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HE R RET o AR R KT, RFK LG5 %5 R & (Apostichopus japonicus)
M ERFEM L, P THARRBEFTRASEZERN R, HRERD T, BEFHH S 51°C
FHME A -19.48%0, 8N FHE KN 8.81%0, H o, K#HE A% §°C Fn 8N FH 2 5] #-19.13%0
F19.97%0, A& {5 R| 5 F 3 ME H-19.84%0F1 7.66%0. B TR S A EFREN 2.32, iR EE
X 3 17 7 5 A A xR 3.00 K 0.68, R FEAMELERE T, AAENHFAGHSEA KT N
BE 078, H—FHAORWELANER, EFAEENEEZT LGNS THTRE RSN 0320,
HRZa%(0.224), %%(0.222); KA BEEMNERFGTANSFHTREN 0.632; HF, HorExE
710245, A&E K 0221, &K 0.166, KA XBILARERLENET, B HANE T EES G

R 2 B A B R IR T
KA

hESEES P735  CEERIREE A

43 A0 T3 B b 5 15 8 37 B9 075 i 2 (Apostichopus
Japonicus) (UKL, 2021), BSHSLH. B .
ARG R A R A5 AR W i PR o (S AR AR
2014; PMETESE, 2023), HA& 2P0 AEY2: D) e (Aminin
et al, 2015; {TAREZEE, 2016; Xu et al, 2018), {HZ/4&
KWBE R 2w, 0502 m e oo BA B8R %E &
(Feng et al, 2020; Gao et al, 2016; Li et al, 2019; Wen

FHl%; BERME; &#OR; KAE

x; BE

et al, 2010), RIS EFMES 1, 7 7%
PIAROG , HH S5 AN [R5 3R 2 0078 5% 17 e
FEAr BT, Gl i LS 2 | R TR R S R S
A e VEAE AT E FEM(E (Feng et al, 2020; Gao
et al, 2016; Li et al, 2021), {H&F FHEX LLE TR0y
25 5 B YR R R 3R A iGE , VB AE DT S0
YA IEAT AN B

* IR HARFH G T_EITH (ZR2022MDO027) 4K B8 55T il i 0t T i 482 (BH202407; BH202408) FIAII T Hl Bk

A 9K 345 (POOPF001022) L [F % Bl .
O #WIEEH:
YR H 3: 2025-02-17, W& eloh H 31: 2025-03-30
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Bk AN R U A [l 3 (31°C A 81N 2 i 7 B 1 I
FRZARA I T EEERSE, 2005; Nagelkerken et al,
2020). HET, FaE R B RO B HaE B2 S8
K7 SR R AT S O VR BT dn p T
(Li et al, 2016; Kang et al, 2021), {iHIZ 5 EEY)
AR A [R5 28 REAE 32 B PR B 0 5 Ml 11 7 A 25 5, X
ZSF AR BN, SRR ey kikE
(Christianen et al, 2017), ARBFFRFEET §'3C 1 515N #)
f8R, AR L3 5 it 388 37 04 B A 0 2 R 45 R =
RAFFERTGR, B AT T ORI SRS T ) M
A X E F2 S (trophic level, TL), M5 HABWEEEAEYK)
B R RNE ; AEICERE b, U & A ok iR,
T4 7R 25 P AE B YR IR X7 1 2 B9 A X BTk, A
P75 0 S 0 D 3 RN R HE AR

1 HR5FE

1.1 HAXE

111 FARE X pe b4zt FEAS SR 1 B
GG T 111870 I 300 18 (R 5 4 o ARG A 52 X
L8] 85 P 537 VT S0 A 5 S, T3 B A R 477
S X, fE 0 BN E T 9 A REE 2
VL RBU B AT, Hf, AL B, D, E ¥
SR G B R DI, P 3 57 2 T 2 00 2 R X0,
C U7 IR B Rk I, W& 1 B, A A
HEYIREAR AR A~T 3R .

