̢ŽV/jƞū 

  »ɸVɸϕS'ϡȐVŏϦVR0ƞū'σϬʥΒR͡2hkR

4KHƞū 

(  ) Ϭʥ˶k 

� ( )VϬʥ˶kV�º�WͽϖOϕ2XĞƒ̨Rʻ˰ĉ(missing data)VŽѳ

O/jR'*%, ?, ¹+SL0NW'ʻ˰ĉPɂKN΢04ʀh4OWR0( 
 
� <Vρ 1 4h'ȗhWäÁVg1Rȿ΀6O'ɸϕчVѶîȂn˒cN0j( 

1. ҅W 1 Pzu¸�Bj 
2. 7W҅VдĬn 0.5 P'#VдĬn 0.5 Pzu¸�Bj 
3. –W 1 Pzu¸�Bj 
4. FkäƨVϘũW˿ώBj 
5. ɸϕчVϦȑSш]N'҅, 7, #Vzu¸�΃ɲSǒBj'ŭʧ

Vzu¸�(҅W 1'7V҅W 0.5 Pzu¸�Bj)VĹū(҂)n*ɸ

ϕVѶîȂ+P]N̖0j( 
 
� ø2X'åS 2 LVƏ˽'ęѡPф¾дSL0N'҅R 60 Ć'7R 30 Ć'#

R 10 ĆVƞūO/jƞūW'ŭʧPıɶ[kHzu¸�ɲW 6081҅308
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0.5=75 PRi'}Hzu¸�΃ɲW 6081҅3081҅1081=100 O/jVO'

ęѡPф¾дPVѶîȂW 75/100=75҂PRj( 
 

  <Vg1RϖͣnŪɸϕчSш]Nο1P'ρ 2 RȜhkj( 
 

ρ 2: q±�ϦɸϕчVѶîȂ(%)҈ʐд¹̺и(1960: 338)gi 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
� ρ 2 VĉWѶîȂO/jR'100҂4hρ 2 Vĉnȉ0HdVnѥѶîȂ(ɸ
ϕчVЉџ)PǂΎ]'ϟaS'~²��ºĬʝ(ʍфЉџ˜'uxº�˜'ʍ̻

Љџ˜)S4:jP'äÁVƈ 4'ƈ 5'ƈ 6 Vg1RͺʟRȜhkj(҃ ʕ͙V

~²��ºĬʝPǒȣĬʝV� �uvqW R n̖0H(҄  

 
� ƈ 4'ƈ 5'ƈ 6 VͺʟP'ʐд ̺и(1960)Vρ 2 VϓзPnˋДBjP'

äÁV 3 ˽Rɓ;hkj( 
1. *ň˨ЩɸϕPz² �ɸϕPVчSWƫ6RɶǠR/j+P01˽P*ň

˨ЩɸϕWňʛPŎωSƫ68Ĭ4kj+P01ʐд ̺и(1960)VόϓWƈ

4'ƈ 5'ƈ 6 Od̀ϥ[kH 
2. ]4]'*ǀϷɸϕW'áVň˨Щɸϕ4hˋД̨Ь8'ÄLz² �ɸϕ

SʍdЛ0ň˨ЩɸϕO/j+P01ȗhVÊȍW'ƈ 4'ƈ 5 OW'ǀϷ
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ɸϕRŮǌPɿǫVɸϕPˋД̨ɾ0ˈєO~²��ºnR]N0j<P

4h'ǀϷɸϕẄĲSʸƬɸϕPЛ0P01m:OWR8'ɫɑ[kR4

KH(HI]'ʍ̻Љџ˜n̖0Hƈ 6 OW*ǀϷɸϕW'áVň˨Щɸϕ

4hˋД̨Ь8'ÄLz² �ɸϕSʍdЛ0ň˨ЩɸϕO/j+P01Ê

ȍWɫɑ[kH( 
3. [hS'ƈ 4'ƈ 5 OW'ʸƬω˨ǧS/jƩθ˛(15)P̲ǣ(16)R}P}

i'y Ƭʛ˨ǧVίǲ(14)'̦ ˥(17)PĠЋ(19)PʸƬω˨ǧVňS/j²±

��z(19)R}P}jVW'ʸƬRŎňSǡΘRЅi'ÚСd˨ǧ˙0nÉ

ȠP]N0j<P4h'Ə̨̑S̢ŽRˇj(Ə̨̑SW ὠ˨ǧV 15,16,18
Pʛ˨ǧV 14,17,19 R}P}jPɞǏ[kj([hS'ƈ 6 S30Nd'

ʸƬVʛ˨ǧVɸϕP'ω˨ǧVɸϕWĬ4kN0R0( 
 
� äÀVg1S'ρ 2 nѥѶîȂSƦɢ]N~²��ºĬʝ]Hͺʟ'ȗh

VϕϦƼ̨̺όPȡC]d»ΝDC'}H'Ə̨̑ʙçP]Nd̑ϓ]Ѡ0

dVPRjg1O/j( 
 

 

ƈ 4: ρ 2 nѥѶîȂSƦɢ]'ʍфЉџ˜SgKN'~²��ºĬʝnοKHͺʟ( 



 
 

 
151 

 

ƈ 5: ρ 2 nѥѶîȂSƦɢ]'uxº�˜SgKN'~²��ºĬʝnοKHͺʟ( 

 
ƈ 6: ρ 2 nѥѶîȂSƦɢ]'ʍ̻Љџ˜SgKN'~²��ºĬʝnοKHͺʟ( 
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5.3.1.2 Asai(1974) 
� Asai(1974)V͕̽OW'ķОVʐд ̺и(1960)V�º�Sŋǩ(Kuril)Pŋ˃

(Chitose)V�º�nПĽ]NĬʝ]N0j(HI]'Asai(1974)OW'ʐд ̺

и(1960)PWɸϕVѶîȂVǂΎRǖ]̡Rj<PS˞ȲBj(BRmJ'ʐ

д¹̺и(1960)OW*7+V*҅+Sш]NW 0.5 V*҅+SL0NW 1.0 Vй

aâ:RR[kN0HR'Asai(1974)OW'QJhd 1.0 Vйaâ:RR[kN

0j(йaM:SL0NW'FkäƨV˽Wʐд ̺и(1960)PŭAO/j( 
� Asai(1974)PŭAǂΎOȜhkHѥѶîȂ�º�S'~²��ºĬʝ

҃Asai[1974]PŭAʍ̻Љџ˜҄nЮ̖]HͺʟR'äÁVƈ 7 O/j([h

S'ʍфЉџ˜Puxº�˜nЮ̖]HͺʟRƈ 8'ƈ 9 O/j(Asai(1974)
4hВ̖]Hƈ 10 nÈ]NajPäÁVg1R<PR02j(<<OW

Asai(1974)VρϘSț0'ǹşW hiratori OWR8 piratori P]N0j( 

 
ƈ 7: Asai(1974)Vȿ˜OȜhkHѥѶîȂ�º�S~²��ºĬʝnЮ̖]Hͺʟ(~²

��ºĬʝSW Asai(1974)PŭAʍ̻Љџ˜n÷KH(ň˨ЩɸϕRňʛPŎωSm4k

N0j(ǀϷɸϕRň˨ЩɸϕVÉOWdKPdʸƬɸϕSЛ8RKN0j( 
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ƈ 8: Asai(1974)Vȿ˜OȜhkHѥѶîȂ�º�S~²��ºĬʝnЮ̖]Hͺʟ(~²

��ºĬʝSWʍфЉџ˜n÷KH(ň˨ЩɸϕRňʛPŎωSm4kN0j(ƈ 4 PW

̡Ri'ǀϷɸϕRň˨ЩɸϕVÉOWdKPdʸƬɸϕSЛ8RKNW0R0( 

 
ƈ 9: Asai(1974)Vȿ˜OȜhkHѥѶîȂ�º�n~²��ºĬʝnЮ̖]Hͺʟ(~²

��ºĬʝSWuxº�˜n÷KH(ň˨ЩɸϕRňʛPŎωSm4kN0j(ƈ 4 PW

̡Ri'ǀϷɸϕRň˨ЩɸϕVÉOWdKPdʸƬɸϕSЛ8RKNW0R0( 

 



 
 

 
154 

 
ƈ 10: Asai(1974)V~²��ºĬʝVͺʟnƏƈÀS͂]HdV(Asai(1974: 100) 

 
ƈ 7'ƈ 8'ƈ 9 Sш]NäÁVg1R<PR02j( 
 
1. ʐд ̺и(1960)VͺʟO/jƈ 4 PŭAg1S'ň˨ЩɸϕPʸƬɸϕP

VчSWƫ6RіHiR/j( 
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2. ʐд ̺и(1960)VͺʟP»Ν]N0j˽P]N'ň˨ЩɸϕWƫ68ňʛɸ

ϕPŎωɸϕSĬ4kj( 
3. ƈ 4 4hẀϥ[kR4KHR'ʐд ̺и(1960)VΑǏS/j*ǀϷɸϕ

W'áVň˨Щɸϕ4hˋД̨Ь8'ÄLz² �ɸϕSʍdЛ0ň˨Щɸ

ϕO/j+P01<PPƈ 7 Wɳū]N0j(HI'ƈ 8'ƈ 9 WFVͺʟ

n͂]N0R0 
4. Asai(1974)W<V~²��ºĬʝVͺʟ'Ʃθ˛(15)nŎ��³¸ɸϕ'ί

ǲ(14)'̲ǣ(16)'̦˥(17)'²±��z(18)nÉƮ��³¸ɸϕ'ĠЋ(19)
nň��³¸ɸϕP]N0j(]4]'<kW��³¸SWŎňSǡΘR/

j<PRQ4hƏ̑Ƽ̨SW̢ŽRˇj( 
 

  äÀVg1S'Asai(1974)V~²��ºĬʝVͺʟW'»ɸOķͤVʐд ̺

и(1960)V�º�SFV}}~²��ºĬʝnЮ̖]HͺʟPɳū]N0jg

1IR'áɸO'eWiƏ̨̑ʙçnΑ2jP»дS̢ȦVˇjĬѶRˇjg

1O/j( 
 
5.3.1.3 Lee & Hasegawa (2013) 
� ʐд ̺и(1960)V�º�SƗM6'ķͤV Asai(1974)gid[hSФoO'�

£±�˜Sgjͬͽʷɞǂ˜(Lemmon & Lemmon, 2008 ;Drummond, 
Suchard, Xie & Raumbaut, 2012)nοKHVR Lee and Hasegawa(2013)O/

j
(FVͺʟW'ƈ 11 O/jR'Asai (1974)PŭʴS'ň˨ЩɸϕSшBj

ĬѶWƏ̨̑ĬǱVώ˽4hʲUƴȐSό2j(HI]'��³¸ɸϕVĬѶ

Wƈ )VͺʟPŭʴS'ʸƬω˨ǧS/jƩθ˛(15)P̲ǣ(16)Rŭ»V~²�

�ºP]N}P}i'ʸƬʛ˨ǧVίǲ(14)'̦˥(17)PĠЋ(19)PʸƬω˨ǧ

VňS/j²±��z(18)R}P}jVW'y ƬRŎňSǡΘRЅi'ÚСd˨

ǧ˙0nÉȠP]N0jƏ̨̑ʙç4hW̢ŽRˇj(ȗhVĬʝͺʟW'Љ

џ̨SџkHɸϕŭƢVшþRǍO/jP]N0j˽WΞŶ˪0dVV'Fk

nϩʀBjϕϦƨϊƅSL0NWódϔkN0R0( 

 

