IREEHEEIFSE  82(1)  14-25, 2018

BEEEERMEESIICEH EDCEBEFTMD LS :
YTHNINEERRHEZEFELT

[ (P4 St 1, HR AT

Comparison of stock assessments based on calendar year and fishing year:

An example of the Tsushima Warm Current stock of chub mackerel

Soyoka T Muko' " and Hiroyuki Kurota'
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We compared stock assessment for the Tsushima Current stock of chub mackerel based on the fishing year with that
based on the calendar year to evaluate how the definition of “year” influenced the estimation of resource fluctuation.
The total catches of chub mackerel in the East China Sea, the Sea of Japan, and Korean waters did not have a large dif-
ference between the two definitions of year. While most catches consisted of Age-0 and Age-1 in the calendar year ba-
sis, over 80% of catches was regarded as Age-0 in the fishing year basis. The fishing year basis estimated less stock
biomass and less spawning stock biomass by virtual population analysis tuned to resource abundance indices than the
calendar year basis, but no marked difference was found in the trends of the abundance estimates. In contrast, the esti-
mated number of recruitments was about the same between the two bases of year. Retrospective patterns demonstrated
that stock biomass was continuously overestimated in both types of year. The degree of overestimation for the fishing
year basis was less than that of the calendar year basis in most years, however, it happened to be larger in a few years.
Allowable biological catch was also overestimated in such years. Lastly, we listed the characteristics of the stock as-
sessment results based on the fishing year and discussed their future challenges.
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Table 1. List of assessment year for 28 stocks for which stock assessment is performed by VPA in Japan. Assessment based on fishing

year is emphasized in italic font.

Common name Region Assessment year
Japanese sardine Pacific Jan—Dec
Japanese sardine Tsushima Warm Current Jan—Dec
Japanese jack mackerel Pacific Jan—Dec
Japanese jack mackerel Tsushima Warm Current Jan—Dec
Chub mackerel Pacific Jul-Jun
Chub mackerel Tsushima Warm Current Jan—Dec
Spotted mackerel Pacific Jul-Jun
Spotted mackerel East China Sea Jan—Dec
Walleye Pollock Sea of Japan Apr—Mar
Walleye Pollock Pacific Apr-Mar
Round herring Tsushima Warm Current Jan—Dec
Japanese Anchovy Pacific Jan-Dec
Japanese Anchovy Seto Inland Sea (Monthly)
Japanese Anchovy Tsushima Warm Current Jan—Dec
Amberjack Around Japan Jan—Dec
Red seabream Seto Inland Sea (East) Jan—Dec
Red seabream Seto Inland Sea (West) Jan—Dec
Red seabream Sea of Japan and East China Sea Jan—Dec
Japanese Spanish mackerel Seto Inland Sea Jan—Dec
Japanese flounder Pacific Jul-Jun
Japanese flounder Seto Inland Sea Jan—Dec
Japanese flounder Sea of Japan (North and Central) Jan—Dec
Japanese flounder Sea of Japan (West) and East China Sea Jan—Dec
Round-nose flounder Sea of Japan Jan—Dec
Pointhead flounder Sea of Japan Jan—Dec
Willowy flounder Pacific Jan-Dec
Japanese pufferfish Sea of Japan, East China Sea, and Seto Inland sea Apr—Mar
Japanese pufferfish Ise and Mikawa bay Apr—-Mar

FEA XS R D 84SRIED 9 B 28R HET 2k — MEMT (Virtual
Population Analysis, VPA) % F\ > 72 &R EFili A3 FE i S T
W% (Ichinokawa et al., 2017). TN 5H28RMED I b H ¥
7FAT VWP NERELRS T RTORIET, 1EER
BHAL & § 2 EHEHREATDNT WD (Table 1). FEDE
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2009). xRSO N, F X HHEOEEEHET

HY1FEXBLCHEIND D, iz i10 H~HE3H
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X, 2015 OEWEEIET775 b v, BAaEIF2H My,
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Figure 1. Time flow of stock assessment and evaluation of ABC. An example using dataset of 2013. (a) Calendar year basis and (b)
fishing year basis. Stock assessment would be conducted during July and August for calendar year basis and November and December
for fishing year basis. Black bars indicate the estimated stock biomass based on the catch amount. Gray bars indicate the projections
of future stock biomass made from assessments using virtual population analysis.

