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Abstract: Background, aim, and scope The lower reaches of the Yangtze River are one of the main areas for the
origins of rice cultivation. However, the contributions of rice and other food resources to the diet of the ancient
population in the lower reaches of the Yangtze River is still poorly understood. We used a stable isotope mixed
model to quantitatively reveal the contributions of potential foodstuffs, including rice, to the diet of neolithic
populations in the lower reaches of the Yangtze River. Materials and methods In this work, we collected stable
carbon and nitrogen isotopic data from human bones, animal bones, and plants in the lower reaches of the Yangtze

River. Based on the Bayesian stable isotope mixed model, the dietary components of the neolithic population in
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the lower reaches of the Yangtze River were studied. Results The stable isotopic values of human bones in the
lower Yangtze River fell within the stable isotopic region for potential food sources, indicating that important
food sources that humans likely consumed were considered in this study and that no important food sources were
omitted. Human populations from different periods had different dietary compositions in the lower reaches of
the Yangtze River. Discussion During 7.0— 5.3 ka BP, the human population in the lower reaches of the Yangtze
River may have consumed a variety of animal and plant resources. During this period, the contribution of rice
crops to the human diet was basically equivalent to that of other wild plant resources. During 5.3—4.3 ka BP,
the contribution of rice crops exceeded that of other wild plant and animal resources, becoming the main food
resource of the Meirendi population. In addition, we found obvious differences in the dietary components of
human populations belonging to the same culture in the lower reaches of the Yangtze River, such as the Hemudu
Culture and Liangzhu Culture. Conclusions The neolithic civilization process in the lower reaches of the Yangtze
River coincided with the development of rice cultivation. In addition to rice cultivation, hunting and gathering
also played a basic role in the development of neolithic civilization in the lower reaches of the Yangtze River.
Recommendations and perspectives Compared with stable isotopic studies of human and animal bones in the
lower reaches of the Yangtze River, stable isotopic studies of plant remains are very limited. It is necessary to
carry out stable isotopic studies of plant remains, including rice, from different sites in the future, which will
provide accurate data for the application of stable isotope models.

Key words: the lower reaches of Yangtze River; rice; dietary strategy; stable isotope mixing model; the process

of civilization
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Fig. 1

Sites including human bone stable carbon and nitrogen isotope study in the lower reaches of the

Yangtze River during the neolithic age
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WZImFEA R 2R, BRI RS R &
AR EYIRRETCR R . BIRES R E Y
Z AR 3R 25 HE A BF5E ( Schoeninger, 1985;
1989; Ambrose and Norr, 1993;
Newsome et al., 2004; Hedges and Reynard,
2007 ) , AHEFE 5 HILL 5%o% 1%o0 F 4%0+1%0 183
B BRI B Z A B AR R 3 3R 25 57
[Fi) £ W A ik G 3% VR B DU A2 B s 7 Sl ke 2
TCREMBIERTTR , 5, Hssth NEkER
PR R AR A RS . RS
Pk EY Z mEA R EME . BEEYEmRATR
W AR T (£2) .

