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& E: MR4E 2012 4£(PDO ¥ AR R HRAE) (2015 4F (PDO BEHAJE/KIE T4 ) 1 2016 4 (PDO BEHARLE M4 )
7T—10 F 3% FE B MR EI AT PRI R AL S FRE AR, 23 b7 47 B [RLAS [l o 30 AR 1) BT AR AE 22 57, 4R
R ATEENNG A ARG N o 255 KB, JCAOF-7 2 A AR FUR R 3 A SRR B
9225, PDO ¥ B /R JE AR (2012 4F) F1 PDO BEIUIJE /R JE U4 (2016 4F) FEASE YK T PDO W2 30147 2 i 4
(2015 48) 780 EMI 8RR, B S (TSL) (B I (WL) (W)l X A< (RLL) 7T DARAE B K
PR, R TERE (MW) X 58 (WW) W X 55 (RW) B DURAE B A7 % BEARAE . 3@ ad 5 2240 & 8 TSL, WL,
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Tab.1 Basic information of O. bartramii samples in different marine environment years

ezl FAhy S ZRE FEAREL il Mantle length/mm
Sex Year Latitude Longitude N/ & JGHE Range SEI{E + FrifEZE Mean + SD
" 2012 42°01'N ~45°01'N  153°28'E ~ 156°37'E 53 202 ~345 264.8 £33. 1
i 2015 40°11'N ~43°28'N  150°04'E ~ 160°55'E 65 197 ~338 263.6 £47.5
Female 2016 40°49'N ~44°15'N  153°04'E ~ 158°48'E 61 162 ~352 275.8 £39. 1
. 2012 42°01'N ~45°01'N  153°28'E ~ 156°37'E 78 162 ~298 263.9 £34.4
2015 40°11'N ~43°28'N  150°04'E ~ 160°55'E 48 191 ~347 230.1+41.3
Male 2016 40°49'N ~44°15'N  153°04'E ~ 158°48'E 51 184 ~322 250.0 £26.5

1.2 IMEHEBHEE

PDO #5 %% (PDO indices, PDOI) J2& JZ it PDO
SRS AR L AR AR, 2 Sk PDO AH AL ) T 245
BT PDOL g IE A #58 PDO BRI TE A i,
5 GRS P RSP 3 T 7 R 1T I (sea surface
temperature , SST ) 315, 3¢ [E P4 ¥ )3 SST 45 ;
Zh PDO VWAL, 32BN S5 PDO B I AH fe
(R o BRI AR PE IR A B ST BT (Joint
Institute for the Study of the Atmosphere and
Ocean, http://research. jisao. washington. edu/
pdo/ ) #2 It %) PDOT w] £ 52 . 2012 4E4LF PDO ¥
#, 2015 F112016 4F4LF PDO BEHH

JEIR JE W FIAL B 95 B G 0 2t b 1 6 T 5
TR Z — R A KA R
FAAEE M AR 3 ] Rl 5 T 0 AR KA X 3l A
HJ7) (http://www. cpe. ncep. noaa. gov/products/
analysis _ monitoring/ ensostuff/ ensoyears. shtml ) 2
PR JE /R JE v AL JE 5 %504k s 72 , 2012 1 2016
AE ML IIRA 2015 47 JE /R IE TR AR

XA i E R (35°N ~50°N
FI150°E ~ 175°F) i 3af i 3 1 i & ( SST) Finf2¢
% a(chlorophyll-a, Chl. a) W EHI TSI K
Pk U8 T 5¢ [ [ 5K T R OR R HL R R
( https://oceanwatch. pifsc. noaa. gov/erddap/
eriddap) , 25 [A] 43383 4 0. 05° x 0. 05°,
1.3 #RAZE
1301 AW MH A R