WX BEFEEITHOR TS (BEIEFD, 2017). FL
T, VPAD#ERZ S LZIINRIL L2238k il 2 17w
HEWF ) EF AR (Allowable Biological Catch, ABC) 7%
FESNTWS (BEHIFA,, 2017). BELEFTHCL OV
TEFFHEITbN TV D ERBEIE, FEIND AR
MCTIRIA»SHE 2720, BAE0RHIRHE LT1LH
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R T O R O IE & BN — 20T (s -
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JEAESEET T, 120l TH~B4E6H) 222004
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U IR e A Sh, S5O 12 HiIcifiEsn
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VEAE, < Hosut R R EE O BRI, IR B
A B RFEG 9 A M AH D (FH RIZ4, 2011,2012,2013,
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DAEREETRE 5.
FRNBREREE

W il - HARMPEERCHSES 2 K AL F X MifisE o ifisé
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JEAESE RN T 9 H LI O G866 CPUE O A % 0 1% 1 O Fi %
fliL L7,
BiRETHE
JEAE, HEIZOWTHEIN L 24BN CAAEEfEZ B & 12,
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W T — & DRI T & B4 (2014 4) O lpIHE
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AR, BIOEES (BREICNT 5 MR
DEE) wRDI
L NAZXXRY 7 1 TR
EAEICB B HEEE HREOMK WAL O % B 5 %
2T B HEO—D2IZ, KL LDT7T—5 Ly ML 1ET
DF = &R U THAHEZITV, JERAEEOHE R &
TE5L NIRRT T 4 TN D B GRS, 1996,2001).
ZFIT, 2014FFTOTRTOTFT—5 &AL L, 20144
M5 20074EF TIHET DT — 7 2K U T VPA 217\, &l
RBEZHFE L. 22T, SFERBIIGEHEREMICD &
DL Fa—=v 7S 1ETOM L7,

LINOQARYF A TRy — v ORELRFTIREMEE L
T, Mohnrho (Mohn, 1999) % Ji5E L7812 p #5158 L
72 COBBEIIFMORMEZT R, BRIE2DIZS
TNAT AT AT ENTE 5.
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FTHOF—FI2d LI VPATE LNz OB HEEE
il GL#Efl) THY, X, ByFEITRLELZT— Ly M %
MW7z VPA TR LNz E O BFREEEMEZ RT. ok
&, yETTOT— 7 OFEIIBT L EFE RN E MO
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BOTF— 7 EMENLE LD TVPAZITY, Z 0%
BIZH EDVRRTFIMICE D ABCEHEIELZ. R
% ABC D -l & 153, ABC O 440 Tl & 15 5E4Mh 1t 2
W52 LT, HEABCORENZ M L7z

BUEDG RN A 7 ¥ 2 — W2 X AU, y4E 0G5 -
TiE, y-1EFTTOF—=F 2 HOTy - 14T TORHGF
BRIV, TORRIZH EOVTYEL pHHEDEHRS
W72 2% PS5, ABCIR )+ DR TEH S
N5 (Fig. 1). WIZ, yFEDOTF— 5 25BN S /28Ty 4E
FTORFAHEZ LD TTV, yp+HHEDH R L Pl L T
ABCZ ¢ 5. 22T, MROMARY D OB
& (Recruitment Per Spawning, RPS) &, 1992 4F 2> & H. 3T
FERBROZZIIMICHEE SNZRPS O L L, Tl
TitHE EN72SSB L DX IFROMARE L7z (HHIZ
A, 2017). yAEOWME I BT O L Feurrent (873 3 4F
B O3), y+1 4 H 2 S IZEBIIEHEMEIZHE - 72 F TS
Bl sns & L7z, R ClBifE 2y 2iEsy -
VA %%z, FFEDF% Fmed 2% %E L72. Fmed & 12, I
AmY 720 o A= (Spawning Per Recruitment, SPR) %
RPSOH RO EEH L LALFTHA.

