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Abstract: This paper aims to understand the carbon and nitrogen stable isotope characteristics of Rapana venosa across
various sizes, in order to gain insights into the nutrient dynamics within a typical bay and island water ecosystem. A total of
160 samples were collected through trawling and diving activities conducted in the Jiaozhou Bay and Changshan Archipelago
offshore regions during the spring and summer of 2022. In this study, we conducted an analysis of the 8”C and 8" N
isotopic values of R. wvenosa individuals, taking into account variations in body length and weight. Additionally, we
calculated the core niche breadth and other related parameters for each specific research area. The findings revealed that the
3"C and 8N values of R. venosa exhibited a range of —22.12%0 to —16.63%0 and 8.77%o to 13.48%o, respectively. The
mean values for these isotopic ratios were determined to be —19.74%o to —17.42%0 and 9.64%o to 12.81%o, respectively.
The mean trophic level of R. venosa varied between 2.63 and 3.57 across different size classes. In spring, a notable negative
correlation was observed between the 8 C values and the body length and weight of R. venosa collected from Jiaozhou Bay,
whereas a significant positive correlation was found in summer. In contrast, negligible fluctuations were detected in the
samples obtained from the offshore regions of the Changshan Archipelago. The findings indicate variations in food diversity
across different seasons and geographic areas. The variations in 8"”C and 3N were more conspicuous within Jiaozhou Bay.
In addition, a noteworthy positive association was observed between the 8" N values and trophic level, as well as body
length and weight, in both regions under investigation. This correlation can primarily be attributed to the divergent feeding
preferences of R. venosa, whereby larger individuals tend to consume organisms from higher trophic levels, resulting in an
elevated trophic level. Furthermore, the R. venosa exhibited a higher trophic level in Jiaozhou Bay compared to offshore in
Changshan Archipelago, indicating the extensive food sources and more abundant enrichment pathway of “"N. The study
elucidated the discernible variations in stable isotope trophic niches across different regions and seasons, as evidenced by
the evaluation indexes encompassing total area (TA), 8"°N range, 8" C range, and corrected standard ellipse area. These
findings underscore the impact of geographical location and food source on the isotopic compositions of 8°C and 8N in R.
venosa. Consequently, this research furnishes fundamental data support for the establishment of food webs in coastal

ecosystems, while also offering scientific backing for regional biological resource management and ecosystem restoration.

Key Words: Jiaozhou Bay; Changshan Archipelago; Rapana venosa; stable isotope
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Fig.1 Surveyed area and sampling sites
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E R 2 R ERAL( Flash EA 1112 HT-Delta V Advantages , Thermo Fisher™ ,Germany ) MERES R 8 C F1 8PN
fi, MR AR BIH 90 mL/min, VAR 960°C , (IS HEIRE S0°C, C I N bRifE S 1) T 43 3 %t
T EBRFRUEY) B VPDB( Vienna Peedee Belemnite ) FIZS S A, 8 C T 3 N A F AR P 414,
("C/PC) e
("C/"C) antana

15 14
o, (PC/2C) e (NN o RS BTN AR A [ A2 2R BEAE, (B C/PC) i« (NN g A FRTER) BT
(9RO 2 HLAEL, 81 C A 8N I MRS BE 351 2 £0.20%0 H1£0.25%e
132 ERIPTE

BRBMITRAAN

8C(%o)=[ 1]x1000 (1)

TL= [ ( 815Nr0nsumcr_815 Nhasclinc >/A15NTEF] +TLhasclinc ( 3 )
K, TL FRPFI I E TR, 8" N, e 2N E A W RS E R Z HUAE, 8N, i 7o S OLHEA W0 AR E
R 3 LA, A" N SRR TR R R R BRI T I EE TR AITE 87N, JITF WS

