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Study on population structure of flying squid in
Northwestern Pacific based on gray system theory

CHEN Xin-jun, TIAN Si-quan, YE Xu-chang
( Ocean College of Shanghai Fisheries University 200090, China)

Abstract: Based on the squid samples randomly collected by squid jigging vessels from Shanghai Fisheries Company
in October and November 1999 in the western waters of 165°E, 9 morphologic indicators, i.e. mantle length, fin
length, fin width ,eye diameter, the first right arm length, the second right arm length, the third right arm length,
the fourth right arm length and right tentacle length, from squid were measured. The paper took Gray System Theory
as a method to study population structure. The result indicated there are two distinct groups of squid in the
Northwestern Pacific, and the indicators exist differently.
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Fig.1 The illustration of different length

indicators for squid
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Tab.1 The cleared value of aggregative indicators
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Tab.2 The ratio of different morphologic feature indicators

BE 1 2 3 4 5 6 7 8 9 10

Q/ML  0.4245  0.4282  0.4363  0.4575  0.4388  0.4377  0.4407  0.4451  0.4249  0.4462
Q/ML . 0.7659  0.7365  0.7365  0.7500 . 0.7403  0.7262  0.759  0.7363  0.7847  0.7581
Y/ML  0.0722  0.0824  0.0850 0.0725 0.0746  0.0587  0.0760  0.0824  0.0680  0.0806
W,/ML  0.4880  0.5012 0.4788  0.5600  0.5254  0.4939  0.4924  0.4698  0.5042  0.5161
W,/ML  0.6039  0.5765  0.6006  0.6675  0.5910  0.5037  0.5988  0.5632  0.6147  0.5833
Wy/ML  0.5755  0.6165  0.6601  0.6900  0.6358  0.5917  0.6778  0.6126  0.6346  0.6048
W4/ML  0.5514  0.5435  0.5779  0.6950  0.6269  0.6308  0.5957  0.5632  0.6289  0.5995
S/ML  0.4923  0.55299  0.6091  0.6375  0.6746  0.5550  0.6383  0.7005  0.5184  0.5645
A 11 12 13 14 15 16 17 18 19 20

QI/ML  0.4358  0.4390  0.4395  0.4456  0.4524  0.4384  0.4451  0.4441  0.4718  0.4389
QML 0.7537  0.7610  0.7737  0.7513  0.7674  0.7945  0.7764  0.7450  0.7910  0.7639
Y/ML  0.0758  0.0732  0.0684  0.0648  0.0761  0.0712  0.0849  0.0774  0.0678  0.0833
WI/ML  0.4905  0.520  0.5000 0.4948  0.5074  0.5205  0.5259  0.5444  0.5791  0.5417
W2ML  0.5937  0.6122  0.5658  0.5959  0.5920  0.6027  0.6128  0.6304  0.7062  0.6389
W3/ML  0.6568  0.6244  0.6158  0.6166  0.5920  0.6712  0.6584  0.673¢  0.7203  0.6611
W4/ML  0.6147  0.5756  0.5711  0.56%9  0.5983  0.6247  0.6687  0.6304  0.7062  0.6667
S/ML 0.5789  0.5659  0.5737  0.522  0.5285  0.6849  0.5383  0.6074  0.6356  0.6389
-3 21 2 23 24 25 26 27 28 29 30

QI/ML  0.4478  0.4361  0.4471  0.4091  0.4195  0.4444  0.4035  0.3993  0.4152  0.5968
QML 0.7910  0.7500  0.8150  0.7364  0.7383  0.7600  0.7368 0,709  0.7612  0.7677
Y/ML  0.0687  0.0806 0.0947  0.0682  0.0671  0.0667 0.0737  0.046  0.0761  0.0645
WI/ML  0.5373  0.5417  0.5441  0.5227  0.5034  0.4890  0.4386  0.4664  0.484  0.5161
W2/ML  0.6418  0.6389  0.6498  0.5682  0.5537  0.5778  0.5263  0.526  0.5813  0.6129
W3/ML  0.6567  0.6472  0.6278  0.5818  0.6107 0.6667  0.5965 0.5970  0.6159  0.6710
W4/ML  0.6119  0.6111  0.5903  0.5273  0.5872  0.6222  0.5263  0.5597  0.553  0.6129
S/ML  0.5672  0.6528  0.7159  0.5000 0.5537  0.6444 0.5088 0.5970  0.6228  0.6323
LN 31 2 33 34 35 36 37 38 39 40

