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HE KR A B AR AT N F #E (Seylla paramamosain) 4 % w5k fn G4 2 B L & JB 4 Fn 018 2 M
t %o, AT K 200 4 50 cmx40 cmx40 cm B Kk 48, K H & (Z K #iCallionymus richardsoni)
#N (5 V4 AN Penaeus latisulcatus) . V(22 %, % Ruditapes philippinarum) . 79 %& (X ¥ B 7 & Perinereis
aibuhitensis) } ERHHER G ERIFE N 1.5 g A MMAFEYE, F4E% 0. 30, 60, 9. 135, 180 X
BUBE 2 4yt °C #n 0N, HHEE RSB 2Kk, R LT, LB E 67C f1 6°N
ST A B R 30 7 A 0 C=axInt+b Fu 5 N=axInt+b # % , FA T E R o B3 A, £ K ZK
WY BEARARERACRARNEERNE, HE 4 AEHNHEE K PC AHNTHE 2
B H 79.83%. 83.65%. 84.88%7F1 63.80%, 4K X N JE 4 BTl E 4t 45 81.97%. 82.88%.
75.27%F0 59.80%. "2 4 AR 488 C 2R 50% 8 # B 8 (150) 2 B A 36.30, 24.56, 27.96 Fu
21.17 d, F & 95%JE 4 0 B 18] (tos) 2 7 7 156.86. 106.16. 120.83 #191.64 d, N 7 M 50%JE 4% it
18] (£50) 2 7] 7 37.60, 24.34 ,24.77 F1 20.17 d, 5T Ak 95% & 4% 84 B & (t95) 22 51 7 162.49,105.22, 107.05
#1.86.99 d. H%7E 4 FEE B 4h A 180 d B XHE R 01°C B8 R APCrgoa H 0.71%0~1.64%0, A
R PN B8 R E ANigea H 2.15%0~2.66%0. APC 53 E R (MGR, %)% 24 AR
APC=axIn(MGR)+b, APN 53 F £ (MGR, %)t x & AR APN=axIn(MGR)+b, & & 7F [F 15 £
i, afr b EHHARKAZR, APC GBI 0°C R ABMA, Gk EEme 0 C 1
AL Cre~0Co) B E & MEAE 5 APN GHRHIY 0N R U A%, 54046 4148 5 18y 0N 4
EHEO N 0" Np)RELMAH X, A EELEN, £KEWAURETEYERTEAMCER LN E
ERE, BHBERANEZFERY AN MABNEERN T, LRERNINANEFLEERELEAFHRRE
T SH .
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FROE R ARz B T K AR AR W i i Rk
RRVE FRACVEEFE (T IES, 2016; Divine et al, 2017;
Kristensen et al, 2017; #245%, 2019; Hemmati et al,
2021; FPYILS, 2022; BAKIAGE, 2022, 2024; Acar
et al, 2022; Sandoval et al, 2022). HEEFNRK A FR
Bt 01 4 X KA 3 D FE G A Al (T #i %%, 2005; Burress
et al, 2013; LEi%4E, 2016; 5KAEE, 2016; ks,
2017; FRARBRAE, 2018; AUHESCAE, 2019; Tk AR A,
2019; RICHEF, 2020; BEEA4AE, 2022; FIFA74F,
2022; BAKIAZE, 2022, 2024; Smith et al, 2023) ., /KF=
FEHH F G0 SR 5 A 00 AR A RN B 3R R R 4 AT
(M5, 2017; AFHRAE, 2018; 5KPL4F, 2020; Lu
etal, 2021; Xu et al, 2022; HiF5E, 2022; XK,
2024), DL K= S 0 R W R (SR R A A, 2014, B84
&5 02020; ULFESE, 2021; HIBGESE, 2022; MG
A502022; BEVRITAE, 2022), Al SRR TR E RIS E
R0 2 56 F2 02 o R [l 7 R4 AR i Lt , g [\
A6 28 S e R 8 R U8 2R BB 52 T 2% 3 RS E [
PR LR EESH(O'reilly et al, 2002; McCutchan
et al, 2003; Michener et al, 2007; Vander Zanden et al,
2015). J24% Boecklen (201135 Y, AF| 2%
W SCONHH 9 5 TR E R 2R 10 0 I R B AT T 5
IO e , 5 2L T 22 ) SE IS AT R Mtk AR E R R IR A
BRI S EORRIX . (Hie 5 1k, A KEMPF5E IS
HIERATERERNERBARME, W 6PN 1§
ZHU(APN)BUHE 3.4%0 (McCutchan et al, 2003), 6°C
A3 ZBU(A C) B (1.3%0+0.3%0) (Post, 2002), i it
] A= 25 R GE R AR SR o e B, 314 3% 38 5 1 k) o
Rt [ 2 1 4318 R B0 B3 Bl B K (Yokoyama e al,
2005; Mazumder et al, 2010; Herbon et al, 2013),
B, 7E R R E [ 2R 4 AR B IR A5 HEAff 19 008 32 B0R
JE RSB R E T, TR £ 00 3% 58 55 500 72 3
i TR T AR ) X ARUE TRISE 2R 14 40 188 R ] e 5 50K Ry Tt
e RN REARTRAMN SRR EFREEEN
R

L7CHE & (Scylla paramamosain) &3 1E 7R w5 15 16F
o B AR RN SR A AR SR (R BL AR, 2007; R AE,
2016), FEA A AEAT LU ARG T B T R, 41
BREAR DX 3 B A 5 ) PR} o e R TR R AR L DL
X W5k MR, AR5 AR R b
5 B i 22 5% (Shelley et al, 2011; Viswanathan et al,
2015) [ P00 R AR TR SR IR A i B B D
FE R AR R G0 E oW o 7 B H L
XIS B S IR i, AR E R R B AR AR
T ) SR AR A T i R )2 W - Wang 45(2015)

ML AL I T RN 61C, KBRS & 12T
PRI BRI T B TS SRR TR, {H SR LT
T R RS A [ 2 0 i R A e HaE R T
Post (2002)#9%%# , 1 Herbon %5(2013)IA K, XL/
BRBAE A RS a sy . Wik, JF
J $U0 5 8 X A () PR H ) R TR A7 2 1 4 R
SRS, RERE A T A Ak BN [ PE R ) B ik B
PEAT SRS SO . BRI IR AF (20213 66 d B SEE &
B, PUE XA FEER PC I PN B R R
K, SSRGS B Bk 2R, Wik, &
B SIS, S I AR E R R R AR TT R AL
TR R B A A S R T S S L AR R
4 FRUEARL, DUSE LT L PC R PN RS
MM R B, I AR 0BC . 0N FIAME R 5L
gt Ak R E RN R FEEEN LR,
K TE A BB R AR R RS %

1 #RE5FE
1.1 SCIRiZE

4 71 200 4 50 cm*40 cmx40 cm [ ¥ ARG VE 52
Y% AT S A PR AR O B, AR A FIR K o
YETHE, B 20 cm IR UET K, FREfiE 72K
.

