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Fig.1 Sampling sites in study area
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A: Xiaohao at Daheishan Island; B: Nantuozi at Daheishan
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E: Nanchangshan Island; F: Gaoshan Island;
G: Chenyou Island; H: Tuoji Island; I: Daqin Island
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Fig.2 Orthogonal scatter diagram for §'°C and 8"°N of sea
cucumber and its primary producers in the seaweed bed of
Changshan Archipelago
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Tab.1 Stable isotopic feature of primary producers in
seaweed bed of Changshan Archipelago (Mean+SD)
WG BeAR 80C 8N
Primary Sample /%o /%o
producers size (n)
KEIEEE 52 -20.10£3.65  7.26+1.92
Macro-algae Brown algae
AR 19  -22.80+£3.60 8.10+1.18
Red algae
e 46 —19.33£3.70  9.124+2.09
Green algae
Vg e 17 —11.57£1.02  7.95+0.90
Sea grass ~ Zostera
e 12 -19.95+£2.78  5.60+1.17
Microalgae

TR #:(P<0.01), Sl EIif26 c f1 8N
SESIE AT 5 —19.13%0F1 9.97%0) 5 W HEIE . K 11151 15
UL AT X 0 5 81 C W3 T R A 25 (P<0.01),
HEHE TR 8C T 8N R AE 5 R A i 2K AT
WFoE X Sk i 8°C S D IS AT ; 8N 4¥1E
i AT R B 25 (P<0.01),
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HAE £ ik — 20 H 0 R 2 88 TRl 67 ZRRAE
225, ARBEGE I T ok F R w3 T AT R S
8C M 8UN fH. 4hR o, Hoth s (k5% i by 5 3t
WYl S 582 AL R ARAE 8°C FHIH N —14.20%0+
1.22%0, 8N FYJEH 10.11%0%+1.16%0, 8C HHiF i
Er TR S ES PRS0 §°C FRHIE(P<0.01)
(1 3), D2 8N FFE s K 1L 51) 5 i i 37 B AR A
2 B E T IRIE 4 2(P<0.01), KEMHIZ 6PN
FRIE 35 3 TR L 3 5 T i 3 1 B A 45 U 2 (P<0.01),
105 35 37 G4 05 0 2 8 Bk 3 22 5% (P=0.119)

o K I & BPA i #i]Z Wild sea cucumber

o KILF B ERKDHIZ: Sowing sea cucumber
14| o KILF 5 HZ Cultured sea cucumber
& KIEHIZ: Sea cucumber from Dalian
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Fig.3 Orthogonal scatter plots for '°C and 5'°N
of sea cucumber from different origins
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Tab.2 Stable isotopic niche of sea cucumber from different area

A KA KEIERE KB FR0H Rt

Area Wild- Sowing- Cultured- Dalian
Changdao Changdao Changdao

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 ARRE RO R A SN A, SEA ARk
IR AR, SEAC b H S5 1E Jo A 15 T AR

Note: TA: Total area; SEA: Standard ellipse area; SEAc:
Corrected standard ellipse area.
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HZ SEAc /)N, K 2.29 (TA: 7.97), IR KIERHE
D5#1 2 SEAc i, A 3.35 (TA: 11.29), HAtbKK N
K 5 #0712 (SEAc: 2.69, TA: 10.22), K & 3558
% (SEAc: 2.44, TA: 6.64),

22 BEBHRNSEFRIESME

WRPEE FR RN AT E, W B B A (5 S AR
FRWIME R 2.32, AT R RICE HESh P 5 AR 8 TR AL
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WP AL D I S AR XS 290 0.68 o oAb JGH HE 3h 4y AR Xt
BRI S T UG AR 2, PR E SRR
[H7E 2.33~3.78; RN TH S EFRY, XS
FHIRYIXRIAE 3.40~4.46, &% & T ICH MY A
XFE IR (P<0.01),

