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Searching for optimum management procedures by quantifying management objectives
for Japanese domestic fishery stocks without stock biomass estimation

MomOKO ICHINOKAWA,* HirosHI OKAMURA,! HiroYUKI KUROTA,2 Ryuy1t YUKAMI,?
HIROSHIGE TANAKA,3 YASUTOKI SHIBATA#4 AND SEIj1 OHSHIMO®

I National Research Institute of Fisheries Science, Fisheries Research Agency, Yokohama, Kanagawa 236-8648,
2Seikai National Fisheries Research Institute, Fisheries Research Agency, Taira, Nagasaki 851-2213, 3Hok-
kaido National Fisheries Research Institute, Fisheries Research Agency, Kushiro, Hokkaido 085-0802, *Tohoku
National Fisheries Research Institute, Fisheries Research Agency, Hachinohe, Aomori 031-0841, 5National
Research Institute of Far Seas Fisheries, Fisheries Research Agency, Shimizu, Shizuoka 424-8633, Japan

This study explored optimum sets of coefficients used in the management procedure (MP) currently applied
to the fishery stocks in Japan when estimates of the total stock biomass are not available. The MP determines an-
nual allowable biological catch (ABC) every year using the trend of relative stock abundance and the éstimated
current stock status categorized into “high”, “middle”, and “low”’. We conducted extensive population dynamics
simulations with a variety of uncertainty of population parameters, observation errors, and historical trends of
relative stock abundances under the MP. Performance of the MP varied with the combination of adjusting
coefficients used in the MP (management rules). We quantified the difference by using scores given to each simu-
lation result under a single management objective arbitrarily given. The total scores calculated among the differ-
ent management rules illustrated the trade-off between the average catch and risk of over-fishing, and provided a
single optimum management rule that maximized the score. We also observed, even under the same management
objective, how the optimum management rule depends on simulation parameters, the methods used to estimate
current stock status, and years to be considered in calculating ABC.
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BIhb, kid, BREREREEOHEBN ABCILEX 5
HMEBOKEIEFTETLHHRETH 5, 6 THEDOERK
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BEZOND, T, ERELTRETHAYI V-V
aVETFIVDONRG A—ZIC L > Th, RELZEBEHE .
PBERBIIRLEEAD,

AR T, W 2hONRT ¢ —<VAKESLAWT
FREBEDERE#RHEITAI LT, HITD2R
W—IVIC BT B EBLFAEREOEAG LR E2EY, £
NPEHARERY I 2 VYV a VOREIL L-oTED L
SEEDLBLpEHREF L, OMI3, F, Ohshimo
and Naya® (LABk, ®Brge%: TS &15) oV
Tab—YaVvETIVEHERL, LOEEHED/NT A—
FEFENICHAGDR LD ERAV, N7 y—< Vv
AL LT, BEOHERRER X EEEDOEHNZ K
BID2O2%FEEZ, ITNLOBESHWTEER
EOEROBRESL s L CHEL 7

MHEEFE

THSFRHMOWME OMOM®B LY I V-V aV
OB DOWTHE, £IMAROFERERMICKEEL
7oo AL, #BRPT AR A—2OBEBEFIEL, LV
HEHOTRNHEELLYEZEEBL -, TBEHFRIBTO2%
W=z, ZOhTHWONSFRREOELED
HEFAICEZ, ARRBOBEAADLREHICE BT



208

=RV ADENIHEE Lz, RAERBOMAGHES
%, TEEIR] K0RPRCERT, T88L—IV] L
Sl EElic, BEEEAEHEN—I &L TE, Ohshi-
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BROMARL BRIECOFEE X R 5701, R
ZEE (7Ot A8BE) il i, 50, &
B ok DERSHTH B, ETHETIE, EBHEM2 7
BICEETHE N TWe®, T, REYRIEN N
BICEEZM2 7.9 Chid 7o AB=ERKEWE &
ICEGHEBHER LT RB I e CIDTH S,
BIZ, BOMHEIEEAEE T/, BOMEEOAKE S
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=0) L%, MSYZ7K0/{(1+6)01+0/6} TH Yy,
MSY %5 %2 5& & Busy 13 K/ (1+6)1/%, MSY #&
2 AYRHER Fusy 1276/ (1+0) 27x 5%, =10k &,
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1
L=B{exp <77t_3 a?) 4)

