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B E: A EIRALE (trophic position, TP) ZPFH MM A £ W) A5G 1Y SRl . AREL T 12 5010 5 IR (oL B AT
FEJ5 0 , BAHERR ARG SE RO 2R 3 15 RE 0 SV 3 A S0 P A ) TP AR 2 s BE M i) P M B 2858
i (Dosidicus gigas) J&—F " Z AT FAKN-HEEIRIENE S L2 . WFTELIREE A 3 AN 2558 89 A 5008
£ WP SRR AR E RO HLEL (87 N) HEATINSE AW AL E OGS B R A0 1 . 4R R, &5 it
ZEF AR L AR 81 N AR AFAE .35 2% 57, (0 R A6 AN R 4038 BLAT JoefIR iy 81 N i, 7T RS AR &R 19 ik
FUMBHLEIA DG, EHERR 8" N (ELAY 2 7] 57 B M E 2R ph I U 8 IR KA B 2 R A R 5 8, 3t
B S A0 JULPA A & N AR A 52 P o TN ) (32 3R BELR BB M . LA, I 22 Fh 6 R &1 N (B4 P08 FR (1Y

HERR PR T RE R T ORI @R AR N AR . AT AT N BE— T R Sk R B AR o i e $R A 4

é%%o
RRIF: M W RSN B EFRAE
FESES: S917 XEFRER: A

B IR (trophic position, TP) 4 W}
% Oz — TP R ER A 55 7T S Ak A= W 1a) 1)
BEIRRR,IE T S R GESE 0 A T RE i it
fEGei TP W58 7 24 8 3% ¥ 70 #7 12 (stomach
content analysis,SCA ) Fl1“ #& (K" & %€ [F] {3/ & /0 #7
#: (bulk stable isotope analysis, BSIA) , Fij & & %t
TRAEY) ' b R R T AL B Y R L
25 5%, v RE RMICAL 25 T8 A 0% £ W) 41 40 T 3 B TP
Mgz o BSIA A2 AL SCA JET 5]
AR EH WL TP o3 HrJ5 i ABAZ I IR AE A 3R TP
P 0 00 2 e ) o B SR (8 N, ) P
T REER A W) B0 Jo 1) 32 BB 8 2% i HL 0 A 3 1
AT B S W ] RUBE 25 22 07 1T PR 3R, 3X R RV
A RS R G ST IE g RIHE

2L 1 (Dosidicus gigas ) 52— iy B T 7 14
RPN K R T B P85 2 A 728 A il i 3] —
ASHAT B B, UL 8PN (&2 3 & Wk IR
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(trophic amino acid, Tro-AA ) ; ZK N 2 Jig ( Phe ) 4§
LRI 8°N [HAE TP 8] HeA AR & A5k, /8
S BRAIGA 7 5  8F N AL, B O IR R R
(source amino acid, Src-AA) ™ HE I, @ M
ZEF AR IEER Y 8N A, T i 4 /R
HLA 8N (EAS LAY IR, R4l 3 3L TP

ABIFFE AR B 2R KV 205 30 76 3 B 45

EEWA: [ H ARG (31872573) 5 i Th H ARl 2744 (17ZR1413000) 5 7 & [ Z 0 BL 4 5 HOR 7 K 52 30 % T A R

(2017-1A03)

EERN: 5T £(1990—) , 5 84 W58 07 ) M & A 452 . E-mail : ygong@ shou. edu. cn

BE1EE: 25U, E-mail ; ykli@ shou. edu. cn

http: //www. shhydxxb. com



33 T LA R R TR AR E R B R LB R B A 403

BRI SNEE 25 B TR R R AL L R
S N A I 5 A0 LA, 3T 25 A 2 0 £ B
R 81 N H A THTE 22 57, BT I A 81 N i 25 i 2%
SEI) IR RS RIAT BRI D, B 2 SR 57
N (B 5E S5 R A 3 2522 4 TP, R XS LU AN [) TP A5
TR RS R

U RPRS ik

1.1 SRIesf#y
SRR AR R B AT 3 AN 20 2

ARRFEARB R (EEP) B (PER) FIE F5b
i (CHI) , KE i 2 YRR AF ( - 20 C) iz [n] S5
o FERLTE S EE MR IS HEAT B AR W) S
Wi, EHCMA R NAHIE ) 24 A F i TR
BERR RAS A LR 20 #r , Bl As 8 R (3R 1)
WS o R A U < B AL A LI 4 em®, J5 R
FB I LB TR (Milli-Q-Water) 3§ Ut , B T&
% T 1 #L ( Christ Alpha 14, Martin Christ ) P4
-55 C T4 24 b, WU J5 HTTR A B3R X ( Mixer
mill MM440, Retsch ) BIF & 52 34 27 (O 4R AR

