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I. ɿљ 

1. ̨˲#̷˲É͒ͷÍ̖コZnq）˃ホ˒tǀ【ǳ�¶'�¼ 

）ϘіȁyƳŪZ=WU!˛əFrO）тƼyͷ͒tにϘyíЫ̬Ĝyʺ͒
Z̨˲l̷˲yÉ͒ͷÍ̖コỷ͒?ˊvZǥ‒rUWq(Kelly, 2000; Peterson 

& Fry, 1987)"̨˲#̷˲yÉ͒ͷÍ̖コ(13C / 12C =n` 15N / 14N)]ダɵϘɍ
Z=BqMrtyヤǾV9q+�¸�̮,VπƽJq"ヤǾ]EA圧>V9q
Oj!̦ÍZ]ˢホз (‰ : ¢'­¸) uЦWq"̨˲#̷˲y�¸�̮]!
MrNrËþyn;ZƠȠFrq" 

δ13C (‰) = (13C/12Csample - 13C/12CPDB) / (13C/12CPDB) × 1000 

δ15N (‰) = (15N/14Nsample - 15N/14NAIR) / (15N/14NAIR) × 1000  

PDB ]̨˲ͷÍ̖コyダɵϘɍteUȣ‒rq!モǰ�{��º¶z�ɤ Pee 

Dee ˷npȟɯJq©¹®�z�tW;΅̖にϘyÿ˓V9p!AIR ]̷˲ͷ
Í̖コyダɵϘɍteUȣ‒rq̝Ŕ̹y̷˲uȫJ" 

À13C ]!Üɀˉȟɒuǟ˄JqʠϘŃVǎǭ˄ƞїlˉ̇ーɺZnp̝@A
ÓYq"gO!にϘyÀ13C!À15N ?にϘt絢tyŃVefÜ͒yİǭVǫAY
qat?ƞƸがZ̯orU=p!びZÀ15N ]íЫ̬Ĝ?ÓYqˉϘŃV̮?̝
@AュにJqOj!íЫ̬Ĝyʺ͒Z̓AЦWorq(DeNiro & Epstein, 1978, 

1981; Minagawa & Wada, 1984)" 

жʔʠϘ?ɄJÀ13C ̮]ǎǭ˄ƞїZnp̝@AÓYq"C3 ʠϘ]Ŕǔ>o
əpǴvPぼȡÿ̨˲uШΈȊヶ΂yШъ̖V·§º'� 1,5-¤�·¼ȡ
)RuBP*t˳hǭ‒i¦~�¦~�·�·¼ȡ)PGA*uˉ˄Jq"ayガ÷
]·§º'� 1,5 ¤�¦~�¦|'�#�¸«��¶'�#�����'�
)Rubisco*ZnRU（をFrq?!Rubisco ]̨˲yͷÍ̖ホϡ?̽eWǨ˲V
13CO2 npk 12CO2 ty」њ˃?ǫA!(-255yͷÍ̖ホϡ?Ś@q"ayȍZ
ˉIqͷÍ̖ホϡ]!ШΈȊヶ΂Ğyぼȡÿ̨˲?コĩがɅНZǌļFrqO
j!̄ ˄Frq PGA l̨ʻÿϘyͷÍ̖コZ͇˚ëſJq"Üϲ!C4 ʠϘ]Ш
ΈȊヶ΂V̨˲yͷÍ̖ホϡuetvXeYW¦~�¦~}�'¸¥¸¤¼ȡ
�¸«��¶'�)PEPCase*Znpぼȡÿ̨˲̹y̨˲?¦~�¦~}�'¸
¥¸¤¼ȡ)PEP*tyガ÷V���º±ȡteUWROvǂ͒Frq"ǂ͒F
rǪ˲]ÕĿ̈ѼȊヶZŲ̤ȡFrȃ`ぼȡÿ̨˲tYp!Rubisco Vȃǂ
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͒Frq?!ÕĿ̈ѼȊヶ]ȊヶĞtyぼȡÿ̨˲yǌļ?ʅYWǟ̅ZYR
U=p!̤ ̨ȡVˉIOぼȡÿ̨˲yefJdU?ͷÿFrqOj!ƞї˰̖t
eŲ˲yͷÍ̖ホϡ?ʅYW"MyƥĈ!C3 ʠϘ]À13C ?=nM-37(-225
yグÎy̮utqyZ̗e!C4 ʠϘ]-15(-95tW;コĩがǫWÀ13C ̮uɄ
J(Codron et al., 2005; Farquhar et al., 1989; Kohn & Cerling, 2002; O�Leary, 1988; Ƚ
ち, 2013)"C3 ʠϘt C4 ʠϘy̹ŃがYÀ13C ̮utqʠϘteU�«�¼YX
y̓ΈʠϘuņi CAM ʠϘ?ŰCorq?!Дü?いAüͧみĩǾy̝@Wǫ
üĵ˻̰̘Z̓Aホネe!ˡȤȿ̛yみЀZ=Bq）Цю]ϰǯFrUWYW
Oj!ЀљマV]əpÇ‒YW(O�Leary, 1988; ̥ͅ˥, 1979)" 

）ϘіȁZeO?RUǫɀʌサɒeXɭWͷÍ̖?Ü͒yİǭVにϘ˳ʡZ
よɮJqƽ々]!にϘy̖ĞZΙɯFrq̷˲ZơWͷÍ̖?̓Wat>ok
OoFrq(べ˥ & šù, 2006)"̷˲̛ɓƝyÓYqFgGgYにϘZpWU
絢tにϘ˳ʡyÀ15N uコĩeOƳŪV!絢tにϘyŃyͷÍ̖ǏĈ?˖͊に
Ϙ#Њ˖͊にϘuГ‒hミƄ 3.35V9qat?ɄFrO(Minagawa & Wada, 

1984)"ayͷÍ̖ホϡ]にϘy̖΂Vy̤x­�ガ÷YXy̛ɓZŚàeUW
qtǢ<orUWq" 

̨˲#̷˲É͒ͷÍ̖コuЦWO）˃ホ˒yǀ【ǳcy÷ЦteU!̛πがY
kyZ【ǳ�¶'�¼?ŰCorq(Makarewicz & Sealy, 2015)"ĵ˻ǳZ=nM
30%ņgrqМő˄ホy;n!85-90%?�¶'�¼V9q"ǳ�¶'�¼]ɢp
yЊő˄ホtyЇ˚Yǟ̅ńƕZnpʾˢΐル̏Frqーǭ?9p!ɍчy
35%?̨˲!11-16%?̷˲V9qOj!ǀ【ǳV]̨˲#̷˲yͷÍ̖コ?̉͒
ąらV9p!MrZŋT@čŭy）˃?プƹFrUWq(Katzenberg & Saunders, 

2007; Van Klinken, 1999)" 

ǀ【ǳZ̗Jqɹy̨˲#̷˲É͒ͷÍ̖コ̉͒Znq）˃ホ˒]!ϼモy【
ǳ�¶'�¼Z̗eUǥ‒r!C3 ʠϘuÜɀˉȟɒtJqˉ̚Ɲ)C3 ˉ̚Ɲ*
ZワoJɧ̪? C4 ʠϘV9q�{°º��yねめ#˛əuȧjOat?À13C

yʔʇZnpưɯFrO(Vogel & Van Der Merwe, 1977)"Vogel oyƳŪuゴ˙p
Z̷˲ͷÍ̖コkņjǳ�¶'�¼Znqǀ【ǳy）˃ホ˒?『vP(Ambrose, 

1990; Katzenberg & Harrison, 1997; Larsen, et al., 1992)" 

 
2. x¢�z�É͒ͷÍ̖コ̉͒Znqǀ【ǳ）˃ホ˒ 

�¶'�¼]ЂϾľŶZnpƞȿѕÿelJWOj!ˉϘ?ˉˮZ˛əeǪ
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˲uガìJqϡy˳ʡyホ˒?ЏȕFr!ǳl}�¯¸yЊő˄ホy̝カuˣ
jq£�º��x¢�z�Z̗Jq̨˲É͒ͷÍ̖コ̉͒uǥ;at?͔ÊF
rO(Krueger & Sullivan, 1984)"£�º��x¢�z�] Ca10(PO4)6OH2 yÿīɈ
VπFr!¡z�x¢�z�)ˉϘНЭy£�º��x¢�z�*V]·¼ȡô
)PO43-*y 2-5%?̨ȡô)CO32-*Z̳ļFrUWqOj!̨ȡôZņgrq̨
˲yÉ͒ͷÍ̖コ̉͒?ąらV9q(Lee-Thorp, 1989)"ンɐ˃̨˲ΐ̛̉͒yƳ
ŪV]¡z�x¢�z�̹y̨ȡôZpWU̎˄ȔЦ?ȫかFrU=pŠљ?
̎WO?!ˉ̖Ğピ>oəpǴgr¡z�x¢�z�yƥʉπЎYXZť̸e
Ǫȡô)+ť̸̨ȡô,*u・ŭe!¡z�x¢�z�yƥʉǟ̅y΂ピZ̏Ȏ
Jq+ą̈̄̅ȡô,uəpɯi^!É͒ͷÍ̖コ]）˃ホ˒y̗々teUȣЦV
@qąら˃?ɄǼFrO (Krueger, 1991; Lee-Thorp & van der Merwe, 1991; 

Schoeninger & DeNiro, 1982)"¡z�x¢�z�>ǫȡôホĎuホеJqϲϳ
] Lee-Thorp oZnRUħиFrO(Lee-Thorp, Sealy, & van der Merwe, 1989; Lee-

Thorp, 1989)"ayϲϳV]!ǳ#}�¯¸ȳтuϛЃʜZeOǈ!МőϘZn
qõ˩u・ŭJqOjZɀÂô˲ȡ��·{®ZʬB!FoZЂ̄ľŶ̹>o
əpǴgrǪȡôu±ȡZnRU・ŭJq"·¼ȡtガ÷Fiƥʉǟ̹̅y
̨ȡôuぼȡÿ̨˲teUĕɡe!̨ )˲=n`ȡ˲*yÉ͒ͷÍ̖コủ͒J
qat?V@qteUWq" 

Krueger and Sullivan, Lee-Thorp o]жˉ˾）#Έ）#ș）にϘy�¶'�¼=
n`¡z�x¢�z�yÀ13C)MrNrÀ13Ccollagen!À13Capatite tπJ*uホ˒
e!À13Ccollagen tÀ13Capatite!=n`aroy̮yǾ)À13Capatite-À13Ccollagen*V9
q¾13Capatite-collagen ?）˃=n`íЫ̬ĜZnRUÓYqatuɄeO(Krueger & 

Sullivan, 1984; Lee-Thorp et al., 1989)"¾13Capatite-collagen ]˾）にϘtコdUΈ）に
ϘZ=WUʄFA!MyわƜZ9qƺгy°�¸]ƳŪZnRUȊ>W×W]
9qkyy!）тƼuǟ˄JqíЫ˲tMroyͷÍ̖コy×WZnqëſV
˟αeUWqtW;ごZ=WU]Ü̴eUWq"ю<^!Krueger & Sullivan 

(1984)V]À13Ccollagen ]）т̹y�¼¢�ɍyͷÍ̖コuɘZガìe!À13Capatite

]+}�¸�'˄ホ,V9q̨ʻÿϘtȲɍyͷÍ̖コuガìJqt͔；eO"
˾）にϘΈyȲɍyÀ13C ]�¼¢�ɍyMrnpk=nM 65ʄFA!Έ）に
Ϙ]˾）にϘƞНVȲɍu˛əJqOj!ȲɍuガìJqÀ13Capatite t!ɘZ�
¼¢�ɍuガìJqÀ13CcollagenyǾV9q¾13Capatite-collagen?Έ）にϘV]ʄFA
YqtFrUWq(Ambrose & Norr, 1993; DeNiro & Epstein, 1978; Piasentier et al., 
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2003)" 

aroyƳŪZ（ェFr!絢ZņgrqĠíЫ˲yÀ13C ̮tİǭu�¼�º
'¸eO¶��YXZ̗JqベʾyŬ絢ɎƸ?ǥ‒rO(Ambrose & Norr, 1993; 

Tieszen & Fagre, 1993)"Ŭ絢ɎƸZ=WU!À13Ccollagen ]）т̹y�¼¢�ɍy
ͷÍ̖コnRUュÿJqtW;at?ėjUɄFrO?!À13Capatite ZpWU]!
}�¸�'˄ホnpk）Ⱥ˰̖y̨˲ͷÍ̖コu͇˚がZガìJqtW;at
?ホ>RU@O" 

a;eO̯Ƶuı>e!ǀ【ǳy�¶'�¼tx¢�z�рϲy̨˲ͷÍ̖コ
uЦWU【эɧ̪Znq C4 ʠϘyбЦZńJqƳŪ?ǥ‒rqn;ZYRO"
ю<^!�¼�·�ǅべピVǳy�¶'�¼tx¢�z�uрϲホ˒eOƥĈ!
�¶'�¼tコdx¢�z�y̨˲ͷÍ̖コZ]�{°º��y˛əyëſ?
np˹Wȿŏ>oƽrqat?ɄFrO(Harrison & Katzenberg, 2003)"ayn;
Z!x¢�z�y̨˲ͷÍ̖コủ͒JqatZnRU!̨ ə?ʅYW̬ĜZ=
WUk C3 ˉ̚Ɲ>oǟ˄FrO）˃cy C4 ʠϘyねめyưɯ?ŏ̙V@q" 

 
3. へマȿ̛ケŏ>oЖˉȿ̛Z>BUyりǡyさるtșǱȇΜ 

ЀƳŪV]!ɛфȆɧ>oりǡtW;̝@YˉƂyこļ?Ś@Oへマȿ̛ケŏ
>oЖˉȿ̛Z>BU!x»YXy C4 ʠϘZņgrqșǱ)Ëþ+C4 șǱ,
tJq*?бЦFrUWOtW;ǢǀīyĀ˟u【ǳyͷÍ̖ホ˒Znpưʑ
e!My˛əчu͒чがZッĂJq" 

Ëþ!ンɐ˃̨˲ΐ̛̉͒ZnRUͼorOĩˇΐ̛ZpWU]!ʾ̮yǈZ
cal BP tπŘJq"ĩˇΐ̛t]ンɐ˃̨˲)14C*y̝Ŕ̹yよͧuÜ͒tĀ
͒eUƠȠeOンɐ˃̨˲ΐ̛u!čŭy 14C よͧyュÿuǢоeUレˇeOk
yV!ΐ̛yʾ̮yǈZ cal)calibrated years yй*upBq"BP(Before Present 

YWe Before Physics yй)]!％ђ 1950 ΐuŋɵteUMrnpāΐˮtW;
ÐЅV9q"ンɐ˃̨˲ΐ̛̉͒yƺгZpWU]+II-6. ンɐ˃̨˲ΐ̛̉͒,
VǈZʒɱJq" 

へマȿ̛]úへu・WOみЀєちyĠ̰Z=Bq 16,000-2800 cal BP Esyȿ
̛uȫe!ayǵみЀєちZŮɨeUWO【Cyatuへマ【tǁʼ(Nakamura 

et al., 2001; ̝Ł, 2017; でズ, 2013)"へマ【]マÿがZ]へマɈそŊyбЦVび
̀TBor!ɘZɛфȆɧV͛˯yにϘ#ʠϘuͼUWOat?ホ>RUWq
(˓˥, 2010)"Жˉȿ̛]!̰ ÚEtZMyěȧtɦѩZpWUȿŏǾ?9q?!
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ϼĘは#úへu・WOみЀєちyĠ̰Z=Bq 2800-1700 cal BP Esyȿ̛uȫ
J(˓˥, 2010; でズ, 2013)"へマȿ̛ケŏ>oЖˉȿ̛Z>BU]!+すЭƝЖˉ
【,tǁ^rqɧ̪?³'¶�x̝ж>oみЀєちZÔɨe!ǱϘȇΜlƉ̌Ŋ
ukOoeO"４ϲVЖˉȿ̛yみЀєちZ]へマ【yȨ̐V9q+へマƝ)Ȏ
ЭƝ*Жˉ【,kワoeUWO"ʞƺo]【ǳyƚ̚Ĕ˒>oƽ̛みЀ【yŚƼ
uへマƝtすЭƝy 2 ɧ̪yǹƦV˟αe)+ぼɭǟ̅˟,*!ay˟]ƈΐy�
�®ƳŪZnRUɧ̪yŚƼ̰ZpWU]ピホがZėュFrppkǘAɝBめ
rorUWq(Hanihara, 1991; Jinam et al., 2015; Omoto & Saitou, 1997)"すЭƝЖ
ˉ【yɧ̪yŚƼ̰ZńeU]!ƽ̛yЀそみЀ【]́˭カちɧ̪!pWV４y
ͭ#ϼͭx�xɧ̪yëſ?ȄkŷWYXyƳŪ?9q(Jinam et al., 2012; 

Nakaoka et al., 2013)" 

すЭƝЖˉ【?ȾnǴvPマÿ?Xyn;ZɝBめror!さるeUWRO>
ZpWU]УCYƳŪ?ǥ‒rUWq"MyÜp?）тȵƼyбЦ˦йZńJ
qƳŪV!びZ+すЭƝy【C?ȾnǴvPǱϘȇΜ?Xyn;ZġȞeO>,
]ɘЩY�'¬V9q"ЀƳŪV]!̒ しÝȔZˡǥeUġȞeOąら˃?Ǣǀ
īがʑů>oȫかFrUWq C4 șǱZ̼БeO" 

Жˉȿ̛ěȧyȫダteU!̓AyƳŪɒ?ʻしÝȔuŰCU@O?!ʠϘØ
̖̏lそŊÆǺYXyƳŪZnp!Жˉȿ̛˹ŏ>oʻしÝȔtͷȿZx»l
�¤tWRO C4 șǱyȇΜkǥ‒rUWOat?ȫかFrUWq(でズ, 1988)"
ƌ̖がYʠϘØ̖̏lǡȔØǟyưɯюteU]!ǻďƴだ͉ȩȋΣØ˘Vへ
マȿ̛ケŏǈカ#Жˉȿ̛ˮŏɹなtʺ͒FrO̰˷>ox»y̨ÿɜɎ?ħ
ΎFrUWq(įƺ, 1982)"gO!ひちƴʆ#̄ЀØ˘V]Жˉȿ̛ˮŏyʻし
ØǟtウØǟ?ưɯFrU=p!ウØǟV]șǱɜȨэyɯそч?z�uсđ
eUWOOj!亜ѦʻしÝȔ?ЀģÿJqЖˉˮŏV9RUk˼つyșǱэu
ˉȟeUWOtFrUWq(̹３Ϸ, 2009, 2010)"̨ÿɜɎyưɯюteU]!̝
Ȓノ̝ͭȒȩśǆ˥Ø˘VЖˉȿ̛̹ŏy˷>ǫÿeOÝロl̨ÿモttk
Zx»y̨ÿɜɎ?ɯそeU=p!「ふ˥ƴ̝Ù̹͂ûハØ˘yそǒ>okz
�y４Z 2540-2350 cal BP Esyx»l�¤эy̨ÿɜɎ?ɯそeUWq(įƺ, 

1984; ǻCδ, 2008) " 

みЀZ]Жˉȿ̛ZさるeOșǱȇΜ]!øĉкÚVʪ˓Ŋȿ̛Zȧgp!ø
ĉ̹кÚͭピい̰VЗ 7670–7610 cal BP yȇΜ�¤lx»yɜȨ?ɯそeUW
q(Zhao, 2011)"7000-4000 ΐˮy̹ǰøĉ#ѥĉкÚy【ǳ�¶'�¼#x¢�
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z�yͷÍ̖ホ˒eOƳŪV]!C4 șǱɘ̖y）˃uɄJǫWÀ13C ̮?ͼo
rUWq(Pechenkina et al., 2005)" 