1.1.2 #ARENRE 15 il 2 B AR R AR B (6] R
2024 - 4—6 HAEH 1R, RS EFR0E W

K1 RSO R L B
Fig.1

A KREINS/NE; B: KBILSERFHE; C: Wi,
D: dbKILS; E: mKILS; F. ®SS; G 4H5;
H: #WLE; 1. KRE&G,

Sampling sites in study area

A: Xiaohao at Daheishan Island; B: Nantuozi at Daheishan
Island; C: Miaodao Island; D: Beichangshan Island;
E: Nanchangshan Island; F: Gaoshan Island,
G: Chenyou Island; H: Tuoji Island; I: Daqin Island

LRI, HAD TG A Y FEA T 2024 4F 4—5 H K
WInTRrE R, RIS TOEMESY) . KT
Js | MR R A

113 HAREF % AT X 5 3 B AF
PS8 GO RIS . TERFENT SUREFE AT,
TS vl (57 BEATL A5 485 R T B P D il S A IR AS
FEARES, HERa, 8T-20 CRERE, D
BRGE RN T o R, 7R85 A RAEA 1 38 1 I
HE)A R AR L WK L N 8 AR 4 5 SUR B
PRAFEYIREA, BIASEE, BT-20 CRHRAE,
DA AR E R R A3 BT o D i AR 38 5 b 0 =00 SR A
S 57 SR B TR K £835 20 o B3 21 4k [ 0k, fhpg gk
RUEYE, WEASER, BT 20 CRHMAL, USR
S R AT

1.2 HmbEMIEE R RGN

B FEAEA L2 5 ¥ 3 3 BF 5 IX IR R 1 0 2
FEAC 100 A, Horr, 537 iSRG X S il 246 5l 50
N 1, B A~E), HEEARIRRE e 4 AR A K AS
RSB AEGRZ 50 (8 1, uhfL F~D). BRO5RIZ
Gb, AE RIS E FRGAN L B NS %, A5
TEMF BT IR 2D R AR T 148 S HAB T EHESI )
(66 M)FIEEZEB2 MFEAE 1, 3hf7 A~DRATIESAE [H]
PR, TEARMIFRVIE BB B, W0 7
PR B PTRI 2 EEE B YRR, Pk, #4717
R AN AR ACR A TAE, AHR HiXT 142 D014
PR EREARE 1, uhi A~DIET T RE R A
B A 77 38 W RE A AL 45 TR 1L 81 B 1 e 3 1 2 224K
FRVEYIFP . MR YR R 2 5 (Zostera marina); 4%
WATE A ZE(Ulva lactuca) . 25 1 & (Enteromorpha
linza) 5§ 4 AW e B AL HE 1 &R (Sargassum
miyabei) . H¥:(Sargassum horneri)% 6 N~W)FP; Z1
WG4 B3 (Bangia fusco-purpurea). *:3%(Gracilaria
verrucosa)5 6 NI R T IR AN R &Yk IR
AN TR U B 5 R 2 A8 R RAFAE 22 5, ABFIEE 53 #r
T 69 NHABX IR SHA, KA
FERARTE BRI Z(39 4>, B 1 b C i By iTif) . R
T 0 L 8 B T T RS 2 (30 D) B IR T L
By ra i sy, SAUEE R AEL, TS AR
I AL ERO R = R Y VR a3 W AR R S b
IR, G ER S SRR A A G, L T P e
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P 2358 7 2 F BRI, R T AOMIEK A1 .
N[5 19 A ) R i 8 3 T Ak 3L A T R TR A 3R 43
Mo Horr, 40 28 FNTCH HES WA i b PR 22 25 B %
TE A LT 43 FH T A2 R 28 43 H7 o e 2 ke Bk
BrAem e, Aiab #7205 shWab By sCRA AR R K
Y i AN R O g R BR AR S, ATAb 3T =
WSS IEAAER . FrA R E T HEEE 70°CTF T
24~48 h, IRBEE G, (O TR SRR Y
AR, AR S A AREIES , AR 2R AR5
T (IRMS, isotope ratio mass spectrometer, Delta Q)i/f
7 813C Fl 81N &
BB EPRIEE], 8'3C 1 8N 433l % FH 1 P i FH
A9 VPDB (Vienna Pee Dee Belemnite)brifEFIR S A (N2)
e, T AXE
813C(%o0) = [MH}QOOO (1)
BC/™Cyppg

15 14
N/¥N
—Sa’“p'e+1]x1 000 2)

15 N/ 14 N..
it EF‘ ) ISC/lzcsample j‘j*‘:ﬁ I'II:EI B‘Jg‘; B/]—:\‘ﬁz}% IEJ /ﬁ—[‘% tb'fﬁ ’
BC/"2Cyppp N EFRARUEY) VPDB 6k A 3 HUAE ;
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PR ER AL H A