Lee-Thorp et al.,

R

2 BRI R R AR R L
Tab. 2 Isotope and diet composition data used in modeling
ez RS
st B pc o, | PRE oo,
. Carbon Nitrogen n
Site Samples /%o /%o X /%o /%o i
concentration concentration
JHEE  Hemudu NJ&  Homo sapiens L. —-16.70 2.30 11.40 0.30 2
I /T MR 1L /3% B/
/55 N
T, 4 % JiE  Cervidae -19.22 2.75 0.40 6.55 1.76 0.15 134
Kuahugiao/Tianluoshan/
Luotuodun/Weidun/Meirendi
P LUy AR A B
N b /1L
. * . " .. ¥ Sus sp. —20.25 1.51 0.35 6.68 1.41 0.13 36
T Tianluoshan/Jiangjiashan/
e Weidun/Meirendi/Tashan
BRI /TR K £
Gk }i S . —-19.02 2.52 0.37 9.77 1.29 0.13 6
Luotuodun/Weidun Freshwater fish
FH#Z1L  Tianluoshan WEVE2E Marine fish ~ —14.02 1.73 0.28 12.58 1.67 0.10 10
[l Tianluoshan &K Oryza sativa L. —26.37 1.27 0.50 4.82 2.17 0.02 20
) S|
4211 Tianluoshan —26.37 0.73 0.44 4.76 345 0.01 27
Trapa bispinosa Roxb.
[H4211]  Tianluoshan N Homo sapiens L. —20.54 0.46 8.72 1.25 20
[l Tianluoshan ¥ Sus sp. —20.81 1.03 0.40 6.40 1.02 0.14 11
[H4211]  Tianluoshan J&  Cervidae —20.71 2.30 0.41 6.97 1.89 0.14 53
[l Tianluoshan JK4 Bubalus sp. —14.74 2.85 0.40 8.86 1.02 0.14 48
oy i}
4211 Tianluoshan . —19.89 1.12 0.37 6.83 1.13 0.13 7
Freshwater fish
I : N e
Tianluoshan [H4211]  Tianluoshan HFAE Marine fish -14.02 1.73 0.28 12.58 1.67 0.10 10
FH4211  Tianluoshan kK Oryza sativa L. —26.37 1.27 0.50 4.82 2.17 0.02 20
[H4211]  Tianluoshan #T  Quercus acorns —27.27 0.99 0.42 4.81 1.82 0.01 29
[H#21]  Tianluoshan . —25.42 0.73 0.43 6.44 1.21 0.01 15
Euryale ferox Salisb.
) e
[H#Z1l  Tianluoshan -26.37 0.73 0.44 4.76 345 0.01 27
Trapa bispinosa Roxb.
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(4L 2 Continued Tab. 2 )

Ve AR
ik BE Pie) 8"Cqp it SN 0Ny ﬁ,mx
. Carbon Nitrogen n
Site Samples /%o /%o . /%o /%o .
concentration concentration
VLI Jiangjiashan ANJ&  Homo sapiens L. —20.31 0.21 7.62 3.59 2
THKI  Jiangjiashan ¥ Sus sp. -20.08 2.01 0.41 6.23 1.60 0.14 9
WA/ IR L/
L83 ER E N )
s BE  Cervidae -1922 275 0.40 655 176 0.15 134
Kuahugiao/Tianluoshan/
Luotuodun/Weidun/Meirendi
PSR L /35 SE
PRSI/ 1L
Kuahugiao/Tianluoshan/ JK4 Bubalus sp. —14.66 2.90 0.40 8.86 1.67 0.14 80
bl Luotuodun/Weidun/Meirendi/
Jiangjiashan Tashan
BRI/ R £
SR T‘% BIE . —19.02 2.52 0.37 9.77 1.29 0.13 6
Luotuodun/Weidun Freshwater fish
) B¥
[H#211]  Tianluoshan —27.27 0.99 0.42 481 1.82 0.01 29
Quercus acorns
%5
[H4211]  Tianluoshan i —25.42 0.73 0.43 6.44 1.21 0.01 15
Euryale ferox Salisb.
) S
[H#21l;  Tianluoshan —26.37 0.73 0.44 4.76 3.45 0.01 27
Trapa bispinosa Roxb.
L Weidun N2 Homo sapiens L. —20.20 0.28 10.35 0.49 2
8 Weidun ¥ Sus sp. -19.73 1.83 0.39 7.36 1.64 0.14 9
L Weidun J#  Cervidae —20.18 1.30 0.39 5.99 1.43 0.14 18
L Weidun JK4 Bubalus sp. —14.20 2.69 0.38 8.10 0.28 0.14 2
oK
i Weidun K —-19.70 2.87 0.37 8.78 1.13 0.13 8
Freshwater fish
P AR
. 4211 Tianluoshan . -14.02 1.73 0.28 12.58 1.67 0.10 10
Weidun Marine fish
[l Tianluoshan —26.37 1.27 0.50 4.82 2.17 0.02 20
Oryza sativa L.
552
4211 Tianluoshan ) . —25.42 0.73 0.43 6.44 1.21 0.01 15
Euryale ferox Salisb.
) e
HI#21l;  Tianluoshan —26.37 0.73 0.44 4.76 3.45 0.01 27
Trapa bispinosa Roxb.
#%  Songze N2 Homo sapiens L.  —19.90 0.46 10.85 1.63 2
PSR L TG T8
2 ANH /I
. L ¥ Sus sp. —20.25 1.51 0.35 6.68 1.41 0.13 36
Tianluoshan/Jiangjiashan/
Weidun/Meirendi/ Tashan
PSR L /5% B/
/95 N
R T'ai % Ji  Cervidae -19.22 2.75 0.40 6.55 1.76 0.15 134
“ Kuahugiao/ Tianluoshan/
Songze Luotuodun/Weidun/Meirendi
RO/ Rk £
LRE ﬁ% 3¢ -19.02 2.52 0.37 9.77 1.29 0.13 6
Luotuodun/Weidun Freshwater fish
[H#Z11]  Tianluoshan —26.37 1.27 0.50 4.82 2.17 0.02 20
Oryza sativa L.
) B¥
21l Tianluoshan -27.27 0.99 0.42 4.81 1.82 0.01 29
Quercus acorns
(%4 To be continued )
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(%2 Continued Tab. 2 )