REAR R JE R R T HE ) 2 A 436 T K
(mantle length, ML) {4 Jfi & ( body mass, BM) | {4
SRR EE o DU, IO 22 1 mm, (A
Ft G B = 1 g0 PR MR OB EE B9 & O AR A
LIPINSKI 45207 14 J 3 , AR 46 142 Mt 4 iE 2 1kl 43
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1.3.2  HAHMREAN &

W H A B0 NI, T ) BT
Nikon ZOOM645S {AZt i ik x 40 15 F #E47 CCD
AR, S5 I Mshot Fll G 73 B e, 23510
I HAFEESEE(E D), AR REH A A
£ ( total statolith length, TSL ). fx% K i J&
(maximum width, MW ) | 3 X £ ( wing length,
WL) FE X 5t (wing width, WW) | 1] [X K ( rostrum
length, RL) W [X_ 5 ( rostrum width, RW ) | 35 il [X.
K (ventral dorsal dome length, DLL) | fll] [X K
(lateral dome length, LDL) FI W] [X. & ( rostrum
lateral dome length, RLL) , & 25 BAEM 2 1 wm,
D by P2 AT, o P A 45 SRR 22 il ot
5% W) ST i, doe 2 RO 2 I )20
1.3.3 Bl ab BT %

GEt o3 B A [6] M3 RIS [ 9V B 55 4 H A
JERHAEAE, I X 2852 8Os e 4T 3 Lo oy
B AR BN RAEH AR S S F 228

FIFHAS [F] A AR Y (A bR B3 PR R 5 4K
BRI R HO G LRSS MK Z 1)
Bz, AR EBHEN (akaike information
criterion, AIC) ') SEHL AIC f5 /ML T A % 5%
AR

WA RS AE D B AR S E R A
TIEBRAAR2E S 0 S A K H AR A I RS
X HATESSEGHThRE, AR PRfEf o 7 2
FZCHR[23 ] SR JE X bR EAL S A B R AT A
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B1 FEEAEXMESSHTER

Fig.1 Dome and morphometric parameters of O. bartramii’ s statolith

TR R R HATE S BRI, 35 AS
[RIVEPE RS AE R I SST Ml Chi. a FEHR I 9
AL, IF SR AL B H AR S S BT
ot e PR SEt 2 iR Al Excel (SPSS 24. 0 Al
R 4. 0%k fFitAT

2 4k

2.1 BAKESSH

TS A B, S H A A IR AW X
FLIX T DA IX 2, He v 38 XA, W) X S 40
TR, MK SN a5 R T5 220 #r
J B WA A ) 2508 25 2 B0 A7 AE B 35 22 v
(P<0.05) . #1322 nJR1, AR R ER S A
PR H AL A R IE, Hodr . PDO & i e
HR4E (2012 48) HEATE ARS8 MW WL, WW | RL
1 RW B EPE A AR, TSLLDL #1 RLL ¥4
HEPEAS AR B PDO R JE /R JE T 4F (2015 4F)
HEPEAS AT A T S S BUE S R T MEVE S A5 PDO
W R E B4R (2016 4F) LSS KR WW 4,

A TE S S B I MEE AR T HEE A
2.2 ERSSH

HA 9 MEESEN E 5 o0 B4 3 8o
(F3),5 1 ~5 MHEFMBILESE TR
WK 53.096 % (15.906% 8. 928% 7. 747% Hi
6.498% , Bt Gilk B4 K 92. 174% ., 5 1 F i
S3H, B WW A LDL 4h, & TE &S5 8 R 50
7£0.5 DL b, Hr TSL WL 1 RLL B2 i 5 80
KL,iEF0.8 DLk, HIRIEM ;5 2 Wi+
TS5 WW LDL F1 RLL 7 2% 2505k, ¥4
0.4 LIE,5E2 ERrS5 WW RIEFA, 5 LDL,
RLL S HAHDE; 28 3 Esr 5 RW B K 7 AH
K, 5 WW Al LDL 5K IEAH K 55 4 E sy
FIEAZSE WW RL FIl RW 1 3 R 50K, 7E
0.3 i b, HA5 4 55 WW A RW 2EK
MIIEAEDG, 5 RL RER TR 5 5 ESsrT
B2 % WW RL #1 DLL 17 2% & 4 K, ¥78
0.3Lk k.
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Tab.2 Mean value and standard deviation of 9 morphologic parameters of O. bartramii’s
statolith in different marine environment years

