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D7 TH BRI R . FEIR B RG IR EUIE i
S8BT X 0 PR O s e A B — A T O vk, B R
GM(1, DRI LAY, AT ik Sl B R H A &>
4y B 1) e 4 A H R ST T (B EZ W 5%, 2017). B
SRR A AR AR R R 2R (B NS, 2010), H VDL
N, AR ARLRIZL, 2 LS ST o b ik
AR XX H i TR AL A T3 B o3 A S T . Ak, A
MR RCR ] 2013—2017 il A= = S5, &l
AN | N ANE S R £ b L & e e vy RN 2 5 |
FH R A8 5 T TR AR 750 X6} 22 £ RE R A7 F00 L A bk
SR A Al R R A R SRR R S
1 MRIERFE
1.1 #H¥EXRIE

Wl A 7 GE TR R H I VR A B HOR
2, WA 2013—2017 4F, ZS[aJEH R 35°~45°N
140°~179°E, SEitNAQIGEHI LB 4iE. H™
AR AR, A WA HER 1ox1°, DI 4f
Pi%% )y a4k & (catch per unit effort, CPUE)K £ AF 4
HryRa iR, Az
catch
effort
A, catch HEEH B B HaIR T, effort & H i #1
PRV %R, AR Y(E-d).

1.2 &fEEHERERRNR S

HRAEEEAESE T CPUE gy, 77 2E 3 d #Y CPUE,,
BIKTF 0, W@ OMRIF R RIBLEE, 2012), T3
Ry 0 AR A RN | RRAR A 7 Sk A2 T U AR Y
Wi LI S R (A 4%, 2013), LA, #3E4—4 Y
4R CPUEg JF A O, 115 CPUE, J¥ 51 B9 14 33
B (Q1~Qs), BEEHE 3 i Qs (KTF 75%HKH9
CPUEy,, ()5 XN CPUE (8, #i#i CPUE,,
(EELE I 3 d DL b, WSS 1 RVEERUNITFGG ; A5 2
JEARELE L 3 d LU LR 7= CPUE,, {8, MiX 3 d
M5 1 RN RE RIS o (L 4%, 2016).

1.3 HEEREAFMEER

) P A0 5 T T 0 A5 780 %o 2 o B YR 28 4 T
(MR EZHESE, 2016), HARDT A

BAE R . AR FE U a9 30 0 45 5, Aty
(i) H 8 BE TR 4 79 055 2 B8 VR H 79 1%
HE TR H W F 51 X=(x(1),%(2),++,x(n)), WIFRFH] X /Y
n BTN x=x(n)+(t-—n)[x(n+1)—x(n)], ENF%1
X={=x(N)+(t—n)[x(n+1)—x(n)]|n=1,2,-+-,m-1}

CPUE,, =

SR B oy = max XM}, o, =
min {x()}, TE O 5 O ZIAIZEHL SH1 AN (A :
& 8 & HHIER V. €00 0m] » H:
Ss = Omax 3

I
gi :g(amax _Gmin)+o-min PR

M X=¢& (i=1,2, ) ALKl X #) s+1 455 [ b7 1) 55

[

éOZGmin"“’

S ZI PP AR R . A X= & HTIIEIR
W H SIS, 4 X 2R k Beifrde B A 45

L SN & —x(K) .

E’ I'El‘ rl A VAN —_— L =

m““,)Uiﬁrﬁ[}+xw+n_xwy§j,—a q(k)
_e=xk) =10 M#FR O=
XW+D—AM(kLL ), AR Q=(a(1),a(2),

a(m)(k=0,1,...,s) 49 55 =i ik 2 7571

Xof A e B 220 51 A ST K €8, 3 TR T A5 78 [Grrey
Model(1,1), fEFK GM(1,1)]: X455 mL LS
21751 Q=[a(1),a(2), ,a(m)] (k=0,1,---,8)7 | i 37.
GM(L, DEERL, AR {E . GM(1, DAY 1 3%
ARBEL R — B R, N=i+1 (i AR E, T8
2 DX 45 (2014)