1.2 #\Kk

MK 2 =PRI , PR S AT BRI R T K
RPN 26~30, pH iy 7.9~8.3, it HpL e A 4EFFIA
fift S8 KT 5.0 mg/Ls

1.3 ZhEEkiR

L7 B L N T VG IS T PR R RS
Pkiz 1000 KT HIATHE(CS) (IR PR B8 , PR AU K/ NI
SLAS)HE] 1000 A8 B Hh (B i AR Bl v
2cm, JK 2L), #4730 d MRkl bR, &K
TF 16:00 FeMEXF ARG 10, B K5 1 08:00—8:30
St K R A THBHR A O, AR TR ) A 1 0
B, AR EATTEN 1.5 g 24, Phik(dsk
BISTARAE  SE g AL R
1.4 SRIR{E#

AR, TR R A 1) FE B R R 2 b R K IR
(IEREEE RN V1 R QT Y NS M v v, < ol A
#i(Callionymus richardsoni). Vg %tHF(Penaeus
latisulcatus) . 22084 (Ruditapes philippinarum) . ¥k
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546 &

V> %2 (Perinereis aibuhitensis)VE ST R 7ESL56
FEUAHT, Z2I0H. FETAXTIR | 24 ih Mvb A 7ERb g i
KHEFE 24 h i, BTGB HESS AR, 2R G H#R
Ktk g, B MR, ZREmREIIGE, 5
XTURFIBRERSE | BRZ2UR 3k, YA 45 iR K AN FHH K .
SRIG , B R FR R AR A f5 R e W 4 B 4% 5y
%, TA-20 CUKFEIRAE . $MRAT, MIKFEHUH 5K
TEMERL, RIS, AR R T 2R M Y ) 5 hiiiE '
KNG,

1.5 SLIgigit

g W T 4 8 R 9 R )6 B H 012 C T 0N )
A, A8 200 A~ FRFEFR R FRIHAE A AR E R 2 A
W4 WItEShEE R 1000 HARM L, REHLPkE
200 HfEELEE, $RaAEAE 1 R RELCA
200 NFRFAAH , ICSEWIIRIR TR . TR . FRAEAR
U SRR o S U0 4 T 1Y T 380 R AR B (1.45+
0.09) go 200 7 FEA R H 58 2 BEALAL J7 125 43 e 31
4 FREHRAC B, SCIRFFSE 180 d, 40 Jl7E%E 30, 60,
90. 135, 180 KX, MEEFME AR IR Y &) 8 v B AL
oo B, BREE, 8 HEYEEN 1RSI

1.6 FEEIHE

B R 15:00 K A4 7K AR 1465 7K 4 3 T W HE
B, WERRFIEAZEME, SRS N 20 cm BRIGEDUE
Ko BERR T 16:00 BH 1K, AR LIS 2 K%
LT W AT TR g

17 HmRESTaE

TS50 PR A8 I J AR 433l FH 2% B 4%
% 6 0y 500 g IRERY, BRA-20 CUKFPRAE. WItH4h
T R o BRI 8 P R AR, R AE 6 1, B AR
15 R4E, WILET a2 24 h 28 HEZs W AKIE S, M
PR R, W R SR E, TR R R
Ko F0) S SR 0 BIAE SR 30, 60, 90, 135 F1 180 K
KAE, FFMEPR BIRAE 10 R4 RS, 4224 h
A EAGE R, W RRK R E, A L4 E
JUAKESY, BB, 7E-20 CUKFEIRAE. &
W 4 FPUERL T BELERT 60 d BBET 1 1, JETH IR
BERHBIAETS, BREE 180 KAYEE SR HRHA A 9 4
RO, LASET RIHE R 35 R A IERE 10 ANFF 5o

TEFRFHEE G, T RR S Bk 2 0 o S O B 5 e
P, TE 60 CHIMLAE ML T2 1EE , RS FRE Al sk
TR M ENLE SRR, i 80 Hif, SRE¥H
BERAT R 2 6%, Ly T2 67 C, 140 Tl 5E 6N

FHF5E 6"C BYRE S AE B 2 P 4l A B 1 1 mm )
WEZ  CE T HREIEFE N, A 500 mL BEAREEY) 250 mL
WELIR, Inws@E, WE 48 h 5, HULERENINA
BEA 1 mol/L R/ INEERR N, A=Al Je , ik
A 60 CHIUMEA ML T EE & kA4, 4k
SEHRER R ZR BA =AML, A 60 CRYHLAR N
M B E AT A WAL BS ARE T R AT TR
g

1.8 RWRERMMESH

Ab PR GF B RE % 2 e E RO B E B AR A B S
AIRELL R RS TN A2 o R AR, B RA5 1)
S AARASFH Tsoprime-100 [F]457 2 554 I R A A1 20 B e
)37 2 2 B (0 C F1 6N BC {E LA P FH A v
YRS INPLET 4 (PDBWE WS % hrife, AEE RN R
PN R LAAS SO BRIE, TEREE A 0.05%0, BEASRE
mn B ME 20K, B 9 MEME 2R 1 AR iEY A
A TICIE . BESL 0°C F 0PN (A AT

0" C=(Rampte/ Rstandara—1)* 1 000 (1)

3" N=(Rqampic/ Rsandara—1)* 1 000 2
KM, Rampte A1 Rytandara 7390 A 5 FAR TE ) T A E )
P fE PC/'?C 5 SN/N (Herbon et al, 2013),

1.9 HIETHE

191 A kK%K T R i 4 K % (mass gain
rate, MGR, %) . ¥4 K #(specific growth rate, £,

%/d)IT A 5
MGR =100x(M,~M,)/M; 3)
k = In(M/M))/t (4)

