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BARRERIMEA, WRAFRARKIES, g
WELE RS R AARA . PERAEA Y 5 B
ZI B IRER, Jyaxifl T AR g4
PRA AL T BREE AL AL B BTG LR BT IR
FREETIT R A S BERL AR o

1 MRS T

L1 AR

SREERHEIA 2009—2012 4F, 20152016 48—
10 H, 2 5UREA RN . RFEEA
fFEWNE 1 PR, HRFE 6091 BALRP R M,
R G W AR BRI Y R, bS8
B I [ SR S T AR AR A
1.2 IMERPE

PDO #5§ %% (PDO index, PDOI) J& Jz It PDO 54
SSRERE USRS, IR PDO AR A B EE AR,
PDOI {H J 1E %7~ PDO B2 A IE AR, 5 bR A
HRAVFE S IR R, SEEVE R SST 5 ;

[z PDO ¥ W AL, RIS PDO B A1
Bt L™, Hedi ok A R AR PRI S F 5
(Joint Institute for the Study of the Atmosphere and
Ocean). JE/RJE S AL E B 4t & db KA1 1
BEEARENZ—, AR RAERKRAE
WA, JEIETEEL (Vifio index, NI) &5 M5
IRV JE R =f 5 55 U bR o NI W IE R IR IZ
BrBe AR JesR e F A, ez e A, NI
B R IR T 22 [ [ KR R (NOAA)
(http://www.cpc.ncep.noaa.gov).

XL R ¥ R 1 B R Y (35°~50°N,
150°~175°E) i 3% 1 i J& (SST) Fl M &% 3R ¥ &
(chlorophyll-a, Chl. a) #47 T 4i1t. FdE AT %
FMG K AE B R (NOAA)(https://ocean-
watch.pifsc.noaa.gov/erddap/griddap), %% [A] 43 ¥ R
4 0.05°%0.05°,

13 fARFGE

AFMNE AR AR R

®1 FRISEFEEIATERBHARES

Tab.1 Information of O. bartramii samples in different marine environment years

1 2R L =kl FEAK e IR & 965 il /mm %57 9 L g
year longitude latitude month samples mantle length range body weight range
2009 159°59'~163°31'E 41°11'~44°27'N 8 465 178~400 179~2082
9 254 214~483 278~3496
10 229 222~402 309~1876
2010 153°01'~158°35'E 39°03'~44°27'N 8 571 128~352 149~1436
9 496 165~381 149~1633
10 513 190~433 169~2503
2011 150°21'~157°42'E 41°21'~43°21'N 8 156 203~382 226~1624
9 273 206~386 239~1649
10 161 212~377 271~1724
2012 153°28'~156°37'E 42°01'~45°01'N 8 490 195~329 220~1035
9 229 197~380 202~1648
10 41 215~354 272~1329
2015 150°04'~155°37'E 40°32'~43°28'N 8 280 162~338 108~1195
9 359 184~333 159~1162
10 115 162~352 128~1243
2016 154°33'~158°45'E 31°30'~45°52'N 8 307 192~360 208~1 205
9 817 124~548 236~4566
10 327 205~395 233~1782
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RIS BUHEAT AR 2 D, 0 A A 455 I 4
(mantle length, ML), {AKJfi & (body weight, BW),
PR R B B ARE o DU, R RO Al
K 2] 1 mm, {f B FFEFR SRR T &, RS i 2
1 g MR 193 4 A4l Lipinski 58 #9771,
HR PR IR RRAE AR A 4 T~V AR s 3, Jrpr |
A AAR R, T~V A A A

RN RIS 25541 (ANOVA)A ]
TR RN A O IR AR R & 25 5, o045
AR VE PRBEAT A R T i 2

SR AT RE 53 B 53 ATt AN [R) T 0 A B8 48 il 1< A1
PRSI A AT, (DA A3 AT O A ) T R A o e ) 4
225, DLJCPERR B A 22 5, AR 400 ok
30 mm71 200 g.

SR FHER M 81 UH 7 53 B S [R] 1 5 PR 458 AF M A4~
R IR R B A5G &, TR B 5 22 43 B
(ANCOVA) A [R] 53 P58 41 ] 1 -4 S 1 G R 1) 22
S, RS RN AR AR U R A B 45 H A2
AT 08T, I 5 AR T BT S,
P VR PR B LA 1 X6 2 A AR A K R e A

W =aLb (1
X, WORREAKTR (2); L MFEANTK (mm);
afllb NBHL

It A 8t it 59 B 2% H Microsoft Excel il SPSS
statistics 24 44T, B R S8 A Origin 2019b
F1 Microsoft Excel #4847 .