14 REWKIE

6 360 5 R ) R 2 R AR IR D50 - T
R . GM(1, DB HORS EERG 36 F 2 SR Z R . R
K FERGI0 R A JE B A a (FF 3, 2012) R 22K 0 1%
MR 22 MR R AT AT AR, IC IR P SRR EZE S, -

> O ) -x
S — 1| k=1

i XFIRZEFIIIRMERE S

n-1

JiZEl C:

/MR ZEHER P
P=p{| e(k)-Z < 0.6745S} , k=1,2,-,n
a et ENR 5% TINKE A RE . —a<0.3 i,
R T ep R I, 0.3<—a<0.5 BF, FHT % W1
XIS, 2000), ABAURE REAE S0 55 90 W3R 1(2,
2012),
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2 #R
2.1 ERESEST

2013—2017 4, dERPHEFRMAaERER R 5 H
12 H (2017 4F), Bk 12 A 31 H(2014—2016 4F),
FWBN 6—11 A (B 1) B2 HAEL REGEF N

7N, AElH] CPUEg, fHYITC B % 22 5 (F=2.540, df;=4,
df,=25, P>0.05), H [ CPUE,,, fH 225 ¥ &.(F=3.613,
df;=4, df,=25, P<0.01),

1 RBERFEREIBERRE
Tab.1 Precision test accuracy of grey model

TZEH C /NRERR P

farans
\ e Wil
194~224 d,F-3{E 4 213 d; CPUE,, 5 4 0.13~8.05 Accuracy level Variance Small error
t-d), FIIMEHN 1.82 U(iT-d). 4 H ) CPUE, - ratio C _ probability P
P Gk E—2; 6 A1 7 J CPUEy, 114 1 9¢(4) Class 1 (Good) 0.35 0.95
25 = 9 (A
{EARGHAIS , T 8—10 /1 CPUE,, FXMEMkIx g,  I2(EH) Class I (Passed) 0.50 0.80
=av 4] o
11 H CPUE, FHIff & AMEMA FRIR(E 2). xtsg M) Class 1ll(Barely) 0.65 070
8% N SYH- 4 Q \A'
A I # CPUE, P39 BEATI7 220007, gty VAR ARG Class V(Notpassed) 080 060
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2013—2017 4FAb RF R A H A0l 5% 7 & gk A ik il
CPUE,, distribution of O. bartramii from 2013 to 2017
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Fig.2 Monthly average CPUEy,, distribution of O. bartramii
in main fishing season from 2013 to 2017

2.2 HBERHEAS R

S RE TR R 4 5 00, oK S TR e PR
1~183 MW/NEINKHED), Al H %), BT 16 A
1A BF206 A 2H), ... 857183 (11 A 31 H).

AR A CPUE P41, 2013—2017 4E(1 5
CPUE,, {H531 0 2.07. 191, 2.51, 2.86. 3.20 t/(fifi-d).
MAAEREFIARRIE R B ( 2), 25 1 WIS 7E 8 A
M, HEAL RIS ABWTA, 9. 10, 11 AR
AL, 254 BB TR A A= BR T 2016 AR H B
1ASHETRI R 4E 51 d)Ash, HABAER BB R
A4 AR, 2013 4R, B 7 SEETRET. &
AREFII R REORR], &k 3 d (2013 4, 2015 4F
B 1), ®EZ K 51d (2016 45 1), FHRE N
10 do £ HEFI A2 CPUE 4, ¥97E 1.99 Y(iF-d) LA I,
¢ CPUEg,, 4 8.05 t/(fiff-d) (2017 4E45 4 71), &k
(B 2017 4F), BRAEASRETRIYI Bl 2 R (] A 388, S
¥ CPUE,, 34 m iy a s,

23 WNEMHEIISHE

Mg 2013—2015 4FREAIA M H /3], K159 T
10 5534k X(Xo~Xo)o H1TF GM(1, TR E 2/ 4
NEEE, ASEEmLSIrLRmE SR D 44, Hit,

R 2 2013—2017 LK FiF R AR R HHHE
Tab.2 Features of main fishing season for O. bartramii from 2013 to 2017

TR LA - H A (B 31 51)]

