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HEZ—o ARICHMINN 4 FpiEsk 2 25 (2 [CTCE IR ik ECAR L W0 s 0 S S0 55 W) £ Jo3 5 154 7 2 W)
1 A WS A T e RURRUE RIS 2 LU (P C/2 L8 G PN 8N i A A RV B BRI e 4y el )
2258, A0 HT AT RETE I 22 S SR DR A K 8 €87 N 45 3k J SR K [ (AR Sk, B8 7 A 35 S T Sk J 28 i A 3%
Wi E ML, TRENIIT A SRS AL, il T & 548 AR AURRL, R Bt S FATT AT LB g 1l 1) T 3k
SRR LR . 45 RARE 4 Bk BN K I R WAL AR 20K > G194 5 > 2 R ITCET 2K > Kl
(122.72 mm >67.93 mm >67.93 mm >35.3 mm ) , PGSR ARG > 2 RICH 20 > &l >
BRI L (70.39 ¢ >50.67 ¢ >47.35 g >19.93 ¢ ), Hid. B LI B WA 8° N A5 Kk (10. 81%0 +
0.38%0) ,8" C fH /N ( —14.98%0 + 0. 55%0) , C/N L AE /1N (3. 08 £ 0. 03) ; &4 2 K #9 8" N {H /)
(8.21%0 +0.30%0) , 5" C {EE A ( —13.00%0 0. 54%0) ,C/N HAE A K (3.57 £0.06) o % & To4F 1210 1] g L
BRI E TR, Q1P B AL FA S WA T 0 2 FQTC AT 5 AR 8 e B K UG B3R BT o LR
TS5 S Y 8 C 8N HIC B 22 5 (ANOVA, P >0.05) , EATHIE A LB 77 78 B 8, Ab T HII 1078 F: 4%, 1
fisyf I £ B 87 C 8N (A7 AE %22 5 (ANOVA, P <0.05) RSB JCE B . ILAME A 13 I A 5
iy 8°C 8 N {5 K (ML) ¥ 5 B LR R (87C=0.023 6 x Ly, —17.429 ,P <0.05;5" N =
0.017 6 x Ly, + 6.873,P <0.05) , i S FEICEN 15 I R 08 LA K B 248 1 I8 ) AR K 5 £ B 1 8 €8 N {ELAH

KRR (P>0.05) , UL HAR T > PR A AR AL TE A5G
R B RFIALER s MBI ik AR BRI WS

PESES: S932.8 XHEIRERS: A
BN W ( Uroteuthis edulis) Ft FGHS 5
( Uroteuthis duvauceli ) |, 5 [K JC %1 & T, ( Sepiella
maindroni ) A% W ( Octopus ocellatus ) J& & [F 1T 16
EESI YL S AV U Y LS N i PRy VAR R M B2
LT BB 20 21, Hy b SR TS S50 7 30 43 4
RITE S S b e B ik | 3 4R B A R A5 2 i
A7 RAUF AR T8 )12 0 ] 3k R R A 2R 4
A R BT AR R A K Y
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BLAEHE KA (SIIAR I AL A 0, 2 [RTG
B CH IR ) 14 A1 SRR SRR E R 62 3R (L 2 (1]
W25 RS AR E AL R 5k ARk Z
IR DG AR 3 ek BE e | SR (R o7 3% 1) o i) 2
S, AT R BUIEAE 22 5 B R RE A, DA n] ik — 2
TR LT MR BRI R ESREPE
s B AERS W R IR EE LA R A 3
AT AR 25 R GU LA

L BRI ik

1.1 kiR R £ Al & ¥ 2 E

MR 2013 4 8 J 7E 7R 3 ¥ 450 (27°00' N ~
32°00'N.121°30'E ~ 126°30'E) RERF KA S
IAEA 18 J& . & IR TCHT S e A 18 8 J i 20
B SIS L 15 B, W IR IR Ar. S50 = M R
J5i R 4 TSk R SEREAS 3 ) R AT LA A 2
I, FHOR RCCRSE R 1 mm) 00l <, Fi 5~ R
(CKEREN 1 o) PR o et o B B 748 A S
SN FERPIC  FFARAE T 75 % TR 1 N A
Ja R R R AT
1.2 BEFRMCEHNZE