Ll TI2T, m~N(0,0?) ThY, BHEELFE
LTW5, did, BREREEOERRICH T 5
HEIRT /NS A =2 TH 5B,

IhooRNERAV, S0ERMOBAEHEBREY IV —
VavEfTok (Fig. 1), £THEICZL W, WO
QLE LW E THEDEREH ¥ LK, 21FEHD
BEMSSOERET, 2RV—IVICk-> TEH I
ABC I X 2 HERTONS & L, BWID 21 F£DOER
FEE, TEERBENRTVDET, 1EHML21E
BECTORERE (FNFNBy, By) B, WELLOE
SOBEE (K) D 75,50,25% B2 BEEDHA
EOROMEBEHRICELTELDEREL, ZIT
i3 K=10,000 & L7=DT, 7500, 5000, 2500 % %8 & &
bR IBEDYF Y F S1-S9 % A7z (Table 1),

Table 1 Nine scenarios on the historical biomass trend
from the first year (B,) to the 21st year (B,;) when
stocks are not managed according to the management

procedure
Bl BZI (BI—BZI) /20
S1 7500 7500 0
S2 7500 5000 -125
S3 7500 2500 -250
S4 5000 7500 125
S5 5000 5000 0
S6 5000 2500 -125
S7 2500 7500 250
S8 2500 5000 125
S9 2500 2500 0

* The total biomass without fishing (K) is assumed to be 10,000.
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Fig. 1 Examples of simulated population biomass (left panel) and catch (right panel). The simulation was conducted under a
given scenario on the historical biomass trend during the first 20 years (gray lines), and a specific management rule during the
last 30 years (black lines). Three replicates under the same process and observation errors but different management proce-
dures are shown. MSY: fishing according to the theoretical Fygy as the ideal case. The biomass and catch under this scenario
are used as Bysy and Cysy, respectively, to calculate relative performance of each management rule. 1-1-0.8-1: the manage-
ment rule based on dyigh=1.1, Omia=1.0, dioy=0.9, k=1, 1-1-1-1: the management rule based on dyign= Imia = Slow=%=1.
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S1-S9 OEFELXE # KET 570, (2)RNTT/otRE
= 0p=0 L LT, 3% 20 EHORERY

F,= {r[Bl +ABx (t—1)]

[1- (B2 =) o)

/[B1+4Bx (t—1)] (5)

TiHB L7, TIT, 4B=(By—B)/20 Th 5,

BE 20 EE OB ET ECEELBERIC(2)R
DEBBREEZ DT RC=FXBITIVHEL /-, TH
BRI N/ 21 £ UEORERIL, 2%0—1 (D
A) KENEHIN/Z ABCIKKE-> THERZINS &
L7 (C=ABCy), ¥I 2l —¥a VT, BEEED
HHENEE 2T, tEOABCERHETABROREERE
ELTI-2F0DBEBEEC , FEHALL (C=Cy), *
DEZFIAVS 5L, BFEFHESE ((—24F) OFFEK
BB L, TNHEMDE Z g, PO & E Sy,
EALD & & o Vo, BIRAKEDZ, REEHOER
FME TR ELSFVWONTWAHE, %0, BEEHE
BEORKMEER/MEOM % 3HETHHEKE->T
RE Lo, THEMREL b, [ 5T 3 HBRORFEREMEIT,
t—4 DD =240 3ESERHAL A,

ERLUI-THERE FEGRIME T, B, B8
NOBRAEEEL, KEICHAZESIN/-EFEEREMESR
EERHTFE TS X D EEREIRRO/NS A —X 5
FEh, TOHEMEASOMICHVWLNS (Z0O@R%
AVT 4V a VT ERE), FDEIWVIE, RIEDPD
LWEENINS A—=F 5 HW/c—D2D OM %2R T
) (reference case) &L, OM D% & § 5B ENH
5,19 gz, ETINVOAREEURSPBBEICE, AEE
KL LWEBOETVOEE D BRET VLY |,
reference set) &, OM OB & +5 Z L BEDH LN T
Z)olz)