K, Niv My Noo MG 5108 SES T IR I 7 8 A s
(ind.). SEESTFAR AT H BRI R (g) . BN ¢ ()ITHE
PR (ind.) . WA ¢ B EEA TR (),
1.9.2 ReZ A A%k MR R RS S
R PR A R AL AR AR T Rt T 84 Kak
ARG Y, T PN AR AT 5T BT L 3 A [ 4 2
AR, EFE Hesslein %5(1993)HE 37 F 35 BORE AU X}
RO Al RARAL HEAT TR0 o 2 A58 0N T 5 AR s
T Fa 58 IR 2% 2H 0 Bt M 5 Ik ] f4 2 Ak 091 45 T 2H 4R
KRB 1ER , ©8E 21K A S ok 5 5 AL
A B g TRl o7 28 R B 0T 4

5=0¢+ (6;—dpe <™ (5)
X, 0, WL ¢« RN 07C HEl 6N {H; o
NS E YA SR 67C E8k 0°N fH; o
h 5 Rk BTG 61°C Bk 0N fH; m
R A R e R ke oM T A S IR) A A
R EAE KR, FEALE T, o f m 7] LLE
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TR T R Y 0" C BBl 0" N {1 Bt % 51 S ] 1 AR Ak Y S
MEARARNALARK(S), ARG R EACAE L [l 3 455
i
TR . AR SE K 50% S8 5 1 R] (£50) N 58 B
95% Ji 5t (1) BsF ] (295 ) 3 1 T oD 149 2 2358 (JRL g 4%
2023; FEBE4E, 2023):
tso =In(1-0.5)/(k+m) (6)
tos =In(1-0.95)/(k+m) (7
193 BERAEEEEAHK T XA [A) AR
R Bl AU IRI A, 3R 09w SR RO T HAE A
ABC=6"C wwe —6"C mp (8)
APN = 0"N spe —0"N up 9)
X, 67C 1 6N SARE S R AR R AR 2 Y L
18 (%o) -

110 ZitHth

Bk H SPSS 13.0 B 7581t o #r . AT
IR O R | AR T S ROR AR AR R A
SECHARSE R K, Wk, 7R IE (sin'Vx )
WA 5 FEIEAT T 2550 BT o AERCHE IR N TE 25 43 A Je 45 4
)77 22 P B0 T, R T 2508, P<0.05
ERZERR EWRME, S8BT EAF, XA
Kruskal-Wallis #335 #179E S 85811501, P<0.05 fE
25 W R E . RE SR BT R T SPSS B b i 2k
A

2 H#HR

21 FEIETE "CARE(5°C, %) "N EE("N, %)
B3

FEFH A 1] S AR Y 6°C 1l 3 1, AR R
[y 6"3C {7 BBl —12.02%0 ~ —22.31%0., [ 7252 isf [a] 4E
K, M fa FIARA 4R 6"3C W) IR 1 —20. 14%0 7% 4 T
=, TE 180 d B 3 5l LA RS 1.50%0F1 0.71%0; M
DAAhEE Y 0 C (5 ETHR IS FRE, 180 d A HLAHRL
B 1.35%0; RMEVAEALIE R 6 C EICH WA Tt
BN, 7E 180 d A FLAHRL BT 1.46%0. 2 3756
180 d Hf, XFHHALH 0°C MM EREL ACigoa N
0.71%o0~1.64%o0 .

FEHE I 1] 4 B AR 619N B L3R 2 AN R R}
() 61N B TE A 6.53%0~14.57%o . 15 ML £2 FIHR (1) 4)) 18
0N {H Fifi 7% FE A 0] SiE KB T 4R, 180 d 43 1) LU AR
BHE 2.21%0F1 2.16%0; FEME DAL 6N {H b 77 51
] E TR E 10%0~11%022 [0 /Mg s, 78 180 d
it FLPHRE R 2.66%0; FEMEVD A ANIE 6N {HICH W
BTl R A, 7E 180 d B FLAHRLES 2.15%0. %)
BEFRAE 180 d BEXHAERIY) 0N B8 AR5 AN K
2.15%0~2.66%o0.

YIIEERET 4 FIERHY 613C BEFR5 I ] B 25 Ak
PO 1o SRR 4 FERHY 0°C 53R ] ) 6
AR LU EA R 0 C=axInt+b HiR , BV 4

®1 HEMERBERME °C FE(7C, %) CFHIELbREE)
Tab.1 Content of isotope *C (6"°C, %o) in crab and diets (Mean+SD)

BEERAZ  WRTE 30dFHE 60d HE
Diet species Initial crab 30 d crab 60 d crab

90 d F /%
90 d crab

180 d 7/ TR
180 d crab Diet

135 d 1

ABC
135 d crab 180d

ffi Fish
#F Shrimp
DI Clam

—20.1440.10 —16.270.36 —15.71£0.34 —14.39+0.17 —15.43+0.77 —14.88+0.80 —16.38+0.13° 1.50+0.09"
—20.14£0.10 —13.26+0.40 —12.38+0.38 —11.24+0.14 —11.52£0.78 —11.31£0.51 —12.02£0.09° 0.71+0.07°
—20.1440.10 —19.30£0.22 —19.44+£0.23 —18.7240.16 —18.67+0.47 —19.17+0.11 —20.52+0.04" 1.35+0.03"

7b7% Polychaete —20.14+0.10 —20.93£0.32 —20.99+0.30 —20.61+0.10 —20.25+0.50 —20.67+0.17 —22.31+0.08" 1.64+0.06"

T FPIAR PR R R Z 7MW E (P <0.05). T

Notes: Values with different small letters mean significant differences in the same line (P < 0.05). The same below.