Üϲ!z�yбЦ] 10000-7000 cal BP ZͅǠкÚVěȧFr!ʻしZnqÝȔ
]̹ǰyͅǠ̹þкÚV 6300-6000 cal BP Z]ŎZǥ‒rUWO(Cohen, 2011)"
ʻしÝȔtșǱyウȔuベǭがZǥ;りƂƚ̚]!Ȅǀyky)5800 cal BP*?
̹ǰ#ǅべʎʕなȜØ˘VƵor(Nasu et al., 2007)!3400 cal BP Z]́˭カちZ
kさるeU=p(Lee, 2011)!aroy̰Ú>oみЀZさ‒ROtǢ<orq" 

e>e!みЀyЖˉȿ̛Ø˘>oưɯFrqǱэyʠϘØ̖̏V]�¯?Æぞ
が̓ʾuˣjq(Éで, 2009)"そʗZņgrqx»l�¤tWROȊ>WșǱu
ưɯJqy]!0.2mm y¯��²ѫuЦWO¦º�#¦º'�'�´¼?МǏ
V9q?!ayn;Yɸ̳?əorOェƏ̓ǿ]ʅYA!лƛyʄFWșǱV]
əpafeyŉƶ˃?9q(Zhao, 2011)"gO!ØϘy̰˷ŃVyÔに?e^e
^horqOj!ʠϘØ̖̏uЦWOƳŪZ]!͇˚yΐ̛̉͒?ǥ‒rOー
ǭ!9qW]Øǟづtyńƕ˃?αo>Yーǭu・@!ʘZǹめuŞ‒YBr^
YoYWtW;Г̟?9q(Éで, 2009)" 

ƈΐ!そŊZȢFrOɜɎÆǺu�·�¼Vƙəpe!́ ǿƙじȨƷセž)SEM*
VħΎ#ͷ͒eUWA¹¨·�ϳ?ŧ̊ZバŤe!へマȿ̛ケŏ>oЖˉȿ̛Z
>BUyșǱбЦZpWUħͧyǫWʙϰ?ジЙがZ̃ĄeUWq(ǖで, 2018)"
¹¨·�ϳuЦWOƳŪV]!へマȿ̛ケŏŹ˭カち>oϼƊɤlȜã̰ϲ
Z 2800-2700 cal BP Zさ‒ROz�yʻしȇΜtx»!�¤yウȇΜ]!Myǈ
ƈŕ̰ϲ!̹ピ̰ϲ!ń̰ͭϲ!ͭϼ̰ϲctͭZさ‒p!Ġ̰VľŶʚƨZǭ
‒iUˬ̡がZɝТFrOtW;Ā˟?；<orUWq(̢̹, 2014)"％ń̰ͭ
ϲy 14 Ø˘V 115 y¹¨·�u SEM ŀȗeO̓ǿV]!z�҄] 4 ダЀZƾ
orOyZ̗e!6 pyØ˘yそŊ>ox»yĈɎ#ɜȨyÆǺ? 17 ダЀ!�
¤yɜȨ#ĈɎyÆǺ? 32 ダЀ>oưɯFrO(˝ĭ#ǫ˂, 2014)"̹ピみЀV
]へマȿ̛ケŏǈШZ=WUÝȔZˡǥeUx»#�¤ȇΜ?ěȧFrUWO
tW;ʺ͒?9p!Ȝвƴ̹はØ )̆へマȿ̛ケŏЃШ*V]ưɯFrOʠϘɜ
ȨÆǺy;n 74%?x»#�¤keA]MyƈȻɜtFrO(óで#ǫ˂, 2011; 

̹Ȝ#éŃ, 2012)" ͅЕƴVɎȭFrOそŊyɜɎÆǺ̓ǿ>ok!へマケŏ
ЃZșǱȇΜ?ˬ̡がZɝТFr!ynZz�tベǭがZȇΜFrqn;ZY
ROtFrUWq(ろー#óで, 2017)" 

FoZ!そŊニ̸̨ÿϘyͷÍ̖ホ˒uǥROƳŪuǥROƳŪV]!ͅЕƴ
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ʊƺØ˘>oɯそeOƑыɈそŊ 1 ƿ̖>o C4 ʠϘy̏ȎuɄJ̨˲#̷˲É
͒ͷÍ̖コ?ͼorUWq(％Ѐ ョ, 2009)"そŊニ̸Ϙ]!΂ЎZpWUWqk
y]̓гZȍeUニ̸eO=aCtǢ<orU=p!̓ г#ĄǖFrO）ȏyͷ
Í̖コyび̀uガìJqtW‒rUWq(Hastorf & DeNiro, 1985)"OPeayƳ
ŪV]ȳтʾ?‒h> 1 ごV9ROat?Č̟teUȫかFrO"％みЀV]!
Ɂďƴн½ȓ A Ø˘ZUƚ̚>o�¤tͷ͒FrOͅƺɈそŊ)へマケŏ(Ж
ˉ˹ŏ*yそŊニ̸̨ÿϘ>oÉ͒ͷÍ̖ホ˒Vk C4 ʠϘy̨˲#̷˲É͒ͷ
Í̖コ?ͼorUWq(Ŧしo, 2007)" 

Ëʔyn;ZみЀyɹŏりǡZ=Bq C4 șǱy̏Ȏ]ɎʑFrpp9q?!
ɎȍZ C4 șǱ?へマケŏ(Жˉȿ̛y【CZnRUXyおͧ˛əFrUWO
>ZpWU]ッĂ?ほeA!ІPαo>ZYRUWYW" 

 
4. Жˉ【#へマ【y【ǳͷÍ̖コ̉͒Znq）˃ホ˒ 

【ǳy�¶'�¼V̉͒FrǪ˲#̷˲ͷÍ̖コZnr^!Жˉ【y）˃Z
]Ø˘ŃVǾ?Ƶorq"Жˉ【y）˃yɧ̪Ǿ]!Ø˘Zɨiɧ̪yマÿy×
Wt!Ø˘?Í̳Jq̰Úyˉ̚Ɲy×WZНЭJqtǢ<orq"юteU!
ˡǥƳŪy̨˲#̷˲É͒ͷÍ̖コ̉͒Znq）˃ホ˒ƥĈuŰCqt!ͅ ȓƴ
ʭϿØ˘ɯそ【ǳ>o]ǫWĘȟϘyбЦ?ɄǼFrqÜϲ!ͷIAòŇ̰Ú
Z9qȜǐƴそÙ½デØ˘ɯそ【ǳ>o]ĘȟϘ#̧ʻȵƼPBVYA!À13C

?いAÀ15N ?ǫW）хƼyбЦkɄǼFr!ay）хƼyǍレteUʻÝ?Ű
CorUWq(モし, 2004, 2014)"΂жZÍ̳Jqňɚƴx¡��のƤØ˘ɯそ【
ǳ>o]!C3 ʠϘ!9qW] C3 ʠϘu˛əeOжɬ?�¼¢�ȵƼteUɭ
ЩV9ROąら˃?ǫW(モし, 1999)"ɇȼちƴべɜȨ͂yǘしØ˘V]!Жˉ
(ǀボȿ̛y【ǳ 5 ̖ZpWUllÀ13C ?ǫWƖǑ?ƵorOOj!C4 ʠϘ
keA]Ęˉĝэu）dUWOąら˃?ȫかFrUWq(モし, 2007)"ʔŘZŰ
COˡǥƳŪyЖˉ【ǳy�¶'�¼̨ #˲̷ ˲É͒ͷÍ̖コu/ʹ 1MZɄJ" 

そŊÆǺlʠϘØ̖̏>oȫかFrUWqn;Yへマケŏ(Жˉȿ̛y【C
Znq C4 șǱyбЦ]!）Ⱥ̹y�¼¢�ɍuɘZガìJq【ǳ�¶'�¼y
̨˲#̷˲É͒ͷÍ̖コ>o]ІPαo>ZYRUWYW"gO!みЀV]ǠǄ
ȿ̛ËǩZŒÿeOʠϘu・@ 165 ɜy C4 ʠϘ?ħΎFrUWq?!C4 șǱ
u・WUへマケŏ(Жˉȿ̛ZʠϘØ̖̏>o˛ə?ȫかFrUWqky]Y
W(öし#ǀ˥, 1990)"C4 șǱ?бЦFrUWOーǭ!【?ȸRUWOにϘZС
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<Oąら˃kǢ<orq?!ю<^へマȿ̛ケŏyそŊ>ox»#�¤yそŊÆ
Ǻ?ưɯFrUWqひちƴȚ̥Ø˘yz�yにϘǳ�¶'�¼yͷÍ̖コ] C3

ˉ̚Ɲy）тƼuбЦJqにϘyグÎZɡgp!C4 șǱ）yƖǑ]ƵorY>
RO(óピʩ, Ȱʧ; ̢̹o, 2012)"C4 șǱ] C3 ʠϘt̨˲ͷÍ̖コVƋϡV@
q"へマȿ̛Z）тȵƼteUбЦFrUWOat?ʠϘØ̖̏yƳŪ>oȫ
かFrUWqƬĈэ)�¼�·э#�¸­#�·#����YX*lũǸэ)±
¬�z°YX*!Жˉȿ̛Zさ‒ROz�]JdU C3 ʠϘŽeÀ13C ]=nM
-22(-375yグÎZ9q"arZ̗e!C4 ʠϘyÀ13C ]=nM-15(-95yグÎ
V9q(Codron et al., 2005; ǖで#ǰиѓȤЉ̋んϘŅ, 2014)"eO?RU!C4 ș
Ǳy˛ə?̃ĄeOーǭ!【ǳV]À13C yʔʇ?ŏ̙V@q"OPe!�¶'
�¼yͷÍ̖コ]ɘZ）Ⱥ̹y�¼¢�ɍuガìJqOj!�¼¢�ɍyņМ
ч?４yíЫ˲tコdʅYWʠϘy˛əuッĂJqyZ]Г̟?9q"gO!ʔ
ɱyǘしØ˘yюyn;Z!C4 șǱy˛ə]ĘȟϘy˛ətyƋϡ?ほeW"
みЀyˡȤȿ̛【y）˃プƹZ�¶'�¼PBVYA!˰íЫ˲uガìJqx
¢�z�yͷÍ̖コuрϲЦWOƳŪю]ІPZʾʅYW"ͭĘ̰ϲtȜЪ̰
ϲyòŇ̰ÚZ9qØ˘>oɯそeOへマȿ̛【yǳ�¶'�¼tȹ}�¯¸
ɍy̨˲ͷÍ̖コuЦWO）˃ʺ͒V]!ǳ�¶'�¼V]ĘȟϘy）˃cy
ŌСз? 51%tʺ͒FrOɧ̪V!}�¯¸>oyĘȟϘʺ͒ŌСз?‒h>
14.3%tYp!ǫW C3 ˉ̚ƝyжʔʠϘ#にϘбЦ?ɄǼFrO(Kusaka et al., 

2015)"OPe!Ġ）тƼy）˃cyŌСʺ͒зuƠȠJqʔV C3 ˾）にϘt
Ęˉűэy˪ƚǹǭuЦWU=p!ar]へマ【? C3 ʠϘtĘˉűэu͇˚）
dUWOatuĀ͒eO）˃ッĂtYRUWqOj!C3 ʠϘu͇˚）dhZ!
C3 ˾）にϘu）dOーǭyíЫ˲ņМзy×WZnq�¶'�¼#x¢�z�
ͷÍ̖コcyëſgV]ǢоeUWYW"gO!�¶'�¼tx¢�z�yͷÍ
̖コ̉͒ȳтteUǳtȹtW;ϡyŊĹuбЦeUWqOj!ǫёyƿ̖V
]ガìFrUWq）˃yȿŏ?ʾɪΐhrUWqごZ]̼Ð?μЩV9q"ȹ
Ķ}�¯¸ɍtȹǸ々ѿɍ]etvX̛ɓ?Ś@YWOj!）˃]˳ʡƚ˄つ
ȿykyuɄJ(Beaumont et al., 2013; Dean, 2017)"Kusaka et al. (2015)VЦWor
O̞Ț̝èȹ]ƽ̛【Z=WU] 9 Ȉ(13 ȈyŃZƚ˄Frq"arZ̗e!
ǳ]Ȅŏy 10-25 ΐy）˃uɄJ(Hedges et al., 2007)" 
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5. șǱ˛əyưɯZǑBO¬�ºíЫ˲°�¸yǟ̵ 

）Ⱥ̹y˰íЫ˲uガìJqx¢�z�y̨˲ͷÍ̖コủ͒JqatZn
RU!˛ə?ʅYW̬ĜZ=WUk C3 ˉ̚Ɲ>oǟ˄FrO）˃cy C4 ʠϘ
yねめyưɯ?ŏ̙V@q"e>e!C4 ʠϘPBVYAĘȟϘkбЦV@qľ
ŶZ9RO【эɧ̪y）˃uッĂJqーǭ!ĘȟϘ] C4 ʠϘtͷУZǫWÀ
13C uМJqOj!рɒyëſuāo>yϲϳVƋϡJqμЩ?9q"ÜクがZ
ĘȟϘ]À15N ?ǫWatVɉϡV@q?!űэtコdÀ15N ?いWĘˉĝэ?
˛əFrUWOーǭl!C4 ʠϘ#ĘȟϘyŌС?ʅчyーǭZ]Ƌϡ?ТÑV
]YW"C3 ʠϘyÀ13C!À15N ]=nM -37(-225!-2.2(10.65 yグÎuə
q"Üϲ!C4 ʠϘyÀ13C!À15N ]=nM -15(-95!-1.3(3.65 yグÎuə
p!Ęˉĝэ] -17.7(-12.55!5.5(12.95 yグÎuəq(Codron et al., 2005; þ
ʚ, 1989)"ayn;Z!C4 ʠϘtĘˉĝэ]+À13C ] C3 ʠϘnpkǫW?!
À15N ] C3 ʠϘyホネグÎtɭYq,tW;ͷÍ̖コyび̀?Ŵ͋eUWqO
j!C3 ˉ̚ƝZ C4 ʠϘ?ʅчねめFrOーǭ!ʅчyĘˉĝэy˛ətƋϡ
Jqy]ǷほV9q" 

Kellner t Schoeninger ]Ŭ絢ɎƸ=n`ЕˉyжˉにϘZ̗eUǥ‒rOƳŪ
uțʍe!�¼¢�ɍƼ? C3 ˉ̚Ɲ#C4 ˉ̚Ɲ#ĘФˉ̚Ɲy）тƼVǟ˄
FrO）˃ϡZ!}�¸�'ƼteU C4 ʠϘ?ねめFrOーǭyÀ13Ccollagen t
À13Capatite yュÿu˪ƚ°�¸VɄe!【ǳy）˃ッĂZ÷ЦeO(/ʹ 2M! 

Kellner & Schoeninger, 2007)"e>e!C3 ˉ̚Ɲt C4 ˉ̚Ɲy˪ƚ°�¸yŃ
ZĘФˉ̚Ɲy˪ƚ°�¸?̏ȎJqOj!ɘY）тƼyНЭ? C3 ˉ̚Ɲ>o
C4 ˉ̚ƝctÔǥJqčおyɹŏ̬ĜV]!ĘФˉ̚Ɲy）тƼyねめtyƋ
ϡ?ほeW"Kellner & Schoeninger (2007)V]!C3 ˉ̚Ɲt C4 ˉ̚Ɲy˪ƚ°
�¸>oyhr?ƵorOーǭ!MyЩàZpWUĘˉűэ#̧ʻűэ#șǱu
С<orOĆ̶YX!ͷÍ̖コMykyV]YA!ホ˒eO【ǳ?ɯそeOØ˘
y̰гがľŶlǢǀØϘuțʍeU˟αuュ<UWq"C4 ʠϘtMy４y）т
Ƽy˛əuƋϡJqOjZ]!À15N!À13Ccollagen lÀ13Capatite PBVYA!¾
13Capatite-collagen YX４yȫダuЦWO°�¸yǟ̵tMyМǏ˃yưと?μЩV
9q" 

ЀƳŪV]!C4 șǱtĘˉĝэyрϲuбЦV@qľŶZ9RO【эɧ̪Z
=Bq C4 șǱ˛əyưɯZǑBU!C4 șǱtĘˉĝэy¬�ºíЫ˲)̨ʻ
ÿϘ#Ȳɍ#�¼¢�ɍ*y˳˄Z̝@Y×W?9qatZ̼БeO"�¶'
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�¼]ɘZ）Ⱥ̹y�¼¢�ɍuガìJqyZ̗e!x¢�z�]̨ʻÿϘl
Ȳɍuņi˰íЫ˲uガìJq"eO?RU!C4 șǱtĘˉĝэZņgrq
¬�ºíЫ˲yņМзy×W?9qーǭ!ͷI˛əчVkx¢�z�y̨˲ͷ
Í̖コt�¶'�¼y̨˲#̷˲ͷÍ̖コcyëſyŤfeϲ]ÓYqtŏ̙
Frq"/π 1MZ）テ˄ホ�'�©'�(マピćīʎ)uțʍeO C4 șǱtĘ
ˉĝэy¬�ºíЫ˲yņМзuɄJ"C4 șǱyюteU!ベʾyへマケŏ
(Жˉȿ̛yØ˘>oɯそeOʠϘØ̖̏Yo`ZそŊÆǺZ=WUϰǯFr
UWqx»uŰCO"ĘˉĝэyюteU]!ńͭyへマȿ̛ǈŏyĝ͌Ø˘
VMyĥ?̓AɯそeUWq ¬�·uˬvP(Ѿ˧, 2014)"ĵ˻ɭч̹yɍ
ч4uhqtx»]ÆぞがZ̨ʻÿϘyİǭ?ǫW)82%*yZ̗e! ¬�
·]�¼¢�ɍ?ɘЩYíЫ˲V9q)724*"nRU!C4 șǱ]˰íЫ˲u
ガìJqx¢�z�!Ęˉĝэ]�¶'�¼uɘZガìJq�¶'�¼Znp
̝@YëſukOoJat?Р˸Frq" 

Fernandes o]!ˡǥƳŪV¬{�#¶��#ͿZ̗eUǥ‒rOŬ絢ɎƸy
ƥĈugtj!�¶'�¼#x¢�z�tĠにϘZС<orO絢y̨˲ͷÍ̖
コyŃZËþy˪ƚYńƕɈ?˄pиpatuɄeO(Fernandes et al., 2012)"� �  

À13Ccollagen = 0.74 × À13Cprotein + 0.26 × À13Cenergy + 4.8 

À13Capatite = À13Cdiet + 10.1 

À13Cdiet!δ13Cprotein!δ13Cenergy ]MrNr）Ⱥ˰̖!�¼¢�ɍ!}�¸�'˄
ホ)̨ʻÿϘtȲɍ*y̨˲ͷÍ̖コV9q"ayńƕɈ]ЕˉにϘyɎ̉�
'�VknAきǭJqƥĈuͼorO"aroyɈZŋTB^!ю<^ɘZ
C3 ʠϘ>oǟ˄Frq）˃Z C4 șǱ9qW]Ęˉĝэ?ʅчねめFrOー
ǭ!̨ʻÿϘyņМз?̝@W C4 șǱV]ˡZ δ13Ccollagen tコdÀ13Capatite ?
np̝@AʔʇJqÜϲ!�¼¢�ɍyİǭ?̝@WĘˉĝэV] δ13Ccollagen

?np̝@AʔʇJqtǢ<orq" 

 
6. ЀƳŪyБが 

 ЀƳŪV]!¬�ºíЫ˲y˳˄Z̝@Y×W?9q C4 șǱtĘˉĝэ?
C3 ˉ̚Ɲ©'�y）˃ZねめFrOーǭ!À13Ccollagen!δ13Capatite!¾13Ccollagen-

apatite!À15N tWROͷÍ̖ȫダZXyn;YュにukOoJ>u Fernandes o
)2012*yńƕɈZŋT@ƠȠe+¬�ºíЫ˲°�¸,uǟ̵JqatV!
C4 șǱtĘˉĝэy˛əyƋϡ?ąら>uгљがZưとJq" 
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ɀZ!へマȿ̛(Жˉȿ̛yØ˘>oɯそeO【ȹȵтyȹǸ々ѿɍ�¶'
�¼y̨˲#̷˲ͷÍ̖コ=n`ȹĶ}�¯¸ɍx¢�z�y̨˲ͷÍ̖コu
̉͒e!ʔŘy¬�ºíЫ˲°�¸uЦWU C4 șǱy˛əuッĂJqat
V!ǢǀīがʑůZŋT@ʺ͒FrOへマ#ЖˉÔǥŏZ=Bq C4 șǱyб
Цu【ȹyͷÍ̖コ>oưʑJq"ȹǸ々ѿɍy�¶'�¼]ɘZ�¼¢�ɍ
uガìJqyZ̗e!ȹĶ}�¯¸ɍyx¢�z�]̨ʻÿϘlȲɍuņi˰
íЫ˲uガìJqOj!aroyͷÍ̖コuコĩJqatV C4 șǱy）˃Z
̗JqŌСuッĂV@qtǢ<orq"À13C yʔʇ?ħΎFrOーǭ!Mr
? C4 șǱZnqkyYy>!ĘˉĝэZnqkyYy>!ŀ̉FrO�¶'
�¼tx¢�z�yͷÍ̖コu¬�ºíЫ˲°�¸ZnRUͼorOƥĈtコ
ĩeǢȗJq"FoZ!C4 șǱy˛əчZpWUk͒чがYッĂuȳhq" 

gO!ØϘ]̰˷ŃuÔにeOąら˃?9qyV!�¶'�¼yンɐ˃̨˲ΐ
̛̉͒uǥ;atZnRUĠȵтyˇħYΐ̛uŨj!ȿ̛Znq）˃yュÿ
u͒чがZŠљJq" 