AL TIIAYEN « BSEENRES R DEED 2
REFEANOBELTHEEL TWAH2D, BEOEERZHEE
Licav T4 v a7 k> TE—DBREFILEH
BIEBTERN, ZIT, BELCHD 2% D EHET
NS A—ZaFRL, ThLOMENTHEAEHLENID
ABEROOM 2 FRECHEILLWEEZ, Fhk
ZRETINVEy FELTHE -7, BRETIVEY M,
r=0.3, 0.5, 0.7, 6=0.2, 0.4, 6;=0.2, 0.4, EFEEEHIC
B329VFUFREAEHLE/A108EYD DOM & L
12e ZREF N Yy FTHW r OEIFIIL, BAEEER
DEHINS A — 2 i b Winemiller and Rose!® [ 58 - T
BHXN7rO#iFE (Ohshimo and Yamakawa, k¥
K) #BEICLTRE L1, rid, BBRIIC, BAREC
RO RHICEET A BN TWB D T D7k

®, BHEBRTHESINAHEEO r x2RETNEY
FZANS Z & C, AR BRTFETRBEE <« BN
EFAOBEEENPAOM OF CHEENTWAE T &
k%, 7O ARELBHREDL, WELHEL CE
BT HOBRETHHH, WMEOMNZHRNTH 0.2 ¢
REELBEVCH EO&, BERPIVEED0.2
E, ZTOBED 0.4 BV, OM TiIhbD/R5 A —
X DOWENTHAEDEEEBRET Ny b & L7,
SEORELE LT, HEEFRICHTUIDHS OMIcEk»
TEDHED/INT A—R & F\, FOISCHEAEDLE
BERNEDPTHIRFTHLERD B,

ZRET Ny FEEET S 108 D OM 2B\,
7o AFRE L ENRRE SR 5 51 £ 5 OEAETHEIRE
VR al—YavE 1000 @O, 1 DOFE L —
W=D, 108,000 EIDY I 2V —¥ s VEERKL 7/,
T/, 2REFI Ly b TR, $XTK=10000, 6=1,
d=1,p=0 2L, BIMNZREFITINLD/INT A—
FDMEOEERFN (BFFH2, https://www.
jstage.go.jp/article/suisan/81/2/81_14-00055/_article/
supplement/-char/ja/), 7OV RABERD B H & TV
Ralb—VvavET-> R BFRESAC oL &
i3, BlEE% 0 &L TEREE- 72,

B L R IRERBOBIEHE (BEBIIL—L) &
8L BEHIL—IVIL, Ohighy Omids Olow, & ZERENE
BCTHEEMICHA SR LD L L, BHEWITIE,
Ouign=1.2, 1.1, 1.0, 61sa=1, 0.9, 0.8, diow=1, 0.9, 0.8, 0.7,
0.6, 0.5 25 Ohign=Omia = 0w L7825 K D75 45 7 D D
ZEDPREE 2, BT, OFHEAGHRITHLT
£=05 120380 %R L, F7145x3=135 D~
FoREETHEN-NVOEFE L, 22T, fizid
Onigh=1.1, Omia=1.0, 10w =0.9, £=0.5 TH L, 1.1-1-
0.9-05 L EWT, S L EBERLRLIEEN—LEXFIT
52k bl

NT+—VXIEE —BIT, BEFHEHOBELLT
i3, BEOHE#ERTSZ L, 2L T, BEESRK
ET5TEBRBEF LN D LI, BREETPOREE
ERAHLIMA 2B TENELDEEL WD KRR
Tid, B4ADYVIaV—v a3 VRERICEWT, Thbo
SHEAZFE T 572D D)7 7 —VAREZ A TD X
DICER LT, TTT, BEHIL—IVICH-> TRELE
TOEREL B, BEE®CL L/, ¥/, B,CrD
HEODIZ, ALTECABEDS &C, EHERE
Iz FMSY VC@E L fC%é@%ﬁi% BMSY; @E%%
Cusy &EZEL 2 (Fig. 1), Fusy CHREL Th B=01
72 ARATIRQ), QDOIWEDFTHED IWITHRD B\ 7o,
ZDEIEREFTD 0.2% AT TH - 72,

