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Seasonal changes and influence of the Kuroshio path on catch and
body size of mackerel scad Decapterus macarellus
in waters around Hachijyo-jima Island in central Japan

Haruhiko Hmvo! T, Toshimitsu TomoTo'? and Yuhei Tanaka!

JOLEE BB 5 27 Y T a0 OESHENIZOWT, —BRILEIEET NV (GLM) SRAEERSMGD/$T X —
FHEEIZ L DRRE L7z, GLMIC X 2 fEAT oSS, 4, H, B R - MAERISEE T2 ovRs . #
SRR ORI > T Y472 ) OFERD A L, TOERNLE L CHMTREREZBE L CRET 2 EHRSE 2 5h
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FEIXS-1I FIZHML T -2 IR T 5 2 eA9REN, TOERNE L TRAIEH DA ORI S UM L 7 5 1-3%
FBOWE LA O ETIHYE 2 bz, B2 LB OmM M % W3 5 CRFEICBATT % & WA o259k C # i
LD b L1258 2 2 EavREN, TOERE L TREROMINIE ) ARRBRBIOWBHIC L D ERE L & - 72
AEWHAL DA & AR LR O B LIC X B R RREORINATE 2 Sz,

F—TJ—N: a7V CHEs, BLER, —RILBIBET IV

Seasonal changes and the influence of the Kuroshio path on catch and body size of mackerel scad Decapterus macarel-
Ius in waters around Hachijyo-jima Island in central Japan were studied using generalized linear models (GLM) and
parameter estimates of a mixture of normal distributions. The results of the selected GLM using Akaike's information
criterion indicated that year, month, and changes in the Kuroshio path influenced catch and body size. The number of
fishing boats per day was also found to decrease fishing efficiency (catches per fishing boat per day) probably due to
restrictions on catches imposed by the Hachijyo-jima Island Fishermen's Cooperative Association (FCA). The FCA re-
striction takes into account shipping capacity to prevent unit price drops. The coefficients of the year of the selected
GLM indicate that stock abundance trends and body sizes decreased or increased after 2015, respectively. The selected
GLM also indicated seasonal changes, in which catches increased from August through November and decreased from
November through December. The results of parameter estimates of the mixture of normal distributions indicate that
seasonal changes in catch and body size were probably due to growth and changes in age composition (age 1-3),
which were targets for the fishery. Moreover, in the case of the C-type of the Kuroshio path, catches in the same month
increased 1.1-1.2 times more than in the non-C-type of the Kuroshio path. Changes in catch by Kuroshio path were
considered probable due to recruitment of high-growth fish associated with improvements in feeding environments, in-
cluding increased nutrient levels, in addition to increases in body weight due to aging.
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CASAE At R e VA TR R -WANS W = BU R 5 A Gl S SR D S I
T BB X o T BV E Y Decapterus macarellus % i
L, FUBBHRORENTH D 7Y OREL LTH
ML TS REERKERER Y, 1984). 1990 4 AUHT 12
X 13- 14D RIME R RFE L, 463-758 t & Il L 722,
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T SE ST R MR BE R KRR, 2002-2018). 2017 4F i1
W3EPHRELLZDOD, BERIKOMMERl t % ik L
2. NLBERRMAEG (LDF, ALEfE) <k 29
YET R REICUIE L 2B S 28040 TEZ2BIET 5
7o, HMATTREEZ I LT 141 H Y4720 ORI %92
ML T ad REHEOK RS, 1984). L2L, 20174F
WINETHEZ T 723, ERIR O E i FEO Y
GUTIE T o7 20720, EREOREZNDL 20
WCHEROEFENEZ W ST 2EEEIEE > TWh.

ALBIIBWTEEINS 7Y EwidffRT 1 X2
EoT, BLE20emBED [/haw] &, BRXE25em
Pilo [kaal i2girens. ALETRENOIDD8
HEANZIE [/haa] OFEIKE WD, KEI [/haa]
DOFEWAL, KLY O 12H FTHETTOL W
[Kao] OFESMT S, Z0X)IE, FEOH LM
R A ZEFWIC L > TR 20, R4 ZOLHER
ST RV, Z070, BEREOLEEZR LD
121E, R ZT TR, AR A ZOEBZERIZONWT
SHOENICTAZENHEETH S.