1.3 HENEFRRITEMSDIES T

o B AR XS TR TR B T AR AR B R L]
HARER 8N 28 244 (Caut et al, 2009, 2010),
R UL T S 8 =R A Q) T

BRI(TLY AR

81N (%o) =[

r

TL= 3)

Kf, TL A EEWHXTE SR, SUNCHEEHED
ARGE RN ZEE, APN HEFRE R ZFEAHARE 57
G531 R, 8Ny AR SR P S A .
HIEAE R B SE LB, ASN ANE— D, WM
WEHEMERRET AN HA LMK R (Hussey et al,
2014), APN B EFRHAIIEImE /), 208X o
W Hb R PE B N B TR M 258 (Reum et al, 2015),
13380 (@) MR AT TL HFE(S):
AN = o~ B x 8Ny, 4)
1-4
TL=

IN(8" Ny — 8 Npsee) — IN(6° Ny, =8Ny, ) &)
" +TL pase

:HO _615NlimJ
k=—In| 2——m (6)
( _515Nlim
8" Nijm = % O]

A, 3PN ZIH A MY 6N; TLoase 2L AW E
FH 5 kI 8N H2i B IR B R AR, A
(6)IT 3RS 5 815 Niim J2 i 5 5 R HIG M ML A 515N
W BRAEL, fr=0(7) I3RS e, B 5.92, 8, 8-0.27,
TX R T AR Ak T i E 4 S 0 A 1) e v S 0
(95% B A7 X RN A H 7 8 . ASHFFE R H 7 72 (5) 15
PE W TL, B8 B 284 10 APN R R0 &
AR T

1.4 BWESH

ABFSERTEYVE) 53 B R T IsoSource )7,
AR DL PR i 0 e R4 25 85 153 B — A
TRTE B W U5 ) DR B T2 SR T . AR
T (A6 28 A6 T AR A5 1) 05 1 2 R HE B W IR R
[ = E A ARy, 1183 T & 2% K EE
YR I 2 TR A BT AT AT AR, JE R RT AT )11
H S HBUE S FE T 5, VAR R 05 2 & Wi ot
HRBE 43 BT A K 4R o

1.5 RERMMERESMLSHF

AW RAMET R BT W SIBER #)¥(Stable
Isotope Bayesian Ellipses in R) (Jackson et al, 2011)7
DL P S AR [0 A5 8 2 0T AN ) Sfe 5 £ R 2 1) A () Aoz
FAEBNI AT T AT TIZ R P §13C-61°N
RN REFRAEBOMLR, A LS LK
AN R SR AT 0 2 R [ SRR 22 S, Hoh R g6 4R
A7 BT (total area, TA). FrifEAH 5 ifi £ (standard
ellipse area, SEA). 7 IF 5 4 #fE ¥ B 171 FH (corrected
standard ellipse area, SEAc). TA fXEMHIZ b it e
R 28 A= A R RVRR B, (R 45 5 32 B PR o (1) 52
i, PRI, 3 SR FH B oA [ 1T A SEA 1UEF , Tl SEAC
JETE SEA JLfili b o 18 77 AR DAL B AES R
(Parnell et al, 2013),

2 #R

2.1 TEERLLEHE

KL S s 05 12 813C 815N %3 5 24 b
KAUEEZ | W RS G e B AT b, 813C-8°N
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IEASHUS UL 2. W01 Z §13C 15 FIFE-22.04%0
F-17.15%0, FIE }-19.48%0; 35N U FEITE 6.40%0
2 11.54%0, FIH{EN 8.81%o-

211 K3 B A A R ST R A R AL F A AR
25 EREEAIN R T, I 7 AR X B

PRI S HATRON X 73 o MRS IHE X 20 §13C
(-19.13%0£1.00%0) & & = T i W 3 B 2k f5 i =
(—19.84%0£1.05%o0; t-test, P<0.01, n=50), I ¥z HF 4
5412 815N K 7.66%0+0.69%0; JEEAE X I A 415 3112 815N
H9.97%00.85%0, 35 iR TG 35 37 B AR ) 2 (¢-test,
P<0.01, n=50).

