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1.1 REMEFEE

PEH 2010 2015 F1 2016 4F [ R farEA (£
1) SRBEAT 0T, 23R A [ FREE 25 1F R B4R 07
(2010 47 24 $i7 JE W 47, 2015 4F 2 Ju /K JE o 4F,
2016 AN IERAFDY) o FEAR ZEERE T PHIL KT

PRI RIS B b F 7—11 H o 9L s
FREARBRERNE , BT 58 A 6 43 A BEHLR SRR A
ALTF 40 R, A SORIEREA 1 585 2 (Mt 867
R LHEVETI8 BB, R 1) o REM T MMEA B
BERIMY L R, Ja 2 blas f iz ol S 5 = 9E AT e
ZeIrhT o

x1 FREMILRFFEREBELELER

Tab.1 Basic information of Ommastrephes bartramii samples in different years

YAl " Gl i HEA I I Mantle length/mmm

Sex Year Longitude Latitude N/ SEHME + FRifEZE Mean = SD 785 B Range

) 2010 149°29'E ~ 157°47'E 39°24'N ~43°39'N 289 245.03 +31.40 190 ~356

Fﬂiﬁﬁe 2015 150°04'E ~ 160°55'E 39°51'N ~43°28'N 279 256.29 +41.99 162 ~352

2016 152°53'E ~ 158°45'E 40°32'N ~43°59'N 299 294.32 +41.34 194 ~395

\ 2010 149°29'E ~ 157°47'E 39°24'N ~43°39'N 214 252.35 +46.32 187 ~433

f]i%j]% 2015 150°04'E ~ 160°55'E 39°51'N ~43°28'N 261 248.43 +39.07 165 ~323

2016 152°53'E ~ 158°45'E 40°32'N ~43°59'N 243 261.58 +33.51 179 ~335

1.2 EfiEMmFNE

FRAKE R RS EA T AL 2R W) 2, A4S
A (mantel length, ML) 4 51] | 4 Ji Al 594 3 45
PR RO I RS 22 1 mm PR GBS (9 3 43
AR LIPINSKI %57 (1 07 o , B0 42k e 1 R AIE 25
ks TV IV VR, e TANL ok
A, ML Ly A, I8R5 ISR £ 11 5K
HRIBCHS A S, AP T A 75% SN 20
mL BLUAE . LR TR AR O R AR S8 BRI A
1.3 fmRSSMENE

AR R IO 2% A Bt AT 250 i

UHL

5 upper beak

RS R R T RHE, AR EIE Fk
(upper hood length, UHL) | |3 %€ K (upper crest
length, UCL ), [ B & ( upper rostrum length,
URL) . ¥ %% (upper rostrum width, URW) | _F{il]
BER: (upper lateral wall length, ULWL) , |3
(upper wing length, UWL) | F 3k i+ (lower hood
length, LHL) , F & %€ { (lower crest length, LCL) |
T K (lower rostrum length, LRL) | Bk 5 (lower
rostrum width, LRW) . F{l|E# K (lower lateral wall
length , LLWL) , N3 K (lower wing length, LWL) 12
WHEASE(E D ISR E 0.01 mm,

F5i lower beak

B1 FeafRIHMIESNETEE

Fig.1 Scheme of morphometric measurements of Ommastrephes bartramii beak
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1.4 INZHE

FAA I A K AR R 32 3R 2
R s ma ™ o R et b K v R A &
R (150°E ~160°E ,40°N ~45°N)7—I11 A
BV T IR (sea surface temperature , SST') Fil i
%2 a Y JF ( chlorophyll-a, Chi. a) #4717 4t it.
PAE 30 358 B8l 2 ok B S8 B I R A ALK R
( national aeronautics and space administration,
NASA ) Hh Bk WL 3% (earth observation ) TV 2 24 3§
(https ://neo. sci. gsfc. nasa. gov/) .
1.5 HREAETTE