2 4R

21 B, RREHE

2009 45 4 A 1A I K 5 A 178~483 mm,
P 41y 220~340 mm, [ AKBEAS 85.2%;
2010 4F 43 B 4 182~402 mm. 190~310 mm Al
91.1%; 2011 4F435 8 208~386 mm, 220~340 mm
H188.8%; 2012 4F4341K 182~402mm ., 190~310mm
F189.8%; 2015 4E3p510 162~352mm . 190~310mm
F193.9%; 2016 4E53p514 124~548 mm . 220~370 mm
1 94.9% (& 1-a). Xt 07 A9 4 A o 2 41 43 53] A
200~1000 g (7t 83.1%). 200~800 g (7t 88.0%)
200~1000 g (7t 78.5%). 200~800 g (i H 84.0%)
400~800 g (15 Lt 78.1%) i1 200~1200 g (5 I 90.8%)
(1 1-b)o AR R BEAE TN (8—10 ) MEME SR
R B A AE B 25 5 (P<0.05), 2016 4F

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

A R B B e K, 2010 i 2015 4 fE
PEAS AR K AR J3T 380 /0N T DAt 45 4F 003 E PR
o BR 2009 4% 9—10 HABT AR {LAN, &K IEFER
R AT R A 8—10 MK AR I 1 357 20 44 o
S5 A AR SO Sk 1 R 4SS T VE IR B AR B TR
2016 AFEH IR AR, H RIS IE 20.8~32.9 mm,
H - 5 B 5 0E 99.0~277.1 g, 2009 4 Fl 2015
AEBE R RN, P2 IR 38 5 53 51 4 1.3~16.1 Al
8.6~16.1 mm. —42.9~166.9 Fll 43.2~50.7 g.,

400 g m o mjo
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Fig.1 Composition of mantle length (a) and body

weight (b) for the female of O. bartramii from August to

October in different marine environment years

AN [ A5 A I P % T AR I it 47
1 25 (P<0.05)(J&] 2). Hirr 2009 4 M4
PeA K2 A 220~340 mm, (5 S FEARERI) 92.6%;
2010 4E 43 51 &y 190~280 mm Fl1 85.4%; 2011 4F 4y
WK 220~310 mm Fl 82.2%; 2012 4E 435Il ky 220~
310 mm Al 83.4%; 2015 443514 190~310 mm £/l
91.7%; 2016 4F 43 5| 24 220~340 mm Fl 93.7%.
20092012 4. 2015—2016 4FHEPE A AR 34 F
i 2H 43 9 A 400~1000 g (5 kb 78.9%). 200~800 g
(M7 1t 93.6%) . 200~800 g (i [t 79.2%). 200~800 g
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Fig. 2 Composition of mantle length (a) and body
weight (b) for the male of O. bartramii from August to

October in different marine environment years

(H7EE 86.2%) . 200~800 g (/7 Eb 88.1%) 1 200~800 g
(H7 Eb 88.5%). 2009 4F Jfi 4 A A5 H Al A7 £y K
2010 45 F1 2015 4 HEPE N AR B /N . BR 2009 45
TS A A, A5 TR B3 A I 1 22 £ ] K
PR A n, Forh 2016 SRR IR SN, T
7 0 K 38 5 K 8.0~16.5 mm, H - 34 44 i i 4
W&k 20.4~124.5 g, 2012 AEBE MR Bk, A SF3 I
K TR T 3 R 4 3O 16.3~21.8 mm Fl 102.3~
141.4 g, 2009 4 8—9 H Mt 1k 32 ff1 S ¥ I K Fi ik
JFE IR A 20.0 mm Al 162.8 g, {HAE 9—10 A F
o 1Al < R o S R SR A, 43 508 —9.5 mm Al
-100.0 g,

22 AK-KREXH

SIBUNI I =0 T, = (5 RE 5 78 R B i e
AR A B G R I AEAE 1B 3 22 S (P<0.05), R
W B SE R R, TR RN AERE A
S AR (b#3), H 2009 AEHEMEAS AL 2012 4F
SFRAARAN 2016 4 TR IEF A K, HAe
SRR R R S A K (B 3, & 4),
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2.3 MERRBFAELERK