ホ˒̗々Z]!ń̰ͭϲ΂жピ)Ɠろƴ*=n`̹ピǫ̰)ͅЕƴ*Z=Bq
へマȿ̛(Жˉȿ̛yØ˘>oɯそeO【ȹYo`Z【ǳuЦWO"aroy
̰Ú]¹¨·�ϳuЦWOƳŪVșǱyưɯϰǯʾ?̓A!ˬ̡がZșǱ?ɝ
ТFrOąら˃?ȫかFrUWq(˝ĭ#ǫ˂, 2014; ろー#óで, 2017)"C4 șǱ
] C3 ʠϘ=n`Mru）JにϘnpÀ13C ?ǫWOj!へマケŏ>oЖˉȿ̛
Z>BU C4 șǱy˛əч?̃<Oーǭ]ǀ【ǳȵтZ=WUÀ13C yʔʇ?ŏ
̙Frq"Ø˘]JdU΂жZ9p!ĘȟϘy）˃cyëſ]ʅYWtǢ<or
q?!̀ ʟテteU]Ɠろƴň͉ルのƐØ˘ZUĘˉĝэ)����� �z*
yĝь?Жˉȿ̛y【ǳtŴォeUɯそeUWq(ň͉ルのƐØ˘̓ǿ̪, 2015)"
gO!へマȿ̛yØ˘V]つȿyĘŇ˪ニƈZÍ̳JqͭŲず̹дØ˘>o+ĺ
eĝĄǖー,tʺ͒Frqδќニそǒ?ưɯFrU=p!ĘŇ>oеrO̜̰ʔ
Z9qͭŲずɋɑ「ɑˮØ˘>okͷȿŏZĝ˷?ưɯFrUWq(Ãピ, 2014)"
eO?RU!òŇyØ˘VȆə#ĄǖFrOĘȟϘ?΂жgVК̂FrUWOą
ら˃?9q" 

ń̰ͭϲt̹ピǫ̰uņi̹ピ̰ϲ]!へマȿ̛y【ǐЇͧ?Ȅkǫ>RO
̰ÚV!Жˉȿ̛Z>BU【ǐ?FoZ̃ĄeOtʺ͒FrUWq(Koyama, 

1978)"aroy̰ÚV]!ɛфȆɧuɘƂtJqへマ【yȨ̐ɧ̪Znqりǡ
yɝТ?˸͒Fr!ɛфȆɧ>oりǡZĸ˰ZÔǥJqy>!ピホがZりǡu
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əpめrqZtXjq>YXyˬ̡ȱ?9ROtǢ<orq"m<Zń̰ͭϲ
t̹ピǫ̰Z=BqЖˉ【y）˃u̓dqat]!+ɛфȆɧЉ?̓Aɨḭ
ÚZÔɨЉyりǡマÿ?X;さるeO>,tW;!ʪ˓Ŋȿ̛yµ'º�¢Y
XˁĚ̹y̓Ay̰ÚVŚaROƽ々uгĔJqʔVɭЩYɚ?>ptYq"
e>e!aroy̰ÚyЖˉ【ǳ]ɯそʾ?ʅYA!FoZȵтyʜ̚?цǓ
V9qat]ōV!ͷÍ̖ホ˒yϰǯɅ̖?シʘZʅY>RO"Жˉȿ̛y【
ǳ#ȹZ̗eU�¶'�¼t̨ȡôрϲyͷÍ̖ホ˒uǥ;y]ЀƳŪ?ɹj
UV9q" 
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II. ȏтtϲϳ 

1. ¬�ºíЫ˲°�¸ 

 ЀƳŪV]へマ(Жˉȿ̛yńͭ΂жピ=n`̹ピǫ̰Z=Bq C4 șǱ˛ə
yưɯZǑBO¬�ºíЫ˲°�¸uǟ̵JqZ9Op!つȿy）˃teUą
ら˃y9qËþy 6 ͋py 2 ）тƼŃǹǭuƠȠeO" 

ѯC3 ʠϘ-C4 șǱ 

ѰC3 ʠϘ-Ęˉĝэ 

ѱC3 ʠϘ-C4 ˾）にϘ 

ѲC3 ˾）にϘ-C4 șǱ 

悪C3 ˾）にϘ-Ęˉĝэ 

ѴC3 ˾）にϘ- C4 ˾）にϘ 

ЀƳŪZ=WU C3 ˾）にϘ#C4 ˾）にϘt]!MrNr）тƼ?JdU C3

ʠϘ#C4 șǱV9qにϘuȫJ"ˮɒ] C3 ˉ̚ƝZ=BqЕˉにϘ!ǈɒ]
Ć̶ÿFr【Ńnp C4 șǱuС<orOにϘu˸͒eUWq"Ą<U!ЀƳ
ŪVÇRO̹ǰyʪ˓Ŋȿ̛yȵт!=n`¬�ºíЫ˲°�¸yưʑZЦW
qˡǥƳŪy【ǳy）˃teUʺ͒FrqËþy 2 ͋py 2 ）тƼŃǹǭuƠ
ȠeO" 

  ѵC3 ʠϘ-Ęˉűэ 

ѶC4 ʠϘ-C4 ˾）にϘ 

）˃cyĠ）тƼyŌСз]）Ⱥ˰̖Vĵ˻ɭчZUˣjqİǭVπFrq"
¬�ºíЫ˲°�¸V]）тƼyŌСзu 20%EtZュÿFiO" 

/π 2MZ!¬�ºíЫ˲°�¸yƠȠZЦWO）тƼZ=BqĠ¬�ºíЫ
˲yņМзtͷÍ̖コuɄJ"C3 ʠϘ!Ęˉĝэ!Ęˉűэy̨˲#̷˲y
˰̖ͷÍ̖コ=n`�¶'�¼ͷÍ̖コy̛π̮]JdUþʚ(1989)ỷ͒ƥ
ĈuțʍeU=p!ń̰ͭϲへマØ˘Vɯそeͷ͒FrO C3 ʠϘyƽˉɜy
ミƄ!ˢШƴǀȔĝ͌>oɯそeO¬�zyǳ�¶'�¼!ńͭyへマȿ̛ǈ
ŏyĝ͌Ø˘VMyĥ?̓AɯそeUWq ¬�·yƽˉɜyą）ピyͷÍ̖
コyミƄuȆЦeO"C3 ˾）にϘZpWU]ЀƳŪVホ˒eO��yȹǸ々
ѿɍ�¶'�¼uțʍeO"C4 șǱy̨˲#̷˲y˰̖ͷÍ̖コ]「ふ˥ƴ
̹ûハØ˘>oɯそeǪÿx»yͷÍ̖コuțʍeO(モしʝ, Ȱʧ*"にϘ
�¶'�¼>oƅΈyͷÍ̖コuʺ͒JqȍZ!¶��=n`¬{�Z̗eU
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Ŭ絢ɎƸuǥROˡǥƳŪuțʍe!ËþyńƕɈuЦWO(Ambrose, 2000; 

Tieszen & Fagre, 1993)" 

¾13Ccollagen-muscle = 2.4‰ 

¾15Ncollagen-muscle = 0.8‰ 

Ġ¬�ºíЫ˲yņМɍчコ]!ʠϘ#˾）にϘ#Ęˉĝэ#ĘˉűэZpW
U]MrNrマピćīʎ）テ˄ホ�'�©'�yx»#��# ¬�·#¬�
zy�'�uțʍe!˰ɭч>oʻホtęホ)�¸�{®#͙#��·{®Y
Xy­�¶¸*yɭчuəp・WOɭч̹yİǭuƠȠeO"Ġ¬�ºíЫ˲
y̨˲ņМɍчコ]�¼¢�ɍ#̨ʻÿϘ#ȲɍVMrNr 0.524, 0.444 , 

0.768 teO(Morrison et al., 2000)"）тƼZņgrqíЫ˲yņМɍчコt̨
˲ņМɍчコy˔u!˰íЫ˲yMrV・e!）тƼZ=BqMyíЫ˲y
+C ɍчコ,teO"̷˲] Fernandes et al. (2012) ZɫWJdU�¼¢�ɍZ
НЭJqteO"țʍȵтyͷÍ̖コ�'�]/π 1MZŘȌeUWq" 

ʠϘZ=Bq˰̖)À13Cbulk*t�¼¢�ɍ)À13Cprotein*!Ȳɍ)À13Clipid*!
̨ʻÿϘ)À13Ccarbohydrates*y̨˲ͷÍ̖コy�¦���]z�ćyʠϘZpW
UíЫ˲EtZͷÍ̖コủ͒eOˡǥƳŪuțʍe!Ëþy�¦���u˝
BO(Tieszen, 1991)" 

À13Cbulk -À13Cprotein = 25 

À13Cbulk -À13Clipid= 45 

À13Cbulk -À13Ccarbohydrates = -0.55 

џむэy�¶'�¼t�¼¢�ɍyÀ13C)À13Ccollagen#À13Cprotein*=n`ƅ
ΈtȲɍyÀ13C)À13Cmuscle#À13Clipid*y�¦���]!£��=n`¬{�
Z̗eUŬ絢ɎƸuǥROˡǥƳŪZŋT@!Ëþyn;Z͒jO(Piasentier et 

al., 2003; Tieszen & Fagre, 1993)" 

À13Ccollagen -À13Cprotein = 2.55 

À13Cprotein -À13Clipid = 6.05 

Ęˉĝэ!ĘˉűэZ=WU]!aroy�¦���ZpWUき˙Y�'�?
ƽȎYWOj!џむэZϮRU̮u͒jO"gO!ĘˉĝэZɍч%V 20%e
Xņgrq̨ʻÿϘyͷÍ̖コZńeU]!˰̖y̨˲ͷÍ̖コty�¦��
�?ナαyOj!˰̖y̨˲ͷÍ̖コuMyggȆЦeO" 

�¶'�¼tx¢�z�yÀ13C)δ13Ccollagen!δ13Capatite*!�¶'�¼t�¼¢
�ɍyÀ15N)À15Ncollagen#À15Nprotein*]ËþZɄeOńƕɈuЦWUȠɯeO
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(Ambrose, 2000; Fernandes et al., 2012)" 

À13Ccollagen = 0.74 × À13Cprotein + 0.26 × À13Cenergy + 4.8 

À13Capatite = À13Cdiet + 10.1 

À13Cenergy = {(̨ʻÿϘy C ɍчコ) ×À13Ccarbohydrates  

+ (Ȳɍy C ɍчコ) × À13Clipid} 

/{(̨ʻÿϘy C ɍчコ) + (Ȳɍy C ɍчコ)} 

À13Cdiet = (̨ʻÿϘy C ɍчコ) ×À13Ccarbohydrates  

+ (Ȳɍy C ɍчコ) × À13Clipid 

         + (�¼¢�ɍy C ɍчコ) ×À13Cprotein 

À15Ncollagen = À15Nprotein + 3.35 

¬�ºíЫ˲°�¸?き˙Z）˃y×WuưɯV@q>uưʑJqOj!ˡ
ǥƳŪZ=Bq【ǳyɎ̮̉tコĩueO"/π 3MZЦWOˡǥƳŪy�'�
tMyɯくuɄeO"Ëþ!MrNryɧ̪y）˃ZpWUʒɱJq" 

C3 ˉ̚Ɲy）тƼVǟ˄FrO）˃Z C4 ʠϘ)�{°º��*?əpめr
orO）˃teU!ϼモyØ˘>oɯそeO�z�y§x¯·�¼ɧ̪V9q
Cahokia y【ǳ�¶'�¼#x¢�z�yͷÍ̖コuțʍeO(Ambrose et al., 

2003)"Cahokia ɧ̪V]!�{°º��yりǡ?ȧgRU>ok�¼¢�ɍƼ
teU C3 ˉ̚Ɲy）тƼyбЦ?̎WOat!いW̰Íy【] C4 ʠϘu̓A
˛ə!ǫW̰Íy【] C3 ˉ̚ƝyにϘΈu̓A˛əeUWOat?Ǣǀīが
ʑůtͷÍ̖コnpȫかFrUWq(Ambrose et al., 2003)" 

C4 ʠϘt!MruС<orOĆ̶u）dUWOɧ̪teU!̹ǰ#ʪ˓Ŋȿ
̛yƀѮマÿŏyɧ̪)Yanghshao*y【ǳ�¶'�¼#x¢�z�yͷÍ̖コ
uȆЦeO"ayɧ̪uÇROƳŪV]【C?șǱu˛əeUWOat?ʠϘ
ǢǀītͷÍ̖ˉ̚īyрホЕ>oȫかFrUWqe>!ͷマÿŏyͿlƱk
ͷÍ̖ホ˒FrU=p!�¶'�¼y̨˲#̷˲É͒ͷÍ̖コ>oĆ̶ZșǱ
?С<orUWOat?ɄǼFrUWq(Pechenkina et al., 2005)" 

C3 ˉ̚ƝtĘȟϘ?рϲбЦFrUWqɧ̪teU!ͭĘ̰ϲtȜЪ̰ϲy
òŇ̰ÚZ9qØ˘>oɯそeOへマȿ̛【yǳ�¶'�¼tȹ}�¯¸ɍy
ͷÍ̖コ�'�uțʍeO(Kusaka et al., 2015)"ayƳŪV]!ͷÍ̖コy�'
�>o C3 ˉ̚Ɲy）тƼtĘȟϘy˛ə?ɄǼFrUWq" 
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2. 【ȹ#【ǳ#にϘǳȵтtMyɯそØ˘ 

ǀ【ǳy）˃プƹy̓A]�¶'�¼!x¢�z�tkZ【ǳȵт>oȳт
uȆəeUWq?!x¢�z�yÀ13C uжʔにϘyͷÜƿ̖yǳtȹĶ}�
¯¸ɍZpWUホ˒eOtas!ȹĶ}�¯¸ɍyϲ?ʧЮV@q̮uɄeO
tW;ƳŪ?ベʾ9q(Lee-Thorp & van der Merwe, 1991; Lee-Thorp, 1989; Zazzo 

et al., 2004)"ȹĶ}�¯¸ɍ]びZǟ̅?ЇV9p!ǔ?ʅYA!Мő˄ホ?
ɍч4ZeU 2%yhV9q"ƥʉ˃?ǫAÉ͒V9qOj!ȮǈʪOYƥʉ
˄ͅ?Ś@Op!ХɯJqatkʅYW"aroyび˃Znp!ǳtコdU̎
˄ȔЦuɝBToW( Lee-Thorp, 1989)"MaVЀƳŪV]!̎˄ȔЦ?ʅYW
at?ȫかFrUWqȹĶ}�¯¸ɍuˬ̡eO"gO!ガìJq）˃yȿŏ
?�¶'�¼tx¢�z�V̝@AÓYqyuδBqOj!�¶'�¼y̮]
ąらYƾpͷIȹyȹǸ々ѿɍ>oȆəeO"ǳ]Ȅŏy 10-25 ΐy）˃uɄ
J(Hedges et al., 2007)"Üϲ!îţȹyȹĶ}�¯¸ɍƚ˄ěȧtȹǸ々ѿɍĸ
˄yȿŏǾ]!ĠȹɜVyミƄ? 6.3-10.4 ΐV9q)/π 4Muțʍ*"eO?
RU!ǳ�¶'�¼V]YAȹǸ々ѿɍ�¶'�¼uЦWqatV!ȹĶ}�
¯¸ɍyx¢�z�˄ホ?ガìJqȿŏtyǾuȄʄƾZЬ<orqtǢ<o
rq"ЀƳŪVЦWOȹɜ]etvX?îţȹV9p!0 ȅ(18 ȅȿy）˃u
ɄJ(Nanci, 2018; White & Folkens, 2005)" 

ͷÍ̖）˃ホ˒ZЦWq）тƼ�'�]!）˃ホ˒̗々yˉϘtąらYƾp
ͷȿ̛#ͷ̰ÚyȵтuЦWqat?Ũjorq(Phillips et al., 2014a)"ЀƳŪ
V]!ホ˒eO【ȹ#【ǳȵтy̝ピホuˣjqň͉ルのƐØ˘VɯそeOに
Ϙǳ>o�¶'�¼u̻ɯe!̨˲#̷˲ͷÍ̖コủ͒eO"¬�ºíЫ˲
°�¸Z=WUЦWO C3 ˾）にϘy�'�]!ň͉ルのƐØ˘VɯそeO�
�々ѿɍ�¶'�¼>oʺ͒eOkyV9q"gO!Жˉȿ̛Z C4 ʠϘ?に
ϘZnp˛əFrOatuɄǼJqˡǥƳŪyȺю]ІPZYW?!ЀƳŪV
kにϘZnq C4 ʠϘy˛ə?YW>uħΎJqOjZͷȿ̛yにϘǳuホ˒
eO" 

ͷÍ̖ホ˒ZųJqȳтuȆəeO【ȹ#【ǳȵтZpWU]!ƚ̚ʙϰy
ル̏yOjɏʯȘëue!FoZ【ȹȵтZpWU]ȹćЦ�®ɍ̫˃Þ々ȏ
tニĄƙˋЇ�·�¼Þ々ȏVȷƙuəROǈ!˓ǣVЏƙuȔ˄eO"ˑA
YRU=pƙyȔ˄?ǷほV9ROȵтZpWU]ͭŲ̝ī˽ǭƳŪんϘŅZ
U CT ȘëuǥRO" 
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ホ˒eO【ȹ#【ǳ#にϘǳȵтyごʾuØ˘ϡZ/π 5MZɄJ"gO!Ġ
Ø˘yɺȎ̰u/ʹ 3MVɄJ"Ëþ!ĠØ˘ZpWUMyわƜt˃ɍ!ЦW
OȵтyɯそʜŻt�¼¨·¼�ϲ』u˟αJq" 

i) Ɠろƴň͉ルのƐØ˘ 

Ɠろƴ̓ЕƔ「к͂ZɺȎJq"Ìど、ちȟyąら˃?ǫW̓ʾy�����
 ˌĝьuņi̓AyĘˉĝэˌỳʟテ!ͭϼ̰ϲべピZkńіJqƙɈy
そŊ?ɯそeOatZnp!ǘW̰ÚtyıェYǌк?ɄǼFrUWq"1980 ΐ
>o 1982 ΐZ>BUǥ‒rO 3 ɀZ‒OqェƏ̓ǿVǭƠ 8 ̖y【ǳt!74 ご
yОе【ȹ)ȹ˺ǳ>oエBЯnOʜ̚VƵp>qȹ*?ɯそeO" 

ɯそeO【ǳy;n!6 ̖y【ǳ)1-3!5-7 Ǭ*ZpWU]!2!5-7 Ǭtォɯ
eOЕ̢ɈyそŊ>oЖˉȿ̛̹ŏˮШykytʺ͒FrO(ň͉ルのƐØ˘̓
ǿ̪, 2015)"5-7 Ǭ]ǭ˿V9RO"4 Ǭ【ǳt 8 Ǭ【ǳ]ɯそʜŻnpへマ˹
ŏŽJqtFrUWq"Жˉȿ̛̹ŏˮШykytʺ͒FrO 6 ̖y【ǳ)1-