A 1% RO IRECER IR AR 0 U i iR
PE 1 min, SR J5 25 B 1 /K a8 glik opd . 4
FESRAVR VR T HRALN T4 (=55 C, T4 24 h
PL b)), F MM 400 Ji 4 BBk ES 4 ( Retsch GmbH,,
Haan, Germany ) #F & 1.5 min, ff} BE 45 3] i k7 FH
100 Hfifiiug. ARICL. 5 mg AR AR XA
ISOPRIME 100 %2 & [6] 17 2 i i {X ( Isoprime
Corporation,, Cheadle , UK) #1 vario ISOTOPE cube
JGE /3 Hr1Y ( Elementar Analysen systeme GmbH,
Hanau, Germany ) Jll 5 f . & Fa %€ [A) o % LU AE

(3CHI8"N ), 8"CHI 8N HELARITF .

R

S B R standarc
X = ] 000 (1)

Retandard

X RS C RN R, R BT A5 1 [ 7 3%
P (PC/PCoai ™ NAUN) S o B Il fir 3
FAOAR AR A (E Ruaua & 1 PDB {H (pee dee
belemnite ) , % [F] {37 R AIARHER IR LA HARIIE
SEIR A5 B R BE R ER BE L B 10 MRS IA T
APRUEREAS , i F USGS 24 ( - 16. 049%0 VPDB)
FI1 USGS 26 (53. T%0 VN2 ) # 1 Bk . A Fa 2 [F 7
LR R 0.05%0 (87C) .0.06%0 (3°N) .
1.3 HiEALIE

K 24381 (analysis of variance, ANOVA)
PR 4 Ffsk AT 87 C 8 N 22 1 3
o A R 155 7 geomorph " 41" SR I I
ARG (50 95 20 Br 4 Fh Sk e A9 AR A5 . X
8" C.8" N 5K ATt A 4347

2 4k

2.1 £¥ENE

18 & F IR AG 5 1 i K Y5 L 96 ~ 135
mm , A A 122,72 mm 14 55550 [y 42
~102 g, P 70. 39 ;18 B2 [N TEE
I 14 I 35 LA 60 ~ 75 mm , SER5 KA h64. 78
mm , PR JFRVEEN 31 ~73 g, FIRJE &R 50. 67
;20 BRI MG 30 ~ 42 mm , SFE i K
{E 2k 35.30 mm , {55 [ Oy 28 ~78 g, Pk
i 47. 35 ;15 AU L I i I 4 3 Ry
60 ~78 mm, A AE N 67. 93 mm, (KT EIL
Bk 13 ~27 g, FH5 AR R 19.93 g, WL 1,

x1 EB4MIBEREHRK EREE, BK EREFEE AREREL
Tab.1 The values of the average ML, average BW, SD and tails of four kinds of offshore cephalopods

K AE P-4 AR P A i 22 PRS2 FER
Average ML/mm Average BM/g SD( ML) SD(BM) Tails/ &
A 20, ( Uroteunis durauceli) 122.72 70.39 11.92 14.40 18
S [CTCE 2 ( Sepiella maindrani) 64.78 50. 67 4.03 11.46 18
S ( Octopus ocellatus) 35.30 47.35 3.64 13.98 20
SII2A 2, ( Uroteuthis edulis) 67.93 19.93 5.72 3.98 15

2.2 BBERMELE

E FCHE 12 A B i 8N 8" C I C/N TG
Bl 4524 9. 06%0 ~ 9. 85%0 (9. 03%0 + 0. 38%o0) .
~15.60%0 ~ —13.29%0 ( - 14.53%0 +0. 54%0) Fll

3.12~3.64(3.32 £0.11) . 2 KTE WA
Wi 8N .87 C Ml C/N {HE Bl 4351k 10. 46%0 ~
12.18%0 (10. 81%0 = 0. 38%0¢) . — 15. 20%0 ~
~14.06%0( —14.98%0 +0. 55%0) 1 3. 04 ~3. 12
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396 FE g B ¥ K % % it 28 45
(3.08 £0.03) , 4 FR%iny 8N 8" C F1 C/N WA BT 8 N. 8" C Ml C/N (B 30 [ 4 91 K

(B0 B 43 ) 8. 66%0 ~ 10. 12%0 (8. 78%0 +
0.45%0) . - 15. 07%0 ~ — 13. 85%0( - 14.54%o +
0.55%0) Fi13. 11 ~3.24(3.18 £0.05) , SI4H 13

7.48%0 ~9. 12%0(8. 21%0 + 0. 30%0) . — 13. 55%0 ~
=12.75%0( - 13. 00%0 + 0. 54%0) F13.52 ~3.73

(3.57 £0.06) . HAREELUNIZE 2 FroR.