TEMEPEANA T, 2010 4EMEPEA AR LT
WA A, XF I K R 200.0 mm (K 5). 2009,
2011 A1 2015 4EH47E 250.0 mm Ji K sk H 30 il 2
ANMA, 11T 2010 F1 2016 4E7E 340.0 mm A< i 3
PRGN, 2012 424 ILIE P 24, 2009 48
BRI A A i BB PR AR AR
117 2010 A5/ IR 20 v v A e s S8 B A4 B A
K.

Tof P 55 A A R A 2 A A 3 2
5 (P<0.05). A4F[H] ¥4 M & LA 1 e #A R 17
TE (B 6), R 2010 4E41, A A AR {0 HEPE A
16 i K 250.0~280.0 mm Bf i B BN 1A, T
2010 45 i M 1 Uk Hh B0 A MR AR K R 206.0
mm, [A] 2009 AEMEMEAR, 2009 A HEE S A
P LR R S B AR R U N D TR S

24 EFTETUSEKHXER

PDO . JE/R & U AL JE 1 T 4 e 52 i A1
Wb PR Y BB AR L, 2013—2014 4F kAT
—IK PDO MR 2, IR AR % 2 AR (& 7).
[FIEFZE 2009—2016 4%, J/REit 3k g 2 1k,
SR 2009 4F 7 H—20104F3 H . 2014 4F 11 H—
2016 4 S A, PR A3k A 3k, 4rdilh
2010 4F 12 H—2011 4 5 H . 2011 4E 7 —2012
3 2016 47 8—12 Ao srbr kB, MErE Ak
il 5 PDOI & & 3 1E AH 3¢ (P<0.05), i & B[]
S VARRY, TR AHCPER R, X R AH OC R ECH
0.514 (&l 8-a); HEMEAS AN 5 PDOI AHCPEAR
ARy R AR S AR A DG
(/%] 8-b).

B T AR IR 32 B A e AL R R A R
3% (35°~50°N, 150°~175°E) 7 BN, DRI X &
TH 3708 W (7—10 H) /Y9 SST Ml Chl. a ¥k i it
TG0 . AW TEREEAE 7—10 H SST 2k
P—3, 7 A SST ik, 8 AR 9 HiREEA Tt
B, 9—10 HIFUA TR (& 9-a), 448 H V-3 SST
6 4> Bk 14.6~17.6 °C, 14.8~17.8 °C. 14.5~
18.8°C. 15.2~19.2°C. 14.3~17.0°C F114.4~18.6°C,
2015 4745 H -1 SST N iAEAFEAK. JE/RE
w3 F (2009 F1 2015 4F) A 0F, I SST &
$7 2 MR g5 14 (2010, 2011 F11 2016 4F) & A= B I o
ZW3% 7—10 A Chl. a WA AHIRE (& 9-b),
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Fig.3 Relationship between mantle length and body weight of female O. bartramii

2009, 2011 12012 4F 2% 7 [ FH#a#, Chl a ik
J&E AR Ak T B 0.296~0.476. 0.394~0.519 F1 0.191~
0.449 mg/m’, 2010 4E 7—9 H Chl. a #JE B K,
M 0.261 mg/m*H4 K F] 0.568 mg/m®, F| 10 A FEAK

4 0.521 mg/m’

o 2015 A1 2016 4 Chl. a ¥ & 45 1k

aH—, RERERER MBS, ARG
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Fig. 4 Relationship between mantle length and body weight of male O. bartramii

A RIEAT T 8T, KBRS [R) v 1 A 45 4 ) 22 57
A S, 5 AT ] A A 8 S 349 A 3 R I A
i, X5 H AR E R AR — B, i
UV R, 2007 4 2 fa i 4K FE R 200.0~440.0
mm, oK 41 H 240.0~310.0 mm; 2009 4E i
KL A 160.0~430.0 mm, fE #4124 220.0~
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RI, [F 2 2009 4F 2 0l 3 Bl DRy 178.0~483.0
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FOREARIE AT [A]AS [R) 1 22 A KA 22 S R 8
2009 4 2 H F 177§ 3% (20°~30°N, 130°~170°E)