2.1.2 KL BBk AR B F AR 5 A5 R
Hab Bk & K 1L 5 T B 1 B AR B R
SRy PR ZRORINE B KRG §13C -20.24%0+3.82%0;
3N A 8.13%0+2.06%0, 7 | IFSEG i Z e
[ FRAE S ATIE (B 2), BUR T HAE ORI Z %A
YR U5 ELAT e = B P RE I, AT — 2P0 K e
BTy, PRI LT HE . S AE (R 1),
W BRI, ZIBEAY 813C (H R Tkl TN
(P<0.01); #5BE1Y 815N i F I T~ & i A L1 3E(P<0.01),
553 B A 5 2 (813C FI 81N SEIME 4 9 K
—19.84%0 K1 7.66%0) 5T ; LRMERY 815N I 1 41 9

B2 KPS R 2 KA g A

313C M 35N IEASHUM
Fig.2 Orthogonal scatter diagram for 8'3C and §'°N of sea
cucumber and its primary producers in the seaweed bed of

Changshan Archipelago
F1 KU SEEFVREESERERMESFE
Tab.1 Stable isotopic feature of primary producers in
seaweed bed of Changshan Archipelago
A PeAdm  8°C frife 8PN frife

Sample FHIMH 32 gp FHIH 32 5p

Primary producers

capacity Mean o3 Mean s
m o O e OV
KAIEI  Brown 52 2010 3.65 726 1.92

Macroalgae algae

o7
“L% 19 -22.80 3.60 810 1.18
Red algae
Green 46 1933 3.70 9.12 2.09
algae

Ve He ﬁn%%

i i 17 “11.57 1.02 795 0.90

Sea grass  Zostera

P

i 12 1995 278 560 117

Microalgae

G EL(P<0.01), SHEHIZIEHE UM Z:(3°C A §PN
SESIE AT 3 —19.13%0 11 9.97%0) e N HEIE . K 11151 15
RS X B R §13C 12 R TR BEZE (P<0.01),
M TS 813C Y 5 8" IN R AE 5 R e 2 AT
WF9E X I 81°C 5 Ui HIS AT ; 8N RHE
R T R P2 (P<0.01).

2.1.3 KWLA B R AL KEREMNABERLE
HAE £ Sk it — 25 L E 5 0 S 8 TR 6 2R R AIE
ZESFE, ATRGE NI ke 1 IR W 8 3V 64 0 R 2 1Y
S13C I 6N fH. Z5HEon, Hoth ™ b (JGE 9 W5 i
M) il S50 AL R FRAE 813C F3{H N -14.20%0+
1.22%0, 8N FIJME M 10.11%0t1.16%0, 8'3C 4HAE i
FrETRILG S EESPIRIZ0) §13C FHIE(P<0.01)
(E 3)o P12 85N HRAE s K 111 871 5 Vg 37 8 A4 )
2 AR TR R 2 (P<0.01), KIEHIZ: 81N
AR R TR 1L B B i (1 AR ) R 2 (P<0.01),
8515 5 5 ISR U5 0 2 00 3% 25 5%(P=0.119).,

K3 RTE = H ) O5 R 2: 513C Al 815N IEAS AL 1A
Fig.3 Orthogonal scatter plots for §'3C and §'°N
of sea cucumber from different origins

®2 ARFHAFEARNNHRSRERMEESM

Tab.2 Stable isotopic niche of sea cucumber from different area



JE - ORAE: RRE AL FR AR 7 B K L 21 59 B A RS 6 01 R 2 £ W 0 DA A 5

WA KB4 KBRS KI5 Rt
Area Wild- Sowing- Cultured- from
Changdao Changdao Changdao Dalian
TA 7.97 10.22 6.64 11.29
SEA 2.24 2.63 2.38 3.23
SEAc 2.29 2.69 2.44 3.35
T TA WARE R R A ST AR, SEA SHARifE
%mﬁ N SEACﬁEQ%EFWﬁHE N

Note: TA: Total area; SEA: Standard ellipse area; SEAc:
Corrected standard ellipse area.