Berk i Uk
ek BE Mc 8%y R SN 0Ny %Mw
. Carbon Nitrogen n
Site Samples /%o /%o . /%o /%o .
concentration concentration
=2 Sanxingcun A2 Homo sapiens L. —20.04 0.21 9.69 0.33 19
LI VSR U
EIN: 3T
. o ¥ Sus sp. —20.25 1.51 0.35 6.68 1.41 0.13 36
Tianluoshan/Jiang jiashan/
Weidun/Meirendi/ Tashan
A / FE AR L1 /56 B/
55 CI N1
Kuahugiao/ Tianluoshan/ J&  Cervidae =19.22 2.75 0.40 6.55 1.76 0.15 134
Luotuodun/Weidun/
Meirendi
. AR / FH AR L1 /56 B/
== e IN
Banaineeuy Kuahugiao/ Tianluoshan/ K4 Bubalus sp. ~14.66 2.90 0.40 8.86 1.67 0.14 80
Luotuodun/ Weidun/
Meirendi/ Tashan
IR/ RK £
R ﬂ:% BT . —-19.02 2.52 0.37 9.77 1.29 0.13 6
Luotuodun/Weidun Freshwater fish
4211 Tianluoshan —26.37 1.27 0.50 4.82 2.17 0.02 20
Oryza sativa L.
%5
21l  Tianluoshan . —25.42 0.73 0.43 6.44 1.21 0.01 15
Euryale ferox Salisb.
' e
[l Tianluoshan —26.37 0.73 0.44 4.76 3.45 0.01 27
Trapa bispinosa Roxb.
A Meirendi N2 Homo sapiens L. —19.87 1.26 10.27 0.44 9
F A Meirendi Bi4%  Sus scrofa —20.64 0.96 0.35 6.44 1.59 0.13 4
F M Meirendi J€  Cervidae -19.98 1.78 0.40 6.86 2.88 0.15 4
FAH  Meirendi JK4 Bubalus sp. -13.16 0.10 0.40 7.91 2.07 0.14 2
RO/ RIK £
SRE ﬁ% DTS —-19.02 2.52 0.37 9.77 1.29 0.13 6
EIN ] Luotuodun/Weidun Freshwater fish
Meirendi oK
[H#Z11]  Tianluoshan —26.37 1.27 0.50 4.82 2.17 0.02 20
Oryza sativa L.
%5
¥l Tianluoshan . —25.42 0.73 0.43 6.44 1.21 0.01 15
Euryale ferox Salisb.
) e
[l Tianluoshan —26.37 0.73 0.44 4.76 3.45 0.01 27
Trapa bispinosa Roxb.
1l Tashan N2 Homo sapiens L. —18.43 0.45 9.20 0.72 3
Bl Tashan ¥ Sus sp. -19.73 0.42 0.19 727 0.71 0.07 3
31l Tashan JE  Cervidae —22.90 1.70 0.22 5.40 0.60 0.08 7
Bl Tashan JK4 Bubalus sp. —20.15 2.62 0.06 3.85 0.49 0.02 2
RO/ Rk £
VAT % BE —19.02 2.52 0.37 9.77 1.29 0.13 6
Luotuodun/Weidun Freshwater fish
it} [LIRE R
B [HZ[l  Tianluoshan ($ * —14.02 1.73 0.28 12.58 1.67 0.10 10
Tashan Marine fish
[H#21]]  Tianluoshan —26.37 1.27 0.50 4.82 2.17 0.02 20
Oryza sativa L.
25
[H#21l)  Tianluoshan . —25.42 0.73 0.43 6.44 1.21 0.01 15
Euryale ferox Salisb.
) S
[H#Z1l1  Tianluoshan —26.37 0.73 0.44 4.76 3.45 0.01 27

Trapa bispinosa Roxb.