BAE, ~ BNk BT REE O ABCIZIEIC AT
BESNTWS (BEHIED, 2017). D728, #lHABC
HEEL, BEHEMTHREL . BlZIE, 2014FE0E
JRREAR T 2015 4R 1 (2015457 H ~20164:6 H) ABC %
HETAHHEE% 2% (Fig 90REZBM). EER T
& BT WAL, 20134FEETOT—% (20134E7H ~
2014466 H) ZHWT20134 T TOERH 2TV, £
DFERIZH EDOWTTFM L 722015 S iR TH 5.
DL E, 20144EDF & Feurrent (2011 ~ 2013 £ D 1Y),
20154EDF X Fmed & 7% T 4. FaFlifiElx, 20144 F T

DT —% (20144E7H~20154E6 B) # H\VTC20144EF T
OEFEIHE AT, TOREIZE LDV TFH L 7220154
MR TH D, 20154FEDF I Fmed & 5.
JEAEEECIE, I ABC A SE T 572018, IR TPilZ
R U~6H) LR T~12H) OPEZHALE
L7z 2k — MENORHEEIC X V7o 72 GEIZEEIZ A
(2017) ZM). Tk &, VPATHEE L74ERBIF X,
R DAEWHIAE R OAET Y L AER OIS, B34
BOPIMEEHEL 2D X HITHML, FHEICHEA L.
B Z1E, 2014 4FE DG HFMC2015 F MBI ABC # HE T 5
Yifr, 20134FFTHOTF—% (01341 ~12H) ZHWT
20134E F TORFRIHE#1T 5729 2T, JAERMORFRT
W AAT 9. 20144 & 20154F 17 *F- D F % Feurrent, 2015 4F- %
L2016 4EF - DF % Fmed & L7z 2T E N 52015
R DU R DS ABC O Y P FHMETH 5. FRaHi T,
20144 FTOTF—% (201441 ~12H) % HVT20144E
FCOBREHEIT 729 2T, PERMOIR TR 21T
9. ZFOBE, 20154ER>D F % Feurrent, 2015 442 & 2016
ERIEOFZFmed & L7z & 2T E N5 20154 o
IR DS ABC OFRHIIECTH 5.

ARFHICTIE, 2010 ~20154E D ABC % 1127112008 ~
20134EFTOT = HHWTHEL, EHIZZNEN2009~
20144 F TOTF—F #H W CTHHIZ 1T - 72.
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Figure 2. Monthly catch amount (10’ t) of (a) Japan: the large- and medium-type purse seine fishery and (b) Korea. Gray line with
square markers indicate the data from 2004 to 2009 and black line with diamond markers indicate the data from 2010 to 2015.
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Figure 3. Total catch amount (10° t) given by the sum of Japanese
and Korean catch from 1992 to 2014. Solid line with dia-
mond markers indicate the fishing year basis and dashed line
with open square markers indicate the calendar year basis.

—&— Fishing year
--0-- Calendar year

—7J5, @ETIIREOENZR SN 0o 7.
HALEEZ b RiEROBE (1~120) 45
&R (7~B4Ee ) FiMHE T 5 &, 1992~
20144FDFEEFO L v FIZEDL S &7z (Fig.3). &
g, MR 60.2+11.6% (1992~ 20144 D P31l £SD)
2D 5T~ 12 AL HEHTEREL TWb 0 EE R
bNA. 12121, WO Y —27 B LEA R > TWDHIE
RSN (Bl 0 1994 ~ 1996 4F, 2008 ~ 2009 4F, 2011 ~
20144F). Z ORI, FErirt 0~6H) 128, LS
EHIC A= M THERY (T~12H) L B4E[E Tl
WD D D L&) FiAH - 72 (Fig. 2).
FRIGERR & ERHFITHEE
1992 ~20144ED CAA (0~ 3+7%) &, JEEMEFME & il
FAREHME AR SR & K o 72 (Fig. 4). B4R
F0if L LR FARTH > 720120 L, HIEERT
O R 82.5+8.1% (FHfEi+SD) % o Tw7z.
ELLOHFIHETY, 2i%, 3R EAFRmA LD IION
THBEREID B holz. HERMOUBIREOELHIC
KEZR DMLY FOBEWIZ D72, BEDLEITEND
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Figure 4. Number of catch (10°) at (a) Age-0, (b) Age-1, (c) Age-2 and (d) Age-3+from 1992 to 2014. Solid line with diamond
markers indicate the fishing year basis and dashed line with open square markers indicate the calendar year basis.
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Figure 5. CPUE (t/effort) at (a) Age-0, (b) Age-1, (c) Age-2 and (d) Age-3+from 1992 to 2014. Solid line with diamond markers in-
dicate the fishing year basis and dashed line with open square markers indicate the calendar year basis.