SR A 1] AJFIAEAGy (i Measurement value in different years/mm
Morphologic parameters Sex 2012 2015 2016
TS i Female 889.6 £47. 14 880.1 +70. 84 905. 6 +64. 4"
Hf: Male 891.4 +62. 1% 836.1+75.1% 863.8 +52.25%
W Mt Female 568.2 +48. 1% 555.8 +54. 74 582.0 +£63.7%
Jf Male 565.1+52.6™ 523.8 +49.7% 553.6 £42. 8%
WL #f Female 640.9 +53.3% 613.0 +56. 8" 659.8 +48. 6"
i Male 634.5 +51.3™M 588.6 +50.1% 631.6+53.0%
W W Female 345.8 +56.3% 316.2 +49. 84 341.6 +45.9%4
If Male 341.9 +48.3% 309.9 +47.9% 347.3 +41.95%
RL i Female 312.5 +31.5% 305.1 +31.3% 312.0 £30. 24
Hf: Male 309.5 £33.94 283.9 +34.5% 305.2 +31.6%
RW I Female 126.6 +13.8% 126.5 + 14, 5% 131.4 +18.0%
1 Male 126.2 +16.6* 116.1 +21.6% 125.0 +18.45
DLL i Female 509.4 +54, 87 500.3 +60. 6" 522.8 +£52.3%¢
1 Male 509.4 +52.3% 463.1 £50.9% 504.5 +50.15%
DL i Female 316.2 +31.3% 310.7 £53.8% 312.2 +44. 24
Hf Male 319.4 +43.4™ 303.5 +39. 8% 300.1 +44.5%
RLL i Female 638.3 +43. 5% 644.9 +61.8" 637.4 +£50.7%
I Male 639.3 £51.5M 617.6 +55.8% 615.0 +48.9%

T WSS  , FFEE oA AR RS 7 B om MEREZE 57 .35 (P <0.05) , [RAT 8 & A R RV/INS RN 4 ) 22 57 .35 (P <

0.05) .

Notes: For one morphologic parameter, values in the same column with different uppercase superscripts are significantly different (P <0.05) ,

values in the same row with different lowercase superscriptsare significantly different (P <0.05).

x3 FEHAINESSHEDN
S A ERS A ENEEHRE
Tab.3 Loading values and contribution rates of
five principal components for 9 morphologic

parameters of O. bartramii’ s statolith

EEZH F A3

Morphologic Principal component analysis

parameters 1 2 3 4 5
TSL 0.936 -0.077 -0.083 -0.177 -0.109
MW 0.883 0.056 0.105 0.169 -0.202
WL 0.847 0.073 0.208 -0.197 -0.172
wWwW 0.378 0.662 0.387 0.364 0.354
RL 0.653 0.374 -0.226 -0.443 0.384
RW 0.572 -0.202 -0.631 0.416 0.192
DLL 0.789 0.325 -0.093 0.189 -0.361
LDL 0.466 -0.724 0.354 0.181 0.199
RLL 0.818 -0.411 0.098 -0.169 0.152

s

Contribution rate/ 53.096  15.906  8.928  7.747  6.498
%

Rit ok

Cumulative 53 106 69,002 77.930 85.676 92.174

contribution
rate/ %

AR T B BT, e BRI 52
WA RIS, NI, BB RFER f H
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K 2% TSL, WL RLL HI 5% ¥ 250 MW, WW
RW 25 6 MEESHANE 9 MEESHOREH
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2.3 HE.*._Ja:
2.3.1 HAYHRNEL