®2 HEMERMBERMLR "N KBGO N, %) (FHIEbRER)
Tab.2 Content of isotope SN (6N, %o) in crab and diets (Mean+SD)

BEMEME whEE  30dHE  60dHE

90 d H &

135d % 180 d & TR

Diet species Initial crab 30 d crab 60 d crab 90 d crab 135dcrab 180 d crab Diet A Nisog
i Fish 8.91+0.14 14.77+0.48 15.18+0.18 16.37+0.18 16.49+0.71 16.78£0.47 14.57+0.52% 2.23+0.15°
¥R Shrimp 8.91+0.14 13.51+0.09 14.11+£0.19 14.59+0.45 14.15+0.45 15.05+£0.18 12.89+0.06° 2.16+0.09*
N Clam 8.91£0.14 10.58+0.47 11.06+0.47 10.96+0.48 10.78+0.24 11.05+0.09  8.39+0.07° 2.66+0.07°
D7 Polychaete  8.91+0.14  8.34+£0.38  8.73+0.38  8.39+0.23  8.8440.67 8.68+£0.45  6.53£0.15* 2.15+0.11°
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-19 01*C=1.058 3xIn#—20.031 -19 013C=1.788 8xInt—19.913

o P F=237.81, P<0.001, R>=0.891 4 ! F=708.56, P<0.001, R>=0.962

-23 -23

=25 -25

FERETIE] ¢d FrREETIE] od
0 50 100 150 200 0 50 100 150 200
97 9 b2 Polychaete
-11 _‘kﬁ Clam —-11 +
=13 r -13 +
03C=0.252 6xInt—20.174 013C=—0.072xIn#-20.329

g 15 F=52.03, P<0.001, R*=0.642 7 g3 F=0.396, P=0.090, R*=0.102 1
g -17 Q -17
S 1 ' ' { ® 19
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1 SRR E 6V C sk
Fig.1 The change in sbc of juvenile S. paramamosain with different feed during the experiment

1) 1 88 (] U G 2R 1 S 5 R A 6 R 850 1= (P=0.090,
R=0.102 1), TiiH a=—0.072, FW 6°C FfFEHIM}E]
FER AT TR, fafa . R DIAY 4 o
K B AR L EHE S (P<0.001), AHC R A E, =M
4 §1C RHFRBIA R AR, AT BT, S
28 LTt

YA ET 4 FPVERMEY 0N 56 3556 I 1] 1) 725 Ak
BB LUHRECA R 0" N=axIns+b R (H 2), HE
WERMGERHCRW B EEMMXREAR
(P=0.256, R*=0.047 4), iMiH. a=-0.055, %W, 5N
Bifi 77 B ) B ZE A 2205 T R e g, Bt R DL
A1 1] I O R A AR S 3 A DG (P<0.001), AH2C R AR
B, RGN 6PN BEFFFEE A A RE K, FT] T
o, g BT

22 HRERMENEESH

R EAFEERG PC MAKSHOLE 3. #
A0 DR e A KR k] WA T A 3 R R,
BV RSN DC PR R m B AR 3
PoRb, R, MR, DL YR ALE PC SERL 50%)H
R (£50) 2390 36.30, 24.56., 27.96 1 21.17 d, 5t
S 95% JE % (I 8] (295) 5371k 156.86., 106.16, 120.83

Moledd, HWEm, U, 0, WaRMLEER PC
AL B STER L9143 3R 79.83% . 83.65% . 84.88%F1
63.80%, H1SLIEHE FETRIAE S, SRy PC 5 4 Fb
TERLA SIS 1 6°C B 43 31 —12.94%0 . ~9.60%o .
~18.71%011-21.08%0, ULAT, 4HEEXT “C AY4-i8 R %L
APCHERIN 1.23%0~3.448%0

EFEAFEIERG PN RSO 4. B
BUEMLE "N OHBRCIHESR m B85 T HAy 3 Fl
PR, B, IR DL VD ARANE PN SERL 50%)H
FEIIA] (£50) 43 914 37.60 d.24.34 d .24.77 d F120.17 d,
S 95% ] I R] (295) 5301 R 162.49 d. 105.22d,
107.05 d F11 86.99 d, & fn, UF, W WENYEE
KXt PN E L TTER EL B B0 R 81.97% . 82.88% .
75.27%F1 59.80%. FH LIS A RIAE A, 4 (K
R NS R R S o o e I NI < 1
19.19%0. 15.85%0. 11.66%0f1 8.34%0, LLHT, %M}
PN M R B AN R 2.81%0~4.62%0 .

4R 1 FRE R0 R RSB R TR AN R
BHOLEARIT PC 1 PN JE LA STk AR R s, W
o TR AR Tk B R R R 41 8 C i PN
JEVG R AR, 150 F tos ZEARCKS s T BBE X TR D IH
BHOLHEE BC A1 PN JERE R, 150 F tos 22518/,
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201 4 Fish

8
z 10 §'N=1.539x1ns+9.086 6
)
F=940.30, P<0.001, R*=0.970 1
5 .
0 1 1 1 ]
0 50 100 150 200
FEFERT[E] #/d
207 #4 Clam
15
S .
Z 10 f—’"_"i e | by
EN
51N=0.407 6xInt+9.043 2
st F=110.59, P<0.001, R>=0.791
0 1 1 1 J
0 50 100 150 200
FRFEETE] #/d
& 2

Fig.2

%3

20r ¥F Shrimp

$
> 10
,,_,Z O0N=1.15xIn#+9.112 6
© F=534.68, P<0.001, R*=0.950 2
5 L
0 1 1 1 )
0 50 100 150 200
FRFERTIA] o/d
20 %% Polychaete
151
2
Z 10t .
® — i =  § v =
sl J'5N=-0.055%In++8.831 3
F=1.346, P=0.256, R*=0.047 4
0 1 L 1 J
0 50 100 150 200

FrEH T E] #/d

BRI R4 B 6N A1k

The change in §'°N of juvenile S. paramamosain with different feed during the experiment

BRERME °C WARSHCFHIREE)

Tab.3 Parameters of isotope B¢ turnover (Mean+SD)

g BB A2E Diet species

Item ff Fish ¥R Shrimp Il Clam Vb #& Polychaete
WIHAEE 1 6'°C  6"°C of initial crab ~20.14+0.10 -20.14+0.10 -20.14+0.10 —20.14+0.10
ZEREHEE 5°C  9"°C of final crab —15.22+0.26° —11.23+0.04¢ ~18.70+0.04° —20.61+0.10°
TR 6°C 613C of diet ~16.38+0.13¢ ~12.02+0.09¢ -20.52+0.04° ~22.31+0.08"
R [ R P#ind 5 8 o1C, ~12.94+0.35 -9.6040.26 ~18.710.08 ~21.08+0.08

(513Cf of stable isotope equilibrium/%o

FEE KR Specific growth rate (k)

BHTRRAC T Metabolism ()

[R143 2 J& #% 2% Turnover rate of isotope (k+m)