PO BIHR oML, R OB S RS
DEACICKE GBI N G, i, B/ CLEodufl 2
L GECH), [k e % B o AMENE S AT i L
TWwa. oL, BEEEOBITICE > TALBEOHM%
WA CR (FHH, 1961 4, 1969) [2BITL, [HE
&) 3 3 205 B 0 NSV S A 5 % & ORI - RRSREE O
MBS L 22 A (FRHIZ 2N, 2008 ; BOiEIA, 20125 HEP
1322, 2019). SLERLLHEEIC B W TR s Cc RIS
BATT B &, BV % Katsuwonus pelamis X° 7 * % A Para-
caesio caerulea ® 1 %4721 i (CPUE) 25843 5 2
&R CRIRIED, 2004, 2006), ¥ > A ¥ A & CPUE A8
s sk CRRIED, 2004 RN, 2014) NG RhT
Wao DLErS, NLERLEE I Ns 7Y Eo
DRI DO NWT D BT E B O X% 2T 2 RelErH
505, P ET A HITEETH B,

AR FHICBNT, KPR F SEHEB X O -
INELE EREIC Lo TS T b, B, H Y il
BT 2 207 DHOEWHIRREIIACT - B & Hkrsh <
WY, BFERIREME LCwaiERIIE, 7 YED
7200 CT%h < 297 YD, muroadsi, €Y D. macrosoma, *
T H YD, tabl, THT Y D. akaadsiVFEINTBY, fil4
DRIZOWTEHFIREL BT 2720075 1dZLw
(% - RH, 2019). F72, 79 Y EQOIEEERAIILR
RREI 2 ORI ME ISR o2 (ROHBKRE R
BRY5, 1984 5 M, 19755 1986 5 it, 2009 ; Shiraishi et al.,
2010 ; FAATLEAy, 2010). ED7z8, 7Y ETOEHD
B L MR OEBENEZ P S22 T 52 & T, MR
DEEIWHRT 5 2 s 5.

Z 2 CARIIgETIE, ALERBESICBIT2 7Y€

OBEWFHINE L OWRITHET L RN EHS T 57
O, —BILHIEE TV (GLM) B X OREIEH M D3
SA—FHEEFHTHET— 7 BLOARKHET— % %
AT L7z, Zofsd, /CLBREEEEIC BT 5 7Y€
OBFEH B L OUDUCET 2 AP WD TR L NZDT
W59 5.

MEEFE

BET—4

2003-2017 4E D4R 8—12 H 12 /UL Bl ~ KI5 T S oz,
HERS2 HD 7 Y Eu il T — ¥ 2 fffr L7z, —
H = U R B K OB - R DL R R (http://www.
ifarc.metro.tokyo.jp/20.html, 20194E1 79 H) (DLF, i
W) A, BRSO CLE OGN E T A %
FECH, BENICMET A5G 2CRELTIHIEIZHR
L7z (Fig. 1). Z7¥YEuZKEFLEHE R 1
HIEICHERIL, 12105720 ofiEs (kg% HY
ZCPUE & L CHM L7, CPUE#% Ml R L,
/AME, USRS, RO iE, B3R, RRAEE
HIEIZHEB U THOMNTREZER L7z,

BRAET —4

X EUOMMEY A XN ETLERNEZH SN T H72
W, WRHRSERATEEM [72< A 252009457 A 225
2017 4E 10 A WA B A 32 B WV CHdi BT B X oY
o711 BICHIE L7251 5,784 RO faARER B L R LE
DOWET — & %fFN L7z, [72 Al 2 & 5RBRREI
FEFH) TITDON TV B, i FEICEBO
BHEZNRIILTWDLD, ZOT—=5 2T L1z &b,
o 12 FICERBEREAIT A TR L 7. fafkEE
BIUORIEOWERBIEIZNZEN01g 01cm& L7
AR SE H o dih e LIl 77— 7 2IEC Rl L c Al
SHEL:. T — & L FERICARE R T — ¥ & B
ANCEREE L, f/MiE, 85 1 DU R, e, 553 UL,
KA E A L ICHB L TR Z R L 7.