                                            
2 ͬͽʷɞǂ˜P~²��ºĬʝ˜W̡RKHΑ2SƗM0HĲVͽϖȿ˜O/i'̯ ÕV

шþWR0( 
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ƈ 11: Lee & Hasegawa(2013)V£±�˜SgjͬͽʷɞǂVͺʟ(Lee & Hasegawa(2013, 

pp.3) 

 

5.3.2 K¯¡¥�]Ö� 

� ʐд ̺и(1960)'Asai (1974)'Lee and Hasegawa (2013)hVĬʝͺʟW'

��³¸ɸϕSш]N'Ə̨̑ʙçVώ˽4h'}IʭϗVôƏR/iF1O

/j(F<O͞ΒW»LVťΗȪP]N'FkhVĔο͕̽S30N'ʐд ̺

и(1960)VϬʥ�º�O�óh4V̘̑O	*ŭʧȪRıɶO6R0+P01z�

�³º*%��1�� +�ρ 	 ř̂	nȯƝP]Nˡ̖]N0R0<PS˞̭]H(�

� L}i'Ϭʥʆ˽O'A ɸϕVϦȑ c P B ɸϕVϦȑ c’SL0N*ŭʧȪR

ıɶO6R0+<PWFkI: A ɸϕP B ɸϕPR*Ь0+�d]8W*Л0+	

P01ȯƝnρ]N0jPΑ2hkR04P'ɞǏ]NaH(*%��1��� +n

»LVz��³ºPɗ2ĬʝSĽ2j<PO'όίP[kN0HȯƝRȞē[

kjťΗȪnɛjûĉR/iF1O/j(�

�

5.4 �¡¥��� 
� ʐд ̺и(1960)S3:jŪƏɸVϦȑVŭʧȪVıǂ�º�V҅�7�#I:

OWR8'Ĕο͕̽OWѐƨ[kH*ŭʧȪRĬ4hR4KH+�3%��1��� 4	
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dʻ˰ĉOWR8»LVȯƝP]'4 z��³ºP]Nɂ0'q±�ϦVɸϕV

ĬѶnο1<Pnϟaj(�

� ͽϖƼ̨R͘ƞ4hW'҅��7��#��3%��1��� 4nŭʆSɂ1їSW*ǘȂ

ː˴+�Ŭк ŋк ǡǧ��2007��͝ 2͙	VŽѳnȦѱS38<PRйϊO/j(

d]҅��7��#I:nɂ2Xg0VRh'҅070#�P01ѮȀшþWϥcj<P

RO6jIl1�ѮȀǘȂ	]'[hSW'ʐд ̺и�	.+�	Vg1S҅S 	�� V

йaâ:'7V҅S ��
 Vйaâ:RчіǘȂP]NʕȐSƴȐO/kX'Ľ

˯Îѐ}OåǂBj<PdťΗ4d]kR0(]4]'҅��7��#��3%��1��� 4

nŭʆSɂ1ƞū'҅070#03%��1�� 4P01ѮȀRȹ͘Bj4dẦ4O/

i'}HFdFdʐд¹̺и(1960)e Asai(1974)�Vg1RйaM:O҅'7'

#RчіǘȂnRBPq¢³y³SΑ2jʧɍWζ0(<Vg1RʆSW'Fk

GkVz��³ºn*ŮΎǘȂ+P]Nɂ1]6O/l1(<Vg1Rz��

´z´�º��ŮΎǘȂV�º�	nĬʝBjȿˈV»LP]N'ʞVɲлŇ>

Ѷ(Hayashi, 1952)҃QM>҄eƩйǒȣĬʝ҃MCA҄R/j(�

�

5.5 O��� 
5.5.1 6C4�z��ÃÒ¯P�©N 
� ʕ͕̽OW'<V MCA nʐд¹̺и҃1960҄VϬʥ�º�SЮ̖]'FV

ͺʟȜhkjŪƏƔVɸϕV�º�VƩʼē͖чVȃʵn[hS~²��ºĬ

ʝBj<PnΑ2j(�

� ʐд¹̺и(1960)VēV�º�W'ƏƔn»LV̯'Ϧȑn͝ÔV̯P]'

19 ƏƔ819 ƏƔ8200 ϦȑVȒndL 2 ̯ 3 ē�º�O/j(�º�VĬʝS

ї]N'ŪƏƔ!(! = 1,2, . . . ,19)SL0N'áVƏƔ!(! = 1,2, . . . ,19)PVчO'Ϧ

ȑ!(! = 1,2, . . . ,200)VŭʧȪıɶ�º�4h'ƏƔ(19)8Ϧȑ(200)V 2 ̯ 2 ē

Vq±�©z��³ºƒ�º�nõȹ]H(<V 2 ̯ 2 ē�º�οįW 19 Ćƻ

ƎBj<PSRj)(FkhVƏƔ=PV�º�οįSĆĲS MCA nЮ̖]'

FVŪ͖чȃʵSƗM0N'ŪƏƔVǒ!P!’VЉџ!!!!(!)n˒cH(FVї'!!!!(!)
n˒cj͖чȃʵVʼēSL0NW'Ј͘ ʘÀ�2010	Sț0'ƉʏĉV¢¶�

�V˯ǖRȩSΆe4SRjķ}OVʼēnɚ̖]H(øP]N 19 Ə˽V»L

VɿǫV�º�V MCA S3:jƉʏĉV¢¶��nƈ 12 S͂B(<Vƞū'

3 ʼḙ̄}OV�º�nɚ̖]H(ʹ͓ǌÃ̎W 42.71%)(19 Ə˽FkGkSL

0NV MCA Vͺʟd'ƉʏĉV¢¶��4h 3 ʼḙ̄}Oɚ̖Bj<PRЮ
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ĭPıǂ[kH(19 Ə˽FkGkSL0N'3 ʼēVȃʵ4h'¯º~³��

ЉџSƗM0HЉџοį5!!!!(!)6nȜH(}H§¸���¸ЉџSƗM0HЉџ

οį5!!!!(!)6dɂ1<PP]H( 
� ʍͷ̨SW'	. VЉџοįnǹƐ]HЉџοį5!!!!6(��¯º~³��Љџ}

HW§¸���¸ЉџSƗM8	nȜH(BRmJ'�

!!!! =
1
19 !!!!(!)

!"

!!!
�

O/j(�

�

 
ƈ 12: 19 Ə˽V»LVɿǫV�º�SL0NV MCA VƉʏĉV¢¶��(3 ʼḙ̄}O

V�º�nɚ̖Bj<PS]H( 

�

5.5.2 ~ÍU�×1>34?B2�Ç� 
� ʕͤOW'}CЉџοį5!!!!6Sǒ]N�º�V*ʍdȎ0+ʳТnşiĪB

~²��ºĬʝnЮ̖Bj(<<OW'dKPdЬ0dV4hĬǢ]N08P

01ʍфЉџ˜VΑ2ɸRɸϕVĬǢV/iɸPЛ0PΑ2hkjHc'ʍф

Љџ˜n̖0H(ˋДVHc'ʍ̻Љџ˜'uxº�˜Vͺʟd͂B( 
5.5.3 MCA_Neighbor-Net�Ç� 
� ʼS'5.5.1 Oϖͣ]HЉџοįS'Neighbor-Net(NNA P̟B)nЮ̖Bj

                                            
3Љџοį5!!!�6W'/jƏƔ!4hόHP6VƏƔP!P!’VѥѶîȂPĲVƏ˽!’4hόHʆV!
P!’VѥѶîȂ'[hSĲVƏƔ!’’4hόHʆV!P!’VѥѶîȂRQnB]NVƏ˽Sш]Nǹ

Ɛ]HP6SȜhkHѥѶîȂPϓзBj<PRO6j( 
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<PnΑ2j4(Þ}O'ʐд ̺и(1960)V�º�SƗM0H͕̽W0Ckd'

�º�V*dKPdȎ0ʳТ+RşiĪ[kj~²��ºĬʝn̖0N0H(

]4]'NNA nЮ̖Bj<PSgKN'~²��ºĬʝSgKNљ[kN0H

*2 ̠̭äьSȎ0+ʳТRʀh4SRjPʓβO6j(ʕ͒OW'ʐд ̺и

(1960)Vg1Rz��³z´�º�(ŮΎǘȂ)Sǒ]N'MCA SgiЉџ�º

�nȜN'FkS NNA nЮ̖Bjɸ˜n MCA_Neighbor-Net P͎Bj<PP

Bj(ǒȣĬʝSW'R V corresp n'NNA SW SplitsTree(Huson & Bryant, 
2006)n̖0H(2 ͙Oʲϩ]Hg1S'NNA Wʕʚ'̔̇ФŇVͬͽʷVϓ

