45 5 Vol.45, No.5
2014 9 OCEANOLOGIA ET LIMNOLOGIA SINICA Sep., 2014
%
1,2, 4 1,3,4 1,3, 4 1
(1. 201306; 2. 201306; 3.
201306; 4. 201306)
Gordon-Schaefer
, 1996—2008
, ( , MSY) ( , MEY)
( , BE) ,
, (I—=5 ) (1o ) (20 )
; 8(MSY MEY 50% ) 2(MEY )
, , ; 3(BE )
, 8 2, 394 —4.19 ,
Busy
S937 doi: 10.11693/hyhz20130800115

(Ommastrephes bartramii)

> E

( , 2005) 1974

, 1993

6 —I10 (Chen et al, 2008),

(Yatsu et al, 2000;
2003; Ichii et al, 2004,
, 2011;

, 2003; ,
, 2004; Chen et al, 2008;
, 2011),

* , 41276156
2159999 , 12231203900 ,

s s

:2013-08-22, :2013-10-16

E

(Gordon et al, 1954; Clark et al, 1985, 1990;
, 2004; Yagi et al, 2009),

(1—5 ) (10 ) (20 )
1
1.1
1996—2008
(863 ), 2012AA092303 ; >

s , E-mail: jlliu@shou.edu.cn

, E-mail: xjchen@shou.edu.cn



1017

>

, 38°—46°N, 150°—165°E,

CPUE ( / x ),
) 0.6 ,
1.0 /
1.2
1.2.1 Schaefer
Schaefer ,
(MSY)
fusy Schaefer :
Y= qu[l —gJ (D)
r
Y o . q S 7
, K ( ,
2004)
2
a=¢k, b=Lk, () ,
r
Ve=a-tf @)
2
a r a rK
: =—=—; MSY=—=—
sy =2, 2q 4b 4
1.2.2  Gordon-Schaefer
Gordon-Schaefer :
Y =¢g/K (l —ﬁj )
r
7#=TR-TC=pY—cf 3)
T , TR , TC , D ,
Y , f , C
(Clark et al, 1985; 1990; , 2004; Yagi et al,
2009)
(MEY)
(BE) fMEY fBE:
( ,2004)
1.2.3
( ,2010)
.fMSY 4fMEY .fBE s

S
S =ax fusy +bx fupy +¢X fgg 4)
,a b ¢ R atbtc=l,a b c€[0,1]
b 14 (
1) , 1 2 3

MSY MEY BE
fMSY fMEY fBE;

; , 4 8 9
10 4
, 5— 7
11— 14 7
, 11
, 6 12
, 7 13 )
5 14
Schaefer ,
(1—5 ) (10 ) (20
)
Schaefer
B, =B, +rB,_, (l_hj_ct—l (5)
K
. B, t , 7 s
K , Cia ~1 (
, 2011); By 1996
Biogs
Ichii  (2006) (2010) ,
r 1.19, (2011)
, 1995 25
, 7.3 , Schaefer
, 1996 Biogs  28.74
2
21 MSY MEY BE
Schaefer ,
CPUE f
(R*=0.8742, P<0.05)( 1),
MSY 11.83 ,

4.44



1018 45
6 x1 TRAFEFEREFEHEHE
Tab.1 The fishing efforts of Ommastrephes bartramii in
g )= ~0.00006x + 5.328 different scenarios
82 4t . R =0.8742 (a:b: c) C )
b3
K oG 1 1:0:0 f1=44400 Susy
151 2 0:1:0 /=39400 Sfuey
w,| :" + 3 0:0:1 £=78800 foe
E.) 4 0:1/3:2/3 f=65667
5 1/6 1 1/6 © 2/3 f5=66500
0 6 2/3:1/6 1 1/6 f6=49300
0 20000 40000 60000 80000 7 1/6 2 2/3 1 1/6 f1=46800
BEBEZENE (BR) 8 1/2:1/2:0 £=41900
1 Schaefer ( y CPUE, x 9 1/72:0:1/2 fo=61600
10 0:1/2:1/2 f10=59100
Fig.1 The Schaefer Model of O. )t hes bartramii in th 1 V3133 /n=54200
ig. e Schaefer Model o m@as rephes bartramii in the 12 V214 1/a £51750
Northwestern Pacific Ocean 13 Vs 1/2: 1/4 115250500
14 /4 1/4 2172 f14=60350
Gordon-Schaefer ,
3 521 . /=8
MEY BE 5 - R2 *x H=9
- 23 - F5=10
11.67 4.73 R 30 ——0F4 = HE1
—-—5%5 — 5212
3.94 7.88 ( 2
25
14 @
12} MEY, 0
& 15
7
~ 10l B
l’é 10
® 8
® B 5
= 6l
i 0
LS 0 5 10 15 20
41 BELETIE (F)
2L 3 20
Bl Fig.3 The stock biomass variation of Ommastrephes bartramii
00 20(‘)00 40(')00 60600 80600 100000 501:)nder different alternative management programs
HBHEENE (BR) CVSESMLPSES
450t ofz2 ==Y
2 Gordon-schaefer 400 0523 o HR10 :
Fig.2 The Gordon-Schaefer Bio-economic Model of ef5%4 sHEU! It
hes bartramii in the Northwestern Pacific O g 01 ep®s epE12
Ommastrephes bartramii in the Northwestern Pacific Ocean 5 300 056 /5513 ;
~ a /HR7 0 5R14
2.2 ol 250
. = :
X 200 bl
’ 150
C D 100 ;
50
, 20 0 20
- \
( 3, 4) 2 8 R FED (F)
,20 20 4
11.67 —11.83 , ) . .
Fig.4 The accumulative stock biomass of Ommastrephes bartr-
2 22 > amii in short-, medium-, and long-term in different management
(MEY) ; 8 21 scenarios



