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(Uriarte-Montoya et al, 2010; Arias-Moscoso et al,
2011; #%ERTAE, 2013), fHJE, 25y~ Y 28
PEIREE AR RS2, i AN [ SR 37 52 i) f R N T
I8 A5 45V X 25 22 £ 7 5 A S AF AE U 3l (Markaida,
2006; Medellin-Ortiz et al, 2016)., Ffi# R A -7 X
Pl 45 FEZH 21 (SPRFMO) vy, X2t o A Waas
T, X8 U BT A TS X 2K S A R R
R, T RIS BRI A, A PR A v A i
THIERL

B W TR 2 18 7= i ) BB E SRy 2 —, A
ETT GR P  RI AT O I A5 5 s IR 45 1 FH I A2 31N
ITHY B AL (Simopoulos, 2006; 2= EIE5E, 2016; M%)
2, 2017), [FIEE, BEWFRRAE R 25 32 fa A i sh 2L
e Rz —, 5H A b R BPLRE H A %)
1) 5 Z (Phillips et al, 2001; Pethybridge et al, 2013).
I YIIR TR N 2 32 B Z R IR E Wi, Hor,
T T Sl RN B A R85 S5 1 DA R R B e A
f % 2K Z (Iverson et al, 2004; 58245, 2011), %
{451 7 R B R — i EL A R B i PR AR W 1) B R 6 R
FIE = S A bR B . AT, B2 g
15 T2 118 BfF 5% 2 4 v 7 X Blb 8 A/ i 25 22 £ L TR A i
JE BB IR BT (B JE BT A8, 2013) I &b in 14545
(ENANSE, 2014), [EAMY Saito %5 (2014) X% Fb &V 16
ZEF A R [R LR S S P Rs i BR AL A T T Y
A DL Xk AS [R] 15 X 25 22 £ g 17 TR 4 ) 146 47 16 4l 40 Bt
il o P, AEFSE LAFE P AR ROE PR AR I8 R . Rl
AR RSN R B 25 32 0 R F R Xt 42, XA
B TR A B HEA T I A A A3 BT 45V DX 2R R T
J W TR P 28 TN AL B IRV A 25 5, FR00 T AT R sk mig 2 (1)
= S BRI R PP ISR R A

1 #MR5FZE
1.1 SEIedfal

S it FH BRI AAE P R O AR TV (CEP)
FibE A0 (PER) AN R /MR (CHI)3 2R P ifg X
KA 1), FERAER R A R, T-20CK
FEVS A (Phillips et al, 2002), K T AN R i X 25
F AR TR 25 5, AHIEFE G A AR /N Y
FESIEATIEGE . LR T 44 BFES, FEM A ARSI
W21, TWEfAE, WK, B2 0.1 cm.
BRI R U < R AL LAY 2 emx2 em, &R
M, i B 2 K R S A ¥ R T 48 HL (Christ
Alpha 1-4) -55°C T 24 h, THJ5, R VRIE G EKES
X (Mixer mill MM440) 8 i i R (B 4% 5 pm),

1.2 BERAER 53 #7 i E

121 HHam FRECEE Sy R 200 mg Jin A
15 ml = FBE-FHEERRQ : 1, vy, 12 24h, &
DR BB, A 0.9%M &L ais vk, e
BRI )E . WEEAR R T RIS T, A
SRTJE, ERENE TR BB & i A 4 ml
A AMEN-H A (0.5 mol/L), T4 5 ZEHE K 19137
g 60 CKIEININ 30 min, ZJF, MA 4 ml =&
AL - P BV M (14%, wWiv), KIS I 30 min, ¥4
ZEW, IMA 4ml IECHE, EP 2 min, FIIA 10 ml
ST, #ES)ZE . ECHEZEBABAH RUHK L
A5 R 1) JEE RE B I A

N
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Fig.1 Sampling locations of Dosidicus gigas
and major surface currents
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Tab.1 Sampling locations, biological parameters, and total lipids of D. gigas