GLMIC L 28T — 2 5 LURGKAET — 2 DFENR
JHYEUOWMREICEETLIEREHALNICTE720,
INEERE R L L72GLM 25 L7z, /ORI Tk
AT e A A LC 18 1 H 2472 ) o ERIR % 5 %
7o, 184700 ORI REEROEE LY 2 5
Wrdsb, LaLl, HERREROAEILHEINATES
T, FRMET— IO IEMICHEANSL X TE RN
ZZTC, H¥E2 (2019) 2BF2 L CUREEE % s,
DU, A, Bk, BEEH N Lo
RHAEMEE L2 MEOGLM (R1,2) 2/ 7.

Catch=a,+a, (Year)+a, (Month) +a, (Kuroshio)
+a,, (Month: Kuroshio) +Offset (Log (Effort))
(1)
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Figure 1.
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Locations of Hachijyo-jima Island and examples of the Kuroshio path. (a) Non-C-type on November 27, 2009. (b) C-type on

December 14, 2009. Figures were quoted from the following sites and English descriptions were added (http:/www.ifarc.metro.
tokyo.jp/20,5786,48,282 html; http://www.ifarc.metro.tokyo.jp/20,5859,48,284.html) .

Catch=p,+p, (Year)+, (Month) +4, (Kuroshio)
+B, (Month: Kuroshio) +8; (Log (Effort)) (2)

ZIT. q(i=0,1,2,3,4) BLUB (j=0,1,2,3,4,5) 13tk
Bamd. 4, A, BEREEH T TV AINERELT
Wo72. GLM (K1) Tid, BEEEI1E Y720 Ok
I L v (B R i O 2 S BB AR IS B
%) LIRELT, ﬁé%’%ﬁ@ﬁ%iﬁ%lb:;’ﬁbf:ﬂ‘7~kv
l\ﬁk LT . BEEERA 1 E M) ik

W@?é(ﬁ%ﬁﬁk@ﬁgiﬁﬂﬁwm%% 7%
<,%ﬁm_%ofmﬁﬁ@®%% ZF5) EAREL
GLM (1) O XHICHEEHKEF 71y PHE L TD
FICGLM (X2) ZREEE L7

WIS, MAERICHETLZENZHL2ICTS20, b
BER A MR ER, SEREE A, Bk e L
GLM (3) %ML 7.

Weight=y,+y, (Year)+y, (Month)+y, (Kuroshio)
+y, (Month: Kuroshio) (3)

ZZT, oy (k=0,1,2,3,4) 3REERT.

B L 72T RTOETMIDOWT, IWEEROHE) s
SRR B LT U~ ohizlkREL, Vo7 M
&5 & L TAIC (Akaike's Information Criterion) 7% &
DINSWHOMERGAZRA L7z, 20k, #4770 ET

AICHIR/NDET IV A RINL 72, B, BINSN-ETIV
DERBUIETH 720, MRS L ORAREEOREL
B3R E B L Cigim L7, GLM (1) %6l L
T B A DU 0% (4) \ORL7.

aj=exp (a,) (4)

ZIT, ol dGIM (XD BT LZEOREERL,
GLM (K2,3) TRRENZENL,y, WEUT S, &8, H
Wl B4 (AR 20034, MR E D 20094F) D%
Bizos s,

T/, BIRNSN/EFIVICH & BB O HEAERED
GENDHOE, REEERENR LT, RS X Ok
EiE DY Z%%Eﬁﬁ%% Wik L7z, GLM (1)
EHlE L EBREEY DT 0L (5) IORLZ.

(oytayta,) =exp (a,tas+a,) (5)

CIT, apaya3ENENRGLM (K1) KB H, B
W, HE B ORHE/EHEOREEZRL, GLM
(3K2,3) TRENENL, By, B B LWy, 1y 1, BENT 5.
B, KL H (MR :8H, fifER:7TH) B
T O GECH) ool b.

ZFDthk, I UG ANY T = A NSy T (E
1% 10,000 1) % VT, BB L 72478 D 95% 5 1
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X ZRD. GLMIZ &L BFHTIE, 7V —> 7 MR (http:/
cran.r-project.org/, 201941 H 9 H) Ver3.02 % H\WTA1-
7z.