QI/ML  0.4245  0.4366  0.4200 0.4078  0.3%06  0.3901  0.4286  0.4308  0.3953  0.4251
QML 0.7518  0.7746  0.7333  0.7176  0.7656  0.7265  0.7464  0.7610  0.7510  0.7530
Y/ML  0.0719  0.0657  0.0667 0.0824  0.0977  0.07%62  0.1071  0.0755  0.0711  0.1012
WI/ML  0.4568  0.4930  0.4733  0.4196  0.4688  0.4529  0,4714  0.4937  0.4308  0.4575
W2/ML  0.5576  0.5634  0.5600 0.5608  0.5938  0.5471  0.5071  0.5409  0.5257  0.5749
W3/ML  0.6115  0.6244  0.6000  0.568  0.6367  0.5740  0.5464  0.6069  0.5534  0.5992
W4/ML  0.5576  0.539  0.5833  0.5490  0.5820  0.4574  0.5393  0.5535  0.4862  0.5425
S/ML  0.6043  0.7981  0.567  0.5529  0.6484  0.4843  0.6286  0.5346  0.5731  0.5749
L F3 41 42 43 4 45 46 47 43 49 50

QI/ML  0.4301  0.4360  0.4248  0.4104  0.4209  0.4416  0.4441  0.4586  0.4339  0.4429
QML 0.7941  0.7630  0.7124  0.7264  0.7482  0.7662  0.7797  0.7862  0.8471  0.7857
Y/ML  0.0809  0.0806 0.0708  0.0708  0.0719  0.0736  0.0746  0.0720  0.0868  0.0821
WI/ML  0.4816  0.4550  0.4690  0.4528  0.5036  0.4762  0.5153  0.4966  0.4545  0.5036
W2/ML  0.5515  0.5450  0.5575  0.5283  0.5899  0.5411  0.6576  0.5724  0.5744  0.6214
W3/ML  0.6140  0.6019  0.5752  0.5896  0.6763  0.6061  0.6441  0.6379  0.6116  0.6643
W4/ML  0.5735  0.5403  0.5664  0.5283  0.6187  0.5411  0.6271  0.560  0.5702  0.6107
S/ML 0.6324  0.4929  0.5531  0.5330  0.5504  0.5498  0.6475 0.6550  0.6074  0.6679
L3 51 52 53 54 55 56 57 58 59 60