ʝS̖0hkNц̤[kN6H҃Bryant & Moulton, 2003)(̔̇VͬͽФŇn

ϓʀBjSW'ŏͯRʷ̉ʳТnɂ1VOWÂŊĬO'ƩɲVʷ̉ʳТnŭʆ

Sρ̐Bj���·º~VɸRЮĭO/j(̈S'�º�ϓʝVİʓˈєOW

ȐϡV̔̇ФŇSшBj̺όRÌ]0ƞū'ɞϰVHcVɸ˜OWR8'�º

�Vρ̐Vɸ˜P]N NNA R̖0hkj(ŏͯRʷ̉ʳТRQOW'ϨKH«

�´OVɞϰPRjœȰnб:jHcO/j(ʕ͙Oşiɂ1q±�ϕϦVì

ɤƦǊeƏ̨̑SњɜBjŪɸϕчVϓʀRQd'FV̔̇ФŇVϓʀP'ɸ

˜ϰP]NWѶîVČѦR/i'NNA Vˡ̖Wʏ̫PȨ2'ϟοBjûĉW/

l1(�  
 

5.6 ª� 
5.6.1 ~ÍU�×1>34?B2:(+ª� 
� ķͤS͂]Hȿ΀6S30N'¯º~³��ЉџSƗM8ЉџοįSL0N

V~²��ºĬʝVͺʟ'ƈ 13(ʍфЉџ˜)'ƈ 14(ʍ̻Љџ˜)'ƈ 15(uxº

�˜)nȜH(}H'§¸���¸ЉџSƗM8ЉџοįSL0NV~²��º

ĬʝVͺʟ'ƈ 16(ʍфЉџ˜)'ƈ 17(ʍ̻Љџ˜)'ƈ 18(uxº�˜)nȜH( 

                                            
4 <<OVЉџοįW'2 ̯ 2 ē�º�Sǒ]N MCA nЮ̖]˒cHЉџοįPW̡Riee

̈ˆO/jR'MCA_Neighbor-Net V»͑P]Nɂ1( 
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ƈ 13: 19 V MCA3 ʼēǱΊ4h¯º~³��ЉџSƗM0NȜhkH 19 VЉџοįnǹ

Ɛ]HЉџοįS~²��ºĬʝ(ʍфЉџ˜)nЮ̖]Hͺʟ( 

 

 
ƈ 14: 19 V MCA3 ʼēǱΊ4h¯º~³��ЉџSƗM0NȜhkH 19 VЉџοįnǹ

Ɛ]HЉџοįS~²��ºĬʝ(ʍфЉџ˜)nЮ̖]Hͺʟ( 
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ƈ 15: 19 V MCA3 ʼēǱΊ4h¯º~³��ЉџSƗM0NȜhkH 19 VЉџοįnǹ

Ɛ]HЉџοįS~²��ºĬʝ(uxº�˜)nЮ̖]Hͺʟ( 

 

 
ƈ 16: 19 V MCA3 ʼēǱΊ4h§¸���¸ЉџSƗM0NȜhkH 19 VЉџοįnǹ

Ɛ]HЉџοįS~²��ºĬʝ(ʍфЉџ˜)nЮ̖]Hͺʟ( 
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ƈ 17: 19 V MCA3 ʼēǱΊ4h§¸���¸ЉџSƗM0NȜhkH 19 VЉџοįnǹ

Ɛ]HЉџοįS~²��ºĬʝ(ʍ̻Љџ˜)nЮ̖]Hͺʟ( 

 

 

ƈ 18: 19 V MCA3 ʼēǱΊ4h§¸���¸ЉџSƗM0NȜhkH 19 VЉџοįnǹ

Ɛ]HЉџοįS~²��ºĬʝ(uxº�˜)nЮ̖]Hͺʟ 
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� ƈ 13'ƈ 14'ƈ 16'ƈ 17 S30NWň˨ЩɸϕSшBjͺʟW Asai (1974)
Pɳū]N'ň˨ЩɸϕVÉOWǀϷɸϕRʍdʸƬɸϕSЛ8'ň˨Щɸϕ

WňʛɸϕPŎωɸϕSĬ4kjP01ďůR̀ϥO6j(HI]'uxº�

˜n÷KHƈ 15'ƈ 18 OẀϥO6R4KH(áɸO'Asai҃ 1974 e҄ Lee and 
Hasegawa (2013)VĬʝͺʟOWƏ̨̑ʙçPWɳūDC̢ȦVˇKH��³

¸ɸϕSL0NW'ƈ 13'ƈ 14'ƈ 15'ƈ 16'ƈ 17 OWω˨ǧVɸϕ�Ʃθ

˛(15)'̲ ǣ(16)'²±��z(18)	Pʛ˨ǧVɸϕ�ίǲ(14)'̦ ˥(17)'ĠЋ(19)	
PRĬ4k'<kWʸƬSWŎňSǡΘRЅi'ÚСW˨ǧ˙0nƗʕP]N

0HP01Ə̑Ƽ̨ʙçPdɳū]HͺʟR͂[kN0j(���³¸ɸϕR'

REω˨ǧPʛ˨ǧOĬ4kj<PRƴȐ4P01<PSш]NW'ɴŇÜѶ

Ƽ̨'ɴ̌Ƽ̨ϑ˽4hϢ͵R϶ϰdR[kN0j[Ono, 2016])( 
��äÀVg1S'ʐд¹̺и҃1960҄VϬʥ�º�SL0N'ǘȂː˴e*Ϧ

ȑVŭʧȪRÂʀ+P01�º�nŲcHĬʝVɸR'ĔοBj Asai(1974)e�

Lee and Hasegawa (2013)Vͺʟgid'ɻƻVϕϦƼ̨ΑǏeƏ̨̑ʙçP

ɳūȪV/jͺʟRȜhkH(�

� }H'ɻƻV͕̽PŭʴV*ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯ

Ɲn̖0R0�º�SL0N'MCA nĘ8ŭAȿѮOЮ̖]Hͺʟ(19 VƏ˽

VB]NV MCA VͺʟOɚ̖]HʼēW 3 ʼēO/KH)dόN38<PPB

j5(<kn 5 ͙ытƈ 1~ƈ 6 P]H(<VͺʟW' 
 
1. 5 ͙ытƈ 1 4h 5 ͙ытƈ 6 S30NW'ω˨ǧVɸϕ�Ʃθ˛(15)'̲ ǣ

(16)'²±��z(18)	Pʛ˨ǧVɸϕ�ίǲ(14)'̦ ˥(17)'ĠЋ(19)	PRĬ

4k'<kWʸƬSWŎňSǡΘRЅi'ÚСW˨ǧ˙0nƗʕP]N0H

P01Ə̑Ƽ̨ʙçPdɳū]HͺʟR͂[kN0j(<VʸƬVɸϕRω

˨ǧPʛ˨ǧSĬ4kjP01ͺʟW'ƈ 13'ƈ 14'ƈ 15'ƈ 16'ƈ 18
VͺʟP»ΝBj( 

2. ƈ 13~ƈ 18 OWňʛV�´º¢SĬѶ[kjɿǫ(11)R0CkVƈS30

NdŎωV�´º¢SĬѶ[kN0j( 

                                            
5 ɻƻV͕̽PŭʴS*ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0R0�º�SL

0N'MCA nЮ̖]HĬʝnο1̘̑W'ƈ 13 4hƈ 18 Vͺʟ(̈S'ʸƬVɸϕRʛ˨ǧ

Pω˨ǧSĬ4kjͺʟ)R'MCA nĬʝS̖0H<PSgjdVRV4'*ɸϕчVŏϦVŭ

ʧȪRm4hR0+P01ȯƝn̖0H<PSgjdV4nʀh4SBjHcO/j( 
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3. ʍфЉџ˜P'ʍ̻Љџ˜n̖0H 5 ͙âтƈ 1.ƈ 2'5 ͙âтƈ 4~ƈ 5
S30NW'ň˨ЩɸϕOʍdџkHɸϕR'ʐд ̺и(1960)e Asai(1974)
e Lee and Hasegawa(2013)VͺʟPW̡Ri'Ůǌ(12)PRKN0j(ƈ

13'ƈ 14'ƈ 16'ƈ 17 Vͺʟe'ʐд ̺и(1960)e Asai(1974)e Lee and 
Hasegawa(2013)OWǀϷɸϕRʸƬɸϕSʍdЛ0ɸϕPɒɦ[kN0H( 

5.6.2 MCA_Neighbor-Net:(+ª� 
� ķͤOW'Ĕο͕̽Sǒ]N'ǘȂː˴eʻ˰ĉVɂ0Vϑ˽RQ4hgi

ƴȐRĬʝVɸ˜R͂ż[kH(ʕ͒OW'ķͤO~²��ºĬʝSgKNϕ

ϦƏ̑Ƽ̨SƴȐRĬѶn/H2Hq±�ϦɸϕVЉџοįS'[hS NNA n

Ю̖Bj<PO'q±�ϦS3:jɸϕŵƋϰ̨ʳТSL0Nͽϖ͍Ƽ̨RΑ

ǏnФcNaj 
� 5.5.1 S30Nϖͣ]HЉџοįS'NNA nЮ̖]Hͺʟ'ƈ 19 nȜH(<

kW'19 ˽V�º�SшBj MCA Vͺʟ'ƉʏĉV¢¶��4h͖чȃʵn

ĘN 3 ʼḙ̄}OΑȷBj<PP]'FV͖чȃʵ4h¯º~³��ЉџSƗ

M6'Љџοį5!!!!(!)6nȜN'[hSFkh 	. VЉџοįnǹƐ]HЉџοį

5!!!!6S NNA nЮ̖]HdVO/j(}H'řΑVHcS'19 ˽V�º�ĘN

O MCA V 18 ʼḙ̄҃ʍƫʼē҄}OΑȷ]'ʹ͓ǌÃ̎ 100%P]'18 ʼē

V͖чȃʵ4h¯º~³��ЉџSƗM6'Љџοį5!!!!(!)6nȜN'[hSF

kh 	.VЉџοįnǹƐ]HЉџοį5!!!!6S NNA nЮ̖]HdVnƈ 20 S

͂B( 
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ƈ 19: MCA VͺʟȜhkH 3 ʼḙ̄}OVȃʵSƗM0H 19 VЉџοį(¯º~³��Љ

џ)nǹƐ]HЉџοįS Neighbor-Net nЮ̖]Hͺʟ 

 

ƈ 20: MCA VͺʟȜhkHĘʼē(18 ʼē)}OVȃʵSƗM0H 19 VЉџοį(¯º~³

��Љџ)nǹƐ]HЉџοįS Neighbor-Net nЮ̖]Hͺʟ 
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� ƈ 19 Pƈ 20 nˋ]jPĬ4jg1S'Ѽʼē}OΑȷBjP'Neighbor-Net
VͺʟS3:jŪɸϕVʠRф8RKN0j(ƈ 19 OW'a, b, c, d, d’,e,f,g V