5 1019
R MSY MEY 50% (86.70 ); 5 4
; 1 20 s R 112.1 113.4 ;
MSY 7 9 14 2 10 8 R
, 20 19 ; 118.96 —123.73 , ;
11 12 13 6 , 20 11 12 7 13 6 ,
15 —17 ; 9 125.21 —126.45 R
14 10 , 20 R R 6
12 —13 R (126.45 )Xo 5 20 ) R
(BE) ( 112 ); 4 5 3(BE )
, 20 10 R (136.73 ); 5 4 R
(BE) 201.26 204.71 ;
( 273 ); 3 , 20 9 14 10 , 219.56 —227
, 5 , ; 11 2 12 8 13 6 1 7
(BE) R 237.75 —244.09 ,
95, R s , 70 MEY
, B B >B B > 2/3 )
B »B &B B »>B B o>B & ( 244.09 ), 1( MSY
B o&oB ©~B B ; ) (243.55 JIGE))
( 5 ) R 6
30 Be/5R1 8558 (53.17 ),
20 2P%2 e 13(53.11  ): 3(BE )
sl o0y
2 150 a75226 = /52213 5 4 , 435 —4725
) R ; , 4971 —
100 Eaala) 53.11 :
50 E T T 13T 2T (T 1T g~
o B ; : i 1 T 2> 0T 14T W 4T s 7
RiED () T3 (10 (20 ) ’
5 8 ’
98.63 191.36 , 3
Fig.5 The accumulative catches of Ommastrephes bartramii s 39.42 42.18 ;
fishery in short-, medium-, and long-term in different TS T > r >
management scenarios T oen e r T e n e n wen >
23 T oorwm &1 s>1r (0 6)
( 5 ) R 3(BE
) ( 5874 ), 3
2( MEY ) 8 , 3.1
63.13 64.76 ; ( S
R 66.10 —68.80 2005), 1993 R

> >

11(MSY MEY BE 13 )
(6880 ) 5) (10
) , 3(BE )

>

(Chen et al, 2008)
1996—2008 13



1020 45

250

o521 o558 MSY MEY 50% ) s
02 0 5% ,
200l °7E3 87510 I( MSY ) ;
%4 8 RN . 7 , 20
Bl
= Ko .
5 150 E 19 ;
= W 11 12 13 6,
= 100
e MSY MEY BE
50 . BE( ) (<30%);
‘ ; : 10 14 9,
o 5 10 20 BE( ) ( 50%);
RUED (F) 4 5,
6 BE( ) (23
3( BE )
Fig.6 The accumulative profits of Ommastrephes bartramii ) MEY
fishery in short, medium and long-term in different management ’ ( )
scenarios 8( MSY MEY 50% )
> 11
10 , 1999 R 22 >
13.2 R 2000 12.4 R
6.46 5.28 , 3.3
2001—2008 8§ —I1 R ,
2.4 —4.5 ,
Gordon-Schaefer
MSY 11.83 MEY 11.67 R s
fumsy fMEY 4.44 3.94
MSY . 6 , 3
( et al, 1982; Osako et al, 1983; , ; 8( MSY MEY 50%
2008) ; ) 2( MEY )
r K ,
s 3( BE ) R
(Yatsu et al, 2000; Rodhouse, 2001; , ; , 3
, 2005; , 2009; , 2010), s ,
5 ( Busy),
( , ;
2011), 5 8 2 3
: (2008) : (
(2010) ), ,
3.2 s
5 20 6 13 12 11
2 b 5 bl b
s fMSY(444 )’
2 8 1 ,
20 , , 2( ;
MEY ) s 8(



5 1021
8 2, CPUE . ,36(2): 111—122
3.94 —4.19 , : : 2011,
Bysy , ( ),
41(7/8): 72—78
, 2010.
Gordon-Schaefer . 67—83
> 5 N , 2010.
( ), 40(3): 37—42
MSY MEY BE s ; » 2010.
. 19Q2):
’ 232—239
> , 2004. E——
) s , 53—
96

, s , 2011.
,20(4): 563—570
> > , 2003.
GIS . , 11(1): 39—44
s , 2005
, 124159
, , 1982
,47:1—10
, , , 2010.
, (3): 10—16
, 2004.
62—105
, , , 2009.

