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Fig.1 Schematic diagram of beak morphological variables
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Fig.2 Mantle length and body mass frequency distribution diagram of O. bartramii and G. borealis
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Tab.1 Results of principal analysis for beak morphological parameters of O. bartramii and G. borealis
F 8435 #r Principal component

EESH Ff 0. b ji L7 LS 10 G. boreali
Morphological variable M O bartramis UM W G borealis
1 1 2

UHL 0.904 0.667 0.418
UCL 0.953 0.777 0.336
URL 0.790 0.601 -0.400
URW 0.708 0.585 -0.449
ULWL 0.920 0.427 0.556
UWL 0.877 0.415 -0.078
LHL 0.853 0.590 0.026
LCL 0.937 0.708 0.205
LRL 0.840 0.669 -0.447
LRW 0.388 0.631 -0.418
LLWL 0.882 0.264 0.724
LWL 0.884 0.708 -0.042
FiHk# Contribution rate/% 70.711 36.443 15.902
23t 5tk Cumulative contribution rate/% 70.711 36.443 52.345

R2 FEMLEAMESHARIESEZEEMRRERETENSES AIC HILR
Tab.2 Comparison of morphological variable and AIC for mantle length growth models of O. bartramii and G. borealis

JEBFSH ] ZAa 0. bartramii BEFSH He AR L7 UEE S G. borealis
Morphologic Growtt d ! Morphologic Growth d !
valiable rowth mode! a b AIC RZ Val’iable TOW mode. a b AIC RZ
LRtk 121.794  8.696 1298.398 0.681 bk 181.17  3.578 998.392  0.474
o 46.569  0.617 1296.868 0.683 o 107.706 0.014  998.375  0.474
UHL o UHL o
SR 173.788  0.027 1303.824 0.673 SR 190.504 0.014 998.475  0.474
PR -291.687 196.256 1297.041 0.683 X 37.364 71.933  998.521  0.473
E3 97.729  7.765 1243.442 0.751 E3ia 135.419  4.175 989.332  0.420
L = 31460 0.692 1241.709 0.753 | b 53.014  0.468  989.356  0.420
BT 160.850  0.024 1249.736 0.744 FER 159.476  0.016  989.321  0.420
S % -418.676 220.779 1240.362 0.755 Xt —143.228 118.742  989.387  0.420
348 160.477  8.120 1306.485 0.669 E3ia 224.780  4.404 1006.949 0.428
-4 72.465  0.500 1300.925 0.677 " 203.075 0.118 1006.748 0.429
ULWL " URL -
EiTid 196.823  0.025 1313.965 0.658 i 226.623  0.017 1006.977 0.428
X g * -158.654 161.535 1294.998 0.686 o g 196.833  30.279 1006.723 0.430
2Rk 171.305 19.953 1361.317 0.576 295 227.392  1.249 1010.100 0.411
" 126.708  0.463 1359.442 0.579 " 181.763  0.109 1010.017 0.411
UWL " ULWL "
EiTid 202.449  0.061 1364.627 0.569 it 228.964 0.004 1010.112 0.411
X B 25.809 147.543 1359.369 0.580 or 168.521 27.961 1010.009 0.412
2R 154.847 20.517 1367.609 0.564 2k 227.008 3.383 1008.229 0.421
o 110.335  0.512 1367.295 0.564 " 201.536  0.112 1008.032 0.422
LHL . LHL "
it 191.253  0.064 1369.191 0.560 4 228.705 0.013 1008.260 0.421
PR —15.377 161.697 1368.237 0.562 or 194.779 28.562 1008.012 0.423
LRk 135.825 11.828 1269.103 0.721 2k 152.694  5.819  976.590 0.581
Ll b A 66.420  0.574 1264.740 0.726 | | 2 81.144  0.400 976.924  0.579
o Sy 182.393  0.036 1278.892 0.708 o FeH * 170.425  0.023  976.415  0.582
S E* —181.504 183.462 1262.654 0.729 X% —34.273 100.991  977.186  0.580
LRt 128.345  9.326 1286.420 0.698 B3t 216.537  5.433  999.399  0.469
g 53.088 0.595 1286.335 0.698 o 190.054  0.151  999.285  0.469
LLWL o LRL o
SR 176.190  0.029 1 289.503 0.693 224 219.516  0.021  999.468  0.468
PR -244.158 187.280 1289.176 0.694 X% 180.279 38.313  999.300  0.469
3 167.405 12.266 1373.134 0.553 E3ia 237.743  0.842 1011.050 0.406
) - 96.968  0.475 1371.410 0.556 = 208.490  0.067 1011.000 0.406
LWL o LLWL )
BT 200.230  0.037 1376.714 0.545 24 238.310  0.003 1011.053 0.406
X5 -58.426 150.904 1371.633 _0.556 paEe 203.649 17.021 1010.996 0.405