*2 MB4MLBREAHRTH NG 'CHC/NE
Tab.2 The values of 3°N, §°C and C/N of four kinds of offshore cephalopods beaks

FUiES e SN e/ ME A PR
Species Classification Maximum Minimum Average SD
i 3N 9.85%0 9. 06%0 9.03%o 0.38%o
Mﬁgm . 3hc —-13.29%0 —15.60%0 —14.53%0 0.54%o
Uroteunis durauceli
C/N 3.64 3.12 3.32 0.11
. ) 3PN 12. 18%0 10. 46%o 10. 81%o 0.38%0
,??Eiﬁ.g’m . d3hc¢ —14.06%0 —15.20%0 —14.98%o 0.55%0
Sepiella maindrani
C/N 3.12 3.04 3.08 0.03
- 5°N 10. 12%o0 8. 66%o0 8.78%0 0.45%o0
LS b ¢ —13.85%0 —15.07%o —14.54%o 0.55%0
Octopus ocellatus
C/N 3.24 3.11 3.18 0.05
s 5 SISN 9.12%0 7. 48%o0 8.21%0 0.30%o0
(7| EA E}
‘[H‘m ’M. 53¢ ~12.75%0 —13.55%0 —13.00%0 0. 54%o
Uroteuthis edulis
C/N 3.73 3.52 3.57 0.06
2.3 BRERMEMEZESR ®3 EBIFHLERARTH.E
ANOVA {7 4 Rl ik f 2 T i 98 C R B2 5 ANOVA 34145 R
il BISN ﬁlﬂ%#ﬁ‘ﬁ@ <0.01 %% 3) W%% Tab.3 ANOVA result of four Kinds of
. s o

FRTEDXS EE AT 5 2 B0, B 1 AL ERAS 2 K 55 e i o
(P>0.05) , HAWFhia] M i ag 87 C Al 8 N 77
FEREZES (P <0.01), H: & R IH LI
SNl K, 8 C fHiR/IN, C/N WA/ ; 14346
Y 8N fEHR/N, 87 C fHEK, C/N H R K,

LK1 ~3
12
10
8
N
= 6
R
2
0
AL 2CEEHSE A SRR
Uroteuthis  Sepiella Octopus  Uroteuthis
duvauceli maindroni ocellatus  edulis
E1 EE4MLB2ERARM
3N/ %o bt B FE AR B

Fig.1 The 8°N/%o values for four kinds
of offshore cephalopods beaks
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offshore cephalopods for the difference

between their 3°N and 5" C values

kA S iy Y175 .
Stable  Sumof df Mean F ﬁf}';ﬁ
isotope squares square error .
dh ¢ 35.893 3 11.964 53.537 <0.01
3N 65.263 3 21.754 86.519 <0.01
-15.5
-15.0
-14.5
¥ -14.0
SN
| &)
2 -13.5
-13.0
-12.5 l
-12.0 -
FLGHSNE SRS Y SEBER
Uroteuthis  Sepiella  Octopus  Uroteuthis
duvauceli maindroni ocellatus edulis
B2 REig4FHLERBRM
3" C/ ot B IR E

Fig.2 The §"C/%o values for four kinds
of offshore cephalopods beaks
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3.7
3.6
3.5
3.4

3.3
3.2
3.1
3.0
2.9
2.8

M SRR A SR
Uroteuthis  Sepiella Octopus  Uroteuthis
duvauceli maindroni ocellatus edulis
E3 a4 ML EERAR C/NEEEITRE
Fig.3 The C/N values for four kinds
of offshore cephalopods beaks

C/N

2.4 EiB4FHLBRESMN

DGR 1943 20 e s, = RROGE 55 AL T
BB TR AL A 5 -5 R 0 4 A S AT AR
B, EANTHYE IR K AR, T 81 S A6 5 WAL T 45
BT (& 4) .