0.017 7+0.000 9°
0.004 3+0.000 8*

0.021 6+0.001 4°

0.023 5+0.000 6°
0.015 3+0.001 8°

0.038 8+0.002 6°

0.023 5+0.000 7°
0.005 3+0.001 4°

0.028 8+0.002 0P

0.026 2+0.000 5°
0.004 9+0.000 7°

0.031 1£0.001 7°

H K BTk 43 L Contribution of growth [100xk/(k+m)] ~ 79.83+3.53° 83.65+2.07° 84.88+2.81° 63.80+2.44°
%bk SO%E%H{I'I‘E? Period of 50% turnover (tSO» d) 36.30+2.01° 2456:|:112b 2796i161bc 21.17+1.40°
SEIL 95% 5 I ] Period of 95% turnover (fos, d)  156.86+8.65° 106.16+4.83% 120.83+6.96° 91.64+6.01*
R [ 57 2 - st A48 R BL(A P C s %o) 3.44+0.22¢ 2.42+40.13° 1.81+0.05° 1.23+0.08°

Fractionation coefficient of stable isotope equilibrium

W FTARFR R R 2ZSFHEEP <0.05, T~H

Notes: Values with different small letters mean significant differences in the same row (P < 0.05). The same below.

23 #HhEHR. RRERMENIBEY

FEFE I ] 2l C o R Bk ABC 5 3RFEIT IR (£)
R E AR ABC=axInr+b(Kl 3), BEEfa . IF.

LI 188 ] 1A O 2R #1035 AH DG (P<0.001) , AHE R %K
s, APC TEFRE AT LR, RS LT
WEWRNLE APC 5375 A a] A A 56 M g 22
(P=0.270, R*=0.048 5), }f- H. a=—0.058, M4 AV C
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Tab.4 Parameters of isotope >N turnover

g BB A2E Diet species

Item ff Fish ¥ Shrimp Il Clam V)% Polychaete
WIHATFHE 6'N "N of initial crab 8.91+0.14 8.91+0.14 8.91+0.14 8.91+0.14
ZEREHE B 5N 6'°N of final crab 15.72+0.23¢ 14.64+0.11° 11.02+0.11° 8.42+0.05°
THE SN 6N of diet 14.57+0.52¢ 12.89+0.06° 8.39+0.07° 6.53+£0.15°
T [F) i 2 - i 75 8 515N, 19.19+0.44 15.85+0.17 11.66+0.11 8.34+0.08

515Nf of stable isotope equilibrium/%o
FEE A KR Specific growth rate(k)
HTRRAC I Metabolism(m)

[V 2 Ji %828 Turnover rate of isotope(k-+m)

0.017 7+0.000 9* 0.026 2+0.000 5° 0.023 5+0.00 07° 0.023 5+0.000 6°
0.003 8+0.000 8* 0.005 2+0.000 7* 0.008 6+0.001 3* 0.019 2+0.002 2°
0.021 5+0.001 3* 0.031 4+0.001 7° 0.032 1£0.001 9° 0.042 7+0.003 2°

H: K TR 4 . Contribution of growth [100xk/(k+m)]  81.97+3.56" 82.88+2.22° 75.2742.66 59.80+2.61°
%ﬁi So%ﬁ%ﬁﬂ‘rﬂ Period of 50% turnover (50, d) 3760i205b 24.34+1.13* 24.77+1.43% 20.17+1.55%
%ﬁi 95%%%]3]#1‘[5] Period of 95% turnover (s, d) 16249i886b 105.22+4.90* 107.05+6.17° 86.99+6.72°
T sz [ 31 28 ST A 5 3488 R B0(A PN, %o) 4.62+0.31° 2.96+0.11* 3.27+0.09° 2.81+0.11°
Fractionation coefficient of stable isotope equilibrium
3 [ f4 Fish 2 [ ¥F Shrimp
[ ]
27 ! ° 4 0 L e T 1 l 1
1 b . e ¢ ® 100 e 150 200
0 ] , o o -2 FEFEMTA] #/d
%\8 . 50 100 150 200 %5
& —=1r Nl & —4
z 1 FrEHATE o/d Z
=2 AC=1.033 1xIn#-3.532 5 -6 ABC=1.749 3xIn#-7.713 1
-3 F=144.63, P<0.001, R>=0.843 1 F=438.04, P<0.001, R>=0.944
-8
_4 4
5L -10L
37 # Clam 3 [ Y% Polychaete
.
3t . 5L
; .
g 2r g 2F [
S £ ST .
o o — !
4 2r g 2r U . . o .
. L]
1r . ' 1F N °
1 ABC=0.246 6xIn#+0.373 3 L ABC=-0.058%Ins+1.918 7
F=31.66, P<0.001, R>=0.539 8 F=1.272, P=0.270, R*=0.048 5
0 L L L ! 1 1 1 )
0 50 100 150 200 0 0 50 100 150 200
FrER I o/d FrFEmTIE o/d
Pl 3 S ) B RN [ RS C B R AV C Rk
Fig.3 The change in A">C of juvenile S. paramamosain with different feed during the experiment

i 57 5 Ao (i) SR 220 T %

FEHH I (E) 2h Xt N S R A AN 5 3B A ] ¢
X RPFA AR APN =axInr+b(El 4), $HEf, oF,
DU 1188 ] U 56 22 A B 35 HH D& (P<0.001), A R K
s, AUN FEFRFAT BT, R e Tt
BEVENLGE AN 535 R A R O
(P=0.546, R*=0.014 5), 31 H. a=0.058 , &% AN
il 77 L ) 1) ZE 4 2248 T B

PO A R HF . DUE X PC PN 4y
T8 A ECE FRAH A ] 2 IR A OC R, (HE VA&
J& BIRRE [ 28 5318 R B e e g 22

YIEEXT BC 4B R APC 51 ER(MGR, %)HY
KR AL ABC=axIn(MGR)+b([&l 5). £ o  HF
DLF &y 88 T U O R R B 35 AH C(P<0.001), AH G R %k
i, Mgk Bonpid ERER, APC el T,
SRIGHEAS 8 ETHEaH . b & LEL PC 4
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WA APC SWERMH MR 22(P=0.031, R=  XRFEM, #Ef, I8, DAL R H 56 R8T %
0.1729), H a=0.042, £k R, APC KRG HERK AR (P<0.001), AHIC REWIL F - a4 1Y 4 g X)
RIS TR PN A3 R A AN S8 R AR M 25 (P=0.146,