3!5-7 Ǭ*ZpWU]!ѯĄやǺ?Ƶorq)6 ̖˰U*!ѰþȱuŷA˜pƃ
COƎ˿V9q)1-3!5!7 Ǭ*!ѱ����� yĝь?ɯそeUWq)1!2!
5-7 Ǭ*YXyび̀uŴМeUWq(ň͉ルのƐØ˘̓ǿ̪, 2015)"gO!1 Ǭ【
ǳt 2 Ǭ【ǳZpWU]!ƚ̚īがび̀Zへマ【がƚɍ?ʣよAƵorq(Ęピ, 

1992)" 

Ое【ȹ]!Жˉȿ̛ŽJqtʺ͒FrO【ǳy 30-60cm ʔZ 8 İyȹ?ɧ
̹eUWOat>o!ɯそ̰ご]Жˉȿ̛y̰πЎニƈV9p!Жˉȿ̛ZНЭ
Jqtʺ͒FrO(ň͉ルのƐØ˘̓ǿ̪, 2015)"Оеȹy４Z 15 ごËʔyОе
【ǳkɯそeU=p!のƐ]Ø̖uǳÿFiqーɺteUЦWor!ϡyーɺZ
ȃ˿JqȍZØ̖>oȹl【ǳ?ĞFrUȝ>rOyV]YW>tǢ<orU
Wq" 

Ое【ȹ 74 ごyȹɜuでし(1962)yŋɵZŋTWUͷ͒eO"ayȍ!ЀƳŪ
yȳтuŎZͷ͒eUWOˡǥƳŪ)ň͉ルのƐØ˘̓ǿ̪, 2015%ĘピЪĒͷ
͒*=n`ǻɣÂÖȨyȰʧuțǢZeO"ͷȹɜyȹ] 1 ƿ̖Zp@ 1 ごy
h̏ȎJqat!Ƕĕͷ͒FrOîţȹtむȹyƚ˄ΐё>oʺ͒Frqƿ̖
ΐёyшÚ?ɭYoYWOj!ȹɜͷ͒>oオ͒eOȄʄƿ̖ʾ] 7 ƿ̖tY
RO"ͷÍ̖ホ˒ZųJqȵтZ]!Ȅʄƿ̖ʾuオ͒JqǸůtYROȹɜu
̹ʨZ 26 ごyȹuˬvP"arZĄ<!ɯそʜŻnpへマ˹ŏŽJqtFr
UWq 4 Ǭ【ǳt 8 Ǭ【ǳy【ǳ 2 ご!4 Ǭ【ǳZニʼeOȹu 1 ごホ˒eO"
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ͷÍ̖ホ˒uǥROȵтyȹɜͷ͒ƥĈ]!/π 6My+ȹɜ#ǳɜ,ZŘȌe
O" 

にϘǳȵтteU!へマȿ̛y̰˷>oɯそeOtFr!ヒ̄Еゼɰ̝īЉ̋
ȵтɌZルĿFrUWOkyuɔЦeO"ɜͷ͒]αɂ̝īǲЧ˓ƳŪ�¼�
'yѾ˧Ĭぼȯ?ƚ̚īがび̀ZŋT@ǥRO"aroyȵтy;n!�ª¼�
�!z���!���»�¬!�ª¼�{��!�°��tͷ͒FrOǳy�¶
'�¼uͷÍ̖ホ˒eO" 

ii) ͅЕƴ˓「Ø˘ 

 ͅЕƴʄ、ȩyØ˘V!へマ#ミÉȿ̛yɨŮØǟ?ưɯFrUWq(ʄ、ȩ
ŹÛÏßē, 1994)"ɯそeO【ǳ]!MrNr˓Ľ (SX02#03#07)tそǒϬ
(SK55#102# 181# 520)ZЂ˿FrU=p!SX07 y 2 ƿ̖yǭ˿uņjUƠ
8 ƿ̖ホ9RO"˓Ľ!そǒϬtkZØ˘΂yṴ̈ごZllɧ̹がZÍ̳e!
Myΐ̛]ϿΒ΂ 2 Ɉŏu̹ʨtJqへマȿ̛ǈŏŽJqky?̝カV9q
tʺ͒FrO"Ђ˿yУɈteU]!ʔȱttkZþȱuŷAƎƃFiOƎ˿
Í?̓W"̞ 3 ǬそǒϬ)SK181*!̞ 5 ǬそǒϬ (SK520)ɯそy【ǳZ]へマ
ȿ̛̹ŏЃ>oЖˉȿ̛̹ŏЃZ>BUĠ̰Vǥ‒rOエȹyǺ˘?Ύjor
UWq"ЀƳŪV]˓ĽZЂ˿FrO 1 ƿ̖)SX02*!そǒϬZЂ˿FrO 4

ƿ̖)SK55#102# 181# 520*yȹu 1 ごhp!ǭ‒iU 5 ごyȹuホ˒e
O"�¶'�¼?̻ɯV@YW!keA]ͼorO�¶'�¼yɍ?Å>RO
ƿ̖ZpWU]!【ǳ>o̻ɯeO�¶'�¼y�'�uțʍeO" 

iii) ͅЕƴˉ】Ø˘ 

ͅЕƴˢƃȩ)ェƏȿ]Ǟʞȩ*yØ˘V!へマケŏɦЃ!Жˉȿ̛(ƈˁ
yØǟ#ØϘ?ɯそeO"へマケŏɦЃyØϘteU]チɈそŊ?ɯそeUW
q(ͅЕƴǞʞȩŹÛÏßē, 1969)"Жˉȿ̛yØǟteU]!ɧЯ˘?9p!
ɨŮ˘>oϽǳ?ɯそeUWq"gO!ЖˉɈyそŊユ� (ƑыɈ#šしɈ#イ
℃ʻɈ*?ɯそeUWq"ˢƃ˥yɅ˯うϻʔZ9p!Жˉȿ̛(ミÉȿ̛y
Ʌ˯кї!ミÉȿ̛(ƈˁyʻし˘?ưɯFrUWq(ǞʞȩŹÛÏßē, 

2001)"ʈњ 44 ΐZǥ‒rOェƏ=WUЖˉȿ̛ǈŏ(イ℃ʻɈŏ)yそŊƓt
ŴZエȹyǥ‒rOʔĮ#þĮǳ?ưɯFrU=p!ȹĶtʔþĮǳyƚ̚ホ
˒yƥĈ!すЭƝЖˉ【yąら˃?ǫWtW;ɺƵ?ͼorUWq(％̢, 1982; 

ƈでɥ, Ȱʧ*"ЀƳŪV]ayなǳyäʔĮ̞Ț̝èȹ>o}�¯¸u�¼¨
·¼�eO"�¶'�¼y̨˲#̷˲É͒ͷÍ̖コtンɐ˃̨˲ΐ̛]なǳ>
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o̻ɯFrO�¶'�¼y�'�uțʍeO" 

Ҁ) ̹ǰĉϼʎ#ѠĆу)Jiangjialiang*Ø˘ 

 ̹ǰʪ˓Ŋȿ̛ǈŏ)ʄĉòマÿ*y=nM 5300-5000 cal BP yØ˘V9q"
【ǳ�¶'�¼Z̗eUǥ‒rOˡǥƳŪV]À13C!À15N ?MrNrミƄ -

7.0±0.3‰!8.8±0.4‰V9p!șǱ#șǱ）にϘy˛ə?ɄǼFrUWq(Liu, et 

al., 2017)"ЀƳŪV]!șǱu）dUWOɧ̪y【ȹyțʍ�'�teU!3

ƿ̖yȹuMrNr 1 ごhpホ˒eO" 

 
3. ȹǸ々ѿɍ#ǳ�¶'�¼̨˲̷˲É͒ͷÍ̖コ̉͒ 

ȹǸ々ѿɍ#愛Їǳu�y�����'V 40-500Ág ˙pɯe!チяeY?o
ɷʻ̹V̈́ýれ˨〜eOǈ!0.2M ʻȡÿ��·{®ХðZÜケあBUそʗМő
Ϙ)ʠϘНЭy¦­¼ȡ!¦¸«ȡYX*u・ŭeO"ɷʻV̹˃ZВeO
ǈ!たƥĵ˻eU>oϛȉeO"ϛЃʜZYROȳтu�¸º'��²'§Z
めr!1.2M ôȡZÜケあBUЊő˄ホV9q£�º��x¢�z�uХĔeO
)̤ę*"MyǈɷʻV̹˃ZВe!�¸º'��²'§y΂ТϘuóʨホе
eU!ʔˀhuəp・WO"͈ざeOȳтuたƥĵ˻eOǈ!903V 12 ȿŃ
Ąやe!�¶�¼yhuやュ˃ZnRUąХÿe)�¶�¼ÿ*!ȃ`óʨホ
еu>BUMy４y˄ホtホеeO"Myǈ!�¶�¼?ХBOХðu�¶�
¦y¸�'Vťásče!たƥĵ˻eOȳтu�¶'�¼ホ˒ȳтteO" 

ÜピȳтZpWU]!ɷʻ̹V̈́ýれ˨〜ǈ!Ëþyϡ¨º��¸V�¶'
�¼u̻ɯeO"0.4 M ôȡV 2 ケ̤ęǈ!̹˃ZВeUʔˀhuóʨホеV
・ŭeO"0.1M ʻȡÿ��·{®uめr!̹˃ZВeO"pH4(0.0001M)ôȡ
uĄ< 903V 2 ケĄやeťásčV�¶�¼ホĎuĕɡeO"ayϲϳV]ˮ
ɱyϲϳtコdɗȡVͅȿŃ̤ęe!�¶�¼ÿZknpȿŃu>BU=p!
ЀƳŪɌVǥ‒rOРスがɎƸZU�¶'�¼ĕɡзyǑʔt!ˮɱyϲϳt
yͷÍ̖ホ˒̮yǇļ˃?ルʑFrUWq" 

�¶�¼З 0.4mg uɕアZϯh!ƹ˲ホ˒-ͷÍ̖コɍчホ˒Ơ)EA-IRMS, 

ƹ˲ホ˒Ơ Thermo Scientific FLASH 2000 tͷÍ̖コɍчホ˒Ơ Thermo 

Scientific DELTA V Advantage uі̎¦º'z¼�'¦|'� Thermo Scientific 

ConFloѹVƟWPky*uЦWUÀ13C ̮tÀ15N ̮ủ͒eO"ダɵȳтZ]
ʈǎ�z}¼�ĳɈēɑZnRUΛネFrOx¶�¼t£���¼uЦWO"
x¶�¼)ルʑ̮ À13C: -19.620.25*ỷ͒ƥĈ>oƠȠeOÀ13C tÀ15N
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ỷ͒Z=BqダɵヤǾ]MrNr 0.01-0.165!0.05-0.245PRO"ƹ˲ホ˒
ƠV]̨˲#̷˲y̏Ȏコ?̉͒V@qyV!aruktZ�¶'�¼yル̏
ʜ̚yッĂȫダtYq%C t%N)tkZɍч%*!C/N コ)%C t%N npƠȠ
eOƺȨコ*uŨjO" 

 
4. ȹĶ}�¯¸ɍx¢�z�y̨˲É͒ͷÍ̖コ̉͒ 

 ȹĶ}�¯¸ɍȳт]!�¼���¼#�'¡z�ˌ�·¸ZUȹĶyπЎy
õr#�¯¼�ɍ#}�¯¸ɍπ˷u・ŭeOǈ!20mg uϛЃʜZȆə#扱ч
eO"ȳтu 2ml ¬z�º�²'§ZÔeOǈ!1ml ̈́ɷʻuĄ<こぞĢѣJq
atVϛЃyπЎu˨RO"óʨホеue!ʔ℃u・ŭeOǈ!МőϘu・ŭJ
qOjZ 1ml 2.5%ɀÂô˲ȡ��·{®ZʬB 1 ケガ÷Fi!1ml ̈́ɷʻV 3

ĕ˨RO"FoZЂ̄ľŶ̹>oəpǴgrǪȡôu・ŭJqOj!1ml 0.1M 

±ȡ¡�¦w'(pH 4.4)uĄ<ỰFi!4 ȿŃガ÷FiO"ȃͧ̈́ɷʻZU 3

ĕ˨〜e!ʔ℃・ŭǈ!60 3ĵや�'§¼VÜケĵ˻FiO" 
Ëʔyn;Yˮɸг?ȭFrOȹĶ}�¯¸ɍx¢�z�y̨˲É͒ͷÍ̖

コ]ǰиćīんϘŅ̰īƳŪピyɅに̨ȡôˮɸг̳̀-ͷÍ̖コɍчホ˒Ơ
)Ʌに̨ȡôˮɸг̳̀] Thermo Scientific KIEL ѹ!ͷÍ̖コɍчホ˒Ơ]
Thermo Scientific MAT253*!=n` ˽ǭ̰ũľŶīƳŪɺy��©¼�-ͷÍ
̖コɍчホ˒Ơ)GasBench-IRMS, ͷÍ̖コɍчホ˒Ơ] Thermo Scientific 

DELTA Ѻ Plus*V̉͒eO"Whrỳ̳uЦWỎ͒Vk!ȹĶ}�¯¸
ɍx¢�z� 700-900Ág u·¼ȡtガ÷Fix¢�z�ƥʉǟ̹̅y̨ȡôu
ぼȡÿ̨˲teUĕɡe!̨˲)=n`ȡ˲*yÉ͒ͷÍ̖コủ͒eUW
q"ダɵȳтteU!NBS19)ァ̝г˓*, NBS18)Ċ˄̨ȡôň*, JLs-1)˓
ęň*, JCp-1)�¼�*uЦWO"2 pyɍчホ˒ƠZ=WU!NBS19)ルʑ
̮ À13C: 1.955*ỷ͒ƥĈ>oƠȠeOÀ13C ỷ͒Z=BqダɵヤǾ]t
kZ 0.025V9RO" 

5. ンɐ˃̨˲ΐ̛̉͒ 

gh!ンɐ˃̨˲ΐ̛̉͒yƺгZpWU˟αJq"̨˲yンɐ˃ͷÍ̖V
9q 14C ]!å̺˪yȔЦVpAorO̹˃Ȩ?̝Ŕ̹y 14N tĤガ÷uŚa
JatZnRUˉIq"͛˯y 14C ]З 5730 ΐyカƻŏV©'�ĖュeU 14N

ZВqOj!å̺˪yʍɐyʚƨ?Ü͒V9r^!̝Ŕ̹y 14C ]ˉ˄чtĖ
ュч?づeAYqtasVÜ̮͒utq"̝Ŕ̹y 14C ]ʠϘZnRUͷÿF
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r!ˉ̚Ɲy̨˲ɴľZəpǴgrq"ˉϘ]ˉ̹̏!̝Ŕty̨˲yǌļu
ƒpラJOj!14C yİǭ]̝ŔyMrtミǦ?ルOrq"Üϲ!Ȯǈ]ĞĚ
ty̨˲ǌļ?ǥ‒rYWOj!ˉ̖̹y 14C yİǭ]ȮǈȿŃ?ƞčJqt
tkZƻʅJq"̝Ŕ̹y 14C よͧ?efÜ͒V9qatt!14C yカƻŏ?
Ŏ̯V9qatuбЦeU!ȮǈZメȁƝtYROˉ̖ZȢ̏Jq 14C yİǭ
>oˉϘ?ȮvPΐ̛̮uƠȠJqy?!ンɐ˃̨˲ΐ̛̉͒yƺгV9q(ƪ
ù, 2008)" 

14C ] 1947 ΐZ Libby oZnRUMy̏Ȏ?ħΎFr!My͇ǈ>oˉϘ̖
ȳтu̗々tJqΐ̛̉͒ZбЦFrqn;ZYRO(Anderson et al., 1947; 

Libby, 1954)"ンɐ˃̨˲ΐ̛̉͒]ΐ̛̉͒グÎteUƽȎ>o 5(6 Єΐˮ
yȳтZ̗eUきЦV@!1970 ΐ̛カ^ZĄ̊Ŋɍчホ˒ƠuЦWỎ͒ϳ?
ěェFrqatZnRỦ͒ˋͧ?˼̗ǋǾteU 0.5%gVǫgRO(Muller, 

1977)" 

Іĩˇyンɐ˃̨˲ΐ̛)14C ΐ̛*]!ƺʻィɎƸlÿ˓ゆтyȣЦyOj
14C ч?ƣュeO 1950 ΐËˮy̝Ŕ̹ 14C よͧuŋɵte!カƻŏ] Libby Z
nRỦ͒ϳ?ěェFrOつȿZ͒jorO 5568 ΐuЦWUƠȠFrq"
1950 ΐuŋɵteUンɐ˃̨˲ΐ̛uπŘJqȍ]ʾ̮yǈZ BP tπŘJ
q"e>e!ǈ̎yƳŪZU 14C カƻŏyミƄ̮] 5730 ΐtYRO"gO!̝
Ŕ̹y 14C よͧ]ƞΐュÿJqat?ホ>RU@O(Suess, 1967)"MaV!ђΐ
̛)Ɏȍyΐ̛*ZƈTBqせщteU!ђΐ̛?オRUWqɠδΐьづyȵ
тuンɐ˃̨˲ΐ̛̉͒ϳV̉͒e!Ŏ̯yђΐ̛tンɐ˃̨˲ΐ̛̉͒VƠ
ȠFrOΐ̛uɊZeOĩˇƃ˪ IntCal ?Ȕ˄FrO(Beck et al., 1998)"ĩˇ
ƃ˪uЦWUĩˇFrOΐ̛]ʾ̮yǈZ cal tニŘJq"FoZ!̉͒y̗
々tYqˉϘ?̝Ŕ̹yぼȡÿ̨˲>ǫ˲uəpǴiȍyͷÍ̖ホϡuレˇ
JqμЩ?9qOj!̉͒ȳтy 13C/12C ỷ̮͒>o 14C/12C yͷÍ̖ホϡy
おͧuʺ͒e!レˇ?ǥ‒rq" 

� ̨˲#̷˲É͒ͷÍ̖コ̉͒V C/N コnpˉ̖НЭy�¶'�¼?̻ɯV@
Oat?ħΎFr!1mg Ëʔy�¶'�¼?ħルV@OȵтZpWU]!ンɐ
˃̨˲ΐ̛̉͒yOjZ�¶¦wz�ÿu『jO"�¶'�¼uЗ 2.5mg ホə
e!ʯƍZeOぼɭ˓ï�¶�フʿ΂Vȡÿば!�¸¦y���ttkZ 8503
ZĄやe!ぼȡÿ̨˲uͼO(Minagawa et al., 1984)"aruʯƍ¶z¼Vˋˌe
Oǈ!ʻ˲t͙ϛuめrO˓ï�¶�ˌガ÷ТŊZフめe!6503V�¶¦wz
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�ZłƹeO(Kitagawa et al., 1993)" 

�¶¦wz�ȳт)300-500Ág*yンɐ˃̨˲̏ȎコuͭŲ̝ī˽ǭƳŪんϘ
Ņンɐ˃̨˲ΐ̛̉͒ɌyĄ̊Ŋɍчホ˒Ơ)AMS, National Electrostatics 

Corporation ˌ CAMS 500*V̉͒eO"ダɵȳтteU!x¯·�ǰиダɵŝ
ɰƳŪɺΛネy�²{ȡダɵϘɍV9q SRM4990C!њǎɷμǖƂĳɈēɑy
びū�²{ȡぼʻњϘ 159-00425!IAEA-C4 (カÿ˓ÿδȏ)!IAEA-C6 (��º
'�)!IAEA-C8 (�²{ȡ)uЦWO"̉͒ƥĈ] OxCal4.2 ZU IntCal13 uЦ
WUђΐĩˇuǥRO(Ramsey, 2009; Reimer et al., 2013)" 
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Ѹ. ƥĈ 