(1) 2R B BE G A1 53 WA e A 3 2 90 <
LI, TR RN 6] £ BT SUE S S 80 758

(2) AR FIAS [F)AF o) Ff e 22 0 R 1
THBRAMAR2E 5058 1 B SUR 25 RS2 000, 1 560 #A o
TOLSHATIRMEN , BAR S SCHR[20] o AR5 %)
FrREAL e B A B HEOE JEA T IR S PR AR 30, AN 2
TEAS A B WA TSP 5 M Ak b e AL i 3
s Jea M7 223 CANOVA) X AN [R]AF 073 £ Jot 50
WSS HAT 2 LT

(3) M4k b3k 22 5 0 A, AR AS [) A 2R KA
R (LM RE ek R 5 R K 0 BR800 5 A BT
FILESEE MK Z B MR, AR RE S
2 ] ( akaike information criterion, AIC) )| &

CIERT ZANIDPSE S Ta S St Ie g o E BN W)

Ao =2k +In(") (1)
St k5 T P 2 O B B s B i
R R AT

F A Pr 5 22 53 #7 (analysis of covariance,
ANCOVA) , L&A B SUE S S HON VS R, 70
ANTRVEREE Z5 A T A B A K i 22 57

(4) 2 T WEFE 45 H 18] #A o S AR G 3 0
R K EBON I B8 Bk # K (UHL) | B
K (UCL) | | il BE & (ULWL) F1F 3k 35 K
(LHL) [ FHZRK (LCL) [ FlEE K (LLWL) 435
FAE ESUR T SUE SR AZ A R BE A0
%74 # (instantaneous relative growth rate, G) Fl
245} 4 # (absolute growth rate, AGR) 3434 £8
AL, AR 4500

- InR, —InR,

P x 100 (2)
Rz _Rl
Agy = - (3)

KR, Ko, AABSIEESEGR, e, A
FESIE S SEGA e WA AR A, mm/m,

(5) 0 T #R PRI R 30T 22 £ £ JoT S0 A
KB A O R ARy & R
(150°E ~160°E ,40°N ~45°N) () SST F1 Chl. a &
AT S AT Ge it , %45 H 18] 0 28 AL R A T 43
B, -5 0 B s A K AT R I8

G Beit 5587 % FH MS excel Fl1 SPSS statistics
17.0 #5347 o

2 %

2.1 FRHKAERK

it Wl 2010 AF M PR A R I K Y B R
190 ~356 mm , {410 220 ~ 280 mm, (5 &
1) 78. 54% 5 HEVEIE L A 187 ~433 mm , L #4 I
K41 220 ~ 280 mm, 5 HEH 71.49% . 2015
AR AR 5 B R 162 ~ 352 mm, {3l <
2H Ky 240 ~320 mm, (5 B 75. 98 % ; e
9165 ~323 mm, 3K 40 220 ~300 mm,
SV 78.93% , 2016 AF ME PR A A I K S Lk
194 ~395 mm, {EHR K 2414 260 ~340 mm, 5 &
B 72.91% 5 TG 4 179 ~335 mm, {3
K20 My 240 ~300 mm, (5 2B 74.90% , DL L3
AEAS A B I K (ANOVA, @ . F =132.30, P <
0.01;6 :F=7.19,P<0.01) fFfE R EXLR. I
K2,
2.2 FEERNMMEBRIESER

H1 2R 2 AN, AN R ARy (8] AS [ 1 53] A 5T it
TEAAA HFHE . Horp 2010 AFEAEACENE A RY
1 TSR 25 1 25 T S B0/ N T HEPE A, 2015 48
FEAS B A 5 S 25 2 B0 T I A1
1M1 2016 AFAEABEE AR £ ot 50 2 200 S K T 1
PEAMA