΄OĬĹ]ϓзBj<PRťΗO/l1(áɸ'ƈ 20 Vg1RƈO*ʠRф8

RKN0j+<PW'ƈ 19 Sǒ]N'ƈ 20 VɸR'ЉџοįRgi×±�n

şiКoO0jťΗȪn͂żBj([hS'ƈ 20 OW'*Q<Oƈnĭj]6

4+҃ ~²��ºĬѶ҄P01϶ϰR]S80(F<O'ʕ͒OW'»ȣ'3 ʼ

ḙ̄}OVͺʟSƗM0Hƈ 19 Vϓзnο1<PP]'ǄїSϕϦƼ̨Sdƈ

19 VɸRƈ 20 gidʏȲŶRϓзnȜj<PRO6H(<V<PW'MCA S

30N*ʹ͓ǌÃ̎+e*ϩʀ̎+RHIѼ:kXg0P01m:OWR0<

Pn͂ż]N0j( 
5.6.2.1 —a, b:(+µÊ 
� }C'a, b V΄O'ƈ 19 nĬĹBj<PSgi'}C͝ 1 Sň˨ЩɸϕPʸ

ƬɸϕVɶ;RѥǷSƫ60P01țʚV̺όR̀ϥ[kj(}H'ʸƬVq

±�ϦVɸϕRʸƬωǧɸϕ{15, 16, 18}PʸƬʛǧɸϕ{14, 17, 19}PSĬ4k

N0j<PW'Ono (2016)Vͺʟnġ̀ϥ[Dj([hS'{14, 17, 19}Rgi

ň˨ЩɸϕSЛ0<P4h'ʸƬVq±�ϦS30NWωǧɸϕgiʛǧɸϕ

VɸR'ň˨ЩɸϕSЛ0<PR͂ż[kN0j(<V˽SL0NW'ϦȑI

:OWR8ɴ˜RQ΃ų̄RѦ4hÞȚ͕̽RR[kj<PRȡϊO/l1( 
5.6.2.2 —c:(+µÊ 
� ʼS'c V΄O'ƈ 19 nĬĹBj<PSgi'ǀϷɸϕWň˨ЩɸϕVÉO

dʍdʸƬɸϕSЛ0<PR͂[kj(<kW'ʐд ̺и(1960)Od͂ż[k

H<PO/i'FVȚV Asai(1974)RQV͕̽dɫɑBjͺʟO/j( 
5.6.2.3 —b� d, d’:(+µÊ 
� [hS'b P d V΄O'ƈ 19 nĬĹBj<PSgi'ň˨ЩɸϕWňʛV�

´º¢PŎωV�´º¢SĬ4kj(<V̺όW'ʐд ̺и(1960)VĬѶe'

Asai(1974)V~²��ºĬʝVͺʟPūΝBj(Ĕο͕̽nʭϗ]H͝ 3 ͤV

ƈ 4'ƈ 5'ƈ 6'ƈ 7'ƈ 8'ƈ 9 PdʲU»Ν]N0jHc'ň˨Щɸϕn

ňʛV�´º¢PŎωV�´º¢Sm:j<PWʐд ̺и(1960)V�º�V

*Ȏ0+ʳТV»LPΑ2hkj(HI]'b P d V΄OĬĹBj<PW'ʴî

ɸϕ(7)nŎωV�´º¢SĬѶBj<PSRj(Asai (1974)RQS30N'ʴ

îɸϕ(7)nňʛV�´º¢SĬ:N0j<PW'b P d’V΄OĬĹBj<PS
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̯ȐBj(ʴîɸϕnQVg1SΑ2j4SL0NW'ÞȚV͕̽VôƏR/

j( 
5.6.2.4 —e:(+µÊ 
� }H'ķОV e V΄I:OĬĹBj<PW'Éǫ(1996)Oɒɦ[kN0j*˗

ˣ ŋ˃ ʸƬƒ+SǒȣBj<Pd˞̭[kj(HI]'ɿǫ(11)śYǀϷ(13)
R*˗ˣ ŋ˃ ʸƬƒ+SǟBj4W'ÞȚV϶ϰnβJH0( 
5.6.2.5 —b,f:(+µÊ 
� ƈ 19 W b P f V΄OĬĹBj<PdO6j(<V<PSgKN'ƈ 19 Wʸ

Ƭ(ňλƯ)V�´º¢P'ɿǫ(11)'Ůǌ(12)'ǀϷ(13)VωλƯV�´º¢P'

Fkäƨ(ʛλƯ)V�´º¢SĬ4kj(<khVωλƯƒ'ʛλƯƒVƏ̨̑

��º¸WÉǫ(1996)S30Ndɒɦ[kN3i'ʕ͙VĬʝS30NW'ʐ

д¹̺и(1960)V*ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0H

MCA_Neighbor-Net SgjĬʝSgKNVaϑǏ[kHdVO/j(ωλƯ

ƒ¹ʛλƯƒV��º¸RϑǏ[kH<PW'ʕ͙V*ɸϕчVŏϦVŭʧȪ

Rm4hR0+P01ȯƝn̖0H MCA_Neighbor-Net SgjĬʝRʏ̖O/

j<Pn͂BPΑ2hkj( 
5.6.2.6 —g:(+µÊ 
� [hS'ƈ 19 W g V΄OĬĹBj<PRO6j(<knƏ̨̑SόjPǹş

(4)'ϼĲ(5)'ɷĤ(6)RÉȠn'FkäƨVɸϕRƨЖnʳȹ]N0j<PRm

4j(<kW'ʤ̗Ɗ̚R*ν̆Α+OО]H*ɸϕŵƋϰ+̨Α2PūΝB

j(ʤ̗, 1930)(q±�ϦR˗ˣ'ǹşnÉȠP]HɸϕŵƋϰ̨ʳТnPj<

PW'Éǫ(1996)S30Ndɒɦ[kN0j( 
� q±�ϦS3:jɸϕŵƋϰ̨ʳТW'Þ}Oɴ̌Ƽ̨RϕśWƩ8/KH

R'ͽϖ͍Ƽ̨S͂[kH<PWR4KH(ʐд ̺и(1960)e Asai(1974)'Lee 
and Hasegawa(2013)RQS30Nd'͂ [kHVW*Ȏ0+r ТV»LO/j'

q±�ϦVɸϕnňʛPŎωSĬ:jdVO/KH(q±�ϦVɸϕŵƋϰ̨

ʳТR'ʐд ̺и(1960)V�º�OWFkäƨV*2 ̠̭äьSȎ0+ʳТO

/KH<PRFVŖƅPΑ2hkj( 
� <VͺʟW'ʕ͙V MCA_Neighbor-Net SgjͽϖĬʝSgiİcNʀ̀S

RKH(<kW'̮ȴ̨SW<k}OSdǖR4hCVÜ)SˏM4kN0H

PȨmkj'˗ˣɸϕPFkPшþV˪0ɸϕ΍Rq±�ϦϱɸϕOɑLïΊ

M:Vƫ6[n'ʕ͒OWͽϖ̨S͂]H<PSRj( 
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� R3'5 ͙âтS'*ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0

R0äƨW'5.6.2 ͤPŭʴVȿѮO MCA_Neighbor-Net nЮ̖]Hͺʟn͂

B(5 ͙âтƈ 7[¯º~³��Љџ]'ƈ 8[§¸���¸Љџ])(ƈ 19 PŭʴS'

5 ͙âтƈ 7 Pƈ 8 W'1)ʸƬVɸϕRʛ˨ǧPω˨ǧSm4k'2)ǀϷɸϕR

ň˨ЩɸϕVÉOWʸƬɸϕSWʍdЛ8'3)ǹş'ϼĲ'ɷĤnÉȠP]Hɸ

ϕŵƋϰ̨ʳТR̀ϥ[kH(HI]'ƈ 19 PW̡Ri'Éǫ(1996)Rɒɦ]

N0j˗ˣ¹ŋ˃¹ʸƬƒśYωλƯƒ¹ʛλƯƒẀϥ[kR4KH( 
 
5.7 ¬j 
� ʕ͕̽OW'ʐд ̺и(1960)VϦȑVŭʧȪıĲ�º�S3:j*m4hR

0+P01z��³ºn'Ĕο͕̽Vg1S˿ώBjVOWR8'1 LVȯƝn

dKH̊͘]Hz��³ºP]Nɂ1<PSgKN'ʸƬVq±�ϦVɸϕR'

ϕϦƏ̑Ƽ̨SƴȐRĬѶPRj<Pn͂]H( 
� [hS'FVїS̖0hkHЉџοįn*dKPdȎ0+ʳТVanǔ8*~

²��ºĬʝ+OWR8'*2 ̠̭äьSȎ0+ʳТdɅɣBj<PRO6j

Neighbor-Net nЮ̖Bj<PSgKN'Þ}Oɴ̌ÀWϕś[kN6Hq±�

ϦS3:jɸϕŵƋϰ̨ʳТn͂B<PRO6H( 
� ʕ͙OɂKH͕̽VͺʟVЫ0nρ 3 Sɳ̑]H( 
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ρ 3: ʕ͙OɂKH͕̽VͺʟVЫ0(%W*ƿĘSɳū+'$W*дĮ̆Sɳ

ū+'8W*ɳū]R0+<PnȲŶBj( 

w w

6k Ol

y���~z·ÂÇ

ÄÅË	;

·V<w

����y����z

·ÂÇÄÅ

Ë	;·

V<w

���wxw
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UW@w

8Ry$m{w

�~���z·/

n�¡vÂÇ

ÄÅÈÉÃ·

V<w w

8Ry$m{w�~���z

·

������������|���

·V<w w

� R�o·¥§¾¬º

µª¨´ª«,�¿J

ª±/n�¡vÂÇ

ÄÅÈÉÃ¿jJ°

²V<w

� R�o·¥§¾¬ºµ

ª¨´ª«,�¿Jª±

������������|��� ¿

jJ°²V<w

�Fi1_´A�1_·

p¶�®µr²»­©¼¬w ¤w ¤w ¤w ¤w ¤w ¤w ¤w

!d1_­�Fi1_·

�³4¸A�1_¶fª

¬y4¸s½²1_¬zw £w £w ¤w £w ¤w �w ¤w

�Fi1_­�:´�]

¶	¬½¼¬w ¤w ¤w ¤w ¤w ¤w ¤w ¤w

A�1_­:F&´]F

&³	¬½¼¬w �w �w �w ¤w ¤w ¤w ¤w

DE (�¿�+´°²ÀÁ

Æb·1_��cL>h

­^º½¼¬w �w �w �w �w ¤w �w ¤w

DE �B A��y�'{w

����z­Pa¯½¼¬w �w �w �w �w ¤w �w �w

][ �Ê:[ �y�'{w

����z­Pa¯½¼¬w �w �w �w �w ¤w �w �w

 
  ρ 3 4h'ʐд ̺и(1960)'Asai(1974)'Lee and Hasegawa (2013)PFk

äƨVͺʟnˋДBjPʸƬɸϕRʛ˨ǧPω˨ǧOĬ4kN0jP01˽O

FkäƨVͺʟRĒkN0j(̘̑P]NW'FkäƨVͺʟRɲлŇ>Ѷn

Ю̖]H<PRɞǏ[kj(}H'FkhVÉOd'˗ˣ ǹşnÉȠP]Hq

±�ϦVɸϕŵƋϰ̨ʳТRϑǏ[kjP01˽OɲлŇ>Ѷ~²��³¸�

Vͺʟgid'MCA_Neighbor-Net VͺʟWĒkN0j(}H'ŭA

MCA_Neighbor-Net VͺʟOd'*ɸϕчVŏϦVŭʧȪRm4hR0+P0

1ȯƝnΑȷ]HͺʟVɸR'Éǫ(1996)Rɒɦ]H˗ˣ ŋ˃ ʸƬƒśYωλ

Ưƒ¹ʛλƯƒR̀ϥO6jP01˽OĒkN0j( 
 
5.8Gs�¼Ö 
� <<OW'ʕ͙VǄЃ͍Ƽ̨RϫѳPɸ˜ϰ̨RϫѳSL0Nͨ˸SО]j( 
� }C'ǄЃ͍Ƽ̨RϫѳP]NW'ʕ͙V MCA_Neighbor-Net Vͺʟnq±