2R FE R A i . . .
5 H E'”;F i‘f(ﬁ*ﬁﬁl % A HHSG
Ttems quatoria’ centra Off Peru Off Chile
eastern Pacific
FEA R Sample size 16 13 15
KAL) Sampling date 2013-04~2013-06 2015-09 2015-11

KFEJL R Coordinates

4 Mantle length (cm)
NG & (T )
Total lipids (dry weight, %)

115°45"W~119°00'W
1°11'N~1°00'S
30.343.6 (22.6, 42.6)

6.241.2 (3.7, 8.1)

79°00"W~83°00"W
37°06'S~38°30'S
35.543.3 (29.2, 45.0)

79°45'W~80°21'W
14°53'S~15°22'S
33.9+9.9 (23.8, 49.0)

5.941.6 (3.3, 7.9) 4.6£1.8 (2.7,7.8)

T BUE LR EZE (ML, SR FoR

Note: Values were represented as Mean+SD (minimum, maximum)

1.3 #HIESIT

I 17 R £H % FH N A2 5 (GLC 37, Nu-Chek Prep
Inc, Elysian)i#t17E w5001, BEFARIER L & 45 g Wi
R S & HE MY E 43 LEEROR o ffFH SPSS19.0 Fil Past3 #ff:
TR AT GE AT o R 32 B84 43 B S B AN [ g X
SRR AN NG DT R AL Y %5 [B] 22 5 o R Bray-Curtis
FEAAME R EL,  DUHALYE 73 AT (ANOSIM)XT LU iR X 1] 25
B 22 SR/, 38 3 4 B AR BL M ' 43 LU (SIMPER)
5 56 8 i =5 2 0 WL IR i O T 4L i 2 () 2 5 1) S B2 g

2 HERE5HW

21 EX&NAMEMSEMAEMEAR

AWFFE R, 451 X 25 52 a9 iR (P=0.11) F1 i i
P (P=0.06)TC i % 22 5 (3R 1) XTAR W BRI A2 45 5
B &3, 3 AT X 25 22 fa LA v i & BR R Fh 28 AR (]
SR 24~28 FARNT R (GR 2). IR A ARG A1
(PER)AYFE i BT & A s e 22 (28 F), 136 10 it i
RENT R (SAT) . 8 A B AN 1hL Fi R i iR (MUFA) T 10 Fh£2
AN AR R (PUFA) . 1M A 2R KTV 5 1 V3 3k (CEP)
B RAS Y C20:3n6 (PUFA). & FI4ME (CHDRE &
o g I R A S e /b (24 F), C14:0, C15:0. C14:1n5
F1C20:3n3 HARKEH .

PUFA 25 LA IR 7 R & & fe v 19— 25
CHI e PUFA B 5 i 1(69.3%), PER KAL)
A%, HdEik 59.7%, HY5 CEP FEAh(61.2%) 7 i
955 2), C22:6n3(DHA)ZE PUFA 1Y FEAETEIE
K (>61.2%), HE&ELDL CHI BEftfks, CEP fl PER
FEfhkzZ, BB ERARE ., KX SAT &
N 20.7%~27.3%, CHI MK SAT & i FH KT 1

i 2 ANHEIX (] 2)0 7E 3 N XA Y SAT Hr, H
£ C16:0 F1 C18:0 i iem, HAWMRR E &Y
BARGE 2). C16:0 EFEi M SAT, fi 55.03%~
63.11%., ZFAMALAT MUFA HI&EKLT SAT Fl
PUFA,f¥ 10.01%~13.04%.,CEP il PER /MAH) MUFA
=T CHI, i —#HERAREE 2). FEEMPEX S
HHET 1%MIEN A 10 #, Bl C16:0. C18:0.
Cl6:1n7. C17:In7. C18:1n9. C20:1n9. C18:2n6.
C20:4n6 . C20:5n3(EPA)FI DHA(F 2), Hid, &k
TERT 6 PIHYE C16:0. C18:0, C20:1n9., C18:2n6 . EPA
il DHA, 31X 6 FlAG IR A4 B & HEAE 3 NI X s ik
81.1%L) .
22 EFalABHBRARNZEESR