*1 EFXEXBFESMEMAENFSHLLE

Tab.1 Sampling locations and biological parameters of Dosidicus gigas

TiH VIV NS S SN2 P &S BN
Ttem Equatorial eastern Pacific Off Peru Off Chile
SKFERT[E] Sampling date 2013-04 ~2013-06 2015-09 2015-11

P ) N 115°45'"W ~119°00'W
KAEFL ] Coordinates 111N ~1°00'S

FE 0 Number/ B 8
il Mantle length/em 33.8 + 0.9

79°45'W ~80°21'W 79°00'W ~83°00'W
14°53'S ~ 15°22'S 37°06'S ~38°30'S
8 8
28.9 + 6.5 34.4 = 0.7

1.2 SEBRERBERMESN

PRIBCTHR AL RS A 2 mg A TC AT 2 DU R
SR B, TS 218 A 0.5 ml ) HCI
(6 mol/L) , FEA N, JaHf 1, 1E 150 “CAa i T4RAf
HUK A 70 min, JKARES RS AR TS YARNES
2 I A TR A A, BV SR N- 23 5N
fs A1 A 4k ¥ ( N-Acetyl Methyl Ester
Derivatization) , {#i ] 5 =% %4 li# ( L-Norleucine ) /E
HNFF o

QIR AR [ AL 3 70 M 2 R UM
{¥ (Trace Ultra GC, Thermo Scientific) 5 Jfi j&{S ¢
JH (Thermo Delta V Plus, Thermo Scientific) , &4
RS  Agilent DB-1301 (60 m x 0. 25 mm x
1wm) o JEFECTIRE N 250 °C, THERFEF : Wl ih
HELE N 125 °CL, LA 15 °C/min THEE 140 C R85
L)L 8 °C/min FHE & 255 °C 3% +F 35 min, &4
FEGIUE 2 W LATTH SRR A 22 o T AT FF il Bk
2 8" N (E AT bR HEMR 224 0. 37 %o, HIEBRA
R RIS 2% 23 A 1 56 L M O 2 3 48 3y 7 A
J@ YRR AL R s B == 64T
1.3 EFRuE

HRAEBUA W58 BOR , AWF I T 2 Bl I
TR R B 252 £ TP,

51 R L& 3 T CHIKARAISHI 47

IS, SURYE Glu 1 Phe (1 8N {H1T
H2EF A0 TP,

T = (8]5NGlu _515NPhe ~Bewrne ) Ecrupne +1 (1)
T A 1 R RAL B 25 R M TP SY N,
18" Ny, 43 552 Glu Fl Phe 1 6" N {H; B 2
WA 7= Glu I Phe ) 6° N AH 922 (8, X F7K
ﬁiﬁi?&%éﬁi,m{ﬁ 3.4 %O;Eclu.phoIEll: Glu #1 Phe 7[,£
B F79% (trophic level ) 2 [8] & 4 B 1Y 22 {8, BUE
7.6 %",

55 2 FBRJE BRADLEY 257 42 (35 T 3
Ft Tro-AA (Ala Leu 1 Glu) 1 3 Ff Src-AA ( Phe .,
Lys F1 Gly) (15 8" N {H 143 TP, i+ H AU F

T,= (515Nn-o.AA _alstrc-AA “Brwse ) Ersee +1(2)
X T, 5 2 BB Al 5 Y 25 2 £ TP,
815 Ny aa 18 Ny, S04 1 3A Tro-AA Fil Src-AA
[ 6" N A A EIE 5 By, & Tro-AA il Sre-AA 7
TEAFRAEY P PN MM MEE, B HHF KL
Bk BUE 3. 6%0; Ey, . &= Tro-AA 1 Src-AA 7E
BRI E R 25 (8, HUHS. 7%

1.4 #iEsit

T Kruskal-Wallis Jf: 2 5045 55 55 5L Ry
2253 M (one-way ANOVA ) X 41 [A] §i 4fg #1725 7
BEME . BT AR RN 2 B8R A 5
TRHILH F77E 22 55, 7 % 4 $2& th /8 MCCLELLAND
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L
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¥ i 28 %