12

uf

101

8 15N/ %o

== Uroteuthis duvauceli
—— Sepiella maindroni
---+- Octopus ocellatus

- Urot uthis dl

-15.5 150 145 140 135 130 125
813C/ %o

4 EG4FLBEAREFSN,"C HmtaE
Fig.4 The §°N,3"C values
for four kinds of offshore cephalopods beaks

2.5 4MLBERRIHRERMESIRKA
XE

LM LA 23 BT s, A ERAR 5 0 A 5T Sk
A AR 5 I 2 B F R C R (P <0.5,
B5) , 2 IRTCET 5k e LA S S S 5 Ay k|
REER MRS WK IR FMRLER (P>
0.5),

3 AT IE
IFE A B, 3 I T 4 ok 6B L R E

[ AR A R P R P R 2R e 14 H IR
EFRIKT TG S SR DL B AR A R /N AS
lo BRASE A7 28 FL M (87 C) — M F R 46 7n 1
WHE YA e RS RGP, 80 C —
Jy TR 7N A B B 4 B P AR W i, O — U7 T
FeR R R BB R B2 SR &R A
B TR 4 RTS8, ISR I I A
%M$C$w@mm(43m%ioﬂ%ﬁg
UIRAE FCH 5% ( - 14. 53%0 + 0. 54%0) . ‘i W
( —14.54%0 = 0. 55%0) Fl 2 [C T & 2
(= 14.98%0 = 0. 55%0) , Horp # FCAR 5 W A ot 550
(9 8" C 5% W A R 87 C P+ 4y 3,
UL A ] RE A AR Bk I, B D43
Mris, Y 87 C W REFAEME T , S BN TE
EEIE K 87 C B m Y WA S 81 1
WK IR TR, A2 TG 7E 30 ~ 170 m /K2 A1 HE T HAt
3 Fhsk RS, AR IS KSR A R, 2 IR TE A S, )
AR TERCRIEIR Y . P, C IR RERZ B B R
P B IE 3T | G U A IO R e A A S R R A R (]
SR S R A e FC A 1 R 81 AR A 1 Y 8" C
H2ZFBE, e LR K2 HEEML, Hit 8°
C{H 22 F 2R A IR I, AL T A [GAE
W, AR TE AR ST R, R B R 4 T R
B8R CEI S

A=t R E R R L (8P N) I T4
IR SR EANE A i 4y
T AT VA 358 S J22 288 0 0 ) SRR TR 36,
HAEWHES RGP W EFRH K-, RUIZ
COOLEY %% i 52t #f1 F % 8 N 2347 & BR, Jn A1
T =25 5 R R A b R 1 2 A
TERA i 25 5%, RAVEE W AL 1) 8 TR oK 2L B
HORRE R . NEGRI 5 % 5l 78 K 5 5 76 e
B B R T 2 IR 21 ( Pareledone turqueti)
FZIE W % /K 3 W ( Adelieledone polymorpha) , ¥
M%ﬁ%mswﬁﬁaﬁﬁﬁ$%%ﬁm%ﬁm
T, WS R, 2 R TCE S WA IR 5N 3
(B 5 (10. 81%0 +0.38%0) , H. YR &t G 2 I
(9.03%0 = 0.38%0) K1 (8. 78%0 +0. 45%0) FI%]
IS L (8. 21%0 0. 30%0) , 3% 4 Fh T 1 3k JE 2K
‘Wﬁﬁﬁﬁ%ﬁmT%%EMﬁﬁﬁiﬁﬁ
FIr B0 o 2 FRICET I 8 N (EHR i, Hi I
EEYEE AT &?ﬁmﬂugiﬁﬁﬁmﬁ%
FEFR R 5 AT AR 2 A B T A R 5 0 A
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28 &

I RGNS L I, FOR K SR AR I R K IR
AR ZRAA TGO T, IRJE R AP 1
SN AR B 7 o Rl EHS L U A 5 A

-16. 00
-15.50 L R=0.269 3

-15. 00 A

8 13C /%,
[ ]