O Main fishing season R i CPUEq ﬁ-ﬁ% CPUEqy
Year [month-day range (date sequence)] Days Average CPUEy, Highest CPUE,,
2013 %5 1R 08-22—08-24 (83~85) 3 2.57 3.04
%5 2 YR 09-03—09-08 (95~100) 6 2.58 3.13
%5 3 7R 09-12—09-17 (104~109) 6 2.76 4.61
%5 4 T 09-21—09-24 (113~116) 4 2.69 3.57
% 571 10-04—10-12 (126~134) 9 2.60 3.41
%56 T 11-03—11-06 (156~159) 4 2.61 3.21
55 7R 11-25—11-30 (178~183) 6 3.65 5.07
2014 25 17 08-04—08-10 (65~71) 7 1.99 231
2 2 71 08-17—08-20 (78~81) 4 2.14 2.63
%5 3 YR 09-01—09-08 (93~100) 8 2.23 2.49
%5 47 09-16—10-02 (108~124) 17 2.43 3.54
55590 11-17—11-21 (170~174) 5 2.78 3.75
2015 %5171 08-01—08-03 (62~64) 3 2.89 3.46
%5 2 Y 08-12—08-20 (73~81) 9 3.11 3.71
%5 3 7R 09-04—09-13 (96~105) 10 3.11 4.29
2 4 10-17—10-22 (139~145) 6 3.59 3.92
25 11-01—11-14 (154~168) 14 3.21 4.06
2016 %5 1R 08-23—10-12 (84~134) 51 4.01 5.84
2017 %5 171 08-19—08-26 (80~87) 8 5.23 6.65
%5 271 09-06—09-15 (98~107) 10 5.17 6.34
%53 T 09-19—09-22 (111~114) 4 3.87 4.66
55 4R 11-02—11-25 (155~178) 24 4.56 8.05




%4 ffp W BH A8 R TR A8 ZR G 1A AL KT 22 Fe0 3 YTVRR A 43 BT B ReE YT T 5
#3 AEAEFL GMAUDERYPEGERRBEXSHE
Tab.3 GM (1,1) model fitting results and related parameters of different contour lines
e N . P H R X . " INRZE
Ak X GM(1, )R 45 5 P 4 45 ?D J#EC ERFHa o
o W : MEP
Contour Fitting contour sequence results Variance  Development
lines X by GM(1,1) model AYerage ratio C coefficient a Small gcrror
relative error probability P
&2 e 3 1.40 7.80 9.65 12.76
X,=87.78 mm 1.74 0.04 025 1.00
GM(1, 1)Ll 1.40 7.62 9.78 12.57
SR ZFS 2.63 7.68 10.51  12.64
X=100.67 AT 2.72 0.08 ~0.24 1.00
GM(1, 1) 2.63 7.91 10.03 12.72
B 2 3 4.04 7.57 11.09 12.52
X=113.56 s Mj d 5.77 0.19 -0.23 1.00
GM(1,1) 1R #l 4.04 8.09 10.17 12.80
S5 1R B 22 4 5.01 7.46 11.30 12.40
Xs=126.44 i o 7.21 0.26 ~0.23 1.00
GM(1,1)f %1 5.01 8.11 1018 12.77
SR ZIFS 544 7.34 1151 12.28
X=139.33 AT 8.66 0.33 022 1.00
GM(1,1)f 7 5.44 8.13 10.18 12.74
B 2 P 5 5.87 7.23 11.71 12.16
X;=152.22 i Mj 10.12 0.39 —0.22 1.00
GM(1, 1)tk Al 5.87 8.15 10.18 12.71
G ZTS 6.4l 7.11 1192 12.05
Xs=165.11 e 11.58 0.47 -0.22 1.00
GM(1, 1) %l 6.41 8.17 10.18  12.68
x4 HERH GM(LD)FNERKHEITHRE
Tab.4 Relative errors of the GM (1,1) prediction model in main fishing season
HE TR H 3 P 9 JL S H 915 51 Fi 1 AT 1R 22
Main fishing season Actual value of date sequence  Fitted value of date sequence Relative error
2014 4E55 1 ¥H0 1st fishing season in 2014 65.00 71.07 9.34
2014 4E55 2 Y 2nd fishing season in 2014 78.00 77.90 0.12
2014 4£45 3 ¥\ 3rd fishing season in 2014 93.00 97.54 4.88
2014 4E45 4 71\ 4th fishing season in 2014 108.00 160.93 49.01
2014 4£45 5 3\ 5th fishing season in 2014 170.00 170.51 0.30
2015 455 2 ¥ 2nd fishing season in 2015 93.00 98.75 6.18
2015 4E45 3 Y1\ 3rd fishing season in 2015 108.00 135.50 25.46
g S A s ¢ St B i 4
% 183 IS4 Fitted value ~ —— FLSE Actual value HXTFFE U &M 7 4% &5 (X2~X8)J£F 1T
@ . GM(1, )L WBERII LA 45 Rk AR (R 3), T8
= 2157 } ! FIXFERETE 11.58% LI, 4F 22 X, B9 GM(1, 1)
5 i e BLABCRRAT , O 1.74%. MBS B S HOR R,
| N N . e
g i L ANRFEHER P HIN 1.00 (>0.95); HEETLE X, FI%E
ST / i Lk Xo BRI J7 2t C<0.50, HAL A 7 2 L3y
2 : / e e N e
g 7| Fif C<0.35, BIAURGTREAFHN 1 AN 11 9, ALY
g
N A f % B B0 @ KA, AT R T T o S T
B 012345678 91011121314151617 (—a<0.3),