QI/ML  0.4473  0.4458  0.4112 0.4320 0.4268  0.4039  0.4355  0.4262  0.4116  0.3984
Q/ML  0.7564  0.7952 0.7730  0.7991  0.7622  0.7451  0.7548  0.7803  0.7744  0.7927
Y/ML  0.0691  0.0723  0.0691  0.073¢  0.1006  0.0824  0.0742  0.0820  0.0762  0.0854
WI/ML  0.4545  0.4819  0.5263  0.5400  0.4787  0.4824  0.4323  0.5311  0.463¢  0.5000
W2/ML  0.5491  0.5639  0.6250 0.6069  0.5793  0.5686  0.5548  0.5836  0.6220  0.58%4
W3/ML  0.5673  0.6458  0.6579  0.6587  0.5945  0.6275  0.6032  0.6590  0.6433  0.6504
W4/ML  0.5564  0.6386  0.6086  0.6328  0.5640  0.5686  0.5484  0.5574  0.5732  0.6016
S/ML 0.5709 0.7108  0.6184  0.6263 0.6402 0.6118 0.6452  0.6557  0.6098 0.6707
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Tab.2 The ratio of different morphologic feature indicators
BA 61 62 63 64 65 66 67 68 69 70
QI/ML  0.4000  0.4259  0.4367  0.4246  0.4460  0.4492 04015  0.4345  0.4218  0.4118
QML  0.7878. 0.7562  0.7918  0.7193  0.8036' 0.7692  0.7689  0.7655  0.7653  0.7868
Y/ML  0.0857 0.0710 0.0735  0.0807 0.0714  0.0738  0.0606  0.0724  0.0782  0.0735
WI/ML  0.4816  0.4877  0.4898  0.5263  0.4786  0.4769  0.4583  0.5034  0.4966  0.5147
W2/ML  0.5714  0.5154  0.6041  0.5614  0.5714  0.5477  0.5758  0.5655  0.5782  0.6103
W3/ML  0.6245  0.6327  0.6122  0.5789  0.5803  0.5820  0.5871  0.6138  0.6054  0.6176
W4/ML  0.5837  0.6019  0.6122  0.5684  0.5321  0.5846  0.5076  0.5552  0.5000  0.5846
S/ML  0.5918  0.6821  0.5592  0.6667  0.5821  0.5969  0.5606  0.5966  0.5782  0.7353
B 7 n 73 74 75 76 7 78 79 80
QI/ML  0.4269  0.4235  0.4380  0.4244  0.4427  0.4350  0.409  0.449  0.4348  0.4215
Q/ML  0.7885  0.7373  0.7752  0.7437  0.7905 0.7642  0.7677  0.7914  0.7913  0.7686
Y/ML  0.0731  0.078  0.0698  0.0714  0.0791  0.0813  0.0827  0.0719  0.0739  0.0785
WI/ML  0.4615  0.4627  0.4845  0.4832  0.4941  0.4878  0.474  0.5036  0.4870  0.4545
W2/ML  0.6154  0.5098  0.6124  0.5882  0.5731  0.5488  0.5709  0.6115  0.5739  0.5579
W3/ML  0.6346  0.5882  0.6279  0.6303  0.6561  0.5976  0.6142  0.6763  0.6304  0.6198
W4/ML  0.5654  0.5333  0.5620  0.5462  0.6324  0.5813  0.5630  0.5755  0.5870  0.5579
S/ML  0.6346  0.5686 0.6202  0.6176  0.6917  0.5935  0.6102  0.6763  0.5652  0.6074
o ¥ 81 82 83 84 85 86 87 88 89 %0
QI/ML  0.4215  0.4444  0.4303 0.4378  0.4280  0.4231  0.4606  0.4264  0.4403  0.4209