HE K25 2: 3276 sponsored by China Society of Fisheries


https://www.china-fishery.cn

ESIE PRG3R SN G (P v N e B i R M L NE RSP 575

S
frequency
[\®)

(e

B/ Y%
frequency
[\

S

1234567 8 9101112
A

mantle length group

44 T
I m I m I~V
40 2009 40 2010
;S oy - - oy
% 8 20 | 220
=5 =5 I
& I SN &
0 o I = 0
1 23 456 7 8 9101112 2 345 6 7 8 9101112
JRH2H JAH4H
mantle length group mantle length group
40 o1 40 oo
X oy - oy
;@ 5 20 :; § 20
= 3
L ¥ L5 |
& I &
0 O | mm o L L J
2 3 45 6 7 8 9101112 2 345 6 7 8 9101112
20 JIAH4H
mantle length group mantle length group
40 2015 40 2016

2345678 9101112
A

mantle length group

E5 AEISFHMEFAEMRLEREEEMERS (1 #. 1H 1I-VE) BERKHES
Fig. 5 Mantle length frequency distribution by different gonadal maturation (Stage [, II, III-V) of

female O. bartramii in different marine environmental years

1. <190.0 mm, 2. 191.0~220.0 mm, 3. 221.0~250.0 mm, 4. 251.0~280.0 mm, 5. 281.0~310.0 mm, 6. 311.0~340.0 mm, 7. 341.0~370.0 mm, 8.
371.0~400.0 mm, 9. 401.0~430.0 mm, 10. 431.0~460.0 mm, 11. 461.0~490.0 mm, 12. >490.0 mm, the same below
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SR A ST RAEAE (Y 1Y PDO B 5 1 4518 8 {4
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Fig.7 Monthly PDOI and NI in
the fishing area from 2009 to 2016
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Fig. 6 Mantle length frequency distribution by different gonadal maturation (Stage [, II, III-V) of
male O. bartramii in different marine environmental years
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Effects of marine environment variation on the growth of neon flying squid
(Ommastrephes bartramii) in the north Pacific Ocean

WANG Yan', CHEN Xinjun "***,  FANG Zhou "***
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237,
3. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
4. National Engineering Research Center for Oceanic Fisheries,
Shanghai Ocean University, Shanghai 201306, China;
5. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The neon flying squid (Ommastrephes bartramii) is a dominate economic species in the north Pacific
Ocean. Marine environment variation has a profound impact on the marine organisms and their growth. As a
short lifespan oceanic cephalopod, O. bartramii is highly susceptible to the climate change in different degrees,
such as the Pacific Decadal Oscillation (PDO), El Nifio and La Nifia. Consequently, investigation on growth of O.
bartramii affected by variable marine environment becomes an important and basic part for cephalopod research.
Based on 6091 samples of O. bartramii collected in fishing season (from August to October) from 2009 to 2012
and 2015 to 2016 in the north Pacific Ocean, the growth of O. bartramii was studied combined with the marine
environmental factors in the present study. The results indicated that significant difference of fishery biological
characteristics was found between different gender and marine environment years. Viewed from the difference of
the dominated mantle length (ML) and body weight (BW) group, maximum values of both ML and BW occurred
in 2016, while minimum values occurred in 2010 and 2015. The b values of ML-BW relationship in all sampling
years were significantly different with 3, which showed allometric growth. The mature stage of both female and
male squids concentrated in stage II, and the proportion of mature female squid was less than that of male squids.
The maturation of ML of O. bartramii was positively correlated with the Pacific Decadal Oscillation index with
one-year lag. Samples in E! Nifio years were greater than those in La Nifia years, and individuals in £/ Ni7io year
with very strong intensity were the smallest. The EI Ni7io event with very strong intensity caused low sea surface
temperature (SST) and low Chlorophyll a (Chl. @) concentration which was not beneficial to the growth and their
gonad development of O. bartramii. Higher SST and Chl. a concentration provided favorable environment for O.
bartramii, resulting in a greater body size and early maturation. The present study suggested that the growth and
gonad development had significant difference among different marine environment years, and the synthetic actions
of PDO, EI Niiio/La Nifia, SST and Chl. a concentration were the dominate factors that affected the growth of O.
bartramii.

Key words: Ommastrephes bartramii; marine environment variation; body growth; annual variation; the north
Pacific Ocean
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