EXT PN ME R AN SHER LRSS R=0.0822), H a=-0.033, dhinr, APC Fil &
AR APN=axIn(MGR)+b (1 6)., 5 APC S ERE  ROEEGZEE T,

41 4a Fish . 31 ¥F Shrimp
[ ]
27 H 2
° ° 1 -
0 . 1 1 1 )
g g 0 ' '
£ 50 3%@;33% t/d 150 200 £ 50 100 150 200
£ 2 £ -1t St od
< <
-4 25
APN=1.525xInt-5.418 2 4 1
6 F=588.65, P<0.001, R>=0.956 2 A®N=1.132 1xIn#-3.696 1
4} F=325.54, P<0.001, R*=0.926 8
gL -5 L
4r ¥b% Polychaete
[ )
3r .
L[]
38 o . '
$ o ~— R N
> & 27 ° ] .
£ Z 4 o $ o
< L o2°r H .
AN=0.398 8xIn#+0.693 3
1 F=67.43, P<0.001, R*=0.712 5 Lr APN=-0.036xIn++2.22
1 ’ ’ 1 F=0.376, P=0.546, R=0.014 5
; i
0 L 1 1 ] 0 1 1 1 ]
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FrFE A 1/d FRREETIE] ¢d
P4 St ) e 45 VR[] (R 7S B X N MR R B AN AR AR
Fig.4 The change in AN of S. paramamosain with different feed during the experiment
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Fig.5 The relationship between A'>C and the mass growth rate (MGR) of S. paramamosain with different feed during the experiment
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GRS PCAMBRE APC SHEY 6PC M IRAIEE SR 67C AH2ERUE(6"Cie~6"Cp) BUE L
PEARDG, 4R PN AMEAREACN SURHY 6PN MG, SRS PN SRR AN SR
WL PER DG (B 7). 4IBEXT PCAMBRECAPC 54 (6PN 1c~6 "Np) W UIEL AT 8).

5[ 44 Fish 5 [ #F Shrimp
3r . . 3r
L T o . ¢ . ° X
1r o 1t . N .
s% be 1 1 1 1 1 ] \8 1 1 1 i}
2 -1¢ 200 400 600 800 1000 1200 1400 g? a4 200 400 600 800
4 HEHE MGR/% X HE R MGR/%
-3 3+
_ ]
-5 A¥N=0.580 2X1n(MGIZ<)*1~595 5 5 AN=0.432 4xIn(MGR)—1.024 8
F=221.38, P<0.001, R®>=0.891 1 F=388.97, P<0.001, R?=0.937 4
=7 L -7 L
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3 F . [] : ° 3 r 0... o e
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Fig.6 The relationship between A'*N and the mass growth rate (MGR) of S. paramamosain with different feed during the experiment
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Fig.7 The relationship between fractionation coefficient and dietary stable isotope content of S. paramamosain
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Fig.8 The relationship between fractionation coefficient and gap between stable isotope content of S. paramamosain and diet
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31 BINBEYBERERMELEEWN

TR ] 437 3R 20 R TR 3 0 AR ) 167 3R 4
BB R K (Fry et al, 1982; Peterson et al,
1987). 7KAE B H S8 RS 1) —Be BT TR Y, RN
1) e T R A TR 67 3R 7 i 4 ) A R 1 B i 2 O
LI —E B & (1) (Elsdon et al, 2010; [ 5%
55, 2021; EBBAE, 2023; FRESE, 2023), hAEoiE
18 (Eriocheir sinensis)4EARNIRLLIZIHY 6°C BEFFIHE
] B 2 T TH R, e SR 0 C (EAH H B
AR EEEZEZE, 2023), FHE4H W5 (Crassostrea
hongkongensis)i) 6"*C F1 8N e 1 5 75 JE i 72 32
T 988 6K R 422 30T T 0 P %) e R L 5 DR R B 6P
6N (JHHESE, 2023) #7075 B 4 45 A AN Rl k) 66 d
J& , MR 6C Fil 6N B R 61°C R 6PN, JF
H—EWEREEEBRSE, 2021), RHRT, BRTH
VLA L B SR G 9 C A 0PN KRB B B
M LR, et IR, DIAILIIER) o°C F1 0PN
Y T = ARG e R 2208 B, JFTE 180 d
BF i TR i AR e A 2 F BE . T H A RSB IR
(Nihonotrypaea japonica) i [CFIZERR(N. harmandi)
PB4 40 £ B3 (Chaetoceros gracilis)5 , H T4 40 £
BHMY 6°C Al 6PN LLHIIREFIE, 6°C A1 6PN BT
FEa#i(Yokoyama et al, 2013), A5, HEE
G RY 01°C Al 6N Z T AR RB B fas, ol
RE R TR R4 1 613C A1 0PN B WL v A,
St b AR A IS SR e R S N i ]
P, PEBEVWEG 0°C ALEE S Herbon %
(2013) X35 s I AHF1& (Episesarma singaporense)Fl
o kr T A F & (Episesarma versicolor) % & £1 8 ' 5
OBC MR LR HAMIBL, BT LRIF T4 67C
W T, Rk, et iR 0P C &
AR WA BT (HAE Herbon 27(2013)f% 52
B, MR 6N RIUHIRA BT, A
IR OFN RZE AR E, PTRESE R A B A
HARME(<1.0%), 6N BFAR(<5%0), FEE AT A
RIEMTARESE N Fo 50 J8 i o i AR 525008 1 64 35 S 36
YRR, ASEE, mH 0N WwiReE, By
LRIEY 0N, BEIRNAY PN B 700 A .

32 BINBEYHBERERMENEEEREER

FoE R 2= Ji e S 80U e 1 sh 8% &9 kR S
R Al o7 R B TR BBl 6, T 07 1R 32 Ty AR R
HT ARG R P52 (Hesslein et al, 1993; Macavoy et al,