DL 3 ANl X ZE R AL A O FEAR BT, (B fE 4
BRI IX F e Y T 1% IR R N S B T 3 o4
Mro H 3 A FRAVIIRFHEE>1, T2 5TCRIKIK A
34.69%. 25.11%H1 14.46%, Zit 74.26%, FWHALE
ST LS 2R 22 LA B T R 7 i AR B

AL s B T LR L (E 3), 3 ANl AR
PO AEAS TR 14 DX 358, 18 PH 25 22 £ 15 15 T A A e T X (1]
FAEZES . BT 1 F 2 BERCAT-Hb DX 43 Fib 6 1 A1) A1
TR S, ABAEXE N 35 3 5 A EHEX 4 CEP Al
f 2 MEIX, S5A RS SRR 3), XTEM 1
2 TTER R MY FRAE ] 5 C18:0. Cl16:1n7 |
Cl17:1n7. C18:1n9. C20:1n9. C18:2n6. C20:4n6 Fi
C22:6n3, 5B X L fii Ji iR o] LA AR BB 65 A 1 S g
FE S 28 A 22 5

ANOSIM {715, 45 X 5] 25 32 £ i i R 4 34 77
TE 525 25 7 (P<0.05). H1 T RAE AT 4875 45 2 i IX 7] 22
SRR/, PER 5 CHI Y22 5 (R=0.87) B i KT HiAth
2 i IX (2% % (CEP 5 PER: R=0.18; CEP 5 CHI:
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*2 EXEAAREFBRERCFIEPREDRE)
Tab.2 Fatty acid profiles of D. gigas muscle tissues (Mean+SE)(%)

B *ﬁﬁiﬁfﬁfﬁfﬁi RSN RSN
Fatty acid castern Pacific (CEP) Off Peru (PER) Off Chile (CHI)
L G 5 R W &R C14:0 0.66+0.03 0.03+0.02 nd
Saturated fatty acid T FHi%FZ C15:0 1.75+0.11 0.71£0.02 nd
ERREER* C16:0 14.27+0.92 15.66+0.31 13.07+0.41
+ERER C17:0 1.56+0.08 1.46£0.05 0.77+0.03
i pEAR* C18:0 4.70+0.11 5.55+0.16 3.51%0.19
R C20:0 1.24+0.09 0.35+0.02 1.01+0.04
T —mkiE C21:0 0.67+0.05 0.24+0.01 0.87+0.03
kR C22:0 0.10+0.01 1.5440.09 0.17+0.01
— =R C23:0 0.75+0.06 0.74+0.08 0.56+0.11
- uikER C24:0 0.22+0.02 1.00+0.10 0.74+0.06
PRI AR Cl4:1n5 1.13£0.11 0.32+0.04 nd
Monounsaturated T FHIR—MR C15:1n5 1.12+0.08 0.21+0.02 0.42+0.06
fatty acid FANBE—KEER* C16:1n7 1.11+0.08 1.45+0.08 1.24+0.04
+-ERk—wEg* C17:1n7 1.45+0.15 1.3840.19 1.0140.04
JHER* C18:1n9 3.01+0.18 3.2240.22 2.4240.06
A ER—IEER* C20:1n9 3.46+0.11 3.82+0.13 3.28+0.07
¥R C22:1n9 1.47+0.10 0.9240.05 0.88+0.03
T PUER—HER C24:1n9 0.16+0.01 1.71£0.10 0.75+0.03
LA DR IMER* C18:2n6 3.41£0.24 3.85+0.23 4.57+0.16
Polyunsaturated T\ =) C18:3n3 0.42+0.03 1.0420.06 1.2340.10
fatty acid y-TJFEER C18:3n6 0.77+0.06 0.81+0.11 0.95+0.11
Tk IR C20:2 0.95+0.06 1.03+£0.05 1.30+0.04
T =MER C20:3n3 1.76+0.12 1.3140.06 nd
TR =HER C20:3n6 nd 1.2240.07 0.22+0.03
A4 DGR * C20:4n6 6.03+0.18 2.45+0.11 6.99+0.22
BRI ER EPA* C20:5n3 8.81+0.21 7.85+0.14 8.10+0.19
T TR TR C22:2n6 1.5840.25 0.45+0.24 0.18+0.12
Z RN DHA* C22:6n3 37.43+1.99 39.67+0.92 45.74+0.64