1. ¬�ºíЫ˲°�¸yưʑ 

/ʹ 4MZ!¬�ºíЫ˲°�¸V˸͒eOĠ）˃Z=BqÀ13Ccollagen, À15N, 

À13Capatite, ¾13Capatite-collagen yńƕ˃uɄeO"ǽZ]ǶĕƠȠeOJdUy）
˃uπɄe!äZ]ЀƳŪVɘZưとJq!C3 ʠϘkeA] C3 ˾）にϘtǭ
‒iU C4 șǱ#Ęˉĝэ? 0-60%˛əFrOーǭy）˃yhπɄeO"ʹ(4-

a)V!C3 ˾）にϘ-C4 șǱyǹǭuɄeOƃ˪? C4 șǱyŌСз? 20-80%V
À13Capatite ?¾13Capatite-collagen tˇy˼ńuȾRUWq"ʹ(4-b) yÀ13Ccollagen t¾
13Capatite-collagen yńƕ˃VkͷУyƽ々?ƵorO"４y）˃V]ayn;YƖ
Ǒ?Ƶorh!ɛфıにuJqɧ̪ZnqʅчyșǱ˛əuưɯJqyZ]̝
ュМǏYȫダPtǢ<orq" 

ʹ(4-a)!ʹ(4-b)V]!¬�ºíЫ˲y˳˄?эȻJq C3 ʠϘ-C4 șǱ!C3 ˾
）にϘ-Ęˉĝэ!C3 ˾）にϘ-C4 ˾）にϘyǹǭZ=WU]!¾13Capatite-collagen

?efÜ͒V9qyZ̗e!�¶'�¼tx¢�z�yÀ13C yh?MrNr
C4 șǱ!Ęˉĝэ!C4 ˾）にϘyŌСзttkZ̃ĄeO"Üϲ!¬�ºí
Ы˲yǟ˄?̝@AÓYq C3 ʠϘ-Ęˉĝэ!C3 ʠϘ-Ęˉűэ!C3 ʠϘ-C4

˾）にϘyǹǭV]!Ęˉĝэ!Ęˉűэ!C4 ˾）にϘyŌСз? 0-40%yー
ǭ¾13Capatite-collagen ]ƻʅe!40-100%t̓A˛əFrqn;ZYqt̃Ąe
O"¬�ºíЫ˲y˳˄]ÓYq?!̨˲ͷÍ̖コ?ÓYq C4 șǱ-C4 ˾）
にϘyǹǭV]À13C!¾13Capatite-collagen tkZュに? 1.25Ë΂ZɡgRO" 

À15N t¾13Capatite-collagen yńƕuɄeOʹ(4-c)V]!C3 ˾）にϘ-C7șǱyǹ
ǭZ=WU] C4 șǱ 0-80%yグÎV C4 șǱyŌСзttkZÀ15N ? 1.15ƻ
ʅJqyZ̗e¾13Capatite-collagen ? 3.55̃Ąe!C4 șǱ 80-100%yグÎV]e
fュにeYW"Üϲ!C3 ʠϘ-ĘˉĝэyǹǭV]Ęˉĝэ 0-60%yグÎVĘ
ˉĝэyŌСзttkZÀ15N ? 4.25̃ĄJqyZ̗e¾13Capatite-collagen ] 2.55
ƻʅe!Ęˉĝэ 60-100%yグÎV]À15N ] 1.45!¾13Capatite-collagen ] 1.55̃
ĄJq"C3 ʠϘ-C4 ˾）にϘyǹǭV] C4 ˾）にϘ 0-40%VÀ15N ? 2.15̃
ĄJqyZ̗e¾13Capatite-collagen ? 4.85ƻʅe!C4 ˾）にϘ 40-100%VÀ15N ?
0.85̃ĄJqyZ̗e¾13Capatite-collagen ? 3.65̃ĄJq"C3 ʠϘ-C4 șǱ!C3

˾）にϘ-C4 ˾）にϘyǹǭV]¾13Capatite-collagen ]Ü͒V!À15N yュにk
0.65tʅYW"C3 ˾）にϘ-Ęˉĝэ!C4 șǱ-C4 ˾）にϘyǹǭV]!Mr
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NrĘˉĝэ!C4 ˾）にϘyŌСзtkZÀ15N ? 2.35!3.35̃ĄJqyZ
̗e!¾13Capatite-collagen yュに] 0.55!1.65Zɡgq"C3 ʠϘ-Ęˉűэyǹǭ
V]À15N yュに?˰）˃̹VȄk̽eA!ĘˉűэyŌСZォRU 10.55ュ
にJq"¾13Capatite-collagen ]ĘˉĝэyŌСз? 0-40%yグÎV 3.95ƻʅe!M
rËʔyŌСзV] 2.45̃ĄJq" 

ʹ(4-d)!(4-e)yÀ13C tÀ15N yńƕZ=WU]!C3 ˾）にϘ-C4 ˾）にϘy
ǹǭyhパy˼ń?horO"C3 ʠϘ-Ęˉĝэ!C3 ʠϘ-ĘˉűэyǹǭV
]À13C ?̃ĄJqttkZÀ15N ?˰̖VMrNr 7.65!10.55t̝ϖZ̃
ĄJqˇy˼ń?horO"C3 ˾）にϘ-Ęˉĝэ!C3 ʠϘ-C4 ˾）にϘyǹ
ǭZ=WU]À13C ?̃ĄJqttkZÀ15N ?tkZ˰̖VMrNr 2.35!
3.95̃ĄJq"C3 ʠϘ-C4 șǱ!C3 ˾）にϘ-C4 ˾）にϘyǹǭV]À15N ]
efÜ͒yggÀ13C yh C4 șǱ!C4 ˾）にϘy˛əttkZ 15.85ュにJ
q"C4 șǱ-C4 ˾）にϘyǹǭV]À13Ccollagen!À13Capatite yュに?˰̖V
1.55!0.45Ë΂V9qyZ̗eÀ15N ] C4 ˾）にϘy˛əttkZ˰̖VЗ
3.35̃ĄJq" 

À13Ccollagen tÀ13Capatite yńƕuɄeOʹ(3-f)V]!C4 șǱ-C4 ˾）にϘËĞ
yJdUy）˃Z=WUˇy˼ń?ͼorO"Ęˉĝэ#ĘˉűэZコd!C

7șǱ#C4 ˾）にϘ?ǹǭFrO）˃yϲ?À13Ccollagen!À13Capatite tkZʔʇ
ϖ?̝@>RO" 

/ʹ 5MV]¬�ºíЫ˲°�¸tͷI�¶¦ʔZˡǥƳŪyͷÍ̖コ�'�
u¨º��eO"À13Capatite t¾13Capatite-collagen yńƕuɄeOʹ(5-a)V!C3 ʠϘ
НЭy�¼¢�Ƽt C4 șǱV9q�{°º��y˛əİǭ?ƿ̖EtZュ‒
RUWOtǢ<orq Cahokia ɧ̪yƈȻ͇˪]ˇyƖ@uȾRU=p!C4 ș
ǱyŌСз? 20-80%yーǭy C3 ˾）にϘ-C4 șǱyǹǭ°�¸t˅ǭがV9
RO" 

� À13Ccollagen t¾13Capatite-collagen yńƕuɄeOʹ(5-b)V]!Cahokia ɧ̪yhƈ
Ȼ͇˪ZUƷ̽YˇyƖ@?ͼor!C3 ˾）にϘ-C4 șǱyǹǭ°�¸uɄe
Oƃ˪? C4 șǱyŌСз 20-80%yグÎVÀ13Ccollagen ?¾13Capatite-collagen tˇy
˼ńuȾRUWqtW;び̀Zǭ̴eO"�¼¢�ɍƼteUk C4 șǱ?˛
əFrUWq Yangshao ɧ̪yƈȻ͇˪)Ɩ@$-0.54!R2 = 0.35*!ĘȟϘ? C3

ʠϘttkZ˛əFrUWqòŇへマɧ̪yƈȻ͇˪)Ɩ@$-0.60!R2 = 

0.51*V]パyƖ@?ͼorO" 
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À15N t¾13Capatite-collagen yńƕuɄeOʹ(5-c)V] Cahokia ɧ̪!òŇへマɧ
̪ZpWUƈȻ͇˪?パyƖ@uȾRUWO"C3 ˾）にϘ-C4 șǱyǹǭ°�
¸V C4 șǱyŌСз? 20-80%yt@!C3 ʠϘ-Ęˉűэyǹǭ°�¸VĘˉ
űэyŌСз? 0-60%yt@!°�¸Vkパy˼ńńƕ?ƵorUWq"
Yangshao ɧ̪V] C4 șǱ-C4 ˾）にϘyǹǭ°�¸y C4 șǱ? 0-80%ˣjq
ーǭt˅ǭがV9RO" 

ʹ(5-d)!(5-e)VɄeOÀ13C tÀ15N yńƕV]!ĘȟϘ? C3 ʠϘttkZ˛
əFrUWqòŇへマɧ̪yƈȻ͇˪Z=WUˇyƖ@?ͼor!C3 ʠϘ-Ę
ˉűэyǹǭ°�¸t˅ǭがV9RO"４yɧ̪yƈȻ͇˪]パyƖ@uȾR
UWO" 

À13Ccollagen tÀ13Capatite yńƕuɄeOʹ(4-f)V]!Cahokia ɧ̪ZUǫWˇy
˼ń?ͼorO"４yɧ̪yƈȻ͇˪kˇyƖ@uȾRUWO" 

Ġɧ̪ZpWUǢǀī=n`ͷÍ̖ホ˒yˡǥƳŪnpʺ͒FrO）˃uƠ
ȠeO¬�ºíЫ˲°�¸]!ͷÍ̖コȫダŃy˼ńńƕZ=WUɎ̮̉tğ
[Ü̴eUWO"OPe!Cahokia ɧ̪y¾13Capatite-collagen ?°�¸npk(65
̝@WƖǑ?9qYX!Ɏ̮̉t°�¸yˠ̗̮t?ўеJq�'�?̓AƵ
orO"MyƺàteU]!Ƕĕ¬�ºíЫ˲°�¸uǟ̵JqZ9Op˸͒
eO）тƼ]みЀȟy）テ�'�uțʍeU=p!Ġ̰VɎȍZ˛əFrO）
тƼyͷÍ̖コtǾ?9ROatl!¬�ºíЫ˲°�¸V] 2 py）тƼy
ǹǭyhuƠȠeUWq?!ɎȍZ] 3 pËʔy）тƼ?˛əFrUWOat
?Ǣ<orq" 

 
2. ンɐ˃̨˲ΐ̛ 

/π 6MZĠȳтyΐ̛uɄeO"ђΐĩˇˮyンɐ˃̨˲ΐ̛)14C ΐ̛*Z
ニʼeUπɄeOǋǾyɘЩピ]!14C yƠʾ? n yーǭZ√"VС<orqƠ
ʾǋǾy˼̗ǋǾ)1/√"*y�{�ホネ 1 ダɵヤǾホV9q(̹３, 2001)"ȿ̛
Ƌホ]!ĩˇΐ̛yħзЇͧホネyȄト̮yȿ̛uȆЦe!ˡȤȿ̛ZpWU
]˓˥(2010)!でズ(2013) ǖで#ǰиѓȤЉ̋んϘŅ(2014)!ѓȤȿ̛ZpW
U]みЀȤΐπ(˹Ýし̝īʹɻŅ)ZŋTWUƋホeO"Ëþ!Ø˘ϡZƥĈ
y˟αuJq" 

i) ň͉ルのƐØ˘ 

【ǳ#【ȹȵт]!ンɐ˃̨˲ΐ̛̉͒uǥROȳт 27 ごy;nȄk̓W 18
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ご?Жˉȿ̛Zコ͒FrO";n 14 ご?Жˉ̹ŏyΐ̛uɄe!Ȣp]Жˉ
ǈŏV9RO"gO!へマȿ̛yȵт? 2 ご9p!へマ˹ŏtへマˮŏЃZコ
͒FrO"４Zǀボȿ̛)1 ご*!ǀ̛yジ͆(ふцȿ̛)2 ご*!ミÉȿ̛)2

ご*!Ɍ͂ȿ̛)2 ご*ŽJqȹkưɯFr!へマ!Жˉȿ̛ËĞyØϘk9
qtW;at?ʪOZオαeO"JdUЖˉȿ̛ŽJqtFrOОеȹyÜ
ピ?へマȿ̛lǀボȿ̛Ëǩyȿ̛Zコ͒Fr!へマ˹ŏŽJqtFrO 8

Ǭ【ǳ?Жˉȿ̛̹ŏZコ͒FrqYX!ɯそʜŻ>oʺ͒FrOΐ̛tÓY
qンɐ˃̨˲ΐ̛uɄJȵт?̓A!ˡǥƳŪVȫかFrUWqnpǘWグÎ
V̰˷yĢа?Ś@UWOtǢ<orq(ň͉ルのƐØ˘̓ǿ̪, 2015)"ȹɜͷ
͒!【ǳ>oyΐёʺ͒yƥĈtʍoeǭ‒iqt!Ȅʄƿ̖ʾVへマȿ̛Z
2 ƿ̖!Жˉȿ̛Z 4 ƿ̖!ǀボȿ̛Z 1 ƿ̖!ジ͆(ふцȿ̛Z 2 ƿ̖!ミ
Éȿ̛Z 2 ƿ̖!Ɍ͂ȿ̛Z 1 ƿ̖!JY‒nÓYqȿ̛yƿ̖yȵт? 12

ƿ̖Ëʔホ9qat?ホ>RO"ͷIØ˘>oɯそeOにϘǳȵт]へマ˹ŏ
)6 ご*!へマケŏ)2 ご*!ǀボ)1 ご*yΐ̛uɄeO"にϘǳȵт]!ンɐ
˃̨˲ΐ̛̉͒uǥROȳт 9 ご̹!6 ご?へマ˹ŏ!2 ご?へマケŏ!1 ご?
ǀボȿ̛Zコ͒FrO" 

ii) ˉ】Ø˘ 

� 【ǳ]へマケŏɦЃyΐ̛uɄeO"ˡǥƳŪV]ŴZɯそeOそŊyƙɈ
npЖˉȿ̛ǈŏtFrUWO?!npǀWΐ̛y【ǳV9qat?ħΎFr
O"ͷIØ˘yϡ̰ご>o]へマケŏɦЃyƙɈyそŊ?ɯそeUWqOj!
Ø˘˰̖yØϘɯそʜŻt]ЋɶeYW" 

iii) ˓「Ø˘ 

【ǳ] 2 ご̹ 1 ご?そŊƙɈ>oʺ͒FrO͋pへマǈŏZコ͒FrO"ェ
Ə̓ǿɻVɺȟŏ?αħVYWtFrO̞ÜそǒϬ>oɯそeO SK55 ]Ĵ˶
ȿ̛y̮uɄeO" 

Ҁ)ѠĆуØ˘ 

ȵт] 3 ごtkĩˇΐ̛?-5000-4500 cal BP yグÎZɡgp!ǢǀīがɺƵy
͋pʪ˓Ŋȿ̛̹ŏŽJat?ħΎFrO" 

 
3. �¶'�¼̨˲#̷˲É͒ͷÍ̖コ 

/π 6MZĠȳтy�¶'�¼yɡзt C/N)ƺȨコ*uɄeO"�¶'�¼
̻ɯuǥYROȳт 54 ごy;n 50 ご>o EA-IRMS V̨˲#̷˲É͒ͷÍ̖
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コủ͒ąらYホч(0.4mg)y�¶�¼?ͼor!;n 48 ご] C/N コ?ˉ̖Н
Э�¶'�¼yˇʘ̮yグÎ)2.9-3.6*ZɡgROOj!�¶'�¼yュ˃9
qW]ĞピМőϘyǹめyąら˃]ʅYW(DeNiro, 1985)"ˇʘ̮yグÎǘ<
Oȳт 2 ごZpWU]!ǶǈyŠљy̗々>o・ĞJq" 

Ġȳтy�¶'�¼̨˲#̷˲É͒ͷÍ̖コ̉͒ƥĈ)À13Ccollagen, À15N*y
ʾ̮u/π 7MɄe!/ʹ 6MZ¨º��eO"Ƕĕỷ͒ȳт]JdU΂жØ
˘yȵтZНЭeU=p!À15N ]жʔȵƼŌpyいW̮uɄeO)8.02
1.15*"ň͉ルのƐØ˘#ˉ】Ø˘#˓「Ø˘y【ǳ#【ȹZ=BqÀ15N ]!
ΐ̛̉͒Vへマ˹ŏ(ǈŏZコ͒FrOȳтV] 7.621.25!へマケŏ(Жˉ
ǈŏZコ͒FrOȳтV] 7.6520.75V9p!ミƄ̮]づe>RO"gO!
0488�367�85�� y 2� ư͒V!ŐŢƾĚ̮u 9.���) Z˝͒eへマ˹ŏ(ǈ
ŏ!へマケŏ(ЖˉǈŏyȳтŃVÀ�)1 uコĩeOtas!9.���- tYpМ
ÐǾ]ƵorY>RO"�
Üϲ!À13C ZpWU]ȿ̛#Ø˘ϡZ̝@YǾ?ƵorO"ň͉ルのƐØ

˘#ˉ】Ø˘#˓「Ø˘y【ǳ#【ȹZ=BqÀ13C ]!ΐ̛̉͒Vへマ˹ŏ
(ǈŏZコ͒FrOȳт)-19.920.25*tコd!へマケŏ(ЖˉǈŏZコ͒F
rOȳт)-16.0520.95*V]ミƄ̮yǾV 3.95yʔʇ?ƵorO"0488�
367�85�� y 2� ư͒V!ŐŢƾĚ̮u 9.���) Z˝͒eへマ˹ŏ(ǈŏ!へマ
ケŏ(ЖˉǈŏyȳтŃVÀ�
� uコĩeOtas!9.�����
 tYpМÐǾ?
ƵorO"șǱ#șǱ）にϘy˛ə?ˡǥƳŪVȫかFrUWq̹ǰ#ѠĆу
Ø˘yʪ˓Ŋȿ̛【ȹV]!FoZǫWÀ13C)-7.020.55*?ŀ̉FrO" 

ň͉ルのƐØ˘yにϘǳ]À13C!À15N ?tkZ C3 ˉ̚Ɲy）тƼuбЦJ
qにϘyグÎZɡgRO)À13C$-21.421.55, À15N$-3.120.85*" 

 
4. x¢�z�̨˲É͒ͷÍ̖コ 

Ġȳтyx¢�z�̨˲É͒ͷÍ̖コ̉͒ƥĈ]/π 6MyÀ13Capatite ZɄe
O"gO!/ʹ 7MZ�¶'�¼)ǲ*#x¢�z�)˗*y̨˲É͒ͷÍ̖コ
uІĩˇyンɐ˃̨˲ΐ̛)14C ΐ̛*Z̗eU¨º��eO"ȹy々ѿɍ>
oˉ̖НЭy�¶'�¼?̻ɯV@Y>ROƿ̖ZpWU]!ͷIƿ̖yǳ>
o̻ɯeO�¶'�¼y̨˲É͒ͷÍ̖コ#ンɐ˃̨˲ΐ̛uȆЦeUWq" 

ň͉ルのƐØ˘#ˉ】Ø˘#˓「Ø˘y【ȹ}�¯¸ɍZ=WUx¢�z�
yÀ13C ]!ΐ̛̉͒Vへマ˹ŏ(ǈŏZコ͒FrOȳт)-14.120.65*tコ
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d!へマケŏ(ЖˉǈŏZコ͒FrOȳт)-9.421.25*V]ミƄ̮yǾV
4.65yʔʇ?ƵorO"びZへマケŏɦЃyˉ】Ø˘V]ǫWÀ13C)-6.95*
?ħΎFrO"0488�367�85�� y 2� ư͒V!ŐŢƾĚ̮u 9.���) Z˝͒e
へマ˹ŏ(ǈŏ!へマケŏ(ЖˉǈŏyȳтŃVÀ�
� uコĩeOtas!9.�
�����) tYpМÐǾ?ƵorO"̹ǰ#ѠĆуØ˘yʪ˓Ŋȿ̛【ȹV]!F
oZǫWÀ13C)0.0320.45*?ŀ̉FrO" 

x¢�z�t�¶'�¼y̨˲ͷÍ̖コyǾ)¾13Capatite-collagen*]˾）にϘZ
=WUΈ）にϘnp̝@W̮?ϰǯFrU=p!ʠϘ）yͧǭWyБÉtFr
UWq(Ambrose & Norr, 1993; Krueger & Sullivan, 1984; Lee-Thorp et al., 1989)"¾
13Capatite-collagen ]へマ˹ŏ(ǈŏZコ͒FrOȳтV 5.920.55!へマケŏ(Ж
ˉZコ͒FrOȳтV 6.421.25 V9RO"̹ǰ#ѠĆуØ˘yʪ˓Ŋȿ̛【
ȹV] 7.120.35V9RO" 