SR L R A AKX XA
SLXORWT R RAMAR ZE 1) B A /AN AR
F I HA B R W ORI F X, 4 Fsi 7R 4]
HERER: 6 MEIUEEASSHP, TSL MW WL
A RLL 5 i K 2 8] A 56 1 8 2% (P < 0. 05) , 1fij
WW RW 5[l 2[R AH 56 R 8.2 (P >0.05)
it AIC {H e PGl A KRR BL (K 4) ,PDO
{é/ﬁﬂﬂ}myﬂ@(zmz ) BRMEYE B WL 5 K
f) K 2 F o BR B R R BRI ON , IR B AR A S
H05 K 1) 96 7 Bt RS R F5 B R 85 PDO R
LR e E4F (2015 4F ) i B A7 TSL 5 /i K i
K ZR eI PREICR R 1 pR AR, MM A MW WL Al
RLL 55 IRH 1456 7 fcads eR Y k48 BeR 55, i
HA 44N FEIRESSEE K 1 56 R 508 R
SRR A PDO I HH L JE WA (2016 4F ) B 14
HA TSL MW Fil WL 5 i K 56 2 fed B8O 35
e gy, MM HA RLL MEpEH 47 TSL WL F1 RLL
55 A 56 Z d5c 3 PR B X B PR B, T 1 HE A7 TSL
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Tab.4 AIC values of different growth model of morphologic parameters and ML in different marine years

51 AR ) - S ,
e orphologic ! Ytk " HoH X
parameters Liner Power Exponential Logarithm
2012 359.618 360. 175 359.434 " 360. 560
TSL 2015 452.532 " 453.114 452.814 454.144
2016 439.906 441.807 438.945 " 443.427
2012 362.902 363.211 362.730 " 363.732
MW 2015 446.764 448.298 445.933 " 449.859
WP Female 2016 432.179 433.506 430.243 " 436.453
2012 394.670 " 394.739 394.680 394.858
WL 2015 468. 862 470.876 467.955 " 472.355
2016 440.712 442.278 439.937* 443.129
2012 364.315 364.704 364.137" 365.025
RLL 2015 487.612 489.636 486. 666 490.988
2016 431.919 431.468 432.304 431.269 "
2012 568.907 570.114 568.116 " 571.025
TSL 2015 376.414 375.552 377.050 375.115*
2016 355.377 354.484 356.205 353.921"
2012 529.110 529.798 528.199 * 531.029
MW 2015 355.194 353.983 355.821 353.414*
HERE Male 2016 348. 685 348.638 " 348.766 348.708
2012 545.062 546.611 543.670 " 548. 148
WL 2015 343.466 342.498 343.989 342.063 "
2016 359.587 359.182 360.470 358.803 "
2012 548.715 548.799 548.697 " 549.011
RLL 2015 354.545 354.390 354.707 354.384"
2016 369. 699 369.398 370.013 369.181"

&f w AR ATC {5/, B BGE B
2.3.2  HAMAMEXTRANVEL

¥ TSL MW WL 1 RLL 4 £ ES S5
HEATRRIEAL AR AL JE 1 4 DRSS T
B, % BB e S R bR AL S 1 RLL S 8040,
PDO ¥ WIHLJR R4 (2012 4F) A1 PDO I 14 Je i
(2016 47 ) 4 PMREAL G B S S B AN AE
WEZ S (P>0.05), PDO g )L /K Je i 4
(2015 47 )4 ML EIE &S %05 PDO % HA:
JEWRAE (2012 4F) FiI PDO BZ 7 JE iF 4F (2016
) ITEAE B F 5. PDO ¥ WH7 JE i 4F (2012
AF) F1 PDO I H JE BIRAF (2016 4F ) B HE A 1A AR
HEALJG 1 TSL MW F1 WL #4k PDO BE A JE /R B
AR (2015 4F) MEMEAMA, 11 PDO BE B /R JE
(2015 47 ) BEMEASARBRME LIS (1) RLL K Hith
2 AEMEMANA (B 2) . PDO ¥ B B I 4F (2012
4£) F1 PDO WAL 2 R4 (2016 48 ) BEPEA AR
WEAL S 9 TLS MW F1 WL 13K F PDO BE G

values are the minimum AIC values in the corresponnding models, which means the fittest model.