TE: ond: REH *0 3 NRXZFIEIIRI @ 70 & =BT 1%

Note: nd: Not detected; *: The amount of the fatty acid was more than 1% in all three areas
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Fig.2 Comparison of the saturated, monounsaturated, and polyunsaturated fatty acid profiles of
D. gigas muscle tissue in three areas (Mean+SE)

CEP: /R VVEARAG; PER: FEIME; CHI: FHRIIMNG . AT BER R BUH AL W35 25 57 (P<0.05)
CEP: Equatorial central eastern Pacific; PER: Off Peru; CHI: Off Chile. Values with different letters were statistically different (P<0.05)
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Fig.3 Principal component analysis of the fatty acid compositions of D. gigas from three areas

CEP: ARKFHEMREEE; PER: B&ESNE; CHI: & F|4ME
CEP: Equatorial central eastern Pacific; PER: Off Peru; CHI: Off Chile

®3 EMSIEMEM

Tab.3 Component matrix of principal components

AR hr F 4 Principal component
Variable 1 2 3

C16:0 0.13 —-0.57 —0.24

C18:0 0.61 —0.64 0.08
Cl16:1n7 0.79 0.41 -0.34
C17:1n7 0.72 0.19 0.15
C18:1n9 0.87 0.10 -0.06
C20:1n9 0.30 =0.67 0.17
C18:2n6 0.44 0.79 -0.14
C20:4n6 -0.31 0.69 0.51
C20:5n3 0.14 -0.10 0.93
C22:6n3 —0.88 0.00 -0.27

e AWE>0.6 T<-0.6 LI T Rk FmxR

Note: Variable weight >0.6 or <—0.6 were underlined

R=0.33), 4 SIMPER A&, K 4 i 7255
i JULPA 3 ZERR T B R X 4 ) AR DL 9 Tk =% .
CEP Fll PER 25 5imk3 KAY/2 C22:6n3. C16:0 Fl
C18:2n6, M TTHL N 70.45%. 1fii CEP 5 CHI #l PER
5 CHI 25 5 £ 225K H €22:6n3 ,C20:4n6 A1 C16:0,
ST BN 71.20%F1 68.18%

3 it

ARBFFER AR 3 AR A LA G TR
AT R IR, AS R DX 25 28 40 T 5 R B T e b 2 A7
25 (GE 2). T H PER AUFR LK E] 28 F,
I CHI WA A 24 Fl, AN, K1 XZEFM
NEWiRR ¥ LA PUFA M3, & ditbik®] 59.68%~

§ 50 PR A AR M 5 A& S CEP and PER
S 40
E 30
g 20
Q
¥ 10
£,
FCFCFFTHFNTCS
X
00 HRACEHARINIEE 4 FISME CEP and CHI
= 40
=
=]
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S 20
# 10
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'O o o A A
q;b& & cj\“i'Q cj\%'Q & & L & &
&y [N O O (0
S 50
g 0 BE5NE 58 F5ME PER and CHI
g
=]
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3 20
# 10
% 0 o o A
Q Q
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Fig.4 Contribution of fatty acids in D. gigas muscle tissue
that caused the spatial differences in SIMPER analysis