Q/ML  0.7854  0.7613  0.7500  0.8155  0.7407  0.7500  0.739%4  0.7688  0.7862  0.7306
Y/ML  0.0728  0.0740  0.0820  0.0858  0.0700  0.0833  0.0636  0.0631  0.0660  0.0640
WI/ML  0.4981  0.4938  0.4918  0.4549  0.4527  0.4968  0.4788  0.4565  0.4748  0.4579
W2/ML  0.5556  0.5844  0.5246  0.5751  0.5514  0.5929  0.5515  0.5586  0.556  0.5657
W3/ML  0.5939  0.6049  0.5861  0.6309  0.5638  0.6474  0.5909  0.6396  0.5943  0.6128
W4/ML  0.5441  0.5185  0.5000 0.5880 0.4938  0.5737  0.5333  0.585%6  0.5818  0.5522
S/ML  0.6513  0.7737  0.6230  0.5794  0.4815  0.6026  0.5545  0.5255  0.5660  0.5892
RA 101 102 103 104 105 106 107 108 109 110
QI/ML  0.425  0.4510  0.4281  0.4355  0.4224  0.4367  0.4256  0.4358  0.4291  0.4400
QML  0.76499  0.75%7  0.7645  0.8014  0.8123  0.7627 0.7493  0.7570  0.8108  0.7538
Y/ML  0.0595  0.0623  0.0642  0.0732  0.0614  0.0570 0.0601  0.0587  0.0709  0.0677
WI/ML  0.5060  0.4807  0.4495  0.4509  0.4621  0.4557  0.4778  0.4525  0.4257  0.4738
W2/ML°  0.6250  0.5638  0.5382  0.6098  0.5415  0.6013  0.5875  0.5140  0.5574  0.5846
W3/ML  0.6399  0.6202  0.5688  0.6307 0.6200 0.644  0.6031  0.515 0.6014  0.5631
W4/ML  0.5893  0.6050  0.5260  0.5749  0.5704  0.5854  0.5222  0.5698  0.5507  0.5477
S/ML  0.5923  0.5430 0.6758  0.5819  0.5596  0.6171  0.5483  0.4972  0.5777  0.5138
BE 11 112 113 114 115 116 117 118 119 120
QI/ML  0.4420  0.4340  0.4251  0.4230 0.4406 0.4322  0.4392  0.4438  0.4240  0.4220
/ML 0.8230  0.8075  0.7492  0.7462  0.8188  0.7666  0.7838  0.7906  0.7920  0.7850
Y/ML  0.0650  0.0679  0.0612  0.0604  0.0750  0.0631  0.0709  0.065  0.0680:  0.0700
WI/ML  0.4230  0.4943  0.4618  0.4169  0.4906  0.4732  0.4628  0.4094  0.4570  0.4800
W2/ML  0.5580  0.5849  0.5291  0.5196  0.5688  0.5394  0.5946  0.5250  0.5370  0.5940
W3/ML  0.5770  0.6453  0.5657  0.5650  0.6281  0.5615 0.6250  0.5438  0.5700  0.6130
W4/ML  0.53%0  0.5547  0.5352  0.5287  0.5781  0.5300 0.5709  0.5219  0.5250  0.5390
S/ML  0.4810  0.5358  0.6208  0.5378  0.5375  0.5268  0.6149  0.5281  0.5520  0.5550
; {x/0.62 x€ (0, 0.62) ; { x/0.58 x€(0, 0.58)
1 x20.62 27 (x -x)/(x, -0.58)  x€(0.58,x,)
{ 1 x<0.41 . {x/0.64 x€(0, 0.64)
f = (x-x)/(x,-0.41) x€ (0.41,x,) O x>0.64
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{ x/0.60 x€ (0, 0.60) { x<0.57