4:16) 5 CHIKARAISHI 257 %t Tro-AA H1 Src-AA
o3 SEBEA b, BT R W, 5 e HRRR
o B R R A ML A R L AR
W, A F F 4T 43 B ( principal  component
analysis, PCA ) X H i G IERR BT A 8, 45
Ak ) R B ) SR R R K TS 2200 A A
HH 5 43 1 ( stepwise discriminant analysis, SDA )
o 0 18 B 25 5 A 2 L IR AR [FIA 3R 45 () 22 v
) E AR AN . Geit oMl ] SPSS 25. 0
FEET .
2 SRS
2.1 ZEXaREERREERMLEILE
AP FIRFE S AL BN 3 A 7, 2R R LA

*x2

Tab.2 The §°N values of amino acids ( mean *

standard deviation) of Dosidicus gigas muscle tissues

JEFF 12 PSRRI 8 N fH (% 2) . EEP 255
LA R ER 8 N (HIL B - 21, 17%0 ~
26.55%0, PER 4~ {k fy 35 B B -16.20%0 ~
33.27 %o, ifi CHI ByHE SN - 26. 53%0 ~ 39. 73
%o FNa R (Thr) & 25 F2 f0 L H 8 N Fe I Y
SIEIR , A5V 8 N B 55 8 1) B L PR ATAE 25
5. k@ EEP il PER f 2552 ff Ala fl Val
S N{H A& , T CHI /MA Leu F1 Val 1 8N {4
(% 2). M # MCCLELLAND 2% &
CHIKARAISHI 25" [y iF 5% 45 5%, 12 Fp 4 L ip ]
438 6 Fift Sre-AA (Met , Ser, Thr, Gly, Lys £l Phe)
F1 6 Ff Tro-AA( Ala,Glu,Leu . Pro.Val 1 Asp) ,,

EXENAEER N E(HE ixERE)

Yo

)

Amino acid
A

TSN BRI

Category AR ( Abbreviation ) Equat;;lfilﬁiaslem Off Peru Off Chile
J75B2  threonine ( Thr) 19.85 + 1.48° ~13.04 + 2.03" -20.08 + 3.49%
P HZBR glycine (Gly) -5.46 + 0.26° 1.11 + 1.03" -3.27 + 3.81°
sfmi%fﬁ Wi lysine (Lys) 0.97 + 0.66" 8.20 = 0.87" 9.49 + 2.55"
acid HPi%#: phenylalanine ( Phe) 1.28 + 1.28° 7.11 = 1.01° 7.99 + 2.86"
5B methionine (Met) 7.75 + 0.44° 14.23 + 1.00" 18.39 + 3.21°¢
245/ serine (Ser) 6.14 + 0.78° 10.20 = 1.39" 10.53 =+ 3.64"
KGR aspartic acid (Asp) 16.26 + 0.69° 22.34 + 0.99" 25.84 + 2.83¢
- Hﬁﬁ@‘zi‘z Pmli'ne (Pro) 16.63 + 0.88" 23.70 + 1.11" 30.69 + 2.43¢
Trophic amino W alanine (Ala) 23.82 + 0.98° 31.36 + 1.22" 33.83 + 3.59"
acid B glutamic acid (Glu) 21.31 + 0.78" 27.49 = 1.13" 32.85 £ 3.13°
2R leucine (Leu) 22.30 + 1.50* 29.83 + 1.15" 35.56 + 3.31°
%518 valine (Val) 23.82 + 1.58° 30.89 = 1.69" 36.02 + 2.70°

T HAARF T EE(a b 8 o) I B RIS B35 25 57 (Kruskal-Wallis 455, P <0. 05)
Notes; Values in each row followed by different alphabetic characters were statistically different ( Kruskal-Wallistest,P <0.05)

22 ZZXEASEBREARNZTEESR

X3 AR CE R ALY 12 Fh s R 1Y
SUNMEREAT AL M. SR AEI, A 2 MEM
SIWIEFRHEE R T 1, 5 22 STk SRR ICH 82. 11%
F114.48% , 21t 96.59% . ME 1 A] LEH, B
Thr F1 Gly &b, HoAy S 5 1R (RAAE 1] 2 ) AR 1
FEETF 1(>0.9) , Ui X S o BE 1R ELAT#5 =  AH
RUEE , PRGX 10 Fh S R4 T T 5 2250 o

DL 3 AR R AR i o S 4H TG, 10 R
FEEREY 8" N (B AR R 72 45 0 5 43 i i AR F o
SDA Z5 R WIR , 55— H0 sR B RE T S 51 %
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81.3% W 2,47 5 P 2EmR Y 8 N [ il F FIX
Oy AP YR, B Pro, Glu, Asp  Ser il Lys,
I H AN IE#H 255 100 % (K 2) .
2.3 BEFRMUE