RonbZeddor. BIz X, HHESLEFTIE19954
D OB OHIERTUIIER 2L 0o 1278, JBHEEETIID
otz (Fig.4a). 72, 2011 ~20134E 0 1% o ifijé
REOM@EN )R > Tz (Fig. 4b).

FEHIAE L, 3T OEMCHIIAEER O T ATEFEE
FFE D DR EDN o7z, FHEEMOTERER, HIPFEE
TR0 fA3315+8 ¢ (CPIIME£SD), 17kfAT404+27 g,
2IRMAT51Tx18 g, 3+ IRMATT01£27 g TH - 72 DITHT L T
JEAEERT Tl Z N EI 29549 g, 35311 g, 472+25 g, 63629 g
ThHolz.

FRNEREREE
2003 ~ 20144 ® CPUE (0 ~3+5%) (&, JEFEHERME & i
BAEEEMETRE LR ML Y FIZEDL S 2 h -7 (Fig. 5)

L2*L, 2011~201440 1% CPUE (345175 I ] TR 23
B o Tw7z (Fig. 5b). ZoOEMRIT1~5 H o4
< (Fig.2), ZORPIRIUEHWNTH o7z IIAELERTIX
OIS SN L DIZx L, BAEEF TR IRICI|ES
T272®, JEFEEFHMED 1% CPUED E L o 72,

F7:, BIOFBE LT, 0 CPUEIX, JEHFEERME & i

FEREFMEICIT & A EENE R Do 7225, 1%~ 3+ % CPUE
X, BB EEGHESINEERE L ) S E o
(Fig. 5). ZARMIC, KPR F Z#EHRZETDSIVERIETE
CPUE S\ 28, 1~ 3+ /%D CPUE I EAE M O 5 A%
HHEERME L D W< %5 (Fig. 4). —7, 2§ CPUE
FO~12HEFI~5SHTIIRESEIL L W20, i
L% F O MELTTO0MCPUE &, 9~ 12 HDE #,
1 CPUE IZAH 2§ 2 JEAEAEET D 01 CPUE X IT & A &A%
e,
BREE
VPA TROIZE W EIL, BFEEGTOSAFEERT I D b
W% h o7z (Fig. 6a). 1996 4F LLRiT ORI IZ# VA3 &
N7zboo, 1974, KER MY FEIELL LD
7z

B b, JBEEFTTOPUBIEER L Y £ 225 72 (Fig.
6b). K& ML Y FIZEDLL RN -7225 20114ELED
)23 R ¥ 7 o 7.

AR, EEERT & MR E 312, 19954F12 301
R ERkE o7 (Fig.6c). FDOHD ML ¥ FidZDb
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Figure 6. Estimated (a) stock biomass (10°t), (b) SSB (10° t), (c) number of recruits (10°), and (d) RPS (number of recruits/kg)
from 1992 to 2014. Solid line with diamond markers indicate the fishing year basis and dashed line with open square markers indicate

the calendar year basis.
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XD b EICE o7z (Fig 7a). 19924F5 5 20144 F TD
FHEEESDIE, HEERT Tl 58.626.0%, JFELERTIX
41.0£7.0% CTdH - 72.

RPN (F) 1%, JEAEER L MAEER L DI
HEEBDPREN o7 LI, 1B X U2 Lo
BOFPRE LB L7225, AR T B 3@ o b i
Ronehoi, BEEFTIIIKOFPH DI L
HIAEEFTIZOMDF A5 A > 72 (Fig. 7b, ¢).
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B RICHEE T A EINA D - 72 (Fig. 8a). HI4EHERT
1, 2007 4F XA, 2008 4F LLRE I8 K IR & dE 8
BN AH > 72 (Fig. 8b). PAROL VI AXRT T 4T
NE—F, BERETORAITE R & FEOMEN 2R L