WA RS BT SBE TAn AL S (& (E X L
AR S FRIR) BT T 22530, A A R AR
TEAN[A) AR 6] £ o U S B FFE & 22 5% (P <
0.01), B Pk A LE A R AF | BR T F 3k 5 K
(LHL) Ak, HoAth ffy Fi 50 S BRI E B 2 57
(P<0.01), F|fHZ & L ( Tukey-HSD) 434 &
P, MRS AU AE 2010 A1 2015 4R K
(URLy) \ FHRK (LCLy) FI N 3K (LWL ) A7
TEZ5 (P >0.05) , HEPEASALE 2010 F12015 4F
1y b 58 (URW,) |, B (LHLg ) 1 F 3 K
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(LWLg) 2010 12016 41 I k4 (URLg) . T Ik
K (LHL) 1T il BE 4 (LLWLg ) (2015 F1 2016 4F
1) F A (UWLe) . T B K (LHLg ) F1F B %8
(LRWo) NFETEZE (P >0.05) , W33,
2.3 ARSESSHSERKNXE

i bk 2R, A K B AR AL I 1Y £
FSE RS 1Y b3k 354 (UHL) | |
HRIK (UCLy) | L MEE K (ULWLy) |\ F & R K
(LCLg ) F N BE K ( LLWL ) 43 51 5 I 57 5%
Fo MR AIC YER, LA M 5 SO S (EH S5
KRR LT, FHSEC5 KR
WA A v I AR OGP, B (819 43 A 17 100 L % 4
MHRTT 225311 (ANCOVA) Z5 3 hmf LLUZ I, Fik
5 WhRAEALEEYE /A B 28 S K O R FEA
AR I FE R EZ 5 (P <0.01), 2010 4F
(1) b AELAHXRT 8 57,2015 4FE I FeAik

2010 22015 02016 M Female

10

% Frequency/%
—
()]

0 180 200 220 240 260 280 300 320 340 >340
it Mantle length/mm

30 HElE Male

25

20

15

10

2010 82015 02016

& Frequency/%

0 180 200 220 240 260 280 300 320 340 >340
¥ Mantle length/mm
B2 AEEHIRERKERSHE
Fig.2 Distribution of mantle length of

Ommastrephes bartramii in different years

R2 FREMREFRILSHENIREE

Tab.2 Mean value and standard deviation of beak morphometrics of Ommastrephes bartramii in different years

mm
AMH 2010 2015 2016
Morphometrics HEE Female HEYE Male WPk Female HEPE Male Wik Female HEPE Male
UHL 18.43 £2.63 18.70 £3.22 17.52 £3.40 17.08 £3.23 22.09 +6.84 19.37 £2.63
UCL 22.17 £3.30 22.55 +£4.06 21.22 +4.21 20.67 +4.01 26.94 £3.85 23.94 +£3.17
URL 6.25 +0.98 6.29 +1.10 6.08 +1.40 6.00 +1.51 7.13+1.16 6.44 £1.09
URW 4.63 +0.82 4.79 +0.95 4.91+1.11 4.81+1.16 6.14 £0.96 5.57£0.89
ULWL 19.05 +£2.91 19.34 £3.67 17.05 £3.66 16.50 £3.55 20.10 £3.17 17.85 £2.58
UWL 6.47 +1.10 6.40 £1.25 6.15+1.43 5.89 +1.31 6.81+1.12 6.06 +1.02
LHL 6.21 £0.88 6.32+£1.22 6.48 £1.30 6.25+1.29 7.65 +4.58 6.44 +0.94
LCL 11.07 £1.75 11.31 £2.33 11.06 £2.33 10.67 £2.31 13.99 +2.38 12.26 +1.85
LRL 5.33+0.87 5.42 +£0.99 5.75+1.28 5.72 £1.47 6.93 +1.05 6.10£0.93
LRW 5.30 +0.89 5.35+1.03 5.94+1.34 5.96 +1.33 6.57 +0.98 5.91+0.92
LLWL 16.33 £2.39 16.60 +£3.07 15.62 +3.28 15.22 £2.96 19.46 +3.18 17.18 £2.45
LWL 9.75 +1.51 9.73 £1.79 9.48 £2.13 9.25+1.90 11.79 £2.17 10.52 +1.60