2 PR A (35 45 R R, A I 2R
fiff) TP fEE R 22 5 (R 3) o CHL MARYE 57
fE R & Tk A EEP A1 PER (44, 1M J5 P
HELBEZESF (P> 0.05,5£3), JFH, B2
(4.38 = 0.35)J1 B B 2E5efa TP g & & T4
BI1(3.42 + 0.32) pitaE g9 (P <0.01),
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3 | e R B A AA-CSIA
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vax,,-‘ﬁ:f MCCLELLAND 2 i P VR 2 91 LR 5N
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Fig.1 Loading diagram for the principal component

of amino acids of Dosidicus gigas muscle tissues
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Fig.2 Stepwise discriminant analysis plots

of Dosidicus gigas from three regions

[ R LS. BE TP Jh &, & 2R (Glu) 55
Tro-AA 1) N fEFERRE I & BTN, TR TN 24 IR
(Phe) % Src-AA 1) 8" N {HFEAAN L EAR K, BEMS
TR GEF=H ) SN DT Hk, 5t 4y
MrA= ML AR 8 2 R 9 8 NAEL, mT LA X 1 Al
8" Ny, MEL A AL, DT B A5 03t I 8 P 3k
K E =R
3.1 SEBAIBERMUERFE
ARWFFERS AR KA 3 DI ZE R A LA
12 FhE LRI 8" N {H/3H1 & B, #5282 ( Thr) 7£
IR B BA IR 80 N i, %45 RS
HETHERINGTON %' xif BF ik B oM g 25 5
LA FERR 87 N fH AT 45 5 — 5. Thr )X
PG ) BAE A 7 1 28 ) 1) 2 B TR AR E (]
BRI 1203k 2 49 ( Cephalopoda ) 1Y 5 14 i
( Sthenoteuthis 1= |
(Mammalia) (1) ¢ ¥ 6, ( Chelonia mydas )"’ F1k
% 50 ( Physeter macrocephalus )" | W & 4 4%
( Osteichthyes ) {955 & 4= 6 £ ( Thunnus albacares )
FIHCHR 448 1 ( Thunnus obesus ) ™™ o BF5E %,
Thr AT EFRR BB L SUN (5 TP £

TN !
oualaniensis )",

®3 kREINBEHNEREERUE

Tab.3 The trophic position of Dosidicus gigas from three regions

A P N B C 7 S ER 310 TS it IS
Trophic position Equatorial eastern Pacific Off Peru Off Chile
T 3.18 = 0.20° 3.23 + 0.06° 3.82 = 0.10"
T, 4.11 + 0.17* 4.21 +0.11°% 4.81 +0.18"

HEHA AR T (a 80 b) SRR E ST 35 2257 (p <0.05)

Notes: Values in each row followed by different alphabetic characters were statistically different (p <0.05)
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FARSE, IF B & & The (95N B4 2288
8 N, [ HTEAERM 7 Rk, A HF5E" Ay Thr
ATBEANIE B 1E M Sre-AA, AHFST PCA 25541 )%
Wt Thr (195 FGPE, (B Thr (9192538 F AR 2 o 7e
A PIHLAAR R R L A — 298 UE . BR Thr
PASE, Gly i HAT R %) A R Rl R AR Ak, 31X AT
RE 5 HS2 R W e AT 5

i U A% TR S 32 1 JULPA S LR S N (& N,
HIF SRR 1 8 N [HAFAEZS A T (£ 2),
FAE SDA Z5 5 G 52 8N S 2 5 T8
=K B 3 P Tro-AA (Pro, Glu H1 Asp) il 2 Ffi
Src-AA (Ser il Lys) o 3 S8 3 iR 32 B 25 22 £ fill
I 8" N IR 5 £ S & Yok I A 87N, (H
ZRAX, ZFAEGHENESHESCHEHR)Z
B531F , PARDO-GANDARILLAS 25180 st %80 i) 41 ifg
(CHI) SRAEMZEFZ M SW ot &I, Ml 80%
FL it 2k RS - 8 ( PER) /MR B & 4 3
TGSk 2SR 58 4 ( Vinciguerria lucetia ) (91
HSRAE EEP 2552 1 £ HE AT 1 B SE30 A ILARE
{H Tro-AA [)7s R 22 5 I B 3200 38 (R 2 P 4
B S M o 3k B G e 25 28 LR 1 s I TR
AR A R B . AR TR0 Gk 7
RS RV (EEP) | 3T 2 9 3 — i B A e Y
8Ny M1, 91 80175 77 40 5 H5b 0 o6 M B £ 30 i |
THAME % ( PER A1 CHI) 2 85N, {H %S
[i) 22 S AN 2l R A B OC R AL B 2R L LAk,
fdi5 Src-AA ) 8" N (B H B2 [a] 3B . BBAk,
SDA #5RZE, R Pro,Glu, Asp ., Ser 1 Lys iX 5
P JEIR 1) 8" N (R AT VR 1 39 25 2 £ b B G I
D] AA-CSIA 75 R PEME K 2 28 30 U6 rp By
TBTEIEHL
32 EFHBEEFNE