SD: FrEfw2s; n: FEAVECE .  SD: standard deviation; n: number of samples.
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e
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10 1
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e
Z ‘
L] 10 | ,777
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S
=
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5 4
-20 -15 -10
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O A% Homo sapiens L.

35ff1 Trapa bispinosa Roxb.

"F FK  Oryzasativa L.
$‘ iEEfAYE Marine fish
%|G #K 1 Freshwater fish
+ ¥ Sus sp.

'¢' JiE Cervidae

o A% Homo sapiens L.

251 Trapa bispinosa Roxb.

D 2852 Euryale ferox Salisb.
%l(' 1%F Quercus acorns
-*— K Oryzasativa L.
S it JE Marine fish
~¢- K Freshwater fish
—)|e JK4= Bubalus sp.
- Cervidac

-¢- W Sussp.

O A% Homo sapiens L.
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* 752 Euryale ferox Salisb.
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+ JiE Cervidae

-#— ¥ Sus sp.
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EYIER. BEAh, 1820 BRIk e g KL
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|
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N

% Quercus acorns -

W
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K Freshwater fish
JK2E Bubalus sp. A
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¥ Sus sp.

TTTTT
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254 Trapa bispinosa Roxb.

%92 Euryale ferox Salisb. | ﬂ]——---- S S S
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T

/Kt Freshwater fish

JK4= Bubalus sp.

J&  Cervidae 1

I__
B Sus sp. | l——__.......
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o A
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I
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(f$%%  To be continued )
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S50 Trapa bispinosa Roxb.

** 4555 Euryale ferox Salisb.
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* 752 Euryale ferox Salisb.
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e|e JK“F Bubalus sp.

+ i Cervidae

-¢- BP4E  Sus scrofa

o A% Homo sapiens L.

25l Trapa bispinosa Roxb.

¥ 259 Euryale ferox Salisb.
‘*’ K Oryzasativa L.

S RS Marine fish
- okt Freshwater fish
—*— JK: Bubalus sp.

+ J  Cervidae

A 3 Sussp.

F  Quercus acorns -

F&K  Oryza sativa L.

kKt Freshwater fish

J& Cervidae 1

¥ Sus sp. |
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b4 Proportion

=

2248 Trapa bispinosa Roxb. |
752 Euryale ferox Salisb.
K Oryza sativa L.
#R7Kf  Freshwater fish 1
JK2- Bubalus Sp.

J  Cervidae

W Sus sp. |

?H

-

P

0.2 0.4 0.6
b4 Proportion

o A

%M1 Trapa bispinosa Roxb. -
WSE - Euryale ferox Salisb. 4
K Oryzasativa L.
#R7Kf  Freshwater fish 1
K= Bubalus sp. |

& Cervidae A

5% Sus scrofa

H

T T B

0.25 0.50 0.75
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o

3548 Trapa bispinosa Roxb. 4
5% Euryale ferox Salisb. 4
K Oryza sativa L.
PR Marine fish
WRKf Freshwater fish A
K= Bubalus sp. |

& Cervidae A

W Sus sp.

T”ﬁﬁ?

a. b WHRESCIEEEE o) di THRUESCIRIEE; e, £ AREESCIRIHE: g he RESCIGEL.

a, b: Hemudu cultural sites; ¢, d: Majiabang cultural sites; e, f: Songze cultural sites; g, h: Liangzhu cultural sites.