 
5. ƥĈygtj 

¬�ºíЫ˲°�¸yƠȠƥĈnp!C4 șǱ9qW]Ęˉĝэ? C3 ʠϘ#
C3 ˾）にϘtǭ‒iUʅч˛əFrOーǭ!ͷÍ̖コyȫダ]ÓYqŰにu
ɄJat?ホ>RO"gO!¬�ºíЫ˲°�¸uˡǥƳŪyɎ̮̉tコĩJ
qt!ͷÍ̖コȫダŃy˼ńńƕZpWUğ[рɒ]˅ǭがV9RO"びZ
C3 ˉ̚Ɲy）тƼ?）тy̝ピホuˣjUWqt@ZÀ13Capatite!À13Ccollagen ?
¾13Capatite-collagen tˇy˼ńuȾpy] C3 ˾）にϘt C4 șǱyǹǭyーǭyh
V9p!ɛфıにuJqɧ̪ZnqʅчyșǱ˛əuưɯJqyZ]̝ュМǏ
YȫダPtǢ<orq" 

/ʹ 8MZ!ň͉ルのƐØ˘yへマ˹ŏ(Жˉǈŏyȳт!˓「Ø˘yへマǈ
ŏyȵт!ˉ】Ø˘yへマケŏyȵт!ѠĆуØ˘yʪ˓Ŋ̹ŏyȵтZpW
UÉ͒ͷÍ̖コ̉͒ƥĈyイ_CʹuɄeO"�¶'�¼tx¢�z�рϲy
À13C Z=WU!ンɐ˃̨˲ΐ̛̉͒Vへマ˹ŏ(ǈŏZコ͒FrOȳтtコ
dへマケŏ(ЖˉǈŏZコ͒FrOȳтV]МÐYʔʇ?ħΎFrO"ʔʇϖ
]x¢�z�yϲ?ミƄV 0.75ǫ>RO"À15N V]へマ˹ŏ(ǈŏtへマケ
ŏ(ЖˉǈŏyȳтŃZМÐǾ]Y>RO"ň͉ルのƐØ˘yにϘǳ]À13C!
À15N ?tkZ C3 ˉ̚Ɲy）тƼuбЦJqにϘyグÎZɡgROyV!ȿ̛
Ńy）˃ュÿukOoeO）тƼZ]À13C ?ǫA!À15N ?いWϡy）тƼ?
Ǣ<orq"ǢȗV]!À13C yʔʇ? C4 șǱZnqkyYy>!¬�ºíЫ



� 	-�

˲°�¸tyコĩZUưとJq" 
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ѹ. Ǣȗ 

1. ¬�ºíЫ˲°�¸uЦWOへマ(Жˉȿ̛y）˃ュÿyッĂ 

/π 8MZ!ň͉ルのƐØ˘yȳтV̉͒FrOͷÍ̖コȫダŃy˼ńńƕu
ッĂJqOjǥRO!2 pyі̎ュʾŃy˪ƚńƕuッĂJq¥x�¼y˔з
˼ńư͒yƥĈuɄeO"ŐŢ̮u¿=0.05 teOt@!ň͉ルのƐØ˘)へ
マ˹ŏ(Жˉǈŏ*yÀ13Ccollagen-À13Capatite Ń!À13Capatite-¾13Capatite-collagen Ń!ň
͉ルのƐØ˘)Жˉȿ̛yh*yÀ13Capatite-¾13Capatite-collagen ŃZМÐY˼ńńƕ
?ưɯFrO"/ʹ 9MZ=WU!ň͉ルのƐØ˘yへマ˹ŏ(Жˉǈŏ!˓「
Ø˘yへマǈŏ!ˉ】Ø˘yへマケŏ!ѠĆуØ˘yʪ˓Ŋ̹ŏyȳтVɎȍ
Zŀ̉FrOͷÍ̖コu!¬�ºíЫ˲°�¸Z̗eU¨º��eO" 

Ȅk̓Wȳтʾuホ˒eOň͉ルのƐØ˘yȳтZpWUghǢȗJq"ň
͉ルのƐØ˘yȳтV]!へマ(Жˉȿ̛yȳт˰̖yƈȻ͇˪t!Жˉȿ̛
yȳтyhyƈȻ͇˪uɄeU=p!ˮɒ]ȿ̛Ńy）˃yュÿ!ǈɒ]Жˉ
ȿ̛Z=Bq）˃yホネyŀȗuБがteUWq"¥x�¼y˔з˼ńư͒V
МÐY˼ńńƕ?ͼorOÀ13Capatite!¾13Capatite-collagen uɄeOʹ(9-a)uƵq
t!ň͉ルのƐØ˘yȳт] C3 ˾）にϘyŌСз? 20-100%yt@y C3 ˾）
にϘt C4 șǱyǹǭ°�¸Zò;n;YˇyƈȻ͇˪uツWO"へマ(Жˉ
ȿ̛yȳт˰̖yƈȻ͇˪]Ɩ@? 0.32!R2 ̮? 0.28!Жˉȿ̛yȳтyhy
ƈȻ͇˪]Ɩ@? 0.66!R2 ̮? 0.39 V9RO"°�¸tコĩJqt!へマ˹
ŏ(ˮŏЃyȳт] C4 șǱ? 0-20%!Жˉ̹ŏ(ǈŏyȳт] 20-60%˛əF
rOーǭyшÚtэȻJq" 

gO!ň͉ルのƐØ˘yへマ˹ŏ(ЖˉǈŏugtjOȳтƓVМÐY˼ń
ńƕ?ưɯFrOÀ13Ccollagen!À13Capatite u¨º��eOʹ(9-f)uƵqt!へマ
(Жˉȿ̛yȳт˰̖V]Ɩ@? 0.93!R2 ̮? 0.63 yƈȻ͇˪?ɄFrO"
ar]!へマȿ̛>oЖˉȿ̛yȳтVyÀ13C yュÿ?�¶'�¼npx¢
�z�V̝@>ROatuɄJ"Жˉȿ̛yȳтƓyɎ̮̉u C3 ˾）にϘt
C4 șǱyǹǭ°�¸yMrtコĩJqt!へマ˹ŏ(ˮŏЃyȳт] C4 șǱ
? 0-20%!Жˉ̹ŏ(ǈŏyȳт] 20-60%˛əFrOーǭyшÚZ̏ȎeO" 

Ëʔyn;Z!てƠư͒VМÐY˪ƚy˼ńńƕ?ƵorOÀ13Ccollagen tÀ
13Capatite!À13Capatite t¾13Capatite-collagen y¨º��u¬�ºíЫ˲°�¸tコĩJ
qt!ň͉ルのƐØ˘yЖˉɧ̪? C3 ˾）にϘt C4 șǱuɘZ˛əe!C4
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șǱyŌСз?=nM 20-60%V9ROat?ɄǼFrO" 

ɀZ!てƠư͒V]МÐY˪ƚy˼ńńƕ?ͼorY>ROň͉ルのƐØ˘ȳ
тyͷÍ̖コȫダŃyńƕZpWUkʹuǢȗJq"À15N tÀ13C tyńƕu
¨º��eOʹ)9-c*!(9-d)!(9-e*V]!C3 ˾）にϘt C4 șǱyǹǭ°�¸
?ɄeOƃ˪yƖǑt̝@Ahrqat]Y>RO"OPe!ň͉ルのƐȳтy
¨º��yホネшÚ]!°�¸Z̗eUÀ15N ?=nM 25ʔZhrqƽ々?ŀ
ȗFrO"/ʹ 10MZUň͉ルのƐØ˘yЖˉ̹ŏ(ǈŏȳтƓyÀ15N yȹɜ
ϡミƄu!ĠȹɜyȹǸƚ˄ěȧΐёZ̗eUɄeO"̞ ÜむèȹZpWU]ȹ
Ǹyƚ˄ěȧΐёy�'�?YWOj!ȹĶƚ˄?ĸпJqΐёuțʍeO"ƈ
Ȼ͇˪uáWOtas!Ɩ@?-0.19!R2 ̮? 0.87 tYp!ɖWΐёVƚ˄Fr
qȹɜeXÀ15N ?ǫWƖǑZ9qat?ホ>RO"ɯˉǈ!むȼy˳ʡyͷÍ
̖コ]ɟむɒyMrZ̗e!2-35̃ĄJqƽ々?ˡǥƳŪVȫかFrUWq
(Tsutaya & Yoneda, 2015)"gO!ȹǸ々ѿɍ�¶'�¼]˳ʡƚ˄ȿy）˃uガ
ìJq(Beaumont et al., 2013; Dean, 2017)"eO?RU!ɖWΐёVƚ˄Frqȹ
ɜeXÀ15N ?ǫAYqƖǑ]ɟむyëſV9qtǢ<or!C3 ˾）にϘ#C4

șǱyǹǭ°�¸tɎ̮̉tyŃZ9qÀ15N yhrZkayëſ?9qtʺ
ȗFrq" 

À13Ccollagen!¾13Capatite-collagen yńƕuɄeOʹ(9-b)yh!C3 ˾）にϘt C4 șǱ
yǹǭ°�¸t]ÓYqƖǑ?ŀȗFrO"てƠがZМÐV]YWkyy!À
13Ccollagen t¾13Capatite-collagen tyŃZパy˼ń?ƵorO"OPe!C3 ¬�ºíЫ
˲°�¸ZUͷIn;YÀ13C yшÚVパy˼ńuɄJn;Y）˃]!C3 ʠϘ
tǭ‒iU C4 ˾）にϘ!keA]ʅчyĘȟϘ?˛əFrUWOーǭV9q"
ǈɒyーǭ!À13Ccollagen!À15N yńƕuɄeOʹ(9-d)tÀ13Capatite!À15N yńƕ
uɄeOʹ(9-e)V°�¸ZUŀȗFrOŷWˇy˼ńZϮRUʅYAtkてƠ
がZМÐYˇy˼ń?ͼorqtǢ<orqyV!Myąら˃]いW"C4 ˾）
にϘ?ʅч˛əFrUWO�'�]ゲ͒V@YW?!にϘǳV C4 șǱy˛ə?
ħΎFrOю]ЀƳŪV]Y>RO"k;Üpyąら˃teU!Ƕĕ¬�ºíЫ
˲°�¸V] 2 py）тƼyǹǭyhuǢ<O?!ͷIƠȠϲϳZU C4 șǱy
ŌСзuǂ͒eU C3 ˾）にϘt C3 ʠϘyŌСзuュÿFiOーǭ!À13Ccollagen

t¾13Capatite-collagen yŃZパy˼ń?Ƶorq)/ʹ 11M*"nRU!ɎȍZ] C3 ˾
）にϘt C4 șǱPBVYA!C3 ʠϘkǭ‒iU）FrUWOat?Ǣ<or
q" 
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ɀZ!ň͉ルのƐØ˘ËĞyへマ(Жˉȿ̛#ʪ˓Ŋȿ̛yȳтZpWUǢȗ
Jq"ˉ】Ø˘yȳтV]!ЀƳŪVホ˒eOȳтy;nȄkǫWÀ13Capatite t
¾13Capatite-collagen ?ŀȗFrO"À13Capatite!¾13Capatite-collagen uɄeOʹ(9-a)ZU¬
�ºíЫ˲°�¸tコĩJqt!ayn;Y̮uəpͼqy] C4 șǱt C3 ʠ
ϘyǹǭyhV9p!60%ZƈW C4 șǱyŌС?Ǣ<orq"̹ǰ#ʪ˓Ŋȿ
̛̹ŏyѠĆуØ˘yȳт]̨˲ͷÍ̖コV]°�¸ʔy 100%C4 ʠϘyшÚ
ニƈZʘZÍ̳e!ǫW C4 ʠϘy˛ə?ɄǼFrO"˓「Ø˘]ň͉ルのƐØ
˘yへマȿ̛ȳтtͷУyƖǑuɄeO"WhryØ˘yȳтVk!ň͉ルのƐ
Ø˘yȳтtͷIA!ɟむyëſtǢ<orqÀ15N y°�¸̮Z̗Jqˇyh
r?ƵorO"OPe!aroyØ˘V]ホ˒ąらYȵтʾ?ʅY>ROOj!
ɧ̪Z=BqͷÍ̖コȫダyュに>o）˃uʺ͒Jqat]V@Y>RO" 

 
2. へマ(Жˉȿ̛yșǱŌСзyȿ̛ュÿ 

ЀƳŪVホ˒eOń̰ͭϲ΂жピ=n`̹ピǫ̰yへマ(Жˉȿ̛yȵтZ
pWU!¬�ºíЫ˲°�¸tɎ̮̉uコĩeOtas!ɘZ C3 ˾）にϘt C4

șǱ!C3 ʠϘyǹǭ>oYq）˃?ɄǼFrO"MaV!）тƼteU C3 ˾
）にϘ#C4 șǱ#C3 ʠϘu˸͒e!へマ(Жˉȿ̛yȵтZpWU¬�ºíЫ
˲°�¸VЦWOƠȠϲϳZUÀ13Ccollagen!À13Capatite >oMrNry）тƼyŌ
СзuȠɯeO"À15N ]¬�ºíЫ˲°�¸tyコĩZ=WU!ȳтZnRU
]ɟむyëſuƷ̽ZɝBU=p）тƼɅ̖yǹǭPBV]˟αV@YWtǢ
<orqOj!Ƕĕ]À13C uƠȠZЦWO" 

ƠȠƥĈuンɐ˃̨˲ΐ̛Z̗eU¨º��eOkyu/ʹ 12MZɄJ"C3 ˾
）にϘt C3 ʠϘyŌСз]gtjU+C3 ʠϘ+˾）にϘ,teUπɄeO"へ
マ˹ŏ(ǈŏyȵт>oȠɯFrO C4 ʠϘ#C3 ˾）にϘ#C3 ʠϘyŌСз]
MrNr 9.8%!77.8%! 12.4%V9RO"arZ̗e!へマケŏ(Жˉǈŏyȳ
т>oȠɯFrO C4 ʠϘ#C3 ˾）にϘ#C3 ʠϘyŌСз]MrNr 37.7%!
25.5%!36.9%V9RO" 

eO?RU!ЀƳŪV]へマケŏ(ЖˉǈŏZ]）Ⱥ˰̖y=nM 40%ușǱ
?ĵ˻ɭчZUˣjUWOąら˃?ɄǼFr!ǢǀīがʑůZŋTWUиUo
rOĀ˟?ͷÍ̖ホ˒VkȬȾFrqƥĈtYRO"FoZżЅʭWy]!ay
ȿŏZ=BqșǱŌСзuƵqt!へマケŏyȳт)ˉ】Ø˘*V]ŌСз?ǫ
A!ň͉ルのƐØ˘yЖˉȿ̛ȳтV]ȿ̛ƞčttkZŌСз?ƻʅJqą
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ら˃?ɄǼFrOatV9q)ʹ(12-a)țʍ*"14C ΐ̛t C3 ʠϘyŌСзZp
WU]!̦ ̓ỸĄƖǑ]ΎjorY>RO?!へマ˹ŏ(ǈŏyȳтtコdU
へマケŏ(ЖˉǈŏyȳтV] C3 ʠϘyミƄŌСз? 12.4%>o 36.9%Z̃Ą
eUWq"ͅ ЕƴVɎȭFrOそŊyɜɎÆǺ̓ǿ>o]!へマケŏЃZșǱȇ
Μ?ˬ̡がZɝТFr!ynZz�tベǭがZȇΜFrqn;ZYROtFr
UWq(ろー#óで, 2017)"z�] C3 ʠϘV9qOj!ˡZșǱ?˛əFrqn
;ZYp!ÝȔ?ěȧJqttkZșǱyŌСз?ƻʅe!̛ ‒pZz�yŌС
з?̃ĄeOąら˃?9q"e>e!C4 șǱyŌСз?へマケŏ(ЖˉǈŏZ
>BUてƠがZМÐYƻʅuJq>X;>]!Ƕĕ]ホ˒eUWYWЖˉˮŏ
yȵтuņj!FoYqȵтyホ˒tȿƝєホ˒?μЩV9q" 

ˉ】Ø˘yȵтV]ȹĶtʔþĮǳyƚ̚ホ˒yƥĈ!すЭƝЖˉ【yąら˃
?ǫWtW;ɺƵ?ͼorO)ƈでɥ, Ȱʧ*"Üϲ!ň͉ルのƐØ˘yЖˉ【
ǳV]ƚ̚がび̀Zへマ【がƚɍ?ʣよAƵorO(Ęピ, 1992)"ЀƳŪVͼo
rOͷÍ̖ホ˒yƥĈuˡǥƳŪy̯Ƶt˳hǭ‒iqt!șǱȇΜ]へマケ
ŏЃZすЭƝЖˉ【ZnRU̹ピǫ̰gVさ<or!Жˉȿ̛Z]へマƝЖˉ
【?ɨiɢヨy̰ÚgVġȞe!z�tベǭがZȇΜFrqn;ZYROat
?Ǣ<orq" 

 
3. ЀƳŪZ=BqČ̟tǶǈyけϺ 

 ЀƳŪV]¬�ºíЫ˲°�¸uǟ̵JqȍZ!ĠíЫ˲yņМзZpWU
]マピćīʎy）テ˄ホ�'�©'�uțʍeO"gO!ĘȟϘZ=Bq˳ʡ
l¬�ºíЫ˲ŃyͷÍ̖コy�¦���ZpWU]ƳŪ?ɪホZÒFrUW
Y>ROOj!џむэyŬ絢ɎƸづy�'�uktZʺ͒uǥRO"nRU!
Ƕǈ¬�ºíЫ˲°�¸yˋͧuǫjqZ9Op!）тƼyĠíЫ˲u̻ɯe
MyͷÍ̖コủ͒JqatV!țʍeͼq）тƼy�'�uġɩJqat?
μЩV9q"びZテɜėцづZnpíЫ˲yņМз?ュÿeOtǢ<orq）
тƼZpWU]!ąらYƾpǢǀØϘyͷÍ̖コủ͒Jq"gO!ЀƳŪV
]Ġ）тƼyミƄ̮yhuЦWUƠȠuǥYRO?!Ġ）тƼyíЫ˲ņМз
tͷÍ̖コuベʾȳт̉͒e!ƠȠZəpめrqatZnRU!°�¸yナħ
>FuッĂJqat?Ũjorq"ƈΐ!ナħ>FuəpめrOͷÍ̖コZn
q）˃yッĂZpWU] SIAR l FRUITS tWRO©z�てƠZ‰RO°�¸
?̓ʾěェFrU=p!a;eO°�¸uЦWUナħ>FuッĂJqatką
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らV9q(Fernandes et al., 2014; Parnell et al., 2010; Phillips et al., 2014)"OPe!
aroy°�¸V]）тƼy�'�yミƄtホȞZŋT@ナħ>F?ッĂFr
UWqOj!）тƼy�'�yġɩ?μ−tYq" 

¬�ºíЫ˲°�¸VȠɯFrOͷÍ̖コtǀ【ǳȵтZ=BqɎ̮̉ty
コĩV]!ͷÍ̖コȫダŃy˼ńńƕ]˅ǭがV9qーǭ?̓>RO?!°�
¸yưʑZЦWOみЀËĞyØ˘>oɯそeOǀ【ǳȵтV]ͷÍ̖コȫダɅ
̖yɎ̮̉?°�¸tўеJq�'�?̓AƵorO"gO!¬�ºíЫ˲°
�¸ZŋT@ƠȠeOへマ˹ŏ(ǈŏyȳтƓZ=Bq C4 ʠϘŌСзyミƄ
] 9.8%tYp!0%V]Y>RO"e>eY?o!ǶĕÇROȵт?ɯそeO
̰ÚV]!ͷȿŏZ=Bq C4 ʠϘyбЦuɄJʠϘØ̖̏lそŊÆǺ]Y
W"MyƺàteU!Ƕĕ¬�ºíЫ˲°�¸uǟ̵JqZ9Op˸͒eO）
тƼyͷÍ̖コtɎȍZ˛əFrO）тƼyͷÍ̖コZǾ?9qatl!¬�
ºíЫ˲°�¸V] 2 py）тƼyǹǭyhuƠȠeUWq?!ɎȍZ] 3 p
Ëʔy）тƼ?˛əFrUWOat?Ǣ<orq"MyOj!npˇħY¬�
ºíЫ˲°�¸uǟ̵JqZ]!Ø˘EtZɯそeO）тƼZYpͼqØϘy
ͷÍ̖コủ͒eƠȠɈZ̛めJqat!2 py）тƼyǹǭ°�¸tyコĩ
VɘZ˛əFrUWO）тƼ?ͷ͒V@Oo!3 pËʔy）тƼyǹǭk˸͒
eƠȠJqat?Ũjorq" 