�ϦƼV̺όSƗM0N'gi˪8ΑǏBj<PRɓ;hkj(Ϣ͵RĠǊW

ʕϰɴVĠǊnЇ2jVOĹȳ]HR'q±�ϦɸϕVǓхǉPVĜŭ͕̽P



 
 

 
170 

]NʺënɭcNƝŴ]H0( 
� ʼS'ɸ˜ϰ̨RϫѳP]NWäÁVV 2 ˽Rɓ;hkj( 
� ͝»S'ʕ͕̽S30NW 2 ̯ 3 ēVЃ̨�º�S3:jʻ˰ĉVΑǏRŊ

ĬSǙ8[kN0R0(ɸ˜P]NW'̊ ͘Rz��³ºP]Nɂ0 MCA nЮ

̖]HR'Ć)VĬʝOz��³ºSÃ2hkHйaSL0N'ŰŶBj<P

RȡϊO/l1(HI]'2 ̯ 3 ē�º�nψɲV 2 ̯ 2 ē�º�SĬĹ]H

dVS MCA nЮ̖]HͺʟO/jVO'СǷV MCA VĬʝPW̡RjČѦd

/l1( 
� ͝ÔS'~²��ºĬʝe MCA_Neighbor-Net nÉȠS'ʐд¹̺и(1960)
V�º�VʭϜnοKN6HR'FdFd'(ѥ)ѶîȂ�º�SЮ̖[kjͽϖ

ȿ˜SW~²��ºĬʝäƨSd'ƩʼēǘȂʳȹ˜(MDS)R/j(MDS nЮ

̖Bj<PSgKN'ȜhkHq±�ϦɸϕVƩʼēVǱΊnΑǏBj<PS

gKN'ʕϰɴOȜhkHͺʟRQV͐ȂѯċR̺όO/j4nʭϜBj<P

RÞȚVϫѳV»LPϕ2g1( 
� ʍȚS'ʕ͙VÊѳnџkjR'ʕ͙S30N MCA_Neighbor-Net VɑLʣ

БRρ̐ĻR̀ϥ[kHVO'ÞȚW'ɼʕϦRQFVáVϕϦV�º�S3

0Nd MCA_Neighbor-Net VЮ̖nϟοBjûĉW/iF1O/j( 
� ͽϖȿ˜WÅVÉSɲƩƻƎ]N0jR'FV�º�VȪЃng8ϑǏ]H

ÀO'}C*QVg1RǘȂː˴O�º�nɂ1]64+P01<PnŊĬS

ΑȷBj<PO/j(FVÀO'ʕ͒Oɡʩ]H MCA_Neighbor-Net Vg1S'

giʣБRɸ˜n̖0j<PSgKN'Þ}OVͽϖϓʝOWÂŊĬO/KH

<PR'ʀh4SRj<PR/iȜj( 
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5§HÎ 
5§HÎ 1.�Z�v�-
)���wb.����~ÍU�×1>34?B2 

� äÁ'Ĕο͕̽PŭʴS*ɸϕчVŏϦVŭʧȪRm4hR0+P01˽ä

ƨW 5.6.1 ͤPŭʴVȿ΀6OɲлŇ>Ѷ~²��³¸�nЮ̖]Hͺʟn͂

B(ЉџP]N¯º~³��ЉџP§¸���¸Љџn̖0'ʍфЉџ˜'ʍ

̻Љџ˜'uxº�˜n͸aūmDHĬʝSgj 6 LVʷȒƈn͂B( 

 
5 ͙âтƈ 1: *ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

ɲлŇ>Ѷ~²��³¸�nЮ̖]Hͺʟ(¯º~³��Љџ'ʍфЉџ˜)  
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5 ͙âтƈ 2: *ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

ɲлŇ>Ѷ~²��³¸�nЮ̖]Hͺʟ(¯º~³��Љџ'ʍ̻Љџ˜) 
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5 ͙âтƈ 3: *ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

ɲлŇ>Ѷ~²��³¸�nЮ̖]Hͺʟ(¯º~³��Љџ'uxº�˜) 
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5 ͙âтƈ 4: *ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

ɲлŇ>Ѷ~²��³¸�nЮ̖]Hͺʟ(§¸���¸Љџ'ʍфЉџ˜) 
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5 ͙âтƈ 5: *ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

ɲлŇ>Ѷ~²��³¸�nЮ̖]Hͺʟ(§¸���¸Љџ'ʍ̻Љџ˜) 
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5 ͙âтƈ 6: *ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

ɲлŇ>Ѷ~²��³¸�nЮ̖]Hͺʟ(§¸���¸Љџ'uxº�˜) 
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5 ͙âтVƈ 1 4hƈ 6 4h'äÁVg1R<PRm4j( 
 
1. ƈ 1 4hƈ 6 S30NW'ω˨ǧVɸϕ�Ʃθ˛(15)'̲ǣ(16)'²±��z

(18)	Pʛ˨ǧVɸϕ�ίǲ(14)'̦˥(17)'ĠЋ(19)	PRĬ4k'<kWʸ

ƬSWŎňSǡΘRЅi'ÚСW˨ǧ˙0nƗʕP]N0HP01Ə̑Ƽ̨

ʙçPdɳū]HͺʟR͂[kN0j(�

2. СǷW'ňʛV�´º¢SĬѶ[kjɿǫ(11)R0CkVƈS30NdŎω

V�´º¢SĬѶ[kN0j( 
3. ʍфЉџ˜P'ʍ̻Љџ˜n̖0Hƈ 1'ƈ 2'ƈ 4'ƈ 5 S30NW'ň

˨ЩɸϕVÉOʍdџkHɸϕR'ʐд ̺и(1960)e Asai(1974)e Lee and 
Hasegawa(2013)VͺʟPW̡Ri'Ůǌ(12)PRKN0j(ʐд ̺и(1960)
eAsai(1974)eLee and Hasegawa(2013)OWǀϷɸϕRʸƬɸϕSʍdЛ

0ɸϕPɒɦ[kN0H( 
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5§HÎ 2.�Z�v�-
)���wb.���� MCA_Neighbor-Net 

� [hS'*ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0R0˽äƨ

W 5.6.2 ͤPŭʴVȿ΀6O MCA_Neighbor-Net nЮ̖]Hͺʟn͂B( 

 

 

5 ͙âтƈ 7:*ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

MCA_Neighbor-Net nЮ̖]Hͺʟ(¯º~³��Љџ) 
 
� ʸƬV 6 ɸϕR'ω˨ǧPʛ˨ǧSm4k'ϕϦƏ̑Ƽ̨R̺όP»Ν]N

0j( 
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5 ͙âт�ƈ 8: *ɸϕчVŏϦVŭʧȪRm4hR0+P01ȯƝn̖0CS'

MCA_Neighbor-Net nЮ̖]Hͺʟ(§¸���¸Љџ) 

 
 
� ʸƬV 6 ɸϕR'ω˨ǧPʛ˨ǧSm4k'ϕϦƏ̑Ƽ̨R̺όP»Ν]N

0j( 
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¨ 6§ ª» 
 
6.1�¡¥�¶»¡¥:	�+��½��x� 
6.1.1 �¡¥�O�y���, 
ʕͤOW'ʕ͕̽VŪ͙S3:jϟοсϨVͺʟ'ɻƻV(ĆòPƦɲVοįȒ

V)�º�Sǒ]Nɞư[kjĬʝȿѮnäÁV ¶º�¬º�VȒOƈ 1'ƈ 2'
ƈ 3'ƈ 4 S͂B( 

 

ƈ 1. ʕ͕̽VͺʟȜhkHĬʝɸн( ¶º�¬º�) 
*1 ѥєǠ~²��³¸�SL0NW�¸�©/ŭʆʍЮŇVQJhdɂmR4KH 
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ƈ 2. ƈ 1 V΀6 
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ƈ 3. ƈ 1 V΀6 
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ƈ 4. ƈ 2'ƈ 3 V΀6 
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6.1.2 :AC5=C7:����½��|¶ 
� <<OW'6.1.1 O͂]H ¶º�¬º�S˙KN'ʕϰɴVʭϗͺʟSƗM

8ɡϕn}Pcj(R3'<VɡϕW�º�VǒϹnϕϦ�º�SэhR0R'

ϕϦ�º�\VЮ̖nȲϵ]NϩʀBj( 
� }CɻƻV�º�VĬʝnƵcjSї]N'äÁVҊ˽Sш]Nʭϗnο1

<PRķɡPRj(͝»S'Ĕο̑ϰV̀ϥP³�º�~w��°¸RóO/

j4SgKN'ɛͲ̨ɸ˜PåϩʭϜ̨ɸ˜PVQJhnĬʝȿ˜P]N̖0

j4ʭϗBjȡϊR/j(ʕ͕̽OW'MCA nɛͲ̨Rȿ˜P]NÊS̖0H

R'åϩʭϜ̨Rʡ͸aO MCA SшУ]Hɸ˜nЮ̖]N08<PdŊĬSΑ

2hkg1(͝ÔS'Ĭʝȿ˜P�º�VȪЃPVɳūȪSL0NΑ2jȡϊ

R/j(ĬѶVȿ˜W'ŽѳVȪЃSgKN'єĄ̇̄~²��³¸�4ѥєǠ

̨~²��³¸�4nЯɈBjȡϊR/j(<V˽SL0NĬʝS/HKN'