AR ATC HED, b3 M A IR S5
KR AT LA, HAR 0] )7 73 B 17 D W3R
5,82 B K 56 28 39 B 1A SRk
MTT 22534 (CANCOVA) g5 3R ipal DUR B, [k
5 IGUbRHE AL HENE A SIS B IR 1 56 R AEA ]
AR IR 229 77 A8 i 35 22 5 (P < 0. 01) o SEPEA
11,2010 4E14 b {H K ,2015 4E8 /N,
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M 8—9 H A KA M B MK ;2016 4F, A Fsigaxt 9 A4t R KRR, 2015 AR 7E 9—10 H
AR R LA T8 A G A4 B4 Xt A KRR B R, 2016 4F 10—11 A 19
XERFRIE TR e[ — A5 ,2016 420K ZaXi R KA RR, AR AR K AW R I 2R
15 T—8 A IR A KR By, 2010 4RAMA7E 8— (9T UL,

R3 TREMARMEHNFREHBRALSESTEST

Tab.3 Beak morphometrics variation of Ommastrephes bartramii in different sexes and years

LGB Rk Tukey-HSD

Standardized Whole 2010—2015 2010—2016 2015—2016

morphometrics comparison HfPE Female JfEPE Male Mt Female JfEPE Male W PE Female JHEtE Male
UHLg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
UCLg <0.01 <0.01 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01
URLg <0.01 <0.01 >0.05 <0.05 <0.01 >0.05 <0.01 <0.01
URW <0.01 <0.01 <0.01 >0.05 <0.01 <0.01 <0.01 <0.01
ULWLg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
UWLg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 >0.05
LHLg <0.01 >0.05 <0.05 >0.05 <0.01 >0.05 <0.01 >0.05
LCLg <0.01 <0.01 >0.05 <0.01 <0.01 <0.01 <0.01 <0.01
LRLg <0.01 <0.01 <0.01 <0.05 <0.01 <0.01 <0.01 <0.01
LRW <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 >0.05
LLWLg <0.01 <0.01 <0.05 <0.01 <0.01 >0.05 <0.01 <0.01
LWLg <0.01 <0.01 >0.05 <0.01 <0.01 <0.01 <0.01 <0.01

T RPN B FESHL, Hih <0.01 AFFER B F 225, <0.05 HAFFERFE 2SR, >0.05 N AFTERER:
Notes: the value in table means the significant parameter, < 0. 0l represents highly significant difference, < 0. 05 represents significant

difference, >0.05 represents no significant difference

x4 AEEMREERERRMSFEKEESFRHETESH
Tab.4 Regression analysis and ANCOVA of beak morphometrics and mantle length

for male Ommastrephes bartramii in different years

FREIL G TE S E \ [B 943 #fr Regression analysis ANCOVA
Standardized i
morphometrics Year JrZE MS F a b R P F P
2010 1980.06  1420.65 0.06 2.14 0.87 <0.01
UHLg 2015 2180.22 1 046.07 0.07 -1.33 0.80 <0.01 65.86 <0.01
2016 1409.61 1502.29 0.07 0.49 0.86 <0.01
2010 2 984.09 1202.72 0.08 2.21 0.85 <0.01
UCLg 2015 3 386.45 1144.27 0.09 -2.23 0.81 <0.01 81.14 <0.01
2016 2 155.04 1 865.65 0.09 0.64 0.88 <0.01
2010 2 613.02 1971.32 0.07 0.30 0.90 <0.01
ULWLg 2015 2 407.29 715.28 0.08 -2.84 0.73 <0.01 160. 20 <0.01
2016 1 296.24 972.55 0.07 -0.21 0.80 <0.01
2010 963.59 978.32 0.04 -0.24 0.82 <0.01
LCLg 2015 944 .33 554.53 0.05 -1.45 0.68 <0.01 26.49 <0.01
2016 586.64  1020.06 0.05 0.15 0.81 <0.01
2010 1 164.61 953.99 0.06 0.06 0.80 <0.01
LLWLg 2015 1737.34 835.19 0.06 -1.21 0.76 <0.01 41.77 <0.01
2016 1164.61 953.99 0.06 0.06 0.80 <0.01