PIRERTIE A 7.49%0 ™ | AP Ny B8 W FI AR BEAUE 3.4%0 7 | LIVFIF S E R HEA ), TL, ., BB 2,
1.3.3  FUE R & SR A SN E

TEAERRGUEFREBIIE, o Bk e AL 28 55 AR 807 96 BE AN & 1 7 IR 2, ARS8 AR A Jackson
S PR 8 SR AR S BT AR (total area, TA) (8N 2£{H (8" N range,NR) .8 C 22{H (8" C range,CR) W IE
e BB IR TR ( corrected standard ellipse area, SEAc)4 /78 554 2547 S8 08 PEAN 45 b5 ok FL AN [A] X 48 A [A] 2
T KRR RN R B SR AE B2 5 . TA SEAc \NR [ CR 2 ARG E ) 87 C 8PN Fa& RN % Ll , FH]
R A SIAR B EA R TA FEFRASN B, SR FE Y M s 37 2Rk r B, H
TA 455 %2 B AR A RS20, 5 2L SEAe 7R, CR JEWIRAs e R 2 2510, s B YRR 12k, NR
ST R E R R 22, R B IR s L B W

o’ cov(x,y)
2 { zy } (4)
cov(y,x) o,
SEA =mab (5)
SEAc=-SEA(n-1) (n-2)"" (6)

FEVTH SEAC st B DA 7 2256 1 (3K (4) ) MIsE ARiERG I, 2% Dh 7 22 3 W i LT HOBARFI RN, D B
HALER « Ay FRIE, o) (o) 73RN « Fy BRI DT 22, 1 LAt 22 1 s vHE ARG I3, 75 280 F) s v A [ 194 T AR
(SEA) = (5) i, a AR 50 b a5 ke~ . SR FHARS TEARHER [ T AR ( SEAC) AT Is0/D IR A B e /b
M= AR 22, AN (6) FivR ,n WA
1.4 HlRib

B RS [ 38 45 SR A F - Y8 £ 45 M 22 3R, R B R 32 5 22 43 BT (ANOVA ), 43 D% S i 52 X
BORZETT KL IR 85 C SN (AT B E M2 T 5 % 2 5 B WK P 0.05, 4 P<0.05 B, 25 5 i
FiM P <0.01 B, 22550008 3%, FIHEYERIEXT 4 483 87 C 8PN [H 5K MEIEATH M, %
PeGE M 5 HIEAE Origin 9.0 Fll Excel 15 AL,
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YHE R (-17.42+0.77) %0, 8 "N {H A (12.81+0.35) %o, ¥4 1. 35 125 T HALAS B . BCINTE ki 8 C 1
(51 5 1 B 2 A — 350, 100 8N (B 5835 I 3 5 1 5 3 Vg B 458l 8 C 8 N I T ek, M 87 C .8°N
TEFERF 8" C B AR Al FE SNV 36 2 > e M TS B 2> A S i R 28 = K B T B 2% ) 81 N (B A8 Ak s B e N Vs
BRI 2> NS B >R B i 2=, A 2R 05 2253 A A B, DK LT MR AEAS W) DX 38 AN ] 22
3"C{H(F=134.42,P <0.01) 1 8" N {H( F=745.10,P <0.01) 28 fk 2= FH% i 3%

®1 BMEZ KBASEENESHRIBRERMLELLERSC.3PN)

Table 1 Stable isotope ratios (3'°C .8'N) of R. venosa in Jiaozhou Bay and Changdao coastal in spring and summer

¢ 313C/% 31N/%
Region Season Sample size oy Teng 0cy weign L Bl el BilH
(Mean+3D) (MeanzSD) Range Mean+SD Range Mean+SD
JEE e 47 65.81£10.65  47.53+£26.86 -22.12—-16.63 -17.42+0.77  11.43—13.48 12.81£0.35
Jiaozhou bay " 63 62.36+9.00 34.49+23.39 -19.90—-17.82 -19.00+0.45  11.27—12.59 12.09+0.29
K B it £ 15 82.25£8.03  116.21£32.57 -19.75—-18.04 -19.01+0.41 9.80—10.95 10.18+0.32
Changdao coastal water B 35 71.73+7.89 88.05+28.14 -20.68—-18.98 -19.74+0.38 8.77—10.43 9.64+0.38