V35 3 B A O 2 5 () s T R 3 Y O ek
W H (Strongylocentrotus nudus) X & FE 4 (2.39+0.15)
AT, 5 RZEOIZEEAMPIIIE FRIRE, a9k

B fith Sebastiscus marmoratus | 4.45

LM (Haliotis discus hannai) (2.33£0.08). %805 I

(Mytilus galloprovincialis) (2.48+0.12) . ¢i%(2.56ﬂ:
0.12)%, HZ X DI G HAR S YR T IR HE 05 0 = 1Y

3.00, HFA RGO RIS AR E A B ER TS

L[] R BBz 5h ) ) 22 08 3 42 (Asterias amurensis)
(3.33+0.50) (P<0.01) ; H Ath 40 H 4% % #F (Alpheus
Japonicus) (3.14£0.40) . = P& R T & (Portunus
trituberculatus) (3.31£0.16) . H A48(Charybdis japonica)
(3.4220.23)55 5 BRI AE XS B R TS, &
FERI LR R, B AR SR B THI90H

P NS, HIBTE B YRIEE N A Y M R 24 74 o
2.3 RYIKRIERERED

BT EFRYIAT, AT 51 8 1558 37 B A 7 )

ST EFRH N 232, X—45 R Bon, KL S5

B B A 0 i 2 B AR R B SRR T RAE M T A £

FRTCHEME S WREAS (AT B IR, R R IAL T B4R

PiRISE SRR T . A TaE R, BN

E3£4 Trophic level

H 4 Pennahia argentata |'4.15
% Platycephalus indicus [/3.96

B # Konosirus punctatus |3.93

F =B Enchelyopus fangi |3.87
KikLta Hexagrammos otakii |3.85

W5 Cynoglossus semilaevis |/ 3.84

MAHE Sebastes schlegelii |3.84

INERIR Ernogrammus hexagrammus |/3.19

P Acanthopagrus schlegelii |13.76

K22 HF B4 Cryptocentrus filifer |3.61
H 248 58, Loligo japonica |3.18

Wl Oratosquilla oratoria (73710

%M Octopus ocellatus |13.53
H A8 Charybdis japoncia |3.42

LY Asterias amurensis |13.33

=Y T Portunus trituberculatus |/3.31

H A5 4F Alpheus japonicus |/3.14

DRI (iEHK) Apostichopus japonicus (1300
BT Rapana venosa |12.89

452 Chlorostoma rustica | 2.88
WPYGES Mya arenaria | 2.86

Y ERERD Notoacmea schrenckii |12.64
W58 Ostreidae |12.56
LG Mytilus galloprovincialis 1248

SeHERIGEAE Strongylocentrotus nudus |12.39
8% Haliotis discus [12.33

5 #1284 Apostichopus japonicus |/2.32 :

0 1
K4 it

2 3 4 5

SE ) TC5 ME S ) N 0.8 B AR X 5 IR G S 5 2 5 AT T RAR X 38 R 0

Fig.4 Trophic level of invertebrates and fish in seaweed bed, and their relative trophic position comparing with sea cucumber



6 W R

¥ B 547 %

S 8 W AR A LAt Bl 4 5 3 T I A T R AT
JE& TR RGN P, i, fEaRHE Yk i 225
B AMHAT=E LTI R, Mg S 0 24
G L e G AL I R R S — T B
DR TR BE 43T o

B UR TTRR R 45 R R, KR e 3 Y A
il Z B A fie o 09 5T Bk B (0.78) o 1% 45 AR 2 E i
IsoSource TTEARAFIIME—FR, Ex T KI5 5]
SOk E PO T UL, ARG O R AL T T
T2y, KA Wi . SEE AR E
YRR, EPTE T STk R, 4553 BoR KA EESA AR
PR = I DTRREE (R 3)o M P A A 1 i S
A4 GTRR T B oM 0.320, SR EE G FIFE 0.02~0.76
ZIE] ; ORI BTk 0.224, A 0~0.565
SRS TTRRE A 0.222, JEFIN 0~0.52, 5 X 4rHET
FHLG, TR otk RE A R R, S 0.155, JERY
0~0.38; MR TIRREES A FF, o 0.079, Yol
0~0.200,