-14.50
-14.00 L]
-13.50

-13.00

819¢=0. 023 6L, ~17. 429

90 100 110 120 130 140 150

fA4 ML/mm
(a)

B S N ARAHL , BEHAE AT AT RRAL TARNE (15 3%
FOKN-, M RIIAE 5 WAL T oAl 4 Fhafifg sk 2
PN FRARIIE TR PR

10.50 815¢=0. 017 6L, +6. 873

10. 00 o R*=0.299 5
X 9.50 . )
5 9.00 <,

8.50 o

[ J
8. 00
7.50
90 100 110 120 130 140 150
HA& ML/mm
(b)

5 HERBSWRAKS AR C.S"NEXRE
Fig.5 Relationships between the mantle length and 5" C,5"N values of Uroteuthis duvauceli

SIMTITIRE 4 Bk R 5 A R 8 C A
8" NAH J B« bk FCAR 22 A B S 87 C 5 IR &
BELMETIAHKKR (P <0.05) , FEHE F R S
WK D, £ B 81 C {2 R BRR A
A TSR 8 N AR5 A Bt f 3 e b I AH 56 5
F(P<0.05), 3% 54 % BB 5045 R Ml —
o TN BEAE AL A B IR K R 35, £ 5
Wil 8 C A W T Mt X n] B e R I I
WERII R 8" C M 7 18 32 ¥ 1) T A 5 k>, T A
PR 4 W 2R A AR e X 1] PY AL 7 1] B8 5, B2 )
N A Ay L s L B 1 8 C AR
T HAAT 87 C AL . 8N RS AL T Ak
STk R EBEE A IE n, &R RS E
T Y, X 5 R 5 W ( Kondakovia
Longimana) ¥ £ J5 %50, Bl 2 A~ (R 38K, 87 N (B
W, 8" C {EWD, AR FHIUR 55 BIRE S v
TR 5 B R S A 5 8, ( Moroteuthis ingens ) 8
FHIFR AL . oA 3 sk SR 210 A9 I
9 SUN 5T MK = 8135 00 B MO (P >
0.05) , XA AT B2 e AT AR fb 3 Bl e/ A 14
AR R SR I A BB SR .

F Ak RASSE [0 3R P AT LA ] i Sk 2
B S Ol E 0 VA NS ) I NE B U R R B T SRS
FIrab i )2, FANG 2652 R R Jb KPR
AR ARG ER A £ ST 5 C L8N (H Y
25, RN A FER R B B AE S AL E SR,
ARy TSN [ 1t B R ) AN [ A A 3 i
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UL A B 2 P22 R S B . A SCHESE 4 B
WS A AR, e B ok [RAS 5 5
WA AES AR R &, B B ATTAL T AH I 1Y
BRPOKF-, 2 RICEH M0 E F RN 5, 8
I WA SR AN, 3 X 4 AT it Sk 2
Fetk R E R R LB 22 7 1) F 2R R & H
FOER B 2T 1 AP ST BRI DA B A TR T R /INAS
[

KERMHAEORIENR, X8
5 C/N WAEA &, HA BT 0) 6= TRV 00 AT LA
S B ARG 8 BB 5 G0 < RS AV A i A i 2 1
£ TS BE 5 38R €0 K UUE AR RIR, C/N A
s T Hp B JE KA T B 5 R A o S BE
TSI, C/N (S o BFTS s T 4 Ff
Sk RS C/N fH, &SI RH 5 T A 5T 50 1
C/N{H(3.57 £0.06) > #: [CAHE 20 (3. 32 =
0.11) > Wy (3.18 £0.05) > & X L4 32 I
(3.08 +£0.03) , 3 i FLHRAS [R) o 24 22 [ £ Jo 0 11
C/N A LABH 5 B AT 22 8] A Jox 546, 3R OB B 1) 22
5 C/N (B R ) 85 N ARAG, fA R SUL T i & =
A, B A A, (R TR C/N
RIS NS 7, JL T 2 e MG, R T e
mL, R TIBUBIR . X W5 A SCh 8124 5
W, CRAR 5 Wk R A T o L = IR TG A 55 kAR IS
TEBSR KB S PR B & o