ЀƳŪV]ń̰ͭϲ΂жピ=n`̹ピǫ̰VɯそeOへマ(Жˉȿ̛y【ȹ
ȵтu̹ʨZホ˒eO?!へマケŏ>oЖˉȿ̛Z=Bqりǡyさる]̰ÚZ
÷IUÓYqУ˼u͐Jqąら˃?9qOj!ͷȿŏy４̰ÚyØ˘>oɯそ
eOȵтyホ˒u『jq" 

ЀƳŪVɘZホ˒eOŊĹV9qȹ]!MyÜピ?ɟむŏŃZƚ˄Fr!ɟむ
yëſtǢ<orqÀ15N y°�¸̮Z̗Jqˇyhr?ƵorO"ɟむyëſ
uĸ˰ZΙ・eO）˃uッĂJqOjZ]!ホ˒ȳтteU 9 ȈEs>oƚ˄
?ěȧFrq̞Ț̝èȹ!keA]˄【【ǳuˬʼy?ϺgeW(Hedges et al., 

2007; White & Folkens, 2005)"gO!ホ˒ąらYȵтʾ?ʅY>ROØ˘V]!
ɧ̪Z=BqͷÍ̖コȫダyュにu¬�ºíЫ˲°�¸tコĩeU）˃uʺ͒
Jqat]V@Y>RO"ɟむyëſuˇeAッĂJqOj!=n`ȵтʾ?ħ
ルV@YWーǭZͷIȵт΂VyͷÍ̖コyュにuбЦeU）˃uʺ͒JqO
jZ]!˳ʡyƚ˄ϲǑZі̎がZȳтuȆəJqϲϳ?Ǣ<orq)+і̎が
�¼¨·¼�,*"ɟむyëſuッĂJqZ]!ɖWΐёVƚ˄FrqȳтZ=W
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UXreXǫWÀ15N ?ŀȗFrq>uホ˒Jqat?ϺgeW"gO!Ŗ˞̦
ÍYXV˛əJq）тƼ?ュÿeUWOーǭ!ͷÍ̖コȫダ?ȿƝєZュにe!
¬�ºíЫ˲°�¸yĠ）˃Z=BqͷÍ̖コȫダyŰにtコĩV@qąら˃
?9q" 

  



� 
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Ѻ. ƥǊ 

¬�ºíЫ˲°�¸uЦWOưとZnp!C4 șǱtĘˉĝэtWROͷÍ̖
コ?эȻeUWq）тƼVk!ĠíЫ˲yņМзy×WZnp˛əeOˉϘy
�¶'�¼tx¢�z�yͷÍ̖コZС<qëſ?ÓYqat?ɄFrO"び
Z!¾13Ccollagen-apatite yュÿ¢�'¼Z̸БJqatV!C3 ˉ̚ƝVɛфıにu
ǥ;ɧ̪Znqʅчy C4 șǱ˛ə?гљがZưɯąらV9qat?ɄǼFr
O" 

へマ(Жˉȿ̛yń̰ͭϲ΂жピt̹ピǫ̰yØ˘>oɯそeOȵтyȹǸ
々ѿɍ�¶'�¼y̨˲#̷˲ͷÍ̖コ=n`ȹĶ}�¯¸ɍyx¢�z�y
̨˲ͷÍ̖コủ͒eOtas!ンɐ˃̨˲ΐ̛̉͒ZUへマ˹ŏ(ǈŏZコ
͒FrOȳтtコd!へマケŏ(ЖˉZコ͒FrOȳтV�¶'�¼tx¢�
z�рϲyÀ13C yʔʇ?ħΎFrO"¬�ºíЫ˲°�¸ZUưʑeOƥ
Ĉ!へマケŏ(ЖˉZコ͒FrOȳтV C4 șǱy˛ə?ưɯFr!MyŌС
з]З 40%tʺ͒FrO" 

ЀƳŪVǥ‒rO【ǳyͷÍ̖ホ˒tʪOY）˃ッĂ°�¸yǟ̵ZnRU!
ɛфȆɧ>oりǡtW;̝@YˉƂyこļ?Ś@OtFrqへマȿ̛ケŏ>o
Жˉȿ̛Z>BU!ńͭ΂жピ=n`̹ピǫ̰Z=WU C4 șǱ?）Ⱥy 40%u
ˣjqeXɭЩY）тƼteU˛əFrUWOtW;at?ɹjUɄFrO"
C4 șǱyŌСз]へマケŏyȵтVȄkǫA!Жˉ̹ŏ(ǈŏtȿ̛uƞqZ
prUƻʅJqƖǑ?ɄǼFrO"ar]そŊyɜɎÆǺ̓ǿ>o͔；FrO!
へマケŏЃZșǱȇΜ?ˬ̡がZɝТFr!ynZz�tベǭがZȇΜFrq
n;ZYROtW;Ā˟uȬȾJq"OPe!へマケŏ>oЖˉȿ̛Z=Bqり
ǡyさる]̰ÚZ÷IUÓYqУ˼u͐Jqąら˃?9qOj!ͷȿŏy４̰
ÚyØ˘>oɯそeOȵтyホ˒u『jq" 

Ƕǈ]¬�ºíЫ˲°�¸yˋͧuǫjqZ9Op!）тƼyĠíЫ˲yͷ
Í̖コtņМзủ͒Jqat!=n`ąらYƾpǢǀØϘyͷÍ̖コủ͒
JqatVțʍeͼq）тƼy�'�uġɩJqat?μЩV9q"gO!ͷ
Iȳт΂V˳ʡyƚ˄ϲǑZі̎がZȳтuȆəe!ɟむyëſyッĂlʅY
WȵтʾVy）˃ʺ͒uąらZJqatuБȫJ" 
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ɓɆ 

 ЀƳŪVホ˒FiUWOPWOʾCyřɭYǢǀȵт]!ËþyϲCyEŵ
щ#E͔ųZUMyホ˒?ɎƽegeO" 

ň͉ルのƐØ˘$ͭŲ̝ī˽ǭƳŪんϘŅŅͅ ʶ϶ƹŹɟ!ͭŲ̝ī̝īâ
гīƝƳŪć ƈでɥɳŹɟ!ͭŲ̝ī˽ǭƳŪんϘŅ ǻɣÂÖȨȯ!えŲ̝
īマīピ Ƕ３ƗɃŹɟ!ヒ̄Еゼɰ̝īЉ̋ȵтɌ úしƮȯ!ヒ̄Еゼɰ̝
īЉ̋ȵтɌ ŜȜȀōȯ!ヒ̄Еゼɰ̝īЉ̋ȵтɌ ʊЀゼまȯ 

˓「Ø˘$ʄ、ȩŽそんϘŅ ǫźЪÜȯ!αɂ̝īみЀˡȤマÿƳŪɺ ̢̹
はソȯ 

ˉ】Ø˘$ͭŲ̝ī̝īâ【マɑēƝƳŪć ˝ĭんǃŹɟ 

ѠĆуØ˘$͆ə̝ī� ùȓƩɂ。Ź 

ň͉ルのƐØ˘>oɯそeOにϘǳyɜͷ͒]!αɂ̝īǲЧ˓ƳŪ�¼�
'yѾ˧Ĭぼȯ!ϼĘは̝ī˽ǭんϘŅyǠしʯœȯZEŵщWOP@ge
O" 

ͭŲ̝ī˽ǭƳŪんϘŅVǥYROȳтyˮɸг!ͷÍ̖コ̉͒!ンɐ˃̨
˲ΐ̛̉͒ZńeU]ΐ̛̉͒ɌZ=WUZびもƳŪßyキźЛȯ!ズѢ̝ʯ
ȯ!̝ʫřΒȯ!īɰȬñʢßyŦちȤȨȯ!ƉѨѐПȯ!Ȝ҃ǔミȯ!ʔƺ
Ą͉Õȯ!΂しƗȨȯ!ńǸŗȨȯ!ˮ#īɰȬñʢßyΣȜ̱Ȥȯ!ȜǐÈ
ȨȯZEȫね#EŵщȶpgeO" 

˽ǭ̰ũľŶīƳŪɺy GasBench-IRMS yȣЦZȍeU]˽ǭ̰ũľŶīƳ
Ūɺy７ÉÜјŹɟ!ʮŋҁɳŹɟ!НʻˢƜƳŪʺ『Ȭñß!ƺǐĬƳŪʺ
『Ȭñß!=n`Ɖ̢̝īyĨ̿мȤびも。ŹZEȫね#EŵщWOP@ge
O" 

gO!モしƳŪɌ!ͭŲ̝ī˽ǭƳŪんϘŅZ=WUɀyϲC>oЀƳŪZ
ńeУCYx�¡z�uWOP@geO"aIyAZ̰ũľŶȤ­²'�x® 

みþɣÜјɳŹɟ!ǰиѓȤЉ̋んϘŅ ȜしǙǚŹɟ!ǰиѓȤЉ̋んϘŅ 

ǖでПÜјɳŹɟ!ǰиѓȤЉ̋んϘŅ ȑЀЈŹɟ!Chinese Academy of 

Sciences Professor Yaowu Hu!Lithuanian Institute of History Dr. Giedre Motuzaite 

Matuzeviciute!モしƳŪɌ OG (Ȝƚ̝ī) ̠ʔビȯ!モしƳŪɌ OB 

(JAMSTEC) ͎̥：ȯ!モしƳŪɌ OB ĲѨřǥȯ!モしƳŪɌんȦČおˉ
Farnaz Khatibi ȯ!モしƳŪɌɥȦČおˉ ʊЀ阿αȯ!モしƳŪɌɥȦČおˉ 
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çЕÄゼȯ!ƈでƳŪɌīピˉ Ѐ３ǤĒȯ!ƈでƳŪɌんȦČおˉ ˓ÙгȨ
ȯ!ƈでƳŪɌɥȦČおˉ Katherine Hampson ȯ!「к͂Ÿн�¼�'īƢß 

ˏ͌ƘÜȯ!óでƳŪɌびもƳŪß ǖでǎミȯ!óでƳŪɌんȦČおˉ šし
ʃʽȯ!óでƳŪɌɥȦČおˉ ʔЀʯдÂȯ!óでƳŪɌɥȦČおˉ ヒしˋ
Üјȯ!óでƳŪɌɥȦČお ̥ズʽȯ 

р」u]IjteOĆ̍Z]リīu9omqЎVȬ<UWOP@geO" 

ȄǈZȫねŹßV9qモしʝŹɟZ]ЀƳŪuǥ;Z9ORUやʨYEȫねu
WOP@!̓AyーЎV=ˁћZYpgeO" 

ËʔyϲCZƇvVĻɓyÐuŘe!ǉѐʮeʔCgJ" 
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!15N �  �  6.8  �  �  12.7  
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	o 3
�5�%xY����7N1w��Q~Jb�h"\n��� 

Jbu F0PS Kf 

Cahokia e�"�Jb�� C4 Op�[

WG�<�"�Jb�� C3 U]
6�k�[
WG 

Ambrose et al., 2003 

Yangshao C4 m;� C4 OpP(d Pechenkina et al., 2005 

&0ir C3 Op�)U4~�yw Kusaka et al., 2015 

 

 

	o 4
t93�qV��DH�5T2. 

White & Folkens (2005)�Nanci (2018)11��?T���dm1�`#l$D�C�8D�P1�`#M
$D�P2�`jM$D�M1�`#_$D�M2�`j_$D�M3�`@_$D 

� (4-a) cS 

 dm1 C P1 P2 M1 M2 M3 
D,5T*B(ci) >^12.5-15.5I 0.6 2.1 3.2 0.1 3.8 9.5 

D,5T-{ 0.4 4.4 5.6 6.6 2.5 6.8 12.4 

D=5T*B N.D. 5.2 6.4 7.3 3.2 7.6 13.2 

D=5T-{(rc) 2 11.0 11.2 12.2 7.0 12.3 17.5 

ci~rc�2. 1.7 10.4  8.9  9.0  6.9  8.5  8.0  

        

 (4-b) LS 

 dm1 C P1 P2 M1 M2 M3 

D,5T*B(ci) >^12.5-15.5I 0.6 2.0 3.3 0.2 3.6 9.9 

D,5T-{ 0.15 4.3 5.4 6.5 2.4 6.6 12.6 

D=5T*B N.D. 5.0 6.1 7.2 3.1 7.3 13.2 

D=5T-{(rc) 1.8 9.4  10.5  11.3  6.5  11.8  17.7  

ci~rc�2. 1.5 8.8  8.5  8.0  6.3  8.2  7.8  

 

 



� ���

0Ì 51 Ñ�zäF<? 

MNI ,t�i©��Minimum number of individuals�3x��cªV¸�Ö�{�¿·/¾Ð�¿·+eQ�70Æ·�#.
+'31
}¬,�Å`Öp�¼'�»�]70Æ·�2#.+'31
 

 

M�Û �v¯ }¬ �{zä �rzä ¾Ðrzä ²� 

yä� MNI yä� MNI yä� MNI 

Y¶ÕÀa bÄg�ã³ Ý�}¬±[ 27 7 2 2 13 9 �{zä+ 26 ¹,Þà{�1 ¹,Ñ
��#�rzä*�â�&4#.+ 

�� ´Üg��w ÂÓ}¬k[ 4 4 4 4 
  

4 i©70�r��{3 

!2"2 1 ¹ %u� 

�� ´Üg ^w Ý�}¬k[ 1 1 1 1 
  

1 i©70�r��{3u� 

éPå ±qRØ� ��Z}¬±[ 3 3 
     

od 35 15 7 7 13 9  

 

 

 

 

 



� ���

0Ì 61×��­£Ã¬§·eQ
}¬_Ñ,�U�Ã¬+TáÚºÑÏ+tÍ®+}¬3uß 

�{��rzä 

M� zäÉn {��r� 14C Ã¬
(BP) 

}¬_Ñ U�Ã¬ 

(1SD, cal BP) 

U�Ã¬ 

(2SD, cal BP) 

Lab-code 

(TKA-) 

Y¶ÕÀa 4 n�r Nèr 

(�·Ãç 

6 If) 

7231 2 22  ÂÓ}¬¦[ 8148( 1.7%)8144   

8105( 4.2%)8095   

8053(62.3%)7997   

8156(21.8%)8087   

8069(73.6%)7977   

20191 

Y¶ÕÀa 1874 N�W M3 4730 2 20  ÂÓ}¬¢[Ù 5578(44.2%)5534   

5480(13.4%)5465   

5347(10.5%)5334   

5581(49.6%)5510   

5486(19.5%)5452   

5378(26.3%)5329   

17264 

Y¶ÕÀa 72 sOW P2 2271 2 22  Ý�}¬±[ 2342(57.9%)2308   

2221(10.3%)2210   

2348(62.2%)2302   

2241(33.2%)2180   

17260 

Y¶ÕÀa 2010 N�W M3 2194 2 23  Ý�}¬±[ 2303(47.3%)2240   

2181(20.9%)2152   

2310(95.4%)2144   17263 

Y¶ÕÀa 2876 NOW P1 2193 2 17  Ý�}¬±[ 2302(50.5%)2243   

2179( 9.2%)2168   

2163( 8.5%)2153   

2308(61.1%)2225   

2209(34.3%)2146   

17270 

      �Ì 6 ¨9� 



� ���

      �Ì 6 ¨�� 

M� zäÉn {��r� 14C Ã¬
(BP) 

}¬_Ñ U�Ã¬ 

(1SD, cal BP) 

U�Ã¬ 

(2SD, cal BP) 

Lab-code 

(TKA-) 

Y¶ÕÀa 2143 N�W M3 2169 2 41  Ý�}¬±[ 2305(36.2%)2235   

2183(32.0%)2116   

2314(95.4%)2051   17263 

Y¶ÕÀa 2294 NOW P2 2168 2 24  Ý�}¬±[ 2300(40.9%)2253   

2159(27.3%)2125   

2307(50.7%)2228   

2208(43.7%)2111   

2078( 1.1%)2069   

17256 

Y¶ÕÀa 1869 N�W P1 2133 2 17  Ý�}¬±[ 2149(55.4%)2109   

2081(12.8%)2067   

2292( 3.9%)2275   

2154(91.5%)2047   

17269 

Y¶ÕÀa 1918 sOW P1 2132 2 24  Ý�}¬±[ 2150(48.7%)2100   

2088(19.5%)2062   

2297( 8.1%)2267   

2157(84.3%)2037   

2025( 3.0%)2007   

17255 

Y¶ÕÀa 2788 NOW P2 2114 2 20  Ý�}¬±[ 2129(68.2%)2055   2148(88.3%)2036   

2027( 7.1%)2006   

17258 

Y¶ÕÀa 1911 sOW P2 2110 2 16  Ý�}¬±[ 2122(68.2%)2057   2143(89.1%)2037   

2025( 6.3%)2007   

17259 

Y¶ÕÀa 8 n�r Nèr 

�«|� 

2109 2 16  Ý�}¬±[ 2121(68.2%)2056   2142(88.6%)2037   

2025( 6.8%)2007   

20192 

Y¶ÕÀa 1047 N�W M2 2103 2 21  Ý�}¬±[ 2120(68.2%)2042   2135(95.4%)2002   17262      
    �Ì 6 ¨�� 



� ���

      �Ì 6 ¨9� 

M� zäÉn {��r� 14C Ã¬
(BP) 

}¬_Ñ U�Ã¬ 

(1SD, cal BP) 

U�Ã¬ 

(2SD, cal BP) 

Lab-code 

(TKA-) 

Y¶ÕÀa 1047 N�W M2 2103 2 21  Ý�}¬±[ 2120(68.2%)2042   2135(95.4%)2002   17262 

Y¶ÕÀa 344 N�W dm1 2080 2 18  Ý�}¬±[ 2100( 9.6%)2088  

2062(58.6%)2002  

2115(95.4%)1996  17748 

Y¶ÕÀa 1743 sOW P1 2080 2 17  Ý�}¬±[ 2099( 8.1%)2089   

2062(60.1%)2002   

2115(95.4%)1996   17254 

Y¶ÕÀa 1967 NOW M2 2054 2 17  Ý�}¬±[ 2044(68.2%)1989   2106( 5.6%)2085   

2063(89.8%)1949   

17272 

Y¶ÕÀa 2170 sOW M2 2018 2 16  Ý�}¬k[ 1990(68.2%)1949   2000(95.4%)1925   17266 

Y¶ÕÀa 1968 NOW P2 1969 2 18  Ý�}¬k[ 1934(68.2%)1889   1971( 3.4%)1960   

1951(92.0%)1876   

17257 

Y¶ÕÀa 1083 N�W M2 1957 2 18  Ý�}¬k[ 1926(68.2%)1883   1967( 0.4%)1964   

1950(95.0%)1866   

17261 

Y¶ÕÀa y` 2 sOW M2 1910 2 20  Ý�}¬k[ 1880(31.3%)1859   

1852(36.9%)1826   

1896(95.4%)1820   17445 

Y¶ÕÀa 221 N�W dm1 1738 2 20  jÒ}¬ 1696 (48.7%)1649   

1634(19.5%)1615   

1708(91.5%)1594   

1584( 3.9%)1571   

17252 

Y¶ÕÀa 2900 N�W dm1 1443 2 19  Ëµ�Áæ}¬ 1345(68.2%)1311   1370(95.4%)1301   17253 

      �Ì 6 ¨�� 



� ���

      �Ì 6 ¨9� 

M� zäÉn {��r� 14C Ã¬
(BP) 

}¬_Ñ U�Ã¬ 

(1SD, cal BP) 

U�Ã¬ 

(2SD, cal BP) 

Lab-code 

(TKA-) 