BEAD, 12 I 5t 22 Vg 8 3 DR 8% 405 1 2 1)
UMK EE AT o8, TR R R B, RO RS0
SUN W & T AWM =2, B 25 5 018 R 4L
AR B (B (Caut et al, 2009, 2010), LICHEA A it
5o P, WIGAE 77 2 I 0 I 2 1) BT ik B 153
AT 8°C fH. S B g RS ME, KA
XTI R S ok B, P STk EE At
0.632; AIEIAYZ, R 5 5 2134 51 ik 4 i
M 0.245, T BN 0~0.900; 37 19724 STk v
0.228, Y 0~0.900; AHN A9 2T 35 -3 BTk B [
i, #0.166, FEFITE 0~0.660,

3 it
BRA RS EERYIKIE
CHITTRY, S E T ey, FEE

31

R R R O LA S N R IR S L R e
B e SN A Sh i SR A ) (L HE A%, 2018). 1)
FIZ AR, EYites | KR KRB ok
TENMHBNIERS, PR . R RN F 5
fE%E (Kang et al, 2021).

TERIR It AT IF A AR S B 5 R 2
A% 1 foh 3 78 2 A DR 9, OBy o Z BT H A
BB . AW E R E R R PR, XX
SR TR B, BRAMTERER, K
L 81) 5 T 35 37 B AR 0 ) 5 B A 8 FR 9k 2.32, 4K
TRTA SR ICE M S P REA R B 329, R & B
T E A g S i sk, R, HEBR IS G
HHESh W A 5 2 EZ B YRR AT RE , 46/NRGINE
Fil; BPA OIS 40 T55 8 390, TR T AR 20N
W, W HEYRIE EZIR A=, Tl
SR — i/ NRUINE R, X g1 B i AR AR
PR, BRI WM, ST EY
JRTTHRE AT 5 ZEArMr i R, dE—2B X4 T R A
FrP LT | M PR SR BE B YR TR 25 5 . T
BRI, g5 R R, KI5 5 AL O R S 05
BRI R KB BB . 208 . 2R36) . T .
VL DL S A AR W ST A R S L R ST IR
I YE AT 5% 45 SEAHAL, TR SN (5 1 2 1) DTk 5K
= (Feng et al, 2014), TEFRFHAANET, PilIS L WoR
I B B Ay, i H AN T8 M 10 S R e 20
2550 W BRARERE , 0 R DL U B TR 2 2
fEHE 0 2 K (EENIAE, 2015, EHEHISE, 2018,
FIAE%E, 2020), XS5ARWF 7R B3 A SR IRBE G AF 5T
SEIRMWIG o ABEFTH, X i 3 B A 0 I S 1)
SER GTHRE e, M 0.320, 1E KRR IS ik
WE T DL E45i8

R R g )V 3 3 T 2 45 S B W DR SR R A
o, (RJLFP AR SE (L0 . W iR PSR 38 ) /R B STk i 22 ¢
BN, AR 0320, 0.224 Fi1 0.222, (KRBT HIZSAE

® 3 ROKRBGRERRWIEI RS H STHE R EBREC T TR s (E)
Tab.3 Mean contribution and threshold values of food source to sea cucumber after distinguishing macroalgae
(* is the highest mean contribution)