2.2 kL2 8°C 8N A8k

KA 3 1 5 N 15 ik 2T A K S FRIFE 42.07—90.52 mm Z [A] | SF-2{H (63.84+9.85 ) mm , {4 H Y1 FEI7E 9.42—
129.00 g Z [8], “F I {H H (40.06 +25.65 ) g; K & I 35 Kk 21 B4R K Y5 [ 7 61.03—104.01 mm 2 [6], 4414
(79.09:£8.12) mm , (K H {5 [ 7£ 22.90—188.60 g Z[a], F-FI{EH N (96.50£31.98) g, WIMIEHEZEME ZE 3" C 1A
SRk AEBEMHIE(P<0.05,3%2) ,FF S C EMEAK AERMNEIMEMEE, EE2I T EESE K
B AEZENEZ U C - SIRK AT B EMEE, 8" C (AL 5 (18 2) , PULHAEA S b k4
B2 8PN (H AR MRE I WAEAHOC (P <0.05) , HEAK MRFIG N, 8 N [ 2RI T mita .,

®2 BRMNE KBEEBEFMEFHRIES"CONELER

Table 2 The variation of 3*C.8'°N values for R. venosa in Jiaozhou Bay and Changdao coastal water in spring and summer

33 C/ %o 3" N/%o
o edh JBE I KB JBE I VS AR
H ‘/F Jiaozhou Bay Changdao coastal water Jiaozhou Bay Changdao coastal water

Growth index - - - -

w5 RS % 2 &% " 5 HE

Spring Summer Spring Summer Spring Summer Spring Summer
4 Body length 0.346 0.372** 0.078 0.076 0.618 ** 0.546 ** 0.673 ** 0.465 **
RH Weight 0.318" 0.709 ** 0.143 0.106 0.6427" 0.662"" 0.731"" 0.570""

* FRWBEFEI(P <0.05), * * FoRIBEMI(P <0.01)

2.3 RELIBASGE [N 2R B FRAE AL

kLT s8R e R 8 TR A SR B (F 3) , RN HEZAE 87 C-8 N Afr R b T s B, Hik
R IEEIMVE 2= e TS 752 CR Fl SEA (AR FRES i T HAD 3 HEMR (R 3) . W RMKE  BMNEHE CR
HARTHEZE, KX HEREMEZE CR BILIRE —2, WAIEFE XA R 2205 k20 385808 R4 288 57
HESNAFERIA BARFS , A AR E S, RAMKLIR YR IEA AT T HEES . WX | B ik
CLIRRRE ML RS S AR A AL T B 3 1, P DXl ] Jhk 2T MR A2 W) 67 3R 8 % AR 28 60 AN TR AT Ao 72 B2 1)
S,
2.4 KLU FRG

J P N I8 30T PR B 9 X SR DR LT B FR T 2.38 & 3.76 Z (8], M T X 3 bk 21 B85 FR 934
3.44 K B IX BUE SR PO 1 2.68, DRLTAEE FRHAE IS DX P22 15 AR 2 22 5 (F =742.07, P<
0.05) , RIABME & TR ST, ARG ZENERIE TEE(FR4) . NEKRBRE, R K
RGN, PRLUIRE R 2RI e (K 4) .
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Fig.2 8“C.3"N values of R. venosa in Jiaozhou Bay and Changdao coastal water in spring and summer

®3 RMEBKBESEENEERABHRERMCRE FESMIER

Table 3 Isotopic trophic niche index of R. venosa in Jiaozhou Bay and Changdao coastal water in spring and summer

eSSl B AL R 31 C 2SR 315N 2% i B LE b A 5 i A
Classification TA CR NR SEA¢
JB2 N 5 %2 2 Jiaozhou bay spring 5.723 5.49 2.05 0.863
JiE M5 B 2 Jiaozhou bay summer 1.485 2.08 1.32 0.363
£ 53092 Changdao coastal spring 1.131 1.71 1.15 0.388
KYinEZ Changdao coastal summer 1.726 1.70 1.66 0.428