T RPSHIINENR R y = av + b

Notes; the parameters in this table mean the linear model y = ax + b
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Tab.5 Regression analysis and ANCOVA of beak morphometrics and mantle length
for female Ommastrephes bartramii in different years
R G TEAS(E A [8] 943 #F Regression analysis ANCOVA
Standardized Year - R
morphometrics JiZ MS F a b R P F P
2010 1431.59 736.20 0.07 1.03 0.72 <0.01
UHLg 2015 2694.11 1551.30 0.07 -1.45 0.85 <0.01 134.09 <0.01
2016 2771.29 2672.15 0.07 -0.01 0.90 <0.01
2010 2 391.79 928.81 0.09 -0.31 0.76 <0.01
UCLg 2015 3916.43 1 180.59 0.08 -1.65 0.81 <0.01 116.69 <0.01
2016 4043.21 3149.73 0.09 0.71 0.91 <0.01
2010 1 857.86 915.95 0.08 -0.76 0.76 <0.01
ULWLg 2015 294418 1048.73 0.07 -2.81 0.79 <0.01 404.82 <0.01
2016 2502.85 1508.51 0.07 -0.53 0.84 <0.01
2010 590. 83 573.04 0.04 -0.10 0.67 <0.01
LCLg 2015 1105.41 752.55 0.05 -1.11 0.73 <0.01 22.25 <0.01
2016 1 126.64 799.09 0.04 0.18 0.73 <0.01
2010 1 188.22 741.96 0.06 0.48 0.72 <0.01
LLWLg 2015 2401.23 1 106.37 0.07 -2.31 0.80 <0.01 97.87 <0.01
2016 2387.14 2073.27 0.06 -0.62 0.87 <0.01
T R SR IR ) = av + b
Notes: the parameters in this table mean the linear model y = ax + b
*6 AREMEUZERABRARMEKEETL
Tab.6 Monthly beak growth rate of male Ommastrephes bartramii in different years
*/]#‘Af’pﬁﬁﬁﬁjf{a Y #a %t A K # ARG/ (mm/m) X ERE G
Standardized Year
morphometrics 7—8 H 8—9 H 9—10 H 10—11 A 7—8 H 8—9 H 9—10 H 10—11 A
2010 0.004 0.018 0.001 0. 005 0.047 0.164 0.012 0.044
UCLg 2015 0.009 0.005 0.010 0. 004 0.092 0.050 0.094 0.039
2016 0.019 0.007 0.006 0.003 0.177 0.061 0.050 0.028
2010 0.004 0.016 0.003 0. 006 0.043 0.174 0.029 0.058
ULWLg 2015 0.007 0. 006 0.007 0. 006 0.095 0.072 0.080 0.064
2016 0.014 0.006 0.003 0.002 0.177 0.072 0.029 0.021
2010 0.003 0.008 0.0008 0.006 0.056 0.155 0.013 0.098
LCLg 2015 0.004 0.005 0. 005 0.002 0.085 0.089 0.090 0.035
2016 0.011 0.003 0.003 0.002 0.194 0.053 0.050 0.046
2010 0.003 0.014 0.002 0.004 0.035 0.179 0.020 0.044
LLWLg 2015 0.005 0.005 0.007 0.002 0.076 0.064 0.091 0.030
2016 0.015 0.005 0.004 0.003 0.193 0.058 0.040 0.032

B % 7 0T LA Y, A AR 5 1 A 1A R
1£1:2010 4EAMA7E 8—9 H A £ Joi 91 4 X A KR
Focren , Hofth 7 073 1] 46 ok A K R A XA AR, X — A
FEAN A e g 25 0 A BA S AR 5 2015 45 1)
AN T—8 A 4t A K R e, Bl A 04
KR NAAR, HARFERE ;2016 4, ff) iS4 %t A=
KRt it 0 & A e 8—9 A, Hifth iy Ay 4 Xt
KRR, e — A v, 5 MR, 2016
AEMEVEA R B4 X A K R AE T—8 A &4 i
5 ,2010 AEMEPEMATE 8—9 F 4ot A K R
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2015 AFMEPE A 1A 1 26 05 AR R TE 9—10 Ay fit
1o AN AR KRR B RIS AL (3R 7) .
2.5 AEENFEREFHERBEMMHER a iR
ERAZEK