T L,
Notes: # . The best model.
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2.4 F|RISH
2.4.1 BAHRHT

BAHHIR MR s (K 3) , Fafdty
0086 1k F ff 59 URWs, UHLs . ULWLs FfI
URLs 4 NMESSHOM R /A %A LRWs  LLWLs
M LWLs 3 MESSHUE&E E T B % (P <
0.01),

[J s, 35 22 R AL 7 400 15 WA o U 25
SEBRE AP A 5 SR o Sl SE T B R A
JoR SRR AR TR

et LA T

Y =12.908 X Lypy. + 12. 185 X Ly, +7.322 %
Lupwr. +10.368 X L. —292.171

FAaF T

Y=3.197 X Ly, +5. 481 x Ly, . +7.092 x

Ly, —115.283

AU 75 PN 2 W £ Jo

Y =10.092 X Lypy, + 10. 682 X Ly, +8. 639 x
Luwi. +9. 648 X Ly, —264.022

6T L5 S W T £ T

Y =2.070 X Ly, +5. 102 x Ly, . + 6. 530 %
Lyy. —93.233

A6 SR 25 2 5017 2000 4 B, 25 21
(F4) WoR, AR A A IE A6 2R R 91.40%
A0 75 00 B 5 WA A 149 ) 391 1 1 %R 94 38% ,
IEH2N 92.70% . FIFH T M BSIE S S 80T
BN, 45 5 S, 32 R R 0 ) 51 10 B R
77.38% , At J7 400 M 1 R A %) 0 00 O 1 32
93.26% , A IF %N 84.50%

®3 REMLFUESHE . TRARIAFXSSHNESHRER

Tab.3 Results of stepwise discriminant of upper and lower

beak morphological indices for O. bartramii and G. borealis

R Beak  HIBIVCHL Step J645 2% Morphologic variable Wilks A F P
1 5% URWs 0.517 371.610 <0.01
IRl 2 33K UHLs 0.384 317.545 <0.01
Upper beak 3 EE K ULWLs 0.290 321.657 <0.01
4 [ K URLs 0.286 245.948 <0.01
S 1 Tﬂ%}ﬁ: LRWs 0.647 216.397 <0.01
2 FMIEEK: LLWLs 0.587 139. 385 <0.01
Lower beak 3 THRK LWLs 0.559 103.745 <0.01

F4 ETFREMLFUESWE.THRIMPFIAEREERE

Tab.4 Classification matrix with percentages of correctly classified individuals based

on upper and lower beak morphological indicators for O. bartramii and G. borealis

il Tl A Eit RS
Lk -~ Discriminant quantity/ & o Ik
Beak Species Total/ & Accuracy rate/ %
Z2ft 0. bartramii LT HLEE L, G. borealis
\ Zefa 0. bartramii 202 19 221 91.40
Uj:fﬂe?ibik LT EE S G. borealis 10 168 178 94,38
bp B Total 212 187 399 92.70
» Zzfa 0. bartramii 171 50 221 77.38
E}ﬁiﬁk AT S S, G. borealis 12 166 178 93.26
o JAIE Total 183 216 399 84.50
=X 18 19
3 e Ji 57 AR A e AR AT B 5 45 SR AR L
e