(1) RB (Relative Biomass, EIEBE O, FHLIEE

%) BREBEMBORED 10 5 T B/Bysy OFH



210 WEI, RN, B/H, Bk, EF, E£H, KT

5 0.5 % LBl =B % £ TEETE - 7o b D,

(2) RC (Relative Catch, REEOFE, FTHEREE
) BEEEOLHMICK T 5 C & Cusy DFHD
B EQO)/ECusy)) Y32l —va VB &I
FHEL, 2BTOBROFIMEE & 723D,

(3) AAV (Average Annual Variation, JEEOEED
R, FIHELE) : §iE L SEDWEEDEDHER
E%, B LSEOEEROFEETEH -0 2|C
=G/ (Cm + ) HEHIMN CEHL iDL
RTEIG DFERD FRAE,

ALEEER (RB) & PHEERE (RC) BXEWZ
Y, EHEEE (AAV) 33w RWEEL—IV
CHEIND, Busy & Cusy 3702 ABEEDL LT
V3al—VsVEfT-oLLEDE LT LD, BER
BAEELED, YRal—YaVOERTIKL-THE
b, AP T, TR X S ICPHEREL{REL
7o BH D Busy ® MSY & U3 2D T, AL 7B
T ABRZEDT T Fusy KEDW/-BEN 2 EEE2fT- 1o
BECER I N AERE Busy PWHEE Cusy & B L
Voo SR, BEEHDOD &L TEHT HMAEZHIR &
LT BEAEOERE DS “dynamic By"1® &1Ll
T ETH Do Busy ® Cusy EDOMXEE LT/
=R VAREEBRETHILICLY, T AEEN
K&, BEIV—IVICEFRE S PERED Bysy ®
MSY %#ZK T 5 I L HRELr — 2BV Th, 78
T ABRE L EROPESXFIL, HxOEEL—ILOHE
HHE/NT =<V ARTHL T E 5720, 2RETILE
v FOBRVFIC & » TREBELZEEL—IVHBRICZ D
XL EERITIAHIENTES,

BEAEOERE BN LILBELV-LIBEOREE
BEREAER T %, TIABNS M85 HRTAW
TFHfi L 7ze £, 1 DOBEL—LIZ2WT, 1088
DOOM»oixb2BET VLY b CEHHE SN/ 108
BODINT 3 =<V ABEDOHER B, CORREH
W, e 0FENL—IVOEHEBEDEREEL T TRE
B (total scores) #FIEL 7z, BAEEIZ, RC, RB
ST A EEEEIOHE L, fixid, TEEEL
LT, BLEEREES 0.8 DL, PHRERELS 0211
B EORETENL—-ILVHEELWETLES, RB>
082 2>RC>0.2 (4%, [RB>08&RC>0.2] ¢%
Y 5) tRaARTICLIEREZ, ThUMNAE 0 RS
T5EDIC108 B OFERICEHE DT, BROB
A £RfTE (108 B]) CHl» /- b DEBEB/MEL,
EHEBEOENEL T ITHEES L, 20, BEBR
i, 108 B DOM OHFT, BEEZELZERL /2 OM
DEEERTLDTH S, APFETiE, [RB>0.8&
RC>0.2] #&KRWLEHARE L, 36T, REH
el <, ERBEDRMEY, [RB>0.9 & RC>0.2],

Table 2 Configurations of sensitivity analysis

. - . Configuration
Scenario Abbreviation Description on base case
= £2 (=
1 catch 3 C= Z G C=Cyy
k=14
2 cpue 5 Using abundance indices Using abundance

during the last 5 years from indices from ¢—4
t—6tot—2 to t—2

3 70-30 rule When setting average abun- Divide the range
dance indices as 50, the of abundance in-
boundary between high and dices into 3 equal-
medium levels is set at 70, ly, and the lower,
and that between medium  middle, and upper
and low levels is set at 30.  parts are defined

4 zeromax  Divide the range from 0 to 5 10w, medium,
maximum of abundance in- 20d high levels.
dices into 3 equally, and the
lower, middle, and upper
parts are defined as low,
medium, and high levels.