RN R AESMERERE 2), KA
HilZ: SEAc fe/N, M 2.29 (TA: 7.97), AHR K EHE
D592 SEAc |55, M 3.35 (TA: 11.29), HABMKIK N
K B A& 12 (SEAC: 2.69, TA: 10.22), K 1% 77 7 i
%(SEAc: 2.44, TA: 6.64).,

22 BEBHRNSEFRISME

MG E FR AT, W e B A O R S AR XS
FERINE N 2.32, &b TF IR ICEHE S Fe A SR AL
B 4. KIEVTRIS M EFRHEIE R 3.00, HEL
BF A 05 90 B X FR g 0.68 0 HoAt G HE Sh W AR X
BERPI S T UG TR 2, YRS SR X
[BJ7E 2.33~3.78; MO TH S MEFRH, FIHXT
ERGIXAITE 3.40~4.46, TE & TICHHESIYAH

X E SR (P<0.01),

133 A 0 0 2 5 () 1 R B 3 0 78 D' sk
10 (Strongylocentrotus nudus)FAXT 5 37 4%(2.39+0.15)
HHIT, tii(é¢§i51?@ﬁi%i*ﬁflﬂﬁﬂ£%§?§ii:tﬁE ﬁﬂﬁﬁ
S 80 (Haliotis discus hannai) (2.33£0.08). %80 D1
(Mytilus galloprovincialis) (2.48+0.12) . injﬁJE(2.56i
0.12)4%, {H Z2 %0 D128 55 B4 2l ) A% T i 15 177 0 2 114
3.00. B A FURHEOT M S R AX B R BER TS
L [F] hy R R B 0 0 22 BRI 3 5 (Asterias amurensis)
@ﬁmm(ﬂmn,nwWHﬁﬁHumw
Japonicus) (3.14£0.40) . = JE B T % (Portunus
trituberculatus) (3.31£0.16) . H A¥8(Charybdis japonica)
(3.42+0.23) 5T i sh W AT B R m T = 8
TR T AR R, B RO ST B L T 9H
PH N E , HIETE B YIRITUE (L AE b I 74

2.3 RYREREBES T

ST E RGBT, AR 1151 8 T 95 37 B A 5
SRR ETRYN 2.320 X —E5 R R K 1151 B 17 35
Gy B A 075 R 2 BRI B SRR T R AL BT A #02
FITCEMESHIREA BRI B IR, AR BT 87 A= 1y
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Fig.4 Trophic level of invertebrates and fish in seaweed bed, and their relative trophic position comparing with sea cucumber

RIS EFRRONERIE A . T E RN, B0
SRR HA 3y 0 T B 5T Y A RE MR AL, A
FHMABIRIHE A, Hit, f8nHEYokil 32 25
AW A= . FET g, X3S 0 F 2w
AP AR R RV I R i — L T B IR
DL INE e

YR DT A5 R R, R X v 1 1 A A
K2 BA T B TRk EE 0.78 1% 45 5 23 17 IsoSource
THEARAR B ME—f , o T RBLEX5 S srlk ey 3=
SN FET I, AREFIE R R AT T S —2 A
gy, KAPELEE . W BB AR BRI, &
PO T SIRREE, 455 o KRS IAAR S A e Y
DUBRE (R 3)o 8 BT 1 3 17 7 A () i) 2 °F- 24 ik
B0 0.320, TTEREEVEIEITE 0.02~0.76 Z 1] H®
LIBEOSE TIRRE N 0.224, LN 0~0.56; &k F1Yy
TUHREE R 0.222, JBHEIRH 0~0.52. SXArFiALEL, %
BOP Y TUBREERS A TR, R 0.155, JulEH 0~0.38;

TR DTRREE RS AT L, A 0.079, JEREIDN 0~0.200,

BEA, A o 9 A 22 6 il 3 3 S 1 15 0 2 1
TR EE AT 04T, 15 A v & BRI R Z: 1 815N
2 S TR I =3, RIS 2 5 4018 R B
fI{E (Caut et al, 2009, 2010), WA S HAMHE.
DKL, 025 A 77 38 % IR 4 0 9 2 04 Bk B 33U ff
T 8BC . SiEEAHE A PRSI, KX
JERE DR Z DTk Ay, P DTk EE &t 0.632;
AN]R8 X G 6 07 il 2 °F- 14 5T R BE e e
0.245, L[N 0~0.900; BT TTHE T, N
0.228, 35 A 0~0.900 5 AH I [ 2T 86734 53 ik 2 R A1
9 0.166, JLHETE 0~0.660.