P2 AR R 38 K il AR A AR R 25 ik AT TR S BB 2 2R

Fig. 2 Summary of stable isotope data input into the mixing models and the mixing model results
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Tab. 3 Estimated proportional dietary contributions of various animal and plant food resources to archaeological humans with
Bayesian credible intervals

95% DLM-HrAT {5 X [a]

Tt R T RES 95% Bayesian confidence interval
Site Food Source Average value Variance
2.50% 97.50%
¥ Sus sp. 0.22 0.17 0.02 0.63
J&  Cervidae 0.26 0.16 0.03 0.61
iRkt Freshwater fish 0.15 0.12 0.02 0.46
T WEPEfads  Marine fish 0.09 0.06 0.01 023
Hemudu ik Oryza sativa L. 0.15 0.10 0.02 0.38
28 Trapa bispinosa Roxb. 0.13 0.09 0.01 0.35
51Cyp /%0 0.00 0.00 0.00 0.00
55Ny /%o 0.00 0.00 0.00 0.00
¥ Sus sp. 0.02 0.02 0.00 0.06
Ji  Cervidae 0.02 0.01 0.00 0.04
JK4: Bubalus sp. 0.01 0.01 0.00 0.02
IRJKf Freshwater fish 0.02 0.01 0.00 0.04
W25 Marine fish 0.01 0.00 0.00 0.01
FHERLL = ;
Tianluoshan FEXK  Oryza sativa L. 0.28 0.29 0.01 0.85
% F Quercus acorns 0.04 0.04 0.00 0.15
5L Euryale ferox Salisb. 0.07 0.07 0.00 0.28
258 Trapa bispinosa Roxb. 0.55 0.30 0.01 0.89
8"Cqp /%o 0.00 0.00 0.00 0.00
5" Nap /%o 0.00 0.00 0.00 0.00
¥ Sus sp. 0.06 0.10 0.00 0.38
J#£  Cervidae 0.07 0.13 0.00 0.44
JKZE Bubalus sp. 0.02 0.01 0.00 0.05
WK Freshwater fish 0.02 0.01 0.00 0.05
LI
Jiangjiashan %t Quercus acorns 0.12 0.17 0.00 0.62
WKSE Euryale ferox Salisb. 0.06 0.08 0.00 0.29
228 Trapa bispinosa Roxb. 0.66 0.31 0.02 0.95
6"Cqp /%0 0.00 0.00 0.00 0.00
0" Ny /%o 0.00 0.00 0.00 0.00
3 Sus sp. 0.05 0.04 0.01 0.17
J&  Cervidae 0.07 0.05 0.01 0.19
JK4E Bubalus sp. 0.04 0.03 0.01 0.11
%7Kt Freshwater fish 0.04 0.04 0.01 0.14
FFEg WFHEt2E Marine fish 0.03 0.02 0.01 0.07
Weidun FEAK  Oryza sativa L. 0.34 0.23 0.01 0.74
K5Z Euryale ferox Salisb. 0.15 0.17 0.01 0.63
Z2f8  Trapa bispinosa Roxb. 0.28 0.24 0.01 0.75
51Cyp /%0 0.00 0.00 0.00 0.00
55Ny /%o 0.00 0.00 0.00 0.00
¥ Sus sp. 0.08 0.04 0.02 0.17
JiE  Cervidae 0.06 0.03 0.02 0.12
JK4: Bubalus sp. 0.02 0.01 0.00 0.04
. IRJKFA Freshwater fish 0.01 0.01 0.00 0.03
Sa;‘f:jun K OryzasativaL. 0.25 0.10 0.08 0.46
KSL Euryale ferox Salisb. 0.24 0.13 0.03 0.51
Z2ffl Trapa bispinosa Roxb. 0.33 0.13 0.07 0.58
8"Cqp /%o 0.00 0.00 0.00 0.00
5" Nap /%o 0.00 0.00 0.00 0.00

(%% To be continued )
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(%233 Continued Tab. 3 )

95% Dl Al {E X A
itk B FHE KES 95% Bayesi)anti:;;[c:eliterval
Site Food Source Average value Variance