ŊĬSʭϗ]N38<PR˒chkj(ĝǫ̀SW'ʕ͕̽OW'5 ͙OVq±

�ϦVɸϕS3:jƗ́ϦȑVĬʝS30NW'ϕϦVìɤWÜчV͏łPǍ

ɜRшУR/j<PśYq±�ϦS30NWϕϦɜϔRˋД̨ǖR0PΑ2h

kj<P4h'ѥєǠ~²��ºĬʝOWR8єǠ~²��ºĬʝnЯɈ]H(

[hSϕ1P'єĄ̇̄ȿ˜VÉOdÔĬʔ̨R�¸�¶�²©nρ̐Bjțʚ

V~²��ºĬʝnЮ̖Sʿcj4'giʣБRʳТnşiĪB Neighbor-Net
nЮ̖S→aКb4P01ЯɈd/jR'<V˽SL0NWȚSО]j(0C

kSDg'<Vg1R<P(Ĭʝ̨̭Pȿ˜VɳūȪ)nÓķS΂ǍSʭϗ]N3

8<PW'ʕͤOɡʩ]H ¶º�¬º�VŪȾS3:jЯɈSȖѫBjHc'

ʱcNйϊO/j( 
� ʼS'³�º�~w��°¸S˙KN�º�nʕʨ̨SĬʝBjķS'�º

�VÑĎ̨ʭϗRÂťʻO/j(}C�º�VǘȂː˴nΑȷ]'ʻ˰ĉVɂ

0ɸSL0N˞ȲBjȡϊR/j(4 ͙OW'Tsunoda et al. (1995b)V�º�

RǘȂː˴Vϑ˽4hW'ѮȀǘȂd]8WŮΎǘȂO/j<PS˞̭]'g

iЮĭRƩйǒȣĬʝnЮ̖Bj<PSgKN'Tsunoda et al. (1995a)V̺ό

VġΑn͂żBjPPdS'ϕϦѶƒϰVϑ˽4hɷHRΞŶ˪0̺όnȜH(

5 ͙OW'ʻ˰ĉS/Hj*ɸϕVŏϦVŭʧȪRm4hR0+P01ȯƝn˿

ώO6jʻ˰ĉPɗ2jVOWR8'Roh4VȯƝnɑKHdVP]N̊͘

]Hz��³ºOɂ1P01ɒнnɡ͂]H( 
� [hS'�º�n¢¶��]ĬǱV˂aRQnɅɣBjȡϊR/j(�º�
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Rл̨ƦɲVƞūSW'ƦɲƦɢRQSgKN'�º�V�²�|nƐ»ŇB

j<PSgKNͺʟ̨S�º�V̈ȟng8ɗ2H*ʑ}]0+ЉџοįRȜ

hkj<PR/j(ʕϰɴOW 3 ͙S30N'�º�S˂aR/jƞūSW

Box-Cox ƦɢRQnɹB<PSgi'ɭſnƈjP01ɒнnȜH( 
� FVÀO'MCA e PCA nǄїS�º�SЮ̖BjˈєS͏j(ǄїS'ʕ

͕̽V 4 ͙OW MCA VЮ̖VaO'ĆòPƦɲVʀ̶R¢¶��RȜhk'

ϕϦƼ̨Sʏ̫RȯƝndHh]H(MCA SgjĆòPƦɲVŭʆĬѶRȹļ

]N0j4ű4SL0NW'ƦɲV¢¶��PĆòV¢¶��VÇɸVϢ͵R

ŰŶRȡϊO/j(FVї'˞̭BjƦɲSшBjŪϕϦVz��³ºSL0

N'ώϏ̨SĬ4ieB0ρ͂nο1<POϓзnǊʁS]H( 
� áɸO'3 ͙Vg1S MCA VЮ̖VͺʟȜhkH¢¶��R'ȡC]dĆò

eƦɲVĬѶSш]Nʀ̶RͺʟndHh[R0ƞūd/j(<Vg1Rƞū

S30NW'ȿ΀6P]N~²��ºĬʝnЮ̖BjˈєSėj(FVї'İ

ʓVʭϗS30NdHh[kH'Ĭʝȿ˜VєǠȪ/ѥєǠȪSȣAN'�¬º

�RĬǢ]N0j(ʕϰɴOWєĄ̇̄ŽѳVanɂKH( 
� [N'єĄ̇̄RŽѳS30NW'ʼēƍΈnο14/οmR04VЯɈΔR/

j(ʕϰɴOWͱ�º�Sǒ]Nóh4VʼēƍΈnο0'ȜhkHǖɲVʼ

ēSǒ]NєĄ̇̄~²��ºĬʝnЮ̖Bj*�¸�©~²��³¸�+Pͱ

�º�Sǒ]NєĄ̇̄~²��ºĬʝnЮ̖Bj*ĘƦɲ~²��³¸�+V

ˋДnοRKH( 
� ʕ͙Oɡʩ]H'MCA nЮ̖]ȜhkHƩʼēVȃʵVǱΊSǒ]N~²�

�ºĬʝnǄοBj*ɲлŇ>Ѷ~²��³¸�+W'0mfj*�¸�©~

²��³¸�+P[k'ʼēƍΈSgj~²��³¸�R1}8ο4R0�º

�RøϜ[kN0H (Arabie & Hubert, 1994; DeSarbo, Jedidi, Cool & 
Schendel, 1990; Timmerman, Ceulemans, Kiers & Vichi, 2010; Vichi & Kiers, 
2001; Yamamoto, 2012; Yamamoto & Hwang, 2014)(ǄїS'3 ͙S30NW

*�¸�©~²��³¸�+W1}8ο4R0øR'5 ͙OWРS*�¸�©~

²��³¸�+R1}8ο8øRFkGk͂[kH(<V˽SL0Nʕ͕̽W'

~²��ºĬʝP�¸�©~²��³¸�VÇɸnǄο]'ÇΒVͺʟnóh

4VƗ˴4hˋД]giЮĭRdVnЯ[<PnɡʩD?jnȜR0(ͽϖ̨

Rϑ˽4h~²��³¸�V*΢[+VƗ˴SĽ2NȜhkH̺όSL0Nƨ

дV̑ϰRQPVɳūȪnř̂Bj<Pnɡʩ]H(~²��³¸�ͺʟVϝ
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ûSL0NWȚОBj( 
� �¸�©~²��³¸�nŲcN~²��³¸�VЮ̖VїSW'ЉџVЯ

Ɉe�´º�¸�VЯɈRйϊO/j(�¸�©~²��³¸�RQVʼēƍ

Έní1ȿ˜S30NW'ϓVʼēɲVЯɈe'ͱ�º�n÷1~²��ºĬ

ʝP�¸�©~²��³¸�PVˋДRйϊO/j(ʼēƍΈP~²��³¸

�VŭʆʍЮŇVȿ˜dЮ̖ťΗRɴΘS30NW'FkdŲcH 3 ȿ˜Vˋ

ДRʑ}]0O/l1(ø2X'ʕ͕̽OW'ǄїSW'�´º�¸�VЯɈ

S30N'ʍ̻Љџ˜WƐ»ȪVϑ˽4hʏŀR~²��³¸�VͺʟndH

h[R4KH(ʍ̻Љџ˜V0mfj*�vº¸̐Ϲ+WBOSƩ8Vɴ̌O

ɒɦ[kN0jR'ϕϦ�º�VĬʝS30Ndʍ̻Љџ˜WŭʴVŽѳnɉ

2RJO/j<PR͂ż[kH( 
� ϓVʼēɲVЯɈSL0NW'�~³º¢¶��n̖0Hɸ˜eʹ͓ǌÃ̎

SƗM0Hɸ˜nö̖]'ψɲVʼēɲnЯY'FkhnˋД]H(ͺʟ'͝

»S'�~³º¢¶��4hƉʏĉV˯ǖRΆe4SRj»LķVʼēnЯɈ

Bjȿ˜nɚ̖]Nd'ȡC]dƨ̨Ɨ˴PɳūȪV/jʷȒƈRȜhkjϛ

OWR4KH(͝ÔS'ŏSƉʏĉVƫ60ǖɲVʼēnЯɈ]Nd'РSŏ

ͯSʹ͓ǌÃ̎nÀ;Nd'ȡC]dƨ̨Ɨ˴PɳūȪV/jʷȒƈRȜhk

jm:OWR4KH(gKN'�¸�©~���³¸�VʼēɲVЯɈS30

NW'¾ΗRɸ˜WR8'ʕϰɴV 3 ͙Oø͂]Hg1SäÁV 3 ː˴ṋƾ

S'ƨ̨Ɨ˴PVɳūȪnΑȷ]LL'ͺʟVˋДnο1ɸнnɞư]N38

<PPBj(͝»S'ǌÃ̎Vƫ60Àïǖɲ(Ѽ)3 ͐Ȃ)VʼēnЯɈBjɸ

˜'͝ÔS'ƉʏĉV�~³º¢¶��4hƉʏĉV˯ǖRΆe4SRj»L

ķVʼēnЯɈBjɸ˜'͝ ¿S'ʹ ͓ǌÃ̎n/j͐Ȃ}Oƫ68PKH(70%
.80%}O)ʼēnЯɈBjɸ˜O/j(͝»Vȿ˜Vĳ˽P]NW'�º�V

йϊRȯƝRǌÃ̎Vƫ60ÀïǖɲVʼēOρ̐[kjƞūS30NW'�

º�n̈ȟâ:jĆòeƦɲVϓзRǊʁO/j˽Rɓ;hkj(͝ÔVȿ˜

Vĳ˽P]NW'ǌÃ̎VˋД̨Ǖ[0ÀïVʼē}OЯɈBj<PSgKN'

�º�VϓзťΗR̯ш¹УшʳТnôB<PR8şiКoIȹĬSgj~²

��³¸�RO6j<PRɓ;hkj(͝¿Vȿ˜Vĳ˽P]NW'ƉʏĉV

Ǖ[0Áïʼē}OЯɈBj<PSgKN'�º�Rψў4LѼʼēOρ̐[

kN0jƞūSW'�º�VʳТngiˀ̀Sɗ2j<PRO6j˽Rɓ;h

kj(HI]'͝¿Vȿ˜Vʻ˽P]NW'Ѽʼē}OVȯƝnşiКoO0
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j<PSgKN�º�n̈ȟâ:jĆòeƦɲVϓзRǊʁOWR0˽R/j( 
� ]4]'~²��ºĬʝVg1SÔĬʔ̨RʷȒƈO�º�V*ʍdȎ0+

ʳТnşiĪBȿ˜SW'э̜R/jťΗȪd/j(<1]HƞūS30NW'

�º�V*2 ̠̭äьSȎ0+ʳТnşiĪB<PRO6j'giʣБRĬѶȿ

˜O/jNeighbor-NetVЮ̖RʏŀO/j(ǄїS'ʕϰɴV5͙S30NW'

q±�ϦVɸϕ�º�Sǒ]N MCA nЮ̖]HͺʟȜhkHЉџοįSǒ]