3.1 MEAMSH

TE MU AL J5 FUL 55 5 IR SR AR A
S8 PR A AR S A B R B R T LT UL
Mo 2R BRI IE T 00 4 IR AR 1 D10 34 IR I i i
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3.2 ARSESHERS ST

B o993 7 T /N7 DG i e < R D= 1 = N
Sr—F o AR B AR B AR S R
fiE. A JiSE &% 24 UHL UCL ,ULWL ,UWL,
LHL LCL .LLWL 1 LWL 5 3&-& T 3 E 2 1 ff
JRER A K, Hodr UCL dg 68 4 ¢ HL Ay Joi 5 119 A
Koo GEEIHTEE IR, AT LLIA Ry 22 f 6 o1 i 32 %L
AR R 58, B RAEIKF- I 1) b AR KGR e
[ . B8 A 5 TG s A — NSRS, TR
UESE 7RIS £ 1 S LR BE 11 7
1, R Y 1 B AR AR A A AR, Sk A
FANFL A ] 75 A 2 A S UK - O 1) #HE BL T
[i]_F A KRR AR, X 5 A 45 RS A
FL o SUARFE R, AT A 32 0 A B s AR K S 8
ZEFMMBE IR

XF T AC T O S AR AS, 5 — BB
AR BT A B R SN ERIE SRR, AR
& 2¥ 2% UHL, UCL,URL,ULWL LHL LCL,
LRL #1 LLWL B3 & FI R SR AL AL 7 00365 15 I A
AR s TR ey LA 5 W Ly
SIAT AR AR D5 P00 S A B S AR AR Ak
(%% #E N ¥ 2 UHL, UCL, URL, LHL, LCL i
LRL, X 5A OB R BEA — B, 456 70
g5, AT LA g e 77 40085 5 R 32 B A AR A 2
A GFMEE , HR 2 iR Ak 55

25 LR 38 A 5 0 R AL T R S W 6T B
AL, PR3 e J 22 1) 3 o 1 3402 UCL,
VB S TR 1 P b 3k A2 28 A o i b J B AR
PER AR AL, HUCR M BE , & T34 REXT # J5 5
I SR ) B SCEAE T, Sk i KRR A O A
K- J7 ) B A KbR AR 2 —, 31X 5 TN R BF
GelsaR Mg gy
3.3 ARTIEESSEKHXE

WEFERBT, PPk L 2 IR 5 £ 5T 50 2 4K
PR TFARER R . TR ™ BFFs & B, A6 )y 1046
L5 W) £ ST SRA MY 28505 TR R AR o o 5 vk
RO BRI R . R R R B, S
J S5 MR B A KA 2 [R5 1Y, X S AR BF T Y
#iR—2,

e LA AE /9 B 58, 2X £ # ( Dosidicus
gigas) " G 5K ( Uroteuthis edulis )™ | 3,
A 14 0% ( Loligo opalescens ) " F1 45 12 ( Sepia
esculenta) 2 1 WY 2524 S 405 R K SR 4R 1k

KA PHUDRES IR S 28 BR T LLWL 5
KRR, HA £ S0 7 2808 5 IR K
SR Z R A SR 3 WY ( Eledone cirrhosa)
BB SF SR SR EFRBLER. 7
BraeBi], ANTal Sk 2R A B SUR 8 S 805 IR K
Z ) ) de i A KT BRAFAE 22 5, T RE S PR O AR T
TEAN ) i 35, 32 B0 PR R BORFE 2 ) R R 4%
AR, DT 5 S50 1 T3 R A AN [ 5 2 Al RE 2 [
HATRL RS Z RITE A P2 e AP A 25 5%
X 22 S X)) AR A B A T R T
SHERK BRI ABFFTH T 2 Fhsk
AR PTMSE G KA LR, 754 5 EsE
A LA 5 A 5T A A R AR B R Ak B A Sk 2R
AR, 3K R B A A T TS A G
BE L,
3.4 HR S