FEFRAAYK 7> Number

B3 JEIRPE SR frn iR B A R H 1 51

LA B A T
Fig.3 Comparison of fitted and actual values
sequence based on main fishing season
forecasting model of O. bartramii

of date

MHBEFI GM(1, 1) BRI ZE 5ok F (B 3), iE
WL SRR, B 2014 4E55 4 YA X IR 22 48
KAMAXT R ZE R 49.01%) , HoAth BE TR 4EL G B A X2
ZIE 9.34% LI, FIEMINRZE R 12.73%, 2015 4F
HE TR 30 TE 1 PS4 AH R R 22 0 15.82% (5K 4).
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F AT R K ERPZS, Ht AR 1L 5 1 PR
K (MRBr 4%, 2001), &34 32 0 R W R A 16 7
35°N DIFg RO B IX, —EAE KBS M, 2
JaMEZ M L 2= R T, 5—8 HIR, MU
F At [ b B R LI A 35°~400N B30 F S5 1 32 1
X o 8—10 H AR R A3 i) 22 1 35 B2 50 A 7
40°~46°N SR ATEE X X HF Bl IR, & e b iR X
T EA PR A ) et 25 % B B AT AT I S R B (D 4
45,2001), KL, FETRBIM 8—11 A, HE 1 HUb#E
HOAE 8 A B I TR [R] )IR L R A2 M R R B A
T B 52 M R 1) 2 R T O A R (R AT 42, 2016) #B
4> BEZE(2005)F1 Chen 25 (2012)BFFY W, S48 A S5 1
F14) iR 5353 728 b X 22 0 1) Y TR 5 R Y 4 A P A
By, MR (SST) T2, Ffashihk ks B
RRORRIRIEY, SETIEAT, SR H S 5R A
DYV o BEAR, JEIRJE i AR E Rt 2 5 i 22
10047 B R TR, R T R e R R S (A R A,
2015), HHTHrJe p s o fli 22 10 BR 3 F | I it
TR LTS, AR T RAKHEATT; YE/REiE
H KA, BRI LR SR T, AR FRMAa4
Ko MWEETRII BT 45 Rk E (3R 2), 2016 FRETHII S
1 VR B R 2 b H Al A 00 A L 285 AR AT, 3k mT g A P
R 2015 A KA B 5L R JE U SR 5 807 U0 37 1 P
AR FAFHEfM R, 15 28 M0 238 R H 1 B[]
HEIR . WHABAE Gy, 2014, 2015 AEREFUBAE 1 W
FIRFIE A, 2013, 2017 4E&cHE, 247 5
550 /R JE i NS PR WA g, (RS2 AN B
TiAl T ) AR Ak B4 R R L AR 7 HE T
RSN E T P R LR A B | ST I Ol (SR
FATET Mk, DA S 55 PR s [ 4 0