2005). Herbon Z£(2013)iIAk, 70 d HMESRE LA 2 F
FIFER 0°C M 0°N %Lk B2, HATEIF
My ECFISEHR Y 613C F1 0N 7E 31 d iR S2 86 th &
H T I PR (Yokoyama et al, 2005), 17 CH 18 4 &
WEAFIEE 66 d 5t S5iHEHY 6°C A 6N 2L
(HERAE, 2021), R ILAEKH TP RES I
PR AT PY BC N RS . BN SER P 3h)
PRI 61C F1 0PN s shia g Ak fasE, Frbh, mlE
e B AT T S 1) S 56 AR A AR R TR AR ZNERAR
HR A G B T 4 S T AR (20,88 d) . iB(34.14 d)FITALIA
(29.37 )L KA RE [AIA7 22 5 1 (£50) 359/ T K HAK
L R XF R 121,73, 66.01 F1 35.18 d)(FERBZ,
2023), 2% B3 AR X i R A B s e, R
B Wy VR H B IR I 11 ¥ (Posidonia oceanica) HY) #) R
(Gammarus aequicauda)y “C () tso 23910 12.55 d il
51.62 d, SRR JE #1052 i B K (Frangois
et al, 2017), AHWFFELEFEFM, 0070 M 4 B H e [
FRAEREG PC A PN K 5o BBAR R 20T, 1T o5 YR IS
tso B 4 A5, FR BRSO IRl A7 2 1) Jo) 2 3 3 A S 0 T M 48
A IR R R R A R B g G PC PN
[ tso FN tos PIFFAE & 2557, RIILRH RIS FRUE [
57 2 1) J) 3 1 A5 Bt %2 ) Frangois 55(2017)IAM
G T o BT T A R Sk 15 4 PR, 2 S B3R AL A
BRI, MR A 2 R A R, A
WHFE T, B AR 150 F 105 2 LU ER A HIAY 3 b
TRHO A, I H ARG B E 0T AR
3 PR 2 a3 B PR} BT e S e iR A
ok 2 AR IR 67 R Y S B %

ARG U E L 1) 0 C AT 6N FE 180 d
W5 135 d SR, JFH 105 ¥/ 180 d, Al
I i 2ty 26 B S50 5 38 012 C FN 6N By AR bk T 2%,
PRI, 180 d 1A S 56 Ja] 0T 10 5 $00 7 18 4 M 1
E [R5 2R 8] 2 A48 B AH S S BUR T B o

33 ERGHBERENUMARETENBRMEEARN

Tk

JL4 Hesslein %5(1993). Fry %(1982). Herzka
Z5(2000)IA AR E [ 2 S % B A K Bk gl , HAE
AN TR B 58 v e BT A AR S 3R AR AR 1 3 X AR
FE A 2 A R AN RS20 . GnEE 5 fh.(Danio rerio)#
WA AR I FH X UL PR 2H 2 sk R () 437 28 J) 2 114 BT ik Lb
753K 74% (Tarboush et al, 2006), 17 FEAC 9K
By v A8 4% B ) 1 R 21 2 s R [ 2 R e 1 2
B, 7RG 20 B R AR e e e R 38 R e 1)
TR ] S5 3 67%~94.04% (REZ B4, 2023), AHF
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FELE W, T8 41 (1) A KB R LR R () 26 R
EE R TTER R VE R 59.80%~84.88% , AR KAERAE
A7 R S b e 1) 32 AR o AR SE BRI 15 2R TR
S5, WRE 32 R S0 b A W A K R A Qi
RIS FEH L, MERZBEQ2)WIF T, /NI
IR RIAR Hh A Y B a8 4 8 1 A K SR 43 R 0.006 7
F10.001 9, AR S 55 H 481 7T 8 40 114 A K R )
KE]T 0.017 7~0.026 2, 2 HIFIE A 25X G A Kk
JEFAEE REYZ20, D8R S B0 A& A B 1R 5 TR fE A
DUBGE R b i 22 5%, Ik i 520 K R BRI A2
S [F)A 25 J) 2 ok Lo il i 22 52

34 BINBERERMENSBERY

75 180 d B, $E MR, D1, VAR LhEXT PC
f 238 2B APCrgo o 28918 1.50%0., 0.71%0 . 1.35%o
1 1.64%o0, TMiARHEHAI ALK P PC S5 iR A F]
ST B 431 R AL ACC, 4Bk 3.44%0 . 2.42%o .
1.81%0Fl1 1.23%0, - Z M — & M 20, BRI,
SEMAE APCrgo o 5 3CHRTIFH 1.3%0%0.3%0 (POST,
2002) 43T . WA, W, D W EMLEST PN
B R B AN 5o o 23T 2.23%0. 2.16%0 . 2.66%0
1 2.15%0, AR AT B L8 (R ) PN 51k A 5
S5 I 430 R AN, S B 4.62%0 . 2.96%
3.27%0 1 2.81%0, —# Z M A s K /NY2EHE, R
B A ) A A FR RO AR T 3 SR B Y
3.4%0 (McCutchan et al, 2003). F T3Tj7 F3nf 114 25
F G0 T B 6 R RS R TR 3R 1 43 AR EAE B
JL I F K (Yokoyama et al, 2005; Mazumder et al, 2010;
Herbon et al, 2013), I Yokoyama 55(2005)%}7A] 1
R Sh W RS 25 SRR W, sh-BRIARC i F
2%0~2.2%o , AN L AH B Ry b AHFHE X 2 Fp
ZER R AC R 5.1%0H1 4.1%0, AN 9 5.0%0 11 5.4%0
(Herbon et al, 2013), [Hit, AHI&H: 2058 iR
B | T B AR A, R S A B 55 |
FHAHAL IR BT 25040 T 3R A5 10 [ b 5 [R] 28 26 W 558 o

35 FEHESBRENEURZMETF

AR, BRAEEV R LESL, 67C 1 6PN
it % B FoF (] ) SE A O S R b RS AR R 248
TR EH, Pk, ASC 1 AN -t s AR R B 728 5l
FaR, X5 E AL 6°C A1 0N B B ALY
6] T R AR LS, 2023) A 6], 5 s E I
WA 3 ZE SRR IR A ST ERMARE 61°C (2.71%0)F1 6N
(—23.46%0)BANA 5, BRI, & usHh w25 Fh
g1 61°C A1 9N FRIH S b X IR o RO A S

WIERTZ), SRR 6°C F1 6PN Wb &S, HBE
TH ARSI 615C F 0PN 285 5 /UG DL, B
SIS I R RSN, ATl 4R N E p sh e, B
T, W, A s AR E LAY 61°C 0PN AR
Bl 5 rh ARG A S I RN Y 0P C _ETHMER(ER R
85, 2023) tAN—F, WTRER M FAYRIE . R
DI R R R n 28 8 1 £ ZE IR ol (N R AN TA] o R TARF
FEHRRE I A EE R A KRS, i, e
i MR SRR Y 4 5318 R A5 TR o R A
SIEMSE, Jetd LT E dERr g ie LI kTR
SE [ 28 T G R ) 25 57, BEARAR AR OE il R B
SR E—DIEE SR W AR, YR
4 TR tos N 162.49 d, 1A 5236 1Y 5 1A
180 d, RERSTH AL IRAHRUE Ml R B R .