69.28% , H W & SFA(20.71%~27.28%) #il MUFA
(10.01%~13.04%) . %45 5% % (2013) 1 Saito
S5 (20 14) XRS5 T 52 R 91 i =5 22 i i (A UL PR A o e 4
A5 285 SR AL o 2 ARLA) AN T) A R0 5 g 7 %) K ke
P R B LA Sk R 2 Stowasser 45(2006) % K
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VUV 45 BE 1 7 (Lolliguncula brevis) LA 1 1k I NE
PR MU I, & il B3 510 PUFA . SFA
F1 MUFA ., g 1% #8 22t (Todarodes filippovae) L[4 I /i
PR 2H LA AAAE X I oG 2R, (EHTH AR AR 0% Bl D 2 32 22 LA
MUFA “} F (Pethybridge et al, 2013), 5 T R K74
W EE A L, RVEIESL R Fsdhag Jrom . AR KM
FEMR, BT BRI RN A AR Y 22 1] AT e R T TR Ak
P B 10 R 2H B 1Y) 22 S5 (MR B 4246, 2012a; Every et al,
2016), ZEFEMIH AR R A BAT 2R S0 A Rtk — 25
T Hehh, &g X 2L M LA = ) PUFA & i
A A = R FREL, RRIR A HETERT 6 VY
EPA F1 DHA, BESEHA BiifO M50 . o pl
2 MR B2 2 B2 %5 T1 %4 (Simopoulos, 2006; 4= H 3 4,
2016; Hi2EJE4E, 2017),

HRAE SIMPER 23 M2 5%, Xif g 15 R 4 A i) 4% 1) 5
JoTPE TR = 1Y B DT R £ 45 C16:0,C18:2n6,C20:4n6
F1 C22:6n3, XUEHRITR AT BE AL HL S T 45 X Y
VR 22 53 o HAR XS 25 2 b 75 G i FR Fh 2R B 58 18
R ULHIE , AEAE PG 3 6 ol £ 2 N B S g
Stowasser %£(2006) % F , H: LA ' C18:2n6 1 C22:6n3
o SR T R IR TR M R R Y], X
2 FhBG IR Il REJE 2R R M A A TE IR R, JTREMREE
YRR 1) 25 7] 22 5 (Sargent et al, 1995), 525 M
IR PR 45 SR — 3. Alegre %5 (2014) X ik 45 A I
(PER)ZEZ M E WM R G £, HIEZHEHADL
SRR HILT JE i (Minciguerria lucetia) . 11T 2 F 4N (CHI)
RAEMZEZ A E Y a2in b EEET 80%, k22
/b (Pardo-Gandarillas et al, 2014), HIRA PR K
S R B T 48R (CEP) 25 22 10 & W0 41 A A 93 38 K L3R
i, 15 CEP i A RES 1 B U R 4 s e i He 5
il 2 AN X BRI VA 25 5% . AWFSR R, A
T DX 25 22 f0 5 W oK R 9 52 2% 1 LA R I 1R 3 A 7 1
TEH A I IE T S AEAN (B

g 105 i 28 1 9 225 (i) S Jo P W] R 5 4% 1 X BRI
A . ARTRGE T, R R RIS 3 A7 F 459
AN THAMEFT R A, I KR AR . TR T
b pE g, AN K IRAIXT AR (& 1), i CEP [F]
B 37 B R 8 A AR TE R ), FOG SR A R, BA
B Ry 7K iR (Anderson et al, 2001), fF58 &3, 1E/KIR
FEAIRET , e A= ) 23 #1255 PUFA 5 & LUSR R 40 i
HRYE PE (Ruyter et al, 2003; Tocher et al, 2004), 7K iR AY
X A A D BRAE ZE 2 fa v, W B E A IR TR A5 1)
CHI MAEF fie @ & 51 PUFA, $55IJE C18:2n6,
C20:4n6 FI C22:6n3, WAk, FEREFIFFSING, I
FEAME L 2 8 IS K A 3 SR Eh i 1 B T2