7o, HHISEERT O A 132009 ~ 2010 4E 12 K I H AR
BT AN R SN2 DD, 2011 4F LLREHZE 72 %
y— i3 eNhh o
W0I4FEFTOTF—F I X Atz LML UERM
SIBIEEE & p % Table 2 1Z7R L7z, AERIAHRMBIEEEIC X 5
L, OBPRE L BE L DI, 20104EDNFELEME, 2009 4E
& 2010 4F O AR SR GHIE (28 KHE 2 O BIn 2S5 22 > 72, —
Ji, AEBIARS S IE EE OFEHEO K & 2 5%0.1 LT D41,
JEAEAEEHMIE I B R D 2007472 TH - 72 DITH L, i
AR AR CIXE TR 0 2008 4F- & 2013 4F, Bl i 9 2008 4F:
E20114E, 20124ETH o 72, KRR L BAE D p I ITHE,
HHAE L IR KHEEOMBEIMICH 5 2 L BRI, B
WCIPIAEERMES, B R CIBEEIMEA L ) K&
Motz HMAEERNE, £ OET, BRERBAROH
FEAEDMEIE S N B REDIRELEFTL D /S Vs, —EHo
ETKEL GBI HLEEL D,
EVFNHFRABEOHET E B
2013 ~2015 £ D ABC \ZEAF S5 & iR CTIRIZF U
THo7z2DIxF L, 2010~20124E D ABC I3 FE 45 o
T KE D o7z (Fig. 9). & IHBI4EERT D 20114 ABC
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Figure 7. (a) Exploitation ratio (%) from 1992 to 2014. Solid

line with diamond markers indicate the fishing year basis and
dashed line with open square markers indicate the calendar
year basis. Fishing mortality coefficient of (b) calendar year
basis and (c) fishing year basis. Solid line with diamond
markers indicate Age-0, dashed line with open square mark-
ers indicate Age-1, and gray line with cross markers indicate
Age-2+.
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DWIEREI o7z, F72, L MO ARY T 1 T O
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DIETERM L. LaL, BEEFL) ORELBETH
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Figure 8. Retrospective patterns of stock biomass for (a) calendar year basis and (b) fishing year basis, and those of SSB for (c) calen-
dar year basis and (d) fishing year basis. Dashed lines indicate the estimates of reference year using the full dataset (1992-2014).
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Table 2. Annual relative difference in the results between the
peeled analysis and the reference analysis using the full data
(1992-2014) andp. (a) stock biomass and (b) SSB for cal-
endar year basis and fishing year basis.

(a)

Year Calendar year Fishing year
2007 -0.23 -0.22
2008 -02 0.02
2009 0.65 1.22
2010 1.34 1.41
2011 0.65 0.23
2012 0.39 0.22
2013 0.14 0.00

P 2.74 2.88

(b)

Year Calendar year Fishing year
2007 0.00 0.37
2008 - 0.26 0.04
2009 0.48 1.09
2010 1.23 1.31
2011 0.71 0.04
2012 0.44 - 0.02
2013 0.14 -0.32

p 2.75 2.51

X9 I L R IMAERET— 7 OFHILENR
5.

HOAESERTCIL, B2 B $ 5 < 5 B BR T %
HOWMEOH LY XV PMHICRAZ LI ENTEZ. —F
T, TOME® 212, BROFER FHAARLE % 5]
REVE DRI S 7z, BCEART O BB L I ARAE L 72 S
i, BROFRNAHOBE2HIZHE L 2VWESLS
(B, 1998). HIVAEEEFHC X 2 B, AGHOE
BEBOEY) HIZOWTHERZ L LT 0L LB L
nzw,

WIS, HEERNCD & o RO FE N Lo RRE
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Figure 9. ABC (10°t) and revised ABC (10°t) for (a) calen-
dar year basis and (b) fishing year basis from 2010 to 2014.
Dataset for ABC and that for revised ABC were listed.

IRV SRORFEEEAFAET B, PlZIE, BRE D/
WX A2 TR L, MEORVORATIR S > Tw
LR H 5. FOHEEEEEZ S L THIELT S
AHEEND DI, BIRSNIAHEE DL H L7259, &
#%o X0 #EY BRI L R L T LERD B

F 7z, BlAROFMRY & I & oSOV TR
HTOBEIHRLD. < W BIRE R TIE 11 ~3 HoRk
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BT L7206, AW 2 iR & o3 AYEIREFAT 12
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FHREEHO L 912, ISR VBRI, RICO A
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