[RB>0.8& RC>0.1] L LAdDLHF L, T,
HEDDIC, EROEELFHLT, SLEEEDOA
REHAEL LBE ((RB>0.8]) OaE% il
85 (no-overfishing scores) &1L, THHFHEL 7=,

RERBT RET - ZOBRESKEERRZ Y,
ABC 3BT ABRO&MICE L CRERNT 1T - 7,
R 25 R ABCEED /O OEAHAD TIX, ABC
SHERICAVWZBEORER L LT, CXELORESR
T, DEEOFHRERE Cave L L Th L] &D
kBB, T, BEEREEOCSRBIMA L LT,
[EE#ET 3EM] L ORBBBSHHB, MFESORRENR
BEEHWANEPOBHREIE SN TV, KEDESR
DEFE LT, BEEREEEORK E&/NE 35E
T HEENEL DU, BREREMEOFH% 50
LU BICERM EFRLOER % 70, i LB DB
FE30 &L TKREZRDHHHENR, 0 LERERE
EOBANEY 3 5ETHBED LB %,

REMI 1 TR, COBRERY (-2Frbt—44F
ORBEED IFEFE A\ /o (Table 2), BREMREN 2
T, HE 2 FPHEZFET S L EOEREREREY
I~2Fpbti—-6FEDEMY,EFHERH L, REMRIT3
TREREREREBOFHE 50 & LC, &fL:FNOE
A% 70, PALEEMOERE 30 & L CKEZDI,
BEMFNT 4 T3, CPUEORK &Y OOHZ =587
BHETKERRDI, TNHOHRBICEAL T, BRE
Fhly P TYIalb—vaVETY, & ERARICE
EBEEEHEL 2, 36T, BEOEREELHKLEN
DHRERT T B/ DDORERBTIT- 72, ZTNHON
BREBRIEFFH2 (https: // www.jstage.go.jp /
article/suisan/81/2/81_14-00055/_article/supplement/
-char/ja/) T CERR L 7=,
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Fig. 2 Distribution of RB and RC under different management rules of 1-1-0.5-1 (a), 1-1-0.7-1 (b), and 1-1-0.9-1 (c), and total
(y-axis) and no-overfishing (x-axis) scores of the management rules with dy,y, of 0.5, 0.6, 0.7, 0.8, 0.9, and 1 under Syigh = Smia =%
=1 based on the criteria of RB>0.8 and RC>0.2 (d). The numbers by individual points in (d) represent the values of Ji,. The
vertical and horizontal dashed lines in a, b, and c represent thresholds for calculating total scores of [RB>0.8 & RC>0.2], and
the numbers of points within the gray colored areas surrounded by the dashed lines correspond to the total scores. The diagonal
gray line in (d) represents the theoretical upper limit of the total score.
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Fig. 3 Total (y-axis) and no-overfishing (x-axis) scores
of management rules with d,, of 0.5, 0.6, 0.7, 0.8, 0.9,
and 1 under Jyign = dmia =1 and different values of 2=0,
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gray line represents the theoretical upper limit of the
total score.
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Fig. 4 Total (y-axis) and no-overfishing (x-axis) scores achieved by the 135 management rules with different combinations of
Ohighy Omid, Olow, and & based on the criterion of [RB>0.8 & RC>0.2] (a), [RB>0.9 & RC>0.2] (b), and [RB>0.8 & RC>0.1]
(c). The names of management rules achieving the 1st (triangle), 2nd (cross), and 3rd (rectangle) largest total scores are la-
beled and aligned from the top, middle, and bottom, respectively. The diagonal gray line represents the theoretical upper limit

of the total score.
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Fig. 5 Total (y-axis) and no-overfishing (v-axis) scores achieved by the 135 management rules with different combinations of
Ohighs Omid, Olow, and & based on the criterion of [RB>0.8 & RC>0.2] by different parameter values in the reference model set.
The names of management rules achieving the 1st (triangle), 2nd (cross), and 3rd (rectangle) largest total scores are labeled
and aligned from the top, middle, and bottom, respectively. The diagonal gray line represents the theoretical upper limit of the
total score.
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Fig. 6 Total (y-axis) and no-overfishing (x-axis) scores achieved by the 45 management rules with different combinations of Jpig,
Omids Olow Under =1 based on the criterion of [RB>0.8 & RC>0.2] by different sensitivity scenarios shown in Table 2. The
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