Y¶ÕÀa 2477 sOW M2 1308 2 16  Ëµ�Áæ}¬ 1284(52.8%)1260   

1200(15.4%)1190   

1289(71.5%)1236   

1207(23.9%)1185   

17265 

Y¶ÕÀa 2126 sOW P1 1176 2 17  ÔJ}¬ 1173(14.1%)1159  

1146(27.5%)1109  

1090(26.6%)1062  

1176(95.4%)1057  17750 

Y¶ÕÀa 1626 NOW P2 1087 2 18  ÔJ}¬ 1049(23.7%)1030  

996(44.5%)961  

1055(31.7%)1021  

1012(61.9%)952  

945( 1.8%)938  

17749 

Y¶ÕÀa 2177 NOW C 506 2 17  �³}¬ 535(68.2%)519   542(95.4%)512   17268 

Y¶ÕÀa 2280 N�W M2 450 2 35  �³}¬ 526(68.2%)493   540(94.0%)459   

348( 1.4%)340   

17271 

�� SK102 r 3338 2 17  ÂÓ}¬k[ 3608(68.2%)3562   3636(85.6%)3556   

3533( 9.8%)3496   

20203 

�� SK55 r 711 2 16  X¥}¬ 675(68.2%)664   683(95.4%)657   20202 

      �Ì 6 ¨�� 

       



� �	�

      �Ì 6 ¨9� 

M� zäÉn {��r� 14C Ã¬
(BP) 

}¬_Ñ U�Ã¬ 

(1SD, cal BP) 

U�Ã¬ 

(2SD, cal BP) 

Lab-code 

(TKA-) 

�� - ½r 2439 2 22   ÂÓÈ[�Ù 2679(17.5%)2641   

2608( 3.4%)2600   

2492(35.6%)2420   

2415( 5.3%)2401   

2395( 6.4%)2379   

2697(23.7%)2634   

2616( 7.4%)2590   

2537( 0.9%)2528   

2509(63.4%)2358   

18262 

éPå M16 sOW P1 4156 2 20  ��Z}¬±[ 4817(10.9%)4797   

4762( 5.6%)4752   

4726(51.8%)4628   

4824(18.9%)4783   

4767(74.7%)4612   

4596( 1.8%)4587   

20206 

éPå M9 sOW P1 4112 2 19  ��Z}¬±[ 4799(21.6%)4762   

4689( 3.9%)4680   

4642( 2.6%)4636   

4629(40.2%)4569   

4808(25.6%)4758   

4700( 9.9%)4671   

4650(59.9%)4529   

20204 

éPå M13 s�W M3 4112 2 22  ��Z}¬±[ 4799(21.2%)4762 

4690( 5.0%)4679 

4643( 3.3%)4635 

4630(38.7%)4569   

4808 (25.1%)4758  

4702(11.1%)4670 

4651(59.1%)4528 

20205 

      �Ì 6 ¨�� 

       



� �
�

      �Ì 6 ¨9� 

¾Ðrzä        

M� zäÉn� ¾Ð� �
14C Ã¬

(BP)�
}¬_Ñ� U�Ã¬ 

(1SD, cal BP)�
U�Ã¬ 

(2SD, cal BP)�
Lab-code 

(TKA-) 

Y¶ÕÀa 899 >7BH9D 9481 2 25  ÂÓ}¬¦[ 10757(68.2%)10691   11060( 2.9%)11034   

10999( 2.5%)10975   

10789(88.4%)10654   

10620( 1.6%)10605   

 

Y¶ÕÀa 1154 4B;; 9306 2 25  ÂÓ}¬¦[ 10565(65.2%)10496   

10449( 3.0%)10445   

10580(77.9%)10477   

10470(17.5%)10423   

20198 

Y¶ÕÀa 924 4B;; 8797 2 24  ÂÓ}¬¦[ 9892(68.2%)9764   9913(95.4%)9697   20194 

Y¶ÕÀa 944 5:8 8759 2 26  ÂÓ}¬¦[ 9885( 2.6%)9877   

9865( 5.3%)9848   

9815( 1.4%)9810   

9792(58.8%)9681   

9896(93.2%)9654   

9647( 2.2%)9630   

20195 

Y¶ÕÀa 1061 5:8 8740 2 26  ÂÓ}¬¦[ 9765(61.4%)9654   

9648( 6.8%)9630   

9887( 1.9%)9873   

9868( 3.2%)9846   

9823(89.6%)9585   

9571( 0.8%)9564   

20196 

      �Ì 6 ¨�� 

       



� ���

      �Ì 6 ¨9� 

M� zäÉn� ¾Ð�� 14C Ã¬
(BP)�

}¬_Ñ� U�Ã¬ 

(1SD, cal BP)�
U�Ã¬ 

(2SD, cal BP)�
Lab-code 

(TKA-) 

Y¶ÕÀa 1152 ;6 8685 2 24  ÂÓ}¬¦[ 9656( 8.8%)9645   

9632(59.4%)9559   

9689(95.4%)9551   20197 

Y¶ÕÀa 2928 =A7 2492 2 24  ÂÓ}¬È[ 2707( 8.6%)2690   

2636( 4.6%)2627   

2622( 4.3%)2613   

2595(50.7%)2499   

2720(95.4%)2489   20201 

Y¶ÕÀa 2590 4B;; 2427 2 19  ÂÓ}¬È[ 2485(68.2%)2377   2680(12.3%)2640   

2609( 2.3%)2600   

2493(80.9%)2358   

20200 

Y¶ÕÀa 2069 6E;6 

 

1701 2 18  jÒ}¬ 1616(68.2%)1565   1693(13.9%)1666   

1629(81.5%)1553   

20199 



� ���

0Ì 71­£�°£J·¿K©Ê§·eQ� C/N Ê8��ÇL�2.9-3.6�70S2#.+,O¡ÎC�G@©'~�#
 

}¬_Ñ*64&?(Ì\�#zä,×��­£Ã¬§·3m5)7$##-�ljV¸�h70�·�2#}¬3\�#
 

�{��rzä 

M� zäÉn {��r� �á %C %N C/N δ13Ccollagen δ15N δ13Capatite Δ13C }¬_Ñ 

Y¶ÕÀa 4 n�r 
Nèr 15.9% 41.6 14.8 3.3 -19.7 9.0 

 

5.6 ÂÓ}¬¦[ 
s�W dm1 

      
-14.1 

Y¶ÕÀa 1874 N�W M3 10.3 % 44.3 16.2 3.2 -20.2 6.8 -14.6 5.5 ÂÓ}¬¢[Ù 

Y¶ÕÀa 72 sOW P2 9.3 % 44.0 16.3 3.2 -13.9 7.3 -8.8 5.1 Ý�}¬±[ 

Y¶ÕÀa 2010 N�W M3 9.6 % 43.4 16.0 3.2 -16.3 7.0 -8.8 7.5 Ý�}¬±[ 

Y¶ÕÀa 2876 NOW P1 5.8 % 43.3 15.9 3.2 -15.1 7.9 -9.2 5.9 Ý�}¬±[ 

Y¶ÕÀa 2143 N�W M3 9.5 % 43.1 15.8 3.2 -16.5 6.7 -10.6 6.0 Ý�}¬±[ 

Y¶ÕÀa 2294 NOW P2 4.1 % 44.3 16.3 3.2 -14.6 7.1 -8.5 6.2 Ý�}¬±[ 

Y¶ÕÀa 1869 N�W P1 5.9 % 43.6 16.1 3.2 -16.1 7.8 -10.9 5.3 Ý�}¬±[ 

Y¶ÕÀa 1918 sOW P1 7.2 % 43.7 16.1 3.2 -16.5 7.6 -9.5 7.0 Ý�}¬±[ 

Y¶ÕÀa 2788 NOW P2 7.9 % 43.9 16.2 3.2 -16.2 7.3 -8.8 7.3 Ý�}¬±[ 

Y¶ÕÀa 1911 sOW P2 9.5 % 43.2 16.1 3.1 -15.7 6.7 -12.2 3.5 Ý�}¬±[ 

Y¶ÕÀa 8 n�r Nèr 12.4% 40.2 14.4 3.3 -16.6 7.1 
  

Ý�}¬±[ 

Y¶ÕÀa 1047 N�W M2 8.0 % 43.3 15.9 3.2 -14.1 7.4 -8.7 5.4 Ý�}¬±[ 

Y¶ÕÀa 344 N�W dm1 6.0% 44.1 16.2 3.2 -16.0 9.2 -9.1 7.0 Ý�}¬±[ 

Y¶ÕÀa 1743 sOW P1 5.8 % 43.6 15.9 3.2 -16.1 9.3 -9.2 6.9 Ý�}¬±[ 

          �Ì 7 ¨�� 



� � �

          �Ì 7 ¨9� 

M� zäÉn {��r� �á %C %N C/N δ13Ccollagen δ15N δ13Capatite Δ13C }¬_Ñ 

Y¶ÕÀa 1967 NOW M2 6.0 % 41.9 15.4 3.2 -17.4 8.3 -11.5 5.9 Ý�}¬±[ 

Y¶ÕÀa 1967 NOW M2 6.0 % 41.9 15.4 3.2 -17.4 8.3 -11.5 5.9 Ý�}¬±[ 

Y¶ÕÀa 2170 sOW M2 7.8 % 43.4 16.0 3.2 -17.1 7.8 -8.6 8.5 Ý�}¬k[ 

Y¶ÕÀa 1968 NOW P2 6.0 % 44.1 16.2 3.2 -16.1 7.7 -8.8 7.4 Ý�}¬k[ 

Y¶ÕÀa 1083 N�W M2 8.8 % 43.2 16.0 3.2 -16.5 7.1 -9.9 6.6 Ý�}¬k[ 

Y¶ÕÀa y` 2 sOW M2 10.0 % 43.4 16.0 3.2 -16.6 6.8 -9.7 6.9 Ý�}¬k[ 

Y¶ÕÀa 221 N�W dm1 4.4 % 43.6 16.0 3.2 -16.5 8.1 -10.2 6.3 jÒ}¬ 

Y¶ÕÀa 2900 N�W dm1 4.2 % 43.2 15.8 3.2 -14.8 8.1 -8.6 6.2 Ëµ�Áæ}¬ 

Y¶ÕÀa 2477 sOW M2 5.7 % 42.4 15.7 3.2 -16.6 7.7 -9.8 6.8 Ëµ�Áæ}¬ 

Y¶ÕÀa 2126 sOW P1 3.9 % 41.5 15.3 3.2 -16.7 8.1 -9.8 6.9 ÔJ}¬ 

Y¶ÕÀa 1626 NOW P2 3.2 % 42.3 15.2 3.2 -17.5 7.8 -9.2 8.3 ÔJ}¬ 

Y¶ÕÀa 2177 NOW C 6.9 % 44.1 16.4 3.1 -18.7 7.1 -9.8 8.9 �³}¬ 

Y¶ÕÀa 2280 N�W M2 5.5 % 43.2 15.8 3.2 -17.9 7.1 -10.3 7.6 �³}¬ 

Y¶ÕÀa 2165 N�W M2 0.0 %         

�� SK102 
r 4.0% 42.8 14.8 3.4 -19.9 7.1  

6.5 ÂÓ}¬k[ 
sOW P1       -13.5 

�� SK181 
r 0.3% 34.8 9.6 4.2 -20.6 7.4  

8.0 ÂÓ}¬k[? 
s�W M3       -12.6 

           �Ì 7 ¨�� 



� ���

           �Ì 7 ¨9� 

M� zäÉn {��r� �á %C %N C/N δ13Ccollagen δ15N δ13Capatite Δ13C }¬_Ñ 

�� SK520 
r 0.6% 33.4 11.5 3.4 -18.1 9.9  

6.0 ÂÓ}¬k[? 
sOW M3       -12.1 

�� SX02 sOW M1 0.3%      -13.1  ÂÓ}¬k[? 

            

�� SK55 
r 3.2% 44.1 15.4 3.4 -19.9 10.9 -13.4 

6.5 X¥}¬ 
sOW M2 7.8% 29.3 9.3 3.7 -19.6 10.5 -13.4 

�� - 
½r 1.3% 41.5 13.9 3.5 -16.2 7.5 

 

9.3 ÂÓÈ[�Ù 
N�W M3 

      
-6.9 

éPå M13 s�W M3 13.9% 29.3 10.1 3.4 -7.5 10.3 -0.1 7.4 ��Z}¬±[ 

éPå M9 sOW P1 20.3% 30.5 10.1 3.5 -6.5 9.9 0.4 6.9 ��Z}¬±[ 

éPå M16 sOW P1 13.4% 40.7 14.5 3.3 -7.2 9.5 -0.3 6.9 ��Z}¬±[ 

           �Ì 7 ¨�� 

 

 

 

 

 

 

 

 

          



� ���

 

¾Ðrzä 
 

        �Ì 7 ¨9� 

M� zäÉn ¾Ð��¤� �á %C %N C/N δ13Ccollagen δ15N δ13Capatite Δ13C }¬_Ñ 

Y¶ÕÀa 899 >7BH9Dr 3.3% 41.3 14.5 3.3 -19.8 2.8 
  

ÂÓ}¬¦[ 

Y¶ÕÀa 1154 
4B;;r 10.8% 39.9 14.4 3.2 -21.4 2.7 

  

ÂÓ}¬¦[ 
4B;;�ê� 7.4% 39.4 14.2 3.2 -21.2 3.7 

  

Y¶ÕÀa 924 
4B;;r 2.2% 39.5 14.2 3.3 -21.2 3.1 

  

ÂÓ}¬¦[ 
4B;;�ê� 3.7% 37.2 13.2 3.3 -21.7 3.2 

  

Y¶ÕÀa 944 5:8r 9.1% 39.7 14.0 3.3 -22.9 1.5 
  

ÂÓ}¬¦[ 

Y¶ÕÀa 1061 5:8r 11.7% 40.5 14.5 3.3 -23.4 2.1 
  

ÂÓ}¬¦[ 

Y¶ÕÀa 1152 
;6r 6.2% 37.6 13.1 3.4 -21.2 2.6 

  

ÂÓ}¬¦[ 
;6�ê� 2.0% 39.4 14.0 3.3 -21.9 4.9 

  

Y¶ÕÀa 2928 =A7�ê� 13.9% 41.4 14.4 3.4 -18.0 3.4 
  

ÂÓ}¬È[ 

Y¶ÕÀa 2590 4B;;r 2.5% 37.7 12.7 3.5 -20.8 3.5 
  

ÂÓ}¬È[ 

Y¶ÕÀa 2069 6E;6�ê� 12.7% 39.6 13.6 3.4 -23.6 3.4 
  

jÒ}¬ 



� ���

�� 8
G���N@r�"d��4��	�o`~jY�j_^�� 

�?|�]�E�U�544&.9�q�zFQ�� p � 

p ��IK�
;=0.05�>A�gW�5�81|�a�4�

 (8-a) G���N@r
��yH	�oTH� 
 <13Ccollagen <13Capatite <15N :13C 

<13Ccollagen �     

<13Capatite 4.7E-05 �    

<15N 0.55 0.98 �   

:13C 0.69 0.021 0.38 �  

 (8-b) G���N@r
�o`~��� 
 <13Ccollagen <13Capatite <15N :13C 

<13Ccollagen �     

<13Capatite 0.13 �    

<15N 0.59 0.52 �   

:13C 0.051 0.0070 0.29 �  

 



�� �

 
�k 1
 tURL��p�$4�ojY�,7�+9�w��w=��?|� 

X����$�$�i�S�in� 100%%u #jY,7�+9��?|�
%l��4���#�C3 h��C4 h��CoD��A�(1988)�{i���A
�(1988), Yoneda et al. (2001), Yoneda et al. (n.d., submitted)��mM� Yoneda et 

al.(2004)�-*� Welch & Parsons (1993)�CoM�� Minami (1995)�Co��
�� Yoneda et al. (2001), Yoneda et al. (n.d., submitted)�0�/%\f�4� 

 

 

 

2

4

6

8

10

12

14

16

18

20

22

-24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4

d1
5 N

 (‰
)

d13Ccollagen (‰)

$����� � !���
 �

�
����� � #	�"���� �

������� � ������� �

���	

�$��#� #�!

���	

�$�"#��

�

�

�
���

���	

�
��

�������

��

�������



����

 

 
 

�k 2
Kellner & Schoeninger (2007)��e�$4o}P��vO608 

Kellner & Schoeninger (2007)� Fig. 2 %�[�4�”C3 protein line”, “C4 protein 

line”, “Marine protein line” ��$�$/93)b% C3 o}P�C4 o}P�C�
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(4-a) K13Capatite-g13Capatite-collagen       C3 dx/C3 meux-C4 _\/Pin� 0-60%:wp 

  

(4-b)K13Ccollagen-g13Capatite-collagen       C3 dx/C3 meux-C4 _\/Pin� 0-60%:wp 

  

(4-c) K15N -g13Capatite-collagen         C3 dx/C3 meux-C4 _\/Pin� 0-60%:wp 
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 (4-d) K13Ccollagen -K15N            C3 dx/C3 meux-C4 _\/Pin� 0-60%:wp 

  

(4-e) K13Capatite -K15N              C3 dx/C3 meux-C4 _\/Pin� 0-60%:wp 

  

(4- f) K13Ccollagen -K13Capatite         C3 dx/C3 meux-C4 _\/Pin� 0-60%:wp 
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(5-a) K13Capatite-g13Capatite-collagen             (5-b) K13Ccollagen-g13Capatite-collagen 

 (5-c) K15N -g13Capatite-collagen          (5-d) K13Ccollagen-K15N 

 

(5-e) K13Capatite-K15N              (5-f) K13Ccollagen-K13Capatite 
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(8-a)B13Ccollagen                         (8-b) B15N 

    
 

(8-c)B13Capatite                           (8-d) A13Capatite-collagen 
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(9-a) n13Capatite-P13Capatite-collagen      (9-b) n13Ccollagen-P13Capatite-collagen 

 

(9-c) n15N-P13Capatite-collagen          (9-d) n13Ccollagen-n15N 

 

(9-e) n13Capatite-n15N              (9-f) n13Ccollagen-n13Capatite 

 

.} 9/£c]<��7:|p)|io©=gENT§�KeM=?�Y 

��.���

�����	�+= ��.���
	����-�)=

�	

()

+�-

��

��� ��
 ��( ��	 ��� �� �
 �( �	 � 	

$
�

�

08
09
492

�17
550

32
6�
#

 

%�
�0809492

�
2B��(0/ �
2B�C7'G �
2B��(<3?B
�
2B�C7+G �
<3?B��(0/ �
<3?B�C7'G
�
<3?B��(<3?B �(0/��(<3?B (>a�@C;*�:*E 
(>a�c7=*�-* 76�@CA*1E 85!@C-*"
=.48) 9, �(>a�c7=*�-*  9, �(>a!@C�c7" 

$�0�	%,,#���
(%-
5C�0�	%)�

$�0�	%)(#����%+
5C�0�	%(.




)

+

-

�

�
. �
) �. �) (

P

)
2 6

!6
"�"

8�
7=

��6
98

� 
0

�

n
)26!6"�"8




)

+

-

�

�(
 �
� �

 �� �

P


)
2 6

!6
"�"

8�
7=

��6
98

� 
0

�
n
)27=��698� 0��




)

+

-

�

( 
 , . 
	 
( 

 
,

P

)
2 6

!6
"�"

8�
7=

��6
98

� 
0

�

n
+3 0�

(


,
.


	

(




,

�(
 �
� �

 �� �


n

+
3
 0

�

n
)27=��698� 0�

(


,
.


	

(




,

�
. �
) �. �) (

n

+
3
 0

�

n
)26!6"�"8 0��

$�0�	%�)#���+%

5C�0�	%,)

�
.

�
)

�.

�)

(

�(
 �
� �

 �� �


n

)
2 6

!6
"�"

8
 0

�

n
)27=��698� 0�



� -+�

 
.} 10/Z�¡�^p�?¥�q�pjx«sGi*clo©? 

pu����o�� 

ai*I*@tpu_? 1 �w²kC�8( 

 

 

 

.} 11/C4 lh?x¦¨C 40%>e�7; C3 �{��= C3 z�?x¦¨C
10%R=> �69:yg?gENT§�KeM 

  

y = -0.19x + 9.1
R² = 0.87
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