AT A T IR E I 4 Fh 3 LTk
JE S CFE O S 00K 2 FR TG 15 K 6 B 61 2 A
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L) A R | SRR TR 7 3R LU (B =2 8] 25 S A
TERTRTRENE, I HARSE T B R R 5 2k
AN Z 8] B 56 A%, d ad P Bl AR E [ 2
AP 2557 , 1 — A0 HONIG M T fifp Jx 26 22 3%
FEMEE SRR LR BEES MRS LE
MHER ERL AR S R G AL, D8 5 IR ik
ik A TR 5 BT AR AR b ) 74
JEBIBFTE R, AT LA U 2 AR A E Tk R IE
TR, 4 5 Bk RS E A7 3 LU R AT 4=
LA HEB T DT 5T, RSP I ol LUIBCAS [] B W T
(IS MUEE RN 35 ) 1) A Jo st A7 5 /A E 7]
REZIAE , A 5 AR LT AN B e B
H HZA AT i 5 A, 38 2 9F S A J5CSA [7) B 1
Rk SRR [R) 2 3%, AT LA T il Sk AR 2R AE A [A] AR
T S B A B P 05 4R 1 AR 2 R iy S A
oo
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Carbon and nitrogen stable isotopes analysis of the common cephalopods
beaks in the offshore of China

LIN Jingyuan', LIU Bilin'*** | HUAN Mengyao', LIU Na', OU Liguo'

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National Distant-water Fisheries
Engineering Research Center, Shanghai 201306, China; 3. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries
Resources, Ministry of Education, Shanghai 201306, China; 4. Key Laboratory of Oceanic Fisheries Exploration, Ministry of
Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract; The beaks of cephalopods have stable chemical compositions and firm physical structures.
Recently, with the increasing use of stable isotope analysis in ecology, it becomes a powerful tool and
complement of traditional methods for investigating the trophic ecology and migration patterns of invertebrates.
This research was based on 18 Uroteuthis duvauceli specimens, 18 Sepiella maindronis specimens, 20 Octopus
ocellatus specimens and 15 Uroteuthis edulis specimens, which were collected in August 2013 from the East
China Sea. The beaks of these four kinds of offshore species were studied by determining their carbon stable
isotope (7 C/"*C,8" C) and nitrogen stable isotope (" N/"*N,8"N). In order to find the differences of these
species’ habitats and the foraging behaviors, the §'"°C and §"° N values were analyzed to see whether there was
a correlation with their mantle lengths. The study aimed to explain the habitats of different cephalopods and
find their position in the ecological system, not only providing materials for further development and
management, but also giving a basis for the better use of these species. The results showed that the average
values of mantle length for four species: U. duvauceli > U. edulis > S. maindroni > O. ocellatus (122. 72mm >
67.93 mm >67.93mm >35.3 mm). The average values of body weight for four species: U. duvauceli > S.
maindroni > 0. ocellatus > U. edulis > (70.39 ¢ >50.67 g >47.35 ¢ >19.93 g). S. maindroni have the
maximum 8" N value (10.81%0 +0.38%c) ,the minimum 8" C value ( —14.98%0 = 0. 55%o0) , the minimum
C/N(3.08 +0.03)and U. edulishave the minimum 3" N value (8.21%0¢ +0.30%o¢) , the maximum §"C value
( =13.00%c +£0.54%¢) , the maximum C/N(3.57 £0.06), U. duvauceli and U. edulislive in the shallower
water area than the S. maindroni and O. ocellatus. And the " C and 8" N values between U. duvauceli and O.
ocellatus were very similar (ANOVA, P > 0.05), their ecological niches were much overlapped, they may
have the similar trophic level. The §”C and 3" N values of other kinds of species had significant differences
(ANOVA, P < 0.05). In addition, the §"C values of U. duvauceli and the mantle length (ML) showed a
significant liner relationship (8" C =0.023 6 x L, — 17.429 P < 0.05), 8" N values also showed a
significant liner relationship with the mantle length (ML) ("N =0.017 6 x L, + 6.873,P <0.05), but
there was no significant correlation between carbon and nitrogen stable isotopes with the mantle length in S.
maindroni, O. ocellatus and U. edulis (P > 0.05). It showed that there was no significant connection between
feeding habit and mantle length.

Key words: carbon and nitrogen stable isotope; beak; offshore cephalopods; foraging ecology; habitat
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