3 itig
3.1 EERBHRHSHEERYNRIE

CAPITEERY, fRZE TRaetshyy, E2
RIS A O DL SNV R Bl e



JE - ORAE: RRE AL FR AR 7 B K L 21 59 B A RS 6 01 R 2 £ W 0 DA A 7

e RSN A B W) A5 T AR ) (R I HE S5, 2018). 1
RIS AAF S, I yitss | KR KRR E b iksE
TENTHSERA, I PocER | 2 R &=
fiF % (Kang et al, 2021),

TERIRHF S T, b T I UE AR W 5 =
REAS 422 fi 2] 58 2 Y BEDRHE Y, Ol BB 2 Bk TH A
S B It o AT 1 FRE [F) 67 R 9987, XX
Lo Yy itAy TR e, EREOIERER, K
Ll 51 55 1 3 3 B A 7 R S I AR R 3R 2,32, IR
T A T HES A AR B SR 9, R
TR AE O 20 s 2, P, HEBR 2 F 0
FHESI Y N 0502 EEEYRIRA AT RE, 4/ UIE
il BPA OIS A0 T35 8 R, B TR RI 90N
W, R EYRIE EZIE AR A, T
SR — 204 /NN R, X 1L 3 5 i E R g
PR, AUAERRRIEE | RO, LT EY
PR TTEREE 7307 5 A prad Bt vh, 2B X3 1 R B35

KL . SR B IR ST E 2 5 B
EUUN, RS, Kl g i B A O ) 2 0 B
ARG R Ry KB BE R BE . 2038 . SRaE) . B0
U A AR PR AR ) o ISR 45 R 5 L AR v I VS TR
Fr U A 5T 25 SRR AL, KA EEXT 5 il 2 19 T ik B ¢
=i (Feng et al, 2014), TEFRFHAMT, PifIS R
B B AR B AT, 3B R TS TR S R B
2 S5 0 SAR R, DU HUE LR BN TR 25 i 3
FEHEF 0 2 K (B ERIAE, 2015; T HEH %, 2018;
FIfAF, 2020), X 5 AR5 76 37 H AR IR B I BFSE
SRV G o AT A i X e 3 B A ) 2 1
PIoTHR A e o 0.320, 7ERIREG B EREE Th IRl T
DL b45e.

R R Y 3 XV 35 37 W A R 2 U TR R AL
o, ARJURIRE S (L1 . 48 BRI S35 ) A B DTk 25 5
BN, 30 0.320, 0224, 0.222, RBLT RIS 1E
SR I8 v o A R A S, S A A 3R A Ak

®3 EXOXBBRXREEWENFHRS 00506 E R ERECH V15 5T Bl R S E)
Tab.3 Mean contribution and threshold values of food source to sea cucumber after distinguishing macroalgae
(* is the highest mean contribution)

T Hey FAR; 5§12 e
Sea grass Brown algae Red algae Green algae Microalgae

. - SEH4{E Mean 0.079 0.320* 0.224 0.222 0.155
h SEXNPIE = A

/&_@E B iR 2 #/ME Minimum 0.000 0.020 0.000 0.000 0.000
Wild sea cucumber o )

i KAH Maximum 0.200 0.760 0.560 0.520 0.380

b = SE-H{E Mean 0.140 0.221 0.166 0.245* 0.228
Yh i | Z> = ..

t@"_ ZLS gl #/IME Minimum 0.040 0.000 0.000 0.000 0.000
Sowing sea cucumber \

% K(H Maximum 0.320 0.860 0.660 0.900 0.900
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P B I8 25 FANST « 0 H IR A 1 R A B 28 1 k) e g
PRI Z B AR (E LSS, 2019)  HoAh 2 Y AT 45 40F
FAMEH, RAEEYREANCH TSN ELK,
THRE PR HE 05 I S IEHE Y B A R (Yu et al, 2015), A
K, TERBIFEE S FLM iR = ST, il =%
MR B AL 3 . IR WA ) S5 0 (1245, 2019),
FEARDT R S R R 3, e oAb il 7

S5O RISARR, K ILF 5 S R S
AT EFR(3.00), M THREZEIIGE, AbT5
EFRYIN G RERMRICE T AV KPR ENN
Bl(Camin et al, 2016, 2018; Kang et al, 2021; & 7K ¥
45, 2024), XEEGRAER TR DT RIS ER A Y
Rt B EEEYRIE SR E RS A T 22 5 765
BT, iflSak . HES R SR, RIEAF
KE BB E T RARE, B LR (Dunaliella
salina) . /NHT A 22 % (Nitzschia closterium) %5 i
(ERRHESE, 2018); ANV EEMTR G URK . D12 FIf0 B8
XIS AT R (B RE S5, 2015), [HFf % 8611
TR, GEIR HEEE =, FR5E RS T A& B
RPN TR BREL L KM . HUTORY S5 JRURE(CF e
4502018; XIPFEEES, 2023; Yu et al, 2015), 4550 1
HIHADESE , AWFR A5 R T8 1RG0 208 17 B 9 08
b AR T AR AR B RRE [ R R
32 HRISBRERMEBFIEESR