ARFFT i K CPIE I ik, it #7 GM(1,1)
R X b A B 22 A HE YR A7 7 U 545 21 1 4%
EE R . WA ES B MR RE (K 3),
CPUE My bR —2, MBI ) S8R E
RERY, KERERCAF (R 3), WTHIMET R KT, (A
RUPRAFAE S — BN 2, N 2015 4EFNAE SR (E 4)
KA, BrTH 1T @B SRS, H
H TR 2 AR, X5 2015 EE SR I AR,
AT 2 AR, JRRE T A SR A IR
WAL HRE X L H B I P S (B R 17 I sh i 34 )
T, 2015 4E55 2 VR T B R AR, Br Ak Y
(HAF BRI EEAS I 4 A4, FrAJGEk i ok . [H]
W, FEPOMEE SRR B TR ZE W B 4), W

2014 455 4 AR IR ZAEH K, H 49.01%, JEPHZ
2014 455 4 W55 5 WA TNSE R E A, F3
54 I E LS R R BB, B 2014 4EAUHE
WU H B 1, 2, 3. S 44, 2015 456
3 VAT 5 SRR 22 3 R B R R ] (2015 4F55 3 LT
MZER G 4 WHGEERG), HOBIR N RR LT i
N H RE TR T4 1 01 401, (L 3o o i T o YR
A ECRR Y, M S8R 22 R E L, 1Ak,
P T RE PRI R [R5 A 388 K, T 40 T30 ) A X 5
% IR RAY  (BBUE E AR ZE RN ELE B
SERE TS AH 25 KB D, X2 TR SR 22 1 B 3
B3R T BUR LS RN

AT P b A7 22t i TR TR 2R A 7223, B
19T B W TR, 13X — W5 05 it T A SRy 15 73
WE BN, (HE, ABFSE s L% Tl A
BRI AR L, AN A i LG R = AR I R 5 1
IR 1, @A B BRI 55 o, A8 BT X
P b A TR ¥ 3 AT S R B AR AR AR S TR
W, 223 CR N TR BB 45 7 Tl r T8y 42 1T 1)
VT AR 7
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Analysis of the Fishing Seasons Char acteristics of Ommastrephes bartramii and
Prediction of the Main Fishing Seasons Based on the Grey System Theory
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(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory for Marine Fisheries
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Abstract Ommastrephes bartramiii, a neon flying squid, is an economically important oceanic
cephalopod, which is widely distributed in the North Pacific Ocean. In China, it is one of the most
important fishing targets of distant-water squid jigging vessels. Because of its short life cycle, the fishing
seasons and its main fishing seasons have obvious year difference. Therefore, analyzing the characteristics
of the O. bartramii fishing season and predicting the main fishing season are helpful for the rational
development and sustainable harvest of O. bartramii. We analyzed fishery data for neon flying squid from
China squid jigging fisheries during 2013 to 2017. The daily catch per fishing effort (CPUE,y) was used
to provide the abundance index and was considered as an indicator for judging the division of main
fishing seasons. The quantile method was used to identify the main fishing seasons. And the grey wave
forecasting method is also used to establish the grey model group [GM (1,1) model] based on the date
series of the actual main fishing seasons. The results showed that the earliest catch of neon flying squid is
May 12 with catches lasting until the end of the year. The primary period of the fishing season is from
August to November each year. The first main fishing peak occurs in August. The average relative error of
the grey wave forecasting GM (1,1) model group is 6.83%, the average relative error of the date series
forecast during the main fishing season is 8.19%, and the average relative error of the validation data is
15.82%. It is concluded that this grey model can be used to predict the main fishing season for neon flying
squid in the North Pacific Ocean. The findings of this study not only provide technical support for
efficient and rational capture of distant-water fishery enterprises, but also provide a useful tool for
prediction of the main fishing seasons for marine capture fisheries.
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