S TtH iz iy e A IR T

Algae Items Sea grass Brown algae Red algae Green algae Microalgae
WHEGHEAPRIZ P Mean 0.079 0.320* 0.224 0.222 0.155
Wild sea cucumber /N Minimum 0.000 0.020 0.000 0.000 0.000
B Maximum 0.200 0.760 0.560 0.520 0.380
BHEGERG S FHE Mean 0.140 0.221 0.166 0.245% 0.228
Sowing sea cucumber £ /\ME Minimum 0.040 0.000 0.000 0.000 0.000
5 KAl Maximum 0.320 0.860 0.660 0.900 0.900
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F AR IR P K R p 3 v, S AT SR A
P B8 25 RANST 0 H IR A R A e 2 b k) BE
PRI 2 0 A (R IR HE S, 2019) , HoA 2 P9 AT 42 b
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B, FERAIEER R AR = (IGO0, D5l 25
MR E M RERE . TR IR SR R (L1248, 2019),
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SEEGTRIZ AR, K ILF 5 1S R 0 2=
AT EFR(3.00), M THRZEIZE, AT
“ERRNG R RN Lk T AR IR G
Bl (Camin ef al, 2016, 2018; Kang et al, 2021; #X 7K
45, 2024), BRI R TIRIEDT R SR A3
MR EN EZEBYRE S EGHSA 2SS E5F
AT, (RIS Hk . S a a T, RIEAE
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(EResdE, 2018); FIGHMIR A IR . D128 5
XS AT S (BB HESE, 2015), {H bl 5 1 35 1)
IRETF R R, SR H W=, FREEIERHE 8T & bt
AEREIANGR L R R L KRy . TR S JRURH(E G
A502018; XIPFEESE, 2023; Yu et al, 2015), 45400 E
HOIBEGY , AW 45 AR T IEHE 07 0 28 17 B SR ol
TR R A B RS IR R ARAE .
32 HRSHERNERITEER
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SEHAR 7, R T 28 7K ) b B R
(Li et al, 2016; Kang et al, 2021), X H & E)E 4
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M FRBE G A2 81N RRAF A 5 2 2 D PR A VR e
PIUS NG -AH5, 2019; k48, 2021), BB
Ll JE W T 1 R A BRI R SR AR R 2 B iE A
PR, TR DR ETFR, LU TG
RIS AR 7=, B R N RR T 2 07 R = 55 5 Ak
TR, ARG E R | 4R S L 26554
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4, 2023), X AAF Ak K 113 5 6 337 4 5
SEWIR ST RS SR . A T R R b
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FEAE (Caut et al, 2009).
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Food Source Analysis of Sea Cucumber (Apostichopus japonicus) in Seaweed
Bed of Changshan Archipelago Indicated by Stable | sotopes

QU Pei'”, YU Guoxu?, PANG Min', DU Lixia’, WANG Penggong’, GONG Yuchen', WU Zhongxun?,
CHU Yongzhong?, ZHOU Jun?, SUN Chang', ZHANG Zhaohui', WANG Zongling'

(1. First Institute of Oceanography, Observation and Research Station of Bohai Strait Eco-Corridor,
Ministry of Natural Resources, Qingdao 266061, China; 2. Changdao National Marine Park Management Center, Yantai

265899, China; 3. WWF Beijing Office, Beijing

100037, China; 4. China Certification & Inspection

Group Shandong Testing Co., LTD., Qingdao 266000, China)

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.

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 5'°N) analysis.

D Corresponding author: QU Pei, Email: qupei@fio.org.cn
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The average 5'°C value of macroalgae was —20.24%o, ranging from —29.32%o to —11.19%o, while
the average 8'°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 5"°C and 8'°N values of sea cucumbers from the study site
were —19.48%o and 8.81%o, respectively, with 8'°C ranging from —22.04%o to —17.15%0 and &'°N
ranging from 6.40%o to 11.54%o. The average 8'°C 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%,
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 8'°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 8'°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%o, which was significantly lower than that of green algae and red algae (P<0.01), and close to
that of wild sea cucumber (average 8"°C and 8'"°N values were —19.84%o and 7.66%o, respectively).
The average 8'°C of green algae was —19.33%o, ranging from —24.76%o to —11.19%o. The average 5'°N
of green algae was 9.12%o, ranging from 4.72%o to 14.64%o, 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
in the seaweed beds and provide essential evidence for traceability.

Key words Sea cucumber; Stable isotope; Food source; Macroalgae; Sea grass