o= 0 —x)/(x-0.60) €(0.60,x)  © \(m-x)/(55-0.57) x€(0.57,x,)
. {x/ 0.62 x€(0, 0.62) } . { x/0.56 x€ (0, 0.56)
e xx=0.62 . n- (x,-x)/(x,-0.56) x€1(0.56, x;)
f { x<0.53 [x/O 70 x€(0, 0.70)

P (% - x)/(x2 0.53) x€(0.53,x%) x=0.70

. [ x/0.60 x€ (0, 0.60) [ 1 x<0.55

27 (x,-x)/(x,-0.60) x€(0.60, x,) 7 (% - x)/(x-0.55) x€(0.55,x,)
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Tab.3 The aggregative results of different samples

3 BE #it

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, 18,19,20,21,22,23,25,26,29, 30,31, 32,33, 35,38,41, PR

—% 42.45.46.47.48.49.50.52,53,54,55.56.57.58.59.60.6. 63,64,66,68,69,70,71,73,74,75,76,77,
78,79,80,81,82,83,84, 85, 86,88,89,91,92,93,94,95,96,97,98,99,100, 101, 102, 103, 104, 105, 106,
107,108,110, 112,115, 116,117,118, 120

Z% 24,21,28,34,36,37,39,40,43,44,51 ,65,67,72,87,90, 109, 111,113, 114,119 21 R

3 #w5ite

(AAREENRETEMARRTFHERNRANHBENET TOR, RAGREY, ER
AT (165°E LT RAHBHEERIHH, | '

(ERHE, BR8N SHEEN FHERE ) RFYEFEFNRHE
R BRRBEOBMMEE 2.54% - 9.15%Z 1, P BABENHFHE M HEKE SHKH LE, T
K MRSWKENERREEAD.
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Tab.4 The average value of different morphologic feature indicators for two populations

KA Sor/Swe See/SuL Sy/SuL Sw/Sw. Sw/Sm. Sw/Sw. Sw/Sw Se/Sw

»-x ¥ 0.4372 0.77117 0.0785 0.4929 0.5847 0.6256 0.5846 0.6016
B GIEM Su/Sw Se/Su Sy/Su Sw/Sw. Sw/Sw. Sw/Sw Sw/Sw Su/Sw
— ¥ 0.4223 0.7521 0.0723 0.4545 0.5449 0.5801 0.5311 0.5561
ERR¥ 3.41% 2.54% 7.9% 7.80% 6.81% 1.27% 9.15% 7.56%

Q)FRUENGERSAFL2ENTRERELHA, WARSEAINTEUREEZRNENENE
I BERNMEIERE FHLR, AN ARAKCREMTE, HRFLEETEEIRE B2,
ARMEARER, AR ARBSHENX LERFESE, FRHZFAR T OB, TR T HEL
SmBEt, FENERNTEEZAER,

(DEMBEMEEMTP EETRUAKCRERR FRBTRENHR. IRIKEREL
ER AR TR M EWE T RE —E 8B AR R



44 BHES: AR TFHRARBORAST 341

$EUM:

(1]

ARAE LRFHCTONVBEICLIT AL HDRH(1976 - 1983 ) (R). FRME 29, BHAFHARHT(FR4EIA).
1992,13 - 37.

HEE— EhRA, PR, EXFRCEIDITAAAOBRK LA RB1]. A6 B A K P10 ¥ BF e M 5 ok 42 2 , 1981
%505 ,181-19. . o

Murata M. Ocaanic resources of squids[J]. Mar Behav Physiol, 1990,18:19 - 71.

HE¥AHEARDBEE. LAPHCsTETHAORBME X TINETHR, HARR(R] RERBTSUHRR
#, 1985 B A0 58 S :36 - 49.

Murata M, Y Nekamura, S Kubota, et al. Some biological aspects of neon flying squid Ommastrephes bartrami caught by Japanese squid gillnets in
the North Pacific[J]. Nippon Suisan Gakkaishi, 1988,54(9):1573 - 1581.

YNE%, BEXH, 2AE, $ (KEREARRANAIM). LR HLHATH, 1999, 80 - 85.

EEZ. tRAHBHLREAYEIM]). Bl WRBEHEAR AT . 1991.11.

WRAE (KERERLMTIM]. RB EPBRTREH ML, 1996.81-91.

THXEHL

P B 357 i A A% ) B T 4T 14 40 4R

KA, £54', HEN

(1.E8K™=K¥, L 200090; 2. WKL HRREBERERA=R,LE AR 276826)

A EREERSESHERAMNERER (AREBYTHEMMOLE, 0FEE HRYREF AN
HERBH XA KK =T, B R B 0l B B — 465U B KR A R ARl A A B
HRABEK, MARPLAFESL BN KARBRORBLRNEER Y EBE L EG - RARE, X
MR TR ROEERREYRONEXR MR TRYARK RN L RRM RRFUSTEIT
TRUYRERBLHEMAUITHERRFENRE, R T—-LBU: REYIOEZ RN B T8 0K 8%
O R0 4 B 5 B R AR M KSR PR 2 TR BE L R AR S A TR 2 VA B 5 R T MV AR R R O B A R
RE B ARA MR,

R R Y TATH