UTAER  BORBR 22 1 25 2 1 5 A Jo SR X Sk
JESEHEAT RG], FEADE T, O T RBRAME
RN I S0, ) A SR 1 5 50170 H:
S HIAT T ARl 7 LAEE Ry IF 5
Hh, IR A T IR A T £ 5 S0 25 2 Btk AT b
b, HU 261 23 51 5R LA G A 9 4K A 3k a5 <
B S S BT R e, K IE R KT
RGBS S5 4 B

HI TN Sk 2 0 A KRR A AE 22 5, BT
1) E T A BTSSR AS E AR MR B AN
[l 7 FHEES S U R Y bR R A KA
B AR FSIAEANERIEAS 22 5%k, M 3 D F
Sk R T SUESNMRIE S B 2080, I,
AR SCH 2 AL J7 4008 S b R A B O T
FEET R, IF AT T BT BT R I, PR
Sk S b A BT A ) TE A R R TR A
BT A 3, PR, B B A T
A AL TT AU S R R, K, i 2
FIFH AR S, b 2 T A SR, A6 T 1U0BE 5 R
PACH 0] T R B g T SR AR, R L D7 40
B I A 5 SN RO A5 R AR SE B AR
25 L RTIR A S RE A DX 3 2 e AL DT U0
Ly PR e, B EA DS ASOR

4 JRH

AR SO - 1 T 3 ) 2 AL D U8 5
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Beak’ s growth characteristics and species identification for two kinds of
squids in the north Pacific Ocean

LIANG Jiawei' , PENG Miaomiao', CHEN Xinjun'****° LU Huajie'>*>°  HU Guanyu'’*>*" FANG
Zhou' 3456
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory of Marine Fisheries
Science and Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237,
Shandong, 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. Key
Laboratory of Ocean Fisheries Exploitation, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China; 6. Scientific
Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural Affairs, Shanghat 201306,
China; 7. School of Ocean and Earth Science, Tongji University, Shanghai 200092, China)

Abstract; In this study,the samples of Ommastrephes bariramii and Gonatopsts borealis were collected by the
Chinese squid jigging vessels during September to November in 2018 in the high seas of north Pacific Ocean
(41°05'N —43°45'N,154°05'E — 159°43'E) . Their beaks’ characteristics were measured and analyzed. The
results showed that the two species had extremely significant differences in mantle length and body mass. The
principal component analysis showed that upper crest length ( UCL) was the best for representing the beaks’
external morphological features of O. bartramii, and upper crest length (UCL) and lower lateral wall length
(LLWL) were the best for representing the beaks’ external morphological features of G. borealis. The AIC
( Akaike’ s information criterion ) showed that: The relationships between ML and UHL, LHL, LLWL, LWL
were best described by power function for O. bartramit, and relationships between ML, and UCL, ULWL,
UWL, LCL were best described by logarithm function for O. bartramii; The relationships between ML and
UHL, LRL and LLWL were best described by power function for G. borealis , relationships between ML and
UCL and LCL were best described by exponential function for G. borealis, the relationships between ML and
URL, ULWLand LHL were best described by logarithm function for G. borealis. Stepwise discriminant analysis
showed that the correct discrimination rates of upper and lower beaks were 92. 70% and 84. 50% ,
respectively. Meanwhile,the discriminant equations were built. The results indicated that the external shapes
of beaks can be used to identify these two kinds of squids.

Key words: Ommastrephes bartramii; Gonatopsis borealis; beak; growth; species identification
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