il CEP FEE REHHE, EFRIMAN T . S HIXK
T IR B SR Y 25 FAR T B AL T VR AR A
PP 2SI B 19 25 W) 22 57 (B AR 7 5, 2007) o T B 43¢
TR & A e SR RR BT IR AR S, JF Tl i PR B T B
W 2] 5 8 5% W W g IR 4 P (Iverson et al,
2004). i, X252 f0 B 1 R 4 S ) 22 7 DR AR
1 C18:2n6 Fl C20:4n6 2 KAUHEEA | L1 P alihE 3 1Y)
SEAERE B iR b R ¥ (Napolitano et al, 1997; Kharlamenko
etal, 2001; Z=7BHESE 2002), 1 C22:6n3 1] LLFE 75
F 25 (Pond et al, 1998; Parrish et al, 2000),
7T, BENRA YR E B A RE AT,
Forfr iy SFA 2 25 Z fn 5 221 % AR AL BB i D5 R
(Turchini et al, 2003)., 22 AL o & & fom Y SFA
& C16:0, Hos[A] 5 Bt 7 — @ FEJE 1 il 45 X
SR AN A R AN B B RE R TR AV TE 25 7 E255E
fa AR F g o B B IIE, WS TR RN IR 253
A A K SRR R M R 4 A A S 2
(Chen et al, 2011; FRHT 7245, 2012b; Liu et al, 2013),

4 it

AHIFFE 8 I AR AR KT 3 MBI X
MIZEZ LA BEIER , 38T T 458 X 25 22 fa LA IR i
FRAL M EE s MN2E 5 o 25 R on, 2R ANLA NG iR
W AFAEZS [ 22 5%, AL ARSI N £, %
%5 FEAKIAE A X C16:0. C18:2n6. C20:4n6 Fl
C22:6n3 W Fr ARl N IR 4 Ak i 2 8] 53 o P ] g
2 R AT DX PR R EE L B YR IR AR RE 1 5 oK 22 5%
T o ASBIFFESE SR UL T R DT R bR R A IB W 2E 2
FORIR | AT RER S A5 T T AV T o (BARHIFSY ik
BT rp BRIAMARE A5 75 B — B0 o pr X ey
T B i i %o 25 22 i SJe W50 IX 1 ) 0 A 10
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Abstract The jumbo squid (Dosidicus gigas) is a pelagic cephalopod endemic to the eastern Pacific
Ocean with a valuable commercial role. In this study, fatty acid profiles were identified in jumbo squid
muscle tissues from three harvest locations. Comparative analysis was used to evaluate spatial variation in
fatty acid profiles of different geographic origins. Results showed significant differences in fatty acid
profiles among squid muscle tissues from different sampling locations. The number of fatty acid types
from the squid off Peru (28) was high compared with that from squid in the waters of the equatorial
central eastern Pacific (27) and those off Chile (24). Nonetheless, among all three geographic origins, the
dominant fatty acids were polyunsaturated fatty acids (PUFA), which accounted for 59.68%~69.28% of
the total amount of all fatty acids, followed by saturated fatty acids (SFA, 20.71%~27.28%) and
monounsaturated fatty acids (MUFA, 10.01%~13.04%). C16:0, C18:0, C20:1n9, C18:2n6, C20:5n3
(eicosapentaenoic acid, EPA), and C22:6n3 (docosahexaenoic acid, DHA) were the primary fatty acids in
jumbo squid muscle tissues, which accounted for more than 81% among all areas. The results of analysis
of similarity (ANOSIM) and similarities of variance (SIMPER) showed that the spatial heterogeneity of
fatty acid profiles was mainly influenced by C16:0, C18:2n6, C20:4n6, and DHA. We propose that the
observed variations could be the result of differences in oceanographic conditions, food sources, and
energy demands of squid among varied regions. Overall, these results demonstrated the feasibility of
using fatty acid analysis to study the feeding ecology of jumbo squid. Novel information on the
heterogeneity of fatty acid profiles among harvest locations may have important implications for their
nutrition studies and for better utilizing this important resource.
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