TA . H IS B AL Total area; CR:8"C Z5HH 8 C range; NR: 3" N ZEMH 8'5 N range; SEA, : £ 1 5 fE i [5 i £ Corrected standard

ellipse area

R4 BRMNEBKBEBEEMEZTHRIBERR

Table 4 Trophic levels of R. venosa in Jiaozhou Bay and Changdao coastal water in spring and summer

Z BN i F
Classification Trophic levels Standard deviation
JBE N %22 Jiaozhou bay spring 3.57 5.49 742.07
JB2 N ¥ 5 2= Jiaozhou bay summer 3.35 2.08
K 54 2% Changdao coastal spring 2.79 1.71
KB H % Changdao coastal summer 2.63 1.70

3 iFig

3.1 JKLTIZ 8 C SN FRE
JEMVEF 2R 8 C K AR F G N RRAR , 1 2 2= 2 B ot s, 45 A ari) sk, R ATTHE W ™ 4 X — B0
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Fig.3 Isotopic trophic niche of R. venosa in Jiaozhou Bay and Changdao coastal water in spring and summer
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Fig.4 Trophic levels of R. venosa in Jiaozhou Bay and Changdao coastal water in spring and summer
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A5 BATIRAFIE BN KT MR - B — O SR AR ¥ /N LR ), 81 N AR (AR X 80K 5 AH B BE R 11
FRETIR 2 SR MR RO i A W 3 i B 3 DL I ek L B 0l PR JRCHRE DL R o] 3% BIRA | AR BUE i ) BE
SN FRAEEAI XA . X S R ] T B A A DR DT 5 B BE (9 575 R i i 29— B
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3.2 Pkersggee R 2B FRA AN

He 2SS S AN TE AR 25 R G R BT S i Y A TR B A SRR R s e Y L BT R E R R
BRSNS S S — R AR S RS BB YRR 2 RS SR 2R N TR Y EAES RS E
YRR A Y W 038 R0 B R EEAEA DY RE RN R E RSN SECD , TA Ml SEA REYFIFER
Yy o SR 2R R BMASEFR, CR {ELAT NR {543 1 R bl T 9 Fh & ok IR B 2 BEpE g 32 22 B e
SRR AR E R O SR AR S 2 FABUE R E YR AR S e REZINE T ENEY
KRS C ABMRZES PN BERRINZ Y EFRET . BN S IKZIE NR (8 5 T 5 0 X, 368
A DX 35k (] A7 AR AN [R) A 2 0 o0 R E PR RN B SR S L EL R T K 5 iV R R AR 2 AR i B D AR FERE AR 1R
ZHR AR, CARE ARFFE b, e P25 DX ISR A= 4 n A A e A 8 05 A g = 18 A A i e v O
AL R AT M A 0 RS D1 SRR 2 R A Wy it 2 T S5 T T X3 b b M PR SR o s P ) e S 3 8, N
T SRR P FE R A | R B AZ I AHETS 1145 i W A BRI VS A LR & B Y X S 8N (AR
HIZ5TE—E, P DX IR A PR LT IR AS R R 3R 8 R A AN AEAT (T FE B A e, 3R IH T L8 DXl ik 2T R A
SIREE A W) ZREM KA, AR X e A 25 R G W R 8 FR S A 22 7 )

3.3 k4R SV C WS MM £ 5

8" C TEA B RPN I 43 B, I FLAE YR A Ko R b 87 C R IE 2 1) & W IR TR A2 38 ARe iF AS T 4%
FE A TR R T TR R T S TR IR AR ST B, A PV R 1 S A X I k4T IR 8 C
EAFTE 35 10 Xk 22 5 (P<0.05) |, 5 M VS DXI A L, 4 5 0 1 X0 8 C {E ARG, FLES FE# /. K B3
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