N Neighbor-Net nЮ̖Bjȿ˜(͞ΒW MCA_Neighbor-Net P͎]H)<PS

gKN'Þ}OWɴ̌ƼÀWϕś[kN0HdVV'ͽϖƼ̨SẀϥ[kR

4KHq±�ϦS3:jʴ)RϕϦƏ̑Ƽ̨��º¸ǹϥBj<PRO6H( 
� ʍȚS'ͽϖȿ˜VЮ̖SgKNȜhkHͺʟnQVg1SϝûBj4'P

01˽Sш]N'ʕϰɴOW 3 LVϑ˽4hɡʩnοKH( 
� ĝǫ̀SW'͝»S'ͽϖƼ̨Rϑ˽4hW'Ɛ͟Ȫ(̼̗ ωǚ ʮ, 2011)R
QSgiͽϖƼ̨SŠ:ėkťΗRdVnЯoIÀO'ǄЃ͍Ƽ̨R̺ό4h

~²��³¸�V*΢[+nʭϗBj<PRťΗO/l1(͝ÔS'4 ͙Vg1

S'ĬʝS̖0HƦɲ(ĠдƦɲ)PV~¶�ρnõȹ]'ĬѶVͺʟnʍdg8

ϩʀO6jƦɲnɛͲBjɸ˜R/l1(͝ ¿S'3 ͙Vg1SĔο͕̽Vβ͓

SgKN/j͐Ȃř̂BjSЈjŉĬ(ƨ̨Ʀɲ)RƻƎ]N0jƞūSW'ĬѶ

VͺʟPƨ̨ƦɲPV~¶�ρnõȹ]'ĬѶͺʟnϝûBjɸ˜R/j(B

OS̀͘]Hƨ̨Ɨ˴P]NVĬѶƦɲRƻƎ]N0jƞūSW'~²��º

ĬʝVȡϊȪWζ0(ƨ̨Ɨ˴OWR8ƨ̨ƦɲPρϘ]H̘̑d<<S/j(

<VƞūVϝûVɒʵd*ͫȂ+P01ϕΰOWR8'*»ΝȂ+P01Ϧn̖

0H( 
� ʍȚS'ͽϖȿ˜VЮ̖SgKNȜhkHͺʟW'ȐϡĬкVǄЃ͍Ƽ̨̺

όPVɳūȪSgKN'ϝû[kj]6O/j(ǄїS'3 ͙ 5 ͙OО]Hg1

S'~²��³¸�V*΢[+P01dVW'ͽϖƼ̨R̺όPͽϖƼäƨV

ɴ̌ƼeϕϦƼ'ÜѶƼRQV̺όn΃ū]'ƩѦ̨SϝûBjȡϊR/i'

ȐϡĬкV̺όPVчSα]0ÍџRόhkHƞūSW' ¶º�¬º�VƵ

cVˈєS͘JМi'Ĭʝ̨̭V̀ϥ4hġʭϗnο1ȡϊR/l1( 
� HI]'ĬʝVцƵķS'�º�VЃVʭϗe*QVg1S�º�R̍Ȝ[

kH4+'*QVg1S�º�VĉRÃ2hkH4+P01<Pn'ͽϖČPǄ

Ѓ͍Ƽ̨ČVǒϠSgiŊĬSŰŶBj<PR'ȚОBj*ʞV�º�V͍Ƽ+

S30NW'йϊO/i'ʕ͕̽OW�º�nşjˈєO'<khVϟοсϨ
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RR[kN0R0˽S̞ȲBjȡϊR/j( 
 
6.2�¡¥�¶»¡¥:	�+iÁ¤g�¿� 
� *ɲлŇ>Ѷ~²��³¸�+VǄїVϕϦƼ�º�\VϟοSgKN'ʕ

͕̽OW 4 LV˽R͂ż[kH( 
� ͝»S'ʘÀ Þω(1999)V˳ˍ̇ϦVȹ͘ϰSшBj*A?C?B?D+P0

1ɞ˰W'MCA V 2 ʼēVǱΊV*ϓз+SƗM0N3i'ǄїSWee→a

КaШ7PΑ2hkH(ͽϖƼ̨SW MCA PǹɸʧƦɢn͸aūmDj<PO

*(A,C)?(B,D)+P01ȹ͘ѮȀR͂ż[kH(}H'ʜѷ'İѩ'ƧѢVǳS

ш]N'ɻƻVĬѶPW̡Rj�´º¢Sǟ]N0jťΗȪnɒɦBj<PR

O6H( 
� ͝ÔS'Tsunoda et al. (1995b)V�º�Sǒ]NW'MCA nЮ̖]Hͺʟ

I:OϕϦѶƒϰVϑ˽4hŊĬΞŶ˪0ͺʟRȜhkH(*ČΊϞ+Vϑ˽4

hW'*ķΊϞϕϦ+*ȚΊϞϕϦ+*˿ČΊϕϦ+V 3 LV�±¢nȱǂBj<

PRƴȐO/j<PR͂ż[kH(ƦɲVĬʝ4h'2 LVĬѶRйϊO/j<

PRm4KN6H(»LW'ŮϞţĠO*ÊϊдķΊƒ+O/j4*ÊϊдȚ

Ίƒ+O/j4P01<PP'd1»LWͤµ£´O*ÊϊдķΊƒ+O/j

4*ÊϊдȚΊƒ+O/j4P01<PO/j([hS'ΞŶ˪0˽P]N'

ŮϞţĠO/KNd*ȾʏʨP̨̭ϦVѮȀ+I:W'ͤµ£´VƦɲPŭA

ɕjΟ0nBj<PRm4KH(<V̐ϹSL0NW'Whitman and Ono (2017, 
to appear)S30N'ϕϦƦŇVϑ˽4hϩʀRϟahkN0j( 
� ͝¿S'y ƬVq±�ϦVɸϕSш]N'țʚVĔο͕̽VͺʟPˋД]N'

giϕϦƏ̑Ƽ̨SƴȐRͺϰnȜH(ŎʸƬSWŎňSǡΘRЅKN3i'

}HÚСd˙ǧV˨ÀÚСnÊP]N0jHc'ʸƬVq±�ϦVɸϕRʛ˨

ǧPω˨ǧSĬ4kj<PW'ÞȚVq±�ϦV͕̽S»̼nɆAjťΗȪR

/j( 
� ͝ƃS'MCA_Neighbor-Net nĳ̖Bj<PSgKN'Þ}Oɴ̌Ƽ̨SW

ɒɦ[kN0HdVVͽϖƼ̨SW͂[kj<PVR4KH˗ˣ ǹşƏƔn

ÉȠP]Hq±�ϦSΊ:jɸϕŵƋϰ̨ʳТnʀh4S]H( 
� ͝¿'͝ƃV̺όRȜhkHΕʉP]NW'Þ}OVƗ́ϦȑͽϖƼS3:

j͕̽ɸ˜W'*ʀ̨͂SȜhkHɸϕчVŏϦVŭʧȪSâ0NVa͕̽B

jɸ˜+O/KHR'ʕ͕̽OW'*ɸϕVŭʧȪRm4hR4KH+P01
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�º�n˿ώDC'1 LVϽйRȯƝP]Nɂ1P01ǬƭR/KH(<V<P

W'ɻƻVƗ́ϦȑͽϖƼ͕̽S'ɷHRώȃnɡù]'ɻƻV�º�4hɷ

HRÓǄnͽϖ̨S*ġ̤ό+Bj<PSLRRjťΗȪR/j( 
� Ⱥ)WŪ)VɴŇS̔6N0jR'FVɴŇS30NϕϦRйϊO/j<P

Wϕ1}OdR0(̐Ǝ'̈Sq±�ϦVg1SϠΒRĐ4]43hC'ɻƻ

V�º�Vό̮]RȡϊPRKN0jϕϦV͕̽S30NW'<Vg1Sͽϖ

ƼV̺όSgKN'ɷHRФǞRʓβO6j( 
� HI]'ʕ͕̽SgKN͂ż[kH̺όSL0NWäÁV˽n̞Ȳ]R:k

XRhR0( 
� ͝»S'3 ͙OɂKHʘÀ Þω(1999)V�º�W'˳ˍ̇ϦVľłϞSшB

jȯƝVaO/KH(ǄїSW'ŮϞe'ľϞ'ȒǊϞRQ̈ȟлPRj�º

�Wʴ)RdVR/j(}H'˳ˍ̇ϦV�º�VanɂKN0jэi'ɴò

VЫ0R'õΒVЫ0SgjdVRV4'͹ǺŀʟSgjdVRV4'ŉĲR

L4R0(gKN'ͳȇдRʌ0HP[kj*ͳȇдɼϘ+e'ŭʆãSʌ4

kH*1L{̇Ϧ+RQPˋДBjȡϊR/j([hS'˳ˍ̇ϦSшBjɴ

̌Ƽ̨̺όRQ'л̨�º�P]NɂmkN0R0̺όdΑȷBjȡϊR/j( 
� ͝ÔS'4 ͙OɂKH Tsunoda et al. (1995b)V�º�W'ƏƔ̨Sdͬͽ̨

SdĊKH�º�£º�O/KH(ƏƔ̨SW'±º¶��VϕϦSĊi'q

 ³zVϕϦRʱ͚SǖR8'ͬͽ̨SW'±¸� ±º¶��ϦɺVϕϦRƩ

4KH(HI]'Whitman and Ono (2017, to appear)OWƏƔ̨Sdͬͽ̨S

dgi�²¸�VşkH�º�£º�O 4 ͙V̺όnʭϜ]N0j( 
� ͝¿S'5 ͙OɂKHq±�ϦV�º�W'л̨RĬʝR]eB0ϦȑSшB

j�º�VaO/j(<VáSdѩѪϰ'Ȓȵϰ'ͽϦϰRQϕϦƼSWʴ)

RĬкR/i'ΑȷBj]6ȯƝWƩ0([hS'q±�ϦSшBjɴ̌Ƽ'

ΑŢƼ'˄ŧƼRQ'Þ}OV̺όW'[}?}RƼŽV̺ϵn΃ū]Nǔ4

kHdVO/i'ϦȑVȯƝVandPSǔ4kHʕ͕̽VͺʟR'ɻƻV̺

όgiŃjPW'ŔɶBj<PWO6R0(ȀOО]Hg1S'q±�ϦƼV

ÉS30N'ʕ͕̽VͺʟSǒ]N'ɻƻV̺όnQVg1SġʭϗBj4n

βLȡϊR/j( 
 
6.3�¡¥�£\�+O�E�[g 
� ʕ͒VB]NV͙SĜС]N0j<PW'ĔО]HСi'ϕϦƼVˡłOW'
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ϕϦƼV�º�VaOWR8'ɴ̌Ƽ'ΑŢƼ'˄ŧƼ'ÜѶƼRQ'ʴ)R