T TRl 37 28 7 B H R BBl W 2 1 99 95 £ T
SEHART7EE, R T8 2 7K i 8 1 R
(Li et al, 2016; Kang et al, 2021), X H- 8 E )55
1426 00 8 5 P U S K R £ P TR, R A
7 EA 7y B YRR 25 A R R
T ORISR R R FEIE . HIZ §V°C FREHR T
HoAth, DX 38830 Vi ) 2 5 K 0 81 I AT U R S 1 M B 2% S
(Newsome et al, 2007), FIEWFFTIC 5= A9 A X 5 05
2 813C FHIE 505 45 L AHAF (Kang et al, 2021), 4N
K VT W (—15.44%0+2.04%0) | i A IT U (—17.47 %0+
0.48%0) . T & IT IF (~15.84%02.04%0) . 4% T IfF
(—17.10%0+1.05%0) . Z& 5L & (~16.62%0+0.38%0) 14 i T
AT DX I A 75 0 S - Y9 -19.48%0, LA K HE 1
ISV H{H-19.13%0, PRI T 05012 813C FRAE 1 2 1)
IR 2E 5

P2 81N FRE T8 /R T 2 2= th i N 5
AHIFFE 45 5 5 HA ™ H DX I 407 02—, 358 05 1
Z §UN FRE W3 & F B A4 J 2= (P<0.01), AN g

(10.08%0£1.48%o0) . 71 55(9.47%0%2.29%0) . K% (10.81%o
£1.16%0) . Z& 5 55(9.70%0+2.34%0)(Kang et al, 2020).
SN FRFEPT NS 815N R Y o 0 it PR A/ s ek
BTN GHH-REE, 2019; FvKE SR, 2021), RS
2 1 R TR AR O S R A O S RS A
TR, BT RADSREGR S EI R, UATCE R
R A 7=, SO R BN RE T I S R A
MK, ANNTIFGR M AV | AR S A 25
RARHCEREHEZE, 2018, 2019; P14, 2020; X%
8, 2023), BXALLAFA SR 151 B T 937 ISR 1 R
ZEWIRTTEREE RS AR . D1 A BT IR R
WEY, sk, OEp . FoK0 . TRMEHEY RN
BHCEBEHSE, 2018; XIFEFESE, 2023) #4745 A
2, XL REZWJTHIZN §3C FiE (Newsome et al,
2007); RAWGA . RA. AR, B, iF5EEs)
Y THRH(CE R SR, 2018; X 2B, 2023), AU
SZ R 211 813C FRAE , 10 25 1 355 i 0 1 219 815N
FRE (Caut et al, 2009).

4 HitEREE

ABIEFEHE TR E RS2 2R oA, U T 8] B 1
B AT 77 1 05 3R 07 R0 2 4 0 8 R G b B ok
W PFEE R R AR 7 T RO 2 B 25 5
FRIHFERFED RS 81N FRAE R THF A5 0 2
FHRE 8 SRR w5 AR DT 2 R R YR i
Wb KPS, I8 05 R Z th T AMEARRH A5
SEOLSUCHMES B ERNSAA RE LS

VA RRE R 3L 22 57, AT LA D i v 0 i =
W A I T A, o AR [ FRAE O R AR BT I 3 A9 A
Py RIRFEEC, J— ol B i (PR A Bl A 25 il
FCCPE R IEAE 0 ol 55 T, BEE AR SCHEIE B AN B ¢
e, Kok nT LSBT 2 00 DR IEGE B L R0 B
W AR R AR OR
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Abstract

Sea cucumber Apostichopus japonicus, belonging to the family Stichopodidae, is

primarily distributed in seaweed beds in the Bohai Sea and Yellow Sea of China. It is characterized as

having high nutritional value and valued for its taste, containing polysaccharides, saponins,

unsaturated fatty acids, amino acids, and other bioactive substances. It also possesses multiple

biological functions, such as cancer prevention, immune regulation, prevention of digestive tract

injuries, reduction of inflammation, and other pharmacological effects. The multiple nutrients and

biological functions of sea cucumbers are influenced by the environment and output process.