1T BRI 32 Bl B S A TR AR
% (150°E ~ 160°E ,40°N ~45°N) yEFE N, F kA
RT3 247 A 0 (T—11 H) 191
il (SST) AL a WHEHEAT ST M i 14
3 nlE W e —AE 0,7 Y SST &4k, 8—9
HBIFI6EH R, 2 10 H 4 PRV, 11 A4
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HA b SST 78 18 CLLT . #ER—H hH, A 9 J SST EEL5p 4 T 18 ~22 °C, i 2015 429 H
F4EG R 22 kR 8 A9 A, Hdr 2010, SST F£E4AA T 15 ~18 C, #41,2010 2015 4
2016 4F 8 H SST EFL4»4i F20 ~23 °C,Tfij 2015 7 H SST £ 44 F18 ~20 °C, Tij 2016 4F 7 A
48 F SST FHLAAi T 16 ~19 °C, 2010 2016 4F  SST FZ404i T 16 ~18 °C,

RT TREMIEMEESR B ARSAEREEN

Tab.7 Monthly beak growth rate of female Ommastrephes bartramii in different years

PREAL TS ME R #a X K A ARG/ (mm/m) XK & G
Standardized Ye:
morphometrics ear 7—8H 89 9—10H 10—11 785 8945 9—104 10—11
2010 0.003 0.018 0. 006 0.005 0.028 0.189 0.056 0.050
UCL, 2015 0.007 0. 006 0. 006 0.002 0.082 0. 064 0.062 0.015
2016 0.013 0.016 0. 001 0. 001 0.131 0.141 0. 006 0. 004
2010 0.002 0.016 0. 004 0.0034  0.028 0. 194 0. 044 0.038
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Annual variation of beak morphology and growth models for neon flying
squid ( Ommastrephes bartramii) in north Pacific Ocean

FANG Zhou'***, CHEN Xinjun"***° QU Junyue', LI Nan', LI Jianhua'?*""*
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Oceanic Fisheries
Exploitation, Ministry of Agriculture, Shanghai 201306, China; 3. Key Laboratory of Sustainable Exploitation of Oceanic
Fisheries Resources, Ministry of Education, Shanghai 201306, China; 4. National Engineering Research Center for Oceanic
Fisheries, Shanghai 201306, China; 5. Laboratory of Marine Fisheries Science and Food Production Processes, Qingdao
National Laboratory for Marine Science and Technology, Qingdao 266237, Shandong, China)

Abstract; According to the squid samples collected from 2010, 2015 and 2016, the mantle length, body
weight and beak morphometrics of annual and sexual differences were analyzed, and the monthly beak growth
rate was calculated, combined with the distribution of monthly sea surface temperature (SST) and Chlorophyll
a (Chl. a) to study the potential influential factors on the beak morphology and growth. The results showed
that the mantle length and body weight had significant difference between years, the largest beak
morphometrics was the individuals in 2016, and the smallest was in 2010. The growth parameter b in 2010
was the largest, and that in 2015 was the lowest. The growth rate during August to September in 2010 had the
highest beak morphometrics growth rate, and had lowest in 2015. The distribution status of SST and Chl. a,
the SST during August to September in 2015 was lower than that in the other years, the distribution of Chl. a
during August to September was dispersed, but the high concentration ( > 0. 7mg/m’) had a large
proportion ; the beak and mantle were relatively larger in 2016 than in other years due to the suitable SST and
Chl. a. The beak morphology had significant difference between different years, and the variation of SST and
Chl. a during August to September is one of the main factors that affect the beak morphometics.

Key words: Ommastrephes bartramii; north Pacific Ocean; beak; growth difference; oceanographic variation
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