̺όn΃ū]'giƴȐRͺϰnǔ8]6O/jVO'ͽϖ̨SĬʝO6j»

дVȯƝ4hȜhkHͺϰndPS'ɻƻV̺όn̮JSϋB<PWѠ]0P

01<PO/j(ŭʆS'<kWĬʝVͺʟȜhkH̺όSL0N'ͽϖƼä

ƨ4hVϝûR'ͽϖƼ̨RϝûSǒ]NĘѦ̨SĒkN0j<P}OWȲŶ

]R0(ͽϖƼVȿ˜VЮ̖RɷHR̺όndHhBÓøW 4 ͙e 5 ͙V»д

Sø͂[kN3i'̤ό̨Rȿ˜P]NVͽϖƼVʏ̖ȪRɭcN͂[kN0

j(FkOdR3Ⱥ)W'ͺʟSйϊRȖѫnÃ2j�º�RĬʝVǒϹƨO

/KHHc'ɻƻV̺όPW̡RKH̺όRȜhkHI:VťΗȪd/j<P

S̞ȲB]6O/j( 
� ͝ 1 ͙OО]Hg1S'ϕϦ�º�Sǒ]Nͽϖȿ˜nЮ̖Bj<PW'ͽ

ϖȿ˜SgKNϖл̨Rώ˽nϕϦƼSɡ͂]'<kSǒ]NϕϦƼS30N

ɻƻV̺όSǒBjġʭϗRοmk'ÞȂWϕϦƼ4hͽϖƼSǒ]NŽѳɡ

ІRR[kjP01'ϕϦƼPͽϖƼVǒϠSgKN'ͽϖƼPϕϦƼVƁa

R̨̔̕SRj(ϕϦ�º�Sǒ]Nͽϖȿ˜nЮ̖]HͺʟW'ϕϦƼPV

ǒϠR]OW'ǄЃ͍Ƽ̨RȲŶSÌ]0dVPRl1( 
� Ƽї̨RĬкS30NW'ͽϖƼΒW'�º�ŞѝV̐ƞSǌi˭0'FV

É4h̔}kHŽѳSǒ]N'FVƼŽV̺ϵPͽϖƼV̺ϵn΃ū]'ɷH

Rȿ˜eĬʝVĭišnɡʩ]'ɷHR�º�ϓʝVͺʟn'�º�ŞѝV̐

ƞSɡ͂Bj(F]N'FVͺʟSǒBj�º�V̐ƞVόϓndPS'Ĭʝ

VƴȐȪnΑ2'*ǒϠ+Rοmkj(<1]HǄЌ̨RƁaWʞ(2001)R*�

º�V͍Ƽ+PŷoIŻƼO/i'ʕ͕̽OPKHĬʝVɸнd<VŻƼSț

KN0j(ʕ͕̽OȜhkHͺϰn̨͚S͂DX'Ū͑ϕϦ�º�Vϓʝd<

V̑ȦVdPSɞФ[kj]6O/j'P01<PO/j( 
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¾Å 
� ͞ΒR'<VŐƢϰɴnɪ͞BjSΜj}OSW'Ʃ8VĔ̔ɸV=ɒǔ'

=ѨɩnЂi}]H(Ĕ̔ɸW'ÜʢWdPgiƼŽS30NdѥǷSϧǄR

ɸ)O/i'<k4hȝ̙̓]À;jɸ)R]SʕŐƢϰɴWƿȹSΜj<P

WR4KHPȠgiȴϴ]}B( 

� }C'ʍİS͞ΒVɒǔɰǁO/j΃ū͕̽ƫƼюƫƼśYͽϖɲ͕̑̽Ⱦ

VŬкϯ¿ɰəSŕ8ȝ̙̓]À;}B(ŬкɰəW͞ΒR͕̽�º§n̤ό

O6CƫƦΨ]oO0HʆʓS'͞ΒR͕̽ΒP]NˡłBjHcSƫƦȠȎ

0ȚɊ]n]N8I[i}]H(ŬкɰəWÜVȭaeΨ]aS˪8ĜȴBj

<PRO6jƫƦÜчŶV/jɸO/i'ŬкɰənǵPæ;H<PW͞ΒS

Pi'ƫƦŮϣR<PO]H(ʕŐƢϰɴS30NdΪ͒Vˈє4h'ƩƫR

3ʆчn=ɒǔSĹ0N0HI6'ŐƢϰɴVĠǊWŅϰ'͞ΒVɌ0ɼʕϦ

eϨƺΙƺ͟n̮]N0HI6'ȴϴVϕΰd/i}Do( 

� ʼS'͋VŐƢϰɴVÊʥO/j΃ū͕̽ƫƼюƫƼśYͽϖɲ͕̑̽ȾV

ķ̗ȤȓĦɰəS˪ϴ0H]}B(ķ̗ĦɰəW<VŐƢϰɴnΪ͒4hƿȹ

SΜj}OS'Ʃ8VʆчnĹ0N'ͽϖƼ̨śYϖлɴ̌Ƽ̨ώ˽4h'Ю

ĭÄL¼ǐR=ɒǔn]N0HI6'Ƞgiȴϴ̙]À;}B(ķ̗Ĕ̔V=

ɒǔSgi'͞ΒΛЏΛhV͕̽ngiǅϑ̨SϩȜĻV/jdVP]ΛhV

͕̽Vʡ͸aǹƉHjdVPBj<PRO6}]H( 

� ʼS'ʛ˟ΩŸƱƼюƫƼŮϣɰəśYͽϖɲ͕̑̽ȾǅźɰəVʞɴɰə

Sȝ̙̓]À;}B(ʞɴɰəWɲлŇ̑ϰVĺȹʓn̺i'͞ΒV͕̽Vİ

ʓ4h'ŬкɰəPĜS̯ϭSÎKN0HI6͋V͕̽nȚɊ]]N0HI6

}]H(ʕŐƢϰɴOẄSɲлŇ>ѶVЮ̖Sш]N'FV˪0όϵ4hЮ

ĭRq��±�nɲƩ80HI6'͞ΒVɲлŇ>ѶV̑ϓS/HKNƚƉR

ƌŦnÃ2N8I[i}]H(}H'ʕϰɴVΪ͒4hƿȹSΜj}O'͋V

ɌɴS¼ǐR�ª¸�PĜS=ɒǔ0HI6'<<S˪8ϴ]}B( 

� ʼS'ͽϖɲ͕̑̽ȾŮϣɰəVʘÀαŃɰəSȠgiȴϴ̙]À;}B(

ʘÀɰəW'ɼʕϦS3:jϖлɴ̌Ƽ̨͕̽VĔѺΒO/i'}H˳ˍ̇Ϧ

͕̽V�±y�qP]N'ʕŐƢϰɴV̈S 3 ͙SL0NϽйR�ª¸�n0

HI6}]H(ʘÀɰə4hʕϰɴR*ɻS̤ρ[kHϰɴR̖0H�º�+

VġʭϗSͷƵ]N0j˽SL0N'*y³��´R�º�nѝcN0R0+

P01ϑ˽4hŗ]0=ɒɦn0HI6}]H(ɼʕVϖлɴ̌ƼP01ƼŽ
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VцщVʆã4h'ǷSĔяnĭKN6HʘÀɰəV=ɒɦWƫƦй0dVR

/i}]H(ʕƼOЏSL:Hͽϖ³�²�ºPĜS'Üɴ͍Ƽ\VͽϖƼV

Ю̖n'giϸ͔R˨PB]8'<k4hвФ]N08ȾƻO/i}B( 

� ʼS'΃ū͕̽ƫƼюƫƼśYͽϖɲ͕̑̽ȾVЈ͘˫ĦɰəS'ςȠgi

ȴϴ̙]À;}B(Ј͘ĦɰəSWєǠśYѥєǠ~²��ºĬʝVaRhC'

Neighbor-Net VЮ̖Sш]N'FVΕʉS/jĬʝVȨȱSL0N'=ɰ͂0

HI6}]H(Ј͘ĦɰəV=ɒɦSgKN'͞ΒVÉO'Þ}OV~²��

ºĬʝnÉȠSοKN0H͕̽R̀ƉHjȨȱndPSʏʺ̨SͺYL6͕̽

VǞʑR»ɓSǾRi}]H(ɭcNȝ̙̓]À;}B( 

� ʼS'Ɗ͘ƊϦ͕̽ȾŮϣȾźV̗ͩˀÜĔ̔P΃ū͕̽ƫƼюƫƼśYͽ

ϖɲ͕̑̽ȾVʖƜʂľɰSȴϴ̙]À;}B(ÇĔ̔W'ʕϰɴVΪ͒ˈє

S30NϕϦƼśYͽϖƼ̨Rώ˽4h=ɒɦn0HI6'ÇĔ̔V=ɒɦS

giʕ͒WƫǸSɭſ[k}]H( 

� ʼS'Ɗ͘ƊϦ͕̽ȾŮϣɰəVϒ̗ƬõĔ̔Sȝ̙̓]À;}B(ϒ̗Ĕ

̔SW'͋VϕϦѶƒϰSшBjİʓV͕̽Sǒ]NƫƦƲȲ̨R�ª¸�n

0HI6}]H(ϒ̗Ĕ̔VĻȎ0ȚɊ]RR:kX'ʕϰɴWƿȹSΜi}

DoO]H( 

� ʍȚS'�º�´ƫƼɰəV¥±��§¸¹�°¸ɰəS˪ϴ0H]}B(

˄ŧϕϦƼVaRhC'ʴ)RϕϦƼVĬкS3:jƫǉO/j¥±��§¸

ɰəPĜŭ͕̽Bj<PRO6H<PW'͋SPKNƫƦŮϣR<PO]H(

¥±��§¸ɰəP϶ϰBjÉO̤Ǟ]N6H*ͽϖ̨ϕϦѶƒϰ+e*ɸϕ

�º�\Vͽϖȿ˜Vȣ̖+W'ф0ʆчn4:˷8ǄnͺY'țʚV*ϕϦ

Ѷƒϰ+VǷϵnϋBg1RͺʟRȜhkg1P]N0}B(ϕϦƼPͽϖƼ

PVƼї̨R͕̽SɥmjÉO'͞ΒW'¥±��§¸ɰəVɑLр0ˠǏĻ

Pȶ̴'BRmJǄЃ͍Ƽ̨RĬкVЪÜVɑL˪0ΑǏS'/j͑V̝ȧV
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