Food sources are considered the main factors leading to variation in their chemical composition.
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This study analyzed the trophic level and food sources of sea cucumber in the seaweed bed of
Changshan Archipelago based on the carbon and nitrogen stable isotope (5'°C and §'°N) analysis.

The average §'3C value of macroalgae was —20.24%o, ranging from —29.32%o to —11.19%o, while
the average §'°N value was 8.13%o, ranging from 3.32%o to 14.64%o, which covered the distribution
range of sea cucumber values. The average §'°C and §'°N values of sea cucumbers from the study site
were —19.48%o and 8.81%o, respectively, with §!°C ranging from —22.04%o to —17.15%0 and 8'°N
ranging from 6.40%o to 11.54%o. The average 8'3C and 8'°N values of sea cucumbers from the sowing
area were —19.13%o0 and 9.97%o, significantly higher than those of wild sea cucumbers (P<0.01),
which had values of —19.84%o and 7.66%o in the seaweed bed. These results indicated that macroalgae
in the seaweed bed were the dominant food source of the wild sea cucumbers, while sowing sea
cucumbers retained some stable isotopic characteristics acquired during the breeding process.

The average relative trophic level of wild sea cucumbers was 2.32, the lowest among the marine
animals collected, which was 0.68 lower than that of sea cucumbers in the sowing area (3.00). Sea
cucumbers exhibited a low trophic level similar to other echinoderms, such as sea urchin (2.39+0.15),
and shared this characteristic with most shellfish, including Abalone rugosa (2.33+0.08), Mussel
purpurea (2.48+0.12), and oyster (2.56+0.12). However, the trophic level of mollusks such as
shellfish was not significantly higher than that of sowing sea cucumbers. The trophic level of wild
and sowing sea cucumber was significantly lower than that of sea star Asterias amurensis (3.33+0.50)
(P<0.01). The trophic level results indicated that wild sea cucumbers were the primary consumers in
the seaweed bed, with their potential food sources being local primary producers. The §'*C values of
macroalgae ranged from —29.32%o to —11.19%o, and 8'°N values ranged from 3.32%o to 14.64%o,
encompassing the stable isotope values of sea cucumbers, indicating that macroalgae contributed the
majority to the diet of wild sea cucumbers with a contribution degree of 0.78. Based on this result,
macroalgae were further subdivided into brown algae, green algae, and red algae as different food
sources.

The average §'°C of red algae was —22.80%o, ranging from —29.32%o to —17.70%o, which was
significantly lower than that of green algae and brown algae (P<0.01). The average 5'°N of red algae
was 8.10%o, ranging from 6.12%o to 10.60%o. The average 5'°C of brown algae was-20.10%o, ranging
from —27.45%o to —14.61%o. The average 8'°N of brown algae was 7.26%o, ranging from 3.32%o to
11.72%0, which was significantly lower than that of green algae and red algae (P<0.01), and close to
that of wild sea cucumber (average §'°C and 8'°N values were —19.84%o and 7.66%o, respectively).
The average §'3C of green algae was —19.33%o, ranging from —24.76%o to —11.19%o. The average §'°N
of green algae was 9.12%o, ranging from 4.72%o to 14.64%0, which was significantly higher than that
of red algae and brown algae (P<0.01). The average contribution degree of brown algae to the diet of
wild sea cucumber was 0.320, ranging from 0.02 to 0.76. The average contribution of red algae was
0.224, ranging from 0 to 0.56. The average contribution of green algae was 0.222, ranging from 0 to
0.52. The feeding preferences of wild sea cucumber in seaweed beds were as follows: large algae
(brown algae > red algae > green algae) > microalgae > seagrass, and other marine organisms.

Stable isotope analysis (SIA) has been proven to be a reliable and effective method for determining
the geographical origin of aquatic products, which can be attributed to its contribution to food source
traceability. The stable isotope characteristics of sea cucumbers indicate differences in food sources from
different locations or production methods. To further compare these differences, sea cucumbers from other
coastal areas were included in the discussion to reveal regional variations. In this study, we identified the
differences between wild and cultured sea cucumbers from various growth localities in terms of food
sources and stable isotope characteristics, which helped us understand the food sources of sea cucumbers
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in the seaweed beds and provide essential evidence for traceability.
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