2.50% 97.50%
¥ Sus sp. 0.14 0.09 0.02 0.35
Ji&  Cervidae 0.12 0.08 0.02 0.32
. k7K Freshwater fish 0.09 0.06 0.02 0.23
Sﬁie ik Oryza sativa L. 0.32 0.20 0.03 0.71
¥ Quercus acorns 0.34 0.20 0.03 0.70
5°Cyp /%o 0.00 0.00 0.00 0.00
5Ny /% 0.00 0.00 0.00 0.00
W4E  Sus scrofa 0.08 0.05 0.01 0.20
Ji&  Cervidae 0.05 0.03 0.01 0.12
JK4 Bubalus sp. 0.04 0.02 0.01 0.10
k7K Freshwater fish 0.04 0.02 0.01 0.09
FAH - :
it ik Oryza sativa L. 0.52 0.20 0.03 0.76
KL Euryale ferox Salisb. 0.15 0.19 0.01 0.78
22 Trapa bispinosa Roxb. 0.13 0.15 0.01 0.67
5°Cap /%o 0.00 0.00 0.00 0.00
5Ny /%o 0.00 0.00 0.00 0.00
¥ Sus sp. 0.06 0.05 0.01 0.19
JiE  Cervidae 0.38 0.23 0.01 0.76
JK4 Bubalus sp. 0.29 0.26 0.01 0.76
/Kt Freshwater fish 0.03 0.02 0.00 0.08
il MFFE4SE Marine fish 0.02 0.01 0.00 0.06
Tashan fEXK  Oryza sativa L. 0.08 0.06 0.01 0.23
5L Euryale ferox Salisb. 0.08 0.07 0.01 0.25
Z2ffi  Trapa bispinosa Roxb. 0.08 0.06 0.01 0.22
6"Cap /%o 0.00 0.00 0.00 0.00
8Ny /%o 0.00 0.00 0.00 0.00

FERE A 7.0—6.0 ka MV A 5t dik, i%asthk A
MR REE M oe i, b, fEmIRE
BT B AA R, KRS XA BRI 35 ik TR AR AR B BT
BB 15%, BFAEMYIZE M BB DTSR 5K
FAEY (Kl 2a) o M TP, SIYTEIEXT
TR 5tk AR IR B DUmR I Ty, IR F] 72%
(F2a) ., XY EHEBEARE TR, AR
kA, WARE TIRAKMA . ARG K
AW, (AR, WS A REXHR K
. VA SRR A B W BEUR B R
INE 24%, MRV T U HADET A gR s HE A
FEo TR T W SCAL Y B Lt bk 7E B B
ST AR S AR 7 km (&I 1) , {HEZ5R
TE TR KB A YT R s i A A A
So fEMBLEhaE, WEEM. BT BAREF
FE N IR 90 0 G R R L A 1 R m ik R v s
94%,  HoHr KRR X 35 ik A BE B PR BT kR s E)
28% (&l 2b) o R4 IR L gst b b b 4 250 n] Ul
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IRERNS . B8, ok, okt SR
SR E YA CIREIAE, 2011) , {HAEXSEEY)
PR FH AR st bk o R AR B sk Rk, o
TKAESYI IR E TTERRAU N 3% (K 2b) o TR
S [F) A6 22 A5 70 T P Y AR DR S A TV B st bk
I B2 st AR B PR 22 S 5 R MR D A R
(2020) . Hu (2021) Hy4-#resR—=2,

TE S WS ARt (54 7.0—59ka) , 4G
TR s SHEYEESENEE (B 2) ,
SR, Fe 2 [l o7 KA AL 45 R 1 75 % i I A BEADL T
T mir s AU, Hr, 25, KL T
SR A R AT AT R s i AR & Bk
ik 84% (Kl 2c) , Rk, ZEM. KELSKAMEY)
BT T EaE I AR I IR B DT 538 77% (1A
2d) o JKFEXTIF S hE R AR B sk R
ik 34%, =T ET— B BT i SOtk s K RS A TR
BOTHRR, AT [R5 A A P 5 R X A
B ETTERR (K 2d) o BR THYIEESN, %



T, % RERAERIRGHIME /R TR d O B R

BH e R E DRSO, . 5
Fii 2k sh At 2L 0T R

TERAZESCALRT ] (BE4 6.0—53 ka) , #4PF
S8 | I 8| A R e - W S B L
FRUFER, 1987; TTHE = EMNEEH BN,
2004 ) , FaE [ 2 A 2 L R K R X6 R A
itk B 1K B DTSR Y AL T 25% (& 2e.
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