(Ommastrephes bartramii)
, 40(6): 707—713

> s , 2003.
, 27(4): 334—342
> > , 2008.
, (2): 130—140
) ) ,2011. Schaefer
,35(10): 1572—1581
> > , 2005.

Chen X J, Chen Y, Tian S Q et al, 2008. An assessment of the
west winter- spring cohort of neon flying squid (Omma-
strephes bartramii) in the Northwest Pacific Ocean.
Fisheries Research, 92(2—3): 221—230

Clark C W, 1985. Bioeconomic Modeling and Fisheries Mana-
gement. New York: Wiley Costa Duarte, 1—34

Clark C W, 1990. Mathematical Bioeconomics: The Optimal
Management of Renewable Resources. New York: John
Wiley&Sons Inc

Gordon H S, 1954. The economics of a common property
resource: The fishery. Political Economy, 62: 124—142

Ichii T, Mahapatra K, Okamura H et al, 2006. Stock assessment
of the autumn cohort of neon flying squid (Ommastrephes
bartramii) in the North Pacific based on past large-scale
high seas driftnet fishery data. Fisheries Research, 78 (2):
286—297

Ichii T, Mahapatra K, Sakai M et al, 2004. Differing body size
between the autumn and the inter-spring cohorts of neon
flying squid (Ommastrephes bartramii) related to the ocean-
ographic regime in the North Pacific: a hypothesis. Fisheries
Oceanography, 13(5): 295—309

Osako M, Murata M, 1983. Stock assessment of cephalopod
resources in the northwestern Pacific. In: Caddy J F ed.
Advances in Assessment of World Cephalopod Resou-
rces FAO Fish Tech Paper, 231: 5—144

Rodhouse P G, 2001. Managing and forecasting squid fisheries in
variable environments. Fisheries Research, 54(1): 3—8

Yagi N, Ariji M, Takahara A et al, 2009. Application of a
bioeconomics model to examine sustainability of fishery
resources in the global market: the case of octopus resource
in Morocco. Fisheries Science, 75(1): 43—46

Yatsu A, Mori J, 2000. Early growth of the autumn cohort of
neon flying squid, Ommastrephes bartramii, in the North
Pacific Ocean. Fisheries Research, 45(2): 189—194



1022 45

MANAGEMENT STRATEGY AND COMPREHENSIVE ALLOCATION MODEL OF
OMMASTREPHES BARTRAMII IN THE NORTHWESTERN PACIFIC OCEAN

LIU Jin-Li"“**, CHEN Xin-Jun"** LI Gang"** ~WANG Cong-Jun'

(1. College of Marine Sciences of Shanghai Ocean University, Shanghai 201306, China; 2. Library of Shanghai Ocean University,
Shanghai 201306, China; 3. National Distant-water Fisheries Engineering Research Center, Shanghai Ocean University, Shanghai
201306, China; 4. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai

Ocean University, Shanghai 201306, China)

Abstract Neon flying squid (Ommastrephes bartramii) in the Northwestern Pacific Ocean is one of the important
commercial fishing targets for Chinese distant waters fisheries. How to determine the goal of fisheries management by
considering the ecology, economy, and society is an important concern in the field of sustainable utilization of fishery.
Based on the Gordon-Schaefer Bio-economic Model, we used the catch data and economic data from the squid fishery of
China during 1996—2008 in the Northwestern Pacific Ocean to estimate the maximum sustainable yield, maximum
economic yield, bio-economic equilibrium yield, and their corresponding fishing efforts. A social bio-economic model was
established based on different weights of fishing efforts in ecology, economy, and society management objectives, and the
resources status, economic benefits, and social benefits in 14 different management scenarios were simulated in short-(1—
5 years), medium-(10 years), and long-term(20 years) of O. bartramii in the Northwestern Pacific Ocean. The results show
that the fishery resource of O. bartramii was in full utilization, but not overfished. By simulation, if Scenarios 2 and 8 were
used for management, the long-term economic benefits would be the maximum, the resource would be well sustained, but
the social benefit would be low with less employment. If Scenario 3 were adopted, the short-term economic benefits would
be the maximum for providing good chances of employment, but long-term economic benefit would be the lowest with the
worst resources reusability. Therefore, Scenarios 8 and 2 should be the considered in which the suitable fishing effort
should be controlled between 3.94 and 4.19 ten thousands fishing vessels by taking account of all impact factors and the
biomass of O. bartramii be kept above estimated maximum sustainable yield.

Key words Ommastrephes bartramii;  social bio-economic model;  optimal utilization;  squid fishery;
northwestern Pacific Ocean