IRJETAF (2015 4F ), 5 MEPEAS AN R, HEPE A4
PRUELL)E 9 RLL 248/ 2) .

3 e

3.1 BAESHE
HARKREFEMWBANZ — HERY
AR B YR AT Lo H A
BARITER ER MR ARG, P, A
()0 T B A A7 A S5 22 57t o AN ()Y PR B3 4F
WEPERAT MBS S B AR R THEPE H A7, Ui
Y ] — A A O P 22 £ - A A P[]
AN H T M S R R A P, T
SO T A A AR R AR R
AT LR, D% AN, e — B8
Hh, EPE A A Eh T B TR IR R T R B 2 g
B MARE R GG T BRI AR H A 0™ 22
5o Sk AAR B AR i A v Bl R I
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Fig.2 Comparison of standardized morphologic parameters of O. bartramii’ s

statolith in different marine environment years
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WAE R E XS Ba% ) g & B, 2007 4E
Fef A~ TSLORL, WL 5 i | 22 5 R8¢ R,
RW WW 5l B A 25 A G, X S A5
SEIRFEA 255 X PRl AR K R R AR ] 25 57 )
BT AN ) Vg 9 A A A A K R I 22 Sk
L5 LR, AR B (R) 22 fA 0 AR TR S e R AR 22 5
X 2 S T 7 1 TR 4 ) L A AR Y
A P A ELOC R () 4 e e T A H B B
AFESEAT Z2 0 R A 5 T WF 98 1 AT A7 M R 2
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A ST R 32 B 43 43 B 0 26 TSL, WL,
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ARER AN, 182 RIS BEE R Y
T I ARHEAL I R R K B, PDO ¥ I Je k4
(2012 4) 5 PDO Wz Je i 4F (2016 4F) H-fq
WEZRIRATFAE R 225, 1 PDO I e /K e
WA (2015 48 ) 5 PDO 117 Je k47 (2016 4F)
HAEESHATAE R E S, U R U
PEXS SR AR ) SR AN S 25 TR e v/ i Je i3
rex R B A SR, LR e i1
S W KR B BRI AR TR A
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Tab.5 Morphological characteristic representative parameters of statolith for Cephalopods
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Effects of marine environment variation on the statolith morphology 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,
Shandong, China; 3. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China; 4. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China;5. Key Laboratory
of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China)

Abstract: According to the 356 Ommastrephes bartramii samples collected by Chinese jigging fleets in the
north Pacific Ocean from July to October in 2012 (La Nifia year in PDO cold phase) ,2015 (El Nifio year in
PDO warm phase) and 2016 (La Nifia year in PDO warm phase). The statolith morphometrics by year and
sex were analyzed, combined with the marine environment variation influence on the morphological variation of
statolith. The results showed that significant differences of morphological variation of statolith were found by
year and sex. The values of morphologic parameters of statolith in both cold (2012) and warm (2016) PDO
phase of La Nifia year were greater than those in El Nifio year (2015). The result of principal component
analysis indicated that total statolith length ( TSL) , wing length (WL) , rostrum lateral dome length (RLL) ,
maximum width (MW ) , wing width (WW ) and rostrum width ( RW) could be used as the characteristic
parameters of statolith. The analysis of variance ( ANOVA) showed that significant correlation was found
between TSL,, WL, RLL and MW versus mantle length ( ML), while no significant correlation was found
between WW and RW versus ML by year and sex. According to the SST and Chl. a mass concentration on the
fishing ground, higher SST and Chl. a mass concentration in suitable range corresponded larger size of
statolith.

Key words: Ommasirephes bartramii; north Pacific Ocean; statolith; morphological variation; marine

environment variation
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