XEARBIGEIR) 4 FRAEAL A /18 2805 TR AR e
R ZE SR EIEER LN, 8RS R R
oC il 6PN AR A SR 7), Wk, MERHKS
4 T 1 FNAERE 22 1R A RS A2 TR 437 28 22 (0" Cie~0"C)
F(8"°Nye~0""Np) Y 5 28 W IE AR S (& 8). @t o #r
L7 B LB 6 BB 438 RBCR R 81 C A
0PN (HEHE RS, 2021) & B, M RECS R 6 C
M OUN R AMER, Wik, REIE L)
& 6°C A1 0N SR 6C A oUN 2, I
AR TR 01°C A 0PN — @R, (HAME AR
Bz BIHEL 91C F 0PN BRI, X 5 1R X
WR AR E IR, 2R B e A B 52 i i 2516 (Frangois et al,
2017)&—3m

4 #ip

PLABL7 T B gl o B A X 42 Ll 180 d B SEE:
WFgE T HXH A 0F D WA RE R AR P PN
PRV R . a5 R, AR CE B R
[l 37 28 JE A (1 Sk K T R R, R RR 2R Be A
PN SR R AT R Gt UF DL A
BC PN I R BT R 1.50%0 . 0.71%o0 ., 1.35%o0 .
1.64%0F1 2.23%0. 2.16%0. 2.55%0. 2.15%0, MR
0"C Ml VN SR S R B B

2 £ X
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Stable I sotope Turnover and Fractionation of Different
Feed in the Juvenile Scylla paramamosain

ZHONG Shengping', CAI Xiaohui’, SONG Jianda’, LIU Xujia*, PENG Yinhui’,
HUANG Lianghua', GE Changzi’, HUANG Guogiang'”

(1. Guangxi Key Laboratory of Marine Medicine, Institute of Marine Drug, Guangxi University of Chinese Medicine, Nanning
530200, China; 2. Guangxi Key Laboratory of Marine Biodiversity Conservation, Oceanography Institute, Beibu Gulf University,
Qinzhou 535011, China; 3. Marine College, Shandong University at Weihai, Weihai 264209, China;

4. Guangxi Academy of Sciences, Nanning 530007, China)

Abstract Investigating the effects of different diets on carbon and nitrogen stable isotope turnover
and fractionation coefficients in juvenile green crabs (Scylla paramamosain), we used 200 tanks
measuring 50 x 40 x 40 cm. Fish (Callionymus richardsoni), shrimp (Penaeus latisulcatus), clam
(Ruditapes philippinarum), and polychaeta worms (Perinereis aibuhitensis) were fed to the juvenile crabs
whose initial weight is 1.5 g. Samples were collected at 0, 30, 60, 90, 135, and 180 d to determine the
5"C and 6"N and calculate turnover parameters as well as fractionation coefficients. Our findings
described that the differences in the juvenile crabs’ §"°C and 6"°N during the experimental period were
demonstrated by 6'°C = a x Inf + b and 6'°N = g x In¢ + b, where the value of "a" varied significantly with
the different diets. Growth is the main factor driving carbon and nitrogen-stable isotopic turnover in
juvenile crabs. The contributions of the four diets (fish, shrimp, clam, and crab) to the *C turnover of the
crabs were 79.83%, 83.65%, 84.88%, and 63.80%, respectively, whereas their contributions to the 5N
turnover were 81.97%, 82.88%, 75.27%, and 59.80%, respectively. Our findings indicated a clear
difference in the stable isotope turnover of juvenile green crabs, which was primarily metabolism-induced.
The significant difference in growth rates between the two studies inevitably led to differences in the
assimilation and deposition rates of carbon and nitrogen in their body, causing differences in the
contributions of growth and metabolism to the turnover of stable isotopes. The time to complete 50%
turnover (ts0) of °C and the time to complete 95% turnover (fos) for crabs fed the four diets were 36.30,
24.56,27.96,21.17 d and 156.86, 106.16, 120.83, 91.64 d, respectively. The 59 of 5N and 195 for crabs fed
the four diets were 37.60, 24.34, 24.77, 20.17 d and 162.49, 105.22, 107.05, 86.99 d, respectively. The
results of this experiment indicate that the 75 values of *C and "N in juvenile fiddler crabs fed the same
diet were similar, and the #; values were more than four times higher than the #5, values, indicating that
the turnover rates of stable isotopes were high in the early stages of the experiment and decreased
significantly in the later stages. The fractionation coefficients A13C180d for crabs fed the four diets at 180 d
ranged from 0.71%o to 1.64%o, and the AISngOd ranged from 2.15%o to 2.66%o. Overall, the measured
value of A13C180d is closer to the literature-cited value of 1.3%o, while the measured value of AISngod was
incongruent with the literature-cited value of 3.4%o.. Since the large range of fractionation factors for
stable isotopes in bait materials among consumers in nearshore and estuarine ecosystems, caution should
be exercised when citing fractionation factors in related ecological studies, and actual measurements or
data from identical or similar species under similar environmental conditions should be used whenever
possible. The relationship between A'°C and mass growth rate (MGR, %) followed the formula A"*C = a x
In(MGR) + b, and the relationship between A"’N and MGR followed the formula AN = g x In(MGR) + b,
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with significant variations in the values of "a" and "b" when consuming different diets. A"*C showed a
negative linear correlation with the 0'°C of the diets, and a positive linear correlation with the difference
in 6"°C values between the initial juvenile crabs and diets (6"°Cijc—6"Cp). A"°N demonstrated a negative
linear correlation with the 5"°N of the diets, and a positive linear correlation with the difference in 6"°N
values between the initial juvenile crabs and diets (6"°Njc—6'"Np). The diet quality and stable isotope
content were the main factors affecting fractionation. Although the 6"°C and 6N of the crabs during the
experiment approach and ultimately maintain a level higher than that of the diet, the fractionation factor
remains influenced by the 6"°C and §"°N of the diet. We concluded that growth was the main driving
factor for stable isotope turnover in juvenile green crabs and that the stable isotope abundance of the diets
was an important factor affecting the fractionation coefficients. The findings of this study provide
reference data for nutritional ecology research on green crabs.

Key words Scylla paramamosain; Stable isotope; Turnover rate; Fractionation coefficient; Diet;
Growth