Src-AA [ 8" N fHA] LBk 8N, B, it
B 3 5 L R RS AE Tro-AA I Sre-AA [ 3N
{8, 45 & K0 oh B nT Al 3 g g i TP R
OHKOUCHI ' 72 7 1 Fh g 7% 13 W ( Spirula
spirula) F1 3 Fh 20 ( Sepia officinalis,S. latimanus
F1 S, esculenta ) JJL P FIASG 5T N 76 19 8N, Fl
8" Ny, fBL, FI AR 1 A 5 & W) Fp TP, 45 JL 3% ]
TREFE S TP 2.5 ~2.8 (KT 3 TP(3.4 ~
3.6), CHOY %" ¥k BT 23 b K FrEh B2
ALY, TR 2 [ 5H TP, JE 1 43 A
HAFEFE R RFAERRE. R Z S Tro-AA
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1 Sre-AA A5 TP 1] DAFEAK A 8" N, 1 8° Ny,
I8 158 2 1 BV AE 2 ]

AHFFE X 2 iR 0L 3L AA-CSIA 1y
TR AL B 25 2 M TP, X bb & BR, AN 1
(T, =3.4)MI2(T, =4.4) it 45 A7 1 i 3 22
S, HARL 2 By45 51 5 HoAth 2 35 X258 2 fa ) SCA
o BSIA )45 5 8 4z ik, FH SCA, FIELD
2523 5 BN ) I 7 S R R A P 9 A 9
ZEZE th TP 435 4.4 Fi1 4.1, TAM 2524 Fi
ESPINOZA 45 X ik 1 3 25 2 f1 f) BSIA 24
FHALH TP YN 3.9 ~4.2, B 1 12 45T
Iz TR E R RAG R D2 R AT
FRANAIH 1 MR AW S5 KR, T
b e % N i 7 = Ay e B B USRS
a5t AU U R Glu Al
Phe ) 8" N fff , o4 3 H (9 TP 5y 32 I B iR 22 1
SN, LT 6 PP SRR AR 2 7 — 2 B2
A DA PP FE g i . A ANk, P Fh T
RUER R ) CHI AMA A S 1 TP, 3 S5 AT XT
3 AL LA BSIA 45 R —57 . B
P BT DIA TP BB S & 4R A L.
FIERR N B E R 252 W B A R A
szt 2 ARG o CHI AN A i ik 45 B %
15, VAL BE A X SR I, 12 0 3RS TR B B R K
PR R 2, MG S T #0158 EEP A1 PER
AT RE 32 A Sk A SR K g 2T
KW EF AN EEET ST RBEBANER
FR & AR 2200, R s e B AR . 3K AT g SR i
A CHI /4MA& TP %75, i EEP i1 PER /~& TP 4§
UTHY SRR o R, 7607 FASS YA 3030 2 TP I,
BRI SR R B 5 BB i — 20 8 5 TP fl 3
AR o

S 3k
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Amino acid nitrogen isotopic composition and trophic position estimation of
jumbo squid Dosidicus gigas
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Abstract : Trophic position( TP) of organisms is fundamental for assessing and describing food web structure.
Compound-specific nitrogen isotope analysis of amino acids ( AA-CSIA) may be a promising tool to estimate
more precisely and accurately the TP of marine organisms than the traditional methods, specifically the highly
migratory pelagic species. The jumbo squid ( Dosidicus gigas) is a pelagic cephalopod endemic to the eastern
Pacific Ocean. In this study, AA nitrogen isotopic values (8"°N)of squid muscle tissues were identified and
compared among three sampling locations, and the TPs were also evaluated. Results showed significant
differences in AA 3" N values among squid muscle tissues from different areas. The threonine, however, had
lowest 8N values, which might be due to its special nitrogen isotope fractionation mechanisms. The spatial
heterogeneity of AA 8 N values was mainly influenced by proline, glutamic acid, aspartic acid, serine and
lysine, indicating the variety of dietary habits and isotopic baseline values. In addition, utilizing the isotopic
differences between three and more AAs to estimate TP might be more accurate than only using glutamic acid
and phenylalanine. The present study provided a beneficial reference for further research on foraging ecology
in pelagic cephalopod.
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