EBXRERDIERI I EICL 2 FRHHEROHTE
SR O R LA Z 1 emPETHBNSER L, HE -
I (1999) 12HE - T MS-Excel2010 @ Solver % il v T #
BOWH S AGEE 4% L7z, Shiraishi etal (2010) X2 ¥
Y EUOAFMRE R (R E R (R R4
BRIEE))x107) OFFEZEALE X O FIR O MRk B EE
R SHEINENEZ S 6 HLHE L, FAHAIX S EmA
ERREPOEEMBMZRD, 13X TENENREALE
18cm,25em, 30ecmF CHRET A &R L. 2T, #
B2 5% U 72 IEBL A BE I D W T, Shiraishi et al. (2010)
2 & 2 R R 2 SR AR R 2 s L 7e. BREIRIE T
FHIZBT 5 HERBORIEDOFHEOER 2 BT 5
728, Wilcoxon DFF & MM g & 17 - 72.

B R

BEE S LU CPUEDREZE(L

2003-2017 4F VLB HHISKGITT Sz 7 v EaDifi
MR B X U'CPUE DR ELAL % Fig. 21278 L7z, Jfijr ik
2003-2006 4F 12199237 t THER L, 2007-2009 4F 12 13 290
339t THERE L 72, T OB ITHA L, 201141213
195t, 20144E 1213123 ¢t, 20174E 2k 61t F T L 7.
— 75, CPUE % 2003-2006 4F |2 453-787 kg - 4~ - H ™' Tt
L, 20072009 4E 1213 941-1,013 kg - E"- H ' CHERB L
7o, ZO%, CPUEIE529-955kg- 47" A1 TR L 7-.
EMRER O CPUE DEEZEL

82 HOHRBIET — 5 09 b, HRmEN o7 — 5 %
FIECHIT564 0, CHIT208 H & 7% o7z, Bl g o
7 ¥ X €U O CPUE & EDFEHIZEAL% Fig. 31TR L7z %
H®CPUE O hJufitild, 8 HICIECHIT420kg - 47" - H,
CHITS60kg -7 H' EfRflfiliz /R L72&ICEAL, %

360
00Z'}
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Figure 2. Catches and catch per unit effort (CPUE) of macker-

el scad landed at Hachijyo-jima Island Fishermen's Coopera-
tive Association (FCA) from 2003 to 2017.

NENILHIZ908kg - #1- H™!, 1,144kg-ET-H &
IEEER L2, ZD%, CPUEDHIEIZEA L, 121
WZZENEFNT9 kg - £ HY, 1,045kg- - H 1 %o
72. % H®CPUEDHRAEIX, TXTHOHTCHDITHIE
CHIL D & & ETHER L 7-.
GLM [ K 2 BEEDMFEITER

GLM (X1,2) 22V, 0% Wﬁ@%o% A% A
<A E L23a & 0 b BUE B AT O YA IZ AIC AV K

WEZ IR L7272, ﬁﬁmﬂ‘ﬁ%%mbt(mM(Kn
STEOESL DA 0 13976.2, H v <54 1 14149.2) (GLM (5
2) WEIEB A 0 139755, F ¥ =446 14139.9). GLM
(K1,2), ZhZhoEb7z0 32k, RAEEHEO A
EHELETNERVIZEN46 ETVOMER Sz S
NEEFVOA L, FAL10EF V% Table 1ITR L7 E
TOVRIROME, £, H, Sk, #EEf Ao R
T O HAE % HHA R TRIK S 72T T IVANERIN S
N7z, B, BIRENLEFNVE, BEEHEF 7R b
WE L TEOMOEBRERIZFE—& L2 EF VO AIC X
0.7E/MEWVDHOD, [W UHHAK TR I NSO 241
DETN (H, H, BEE, BEERCHEINSET
VB LU, H, BEEHTRNIEINSGETIV) IZBWT
DIFELHEF 7y PHE L THEDLRVET VD AICD
TR0, BREN-ETVERH L. @RS I
EFIVOREE Table 2128 L7z, FSEE B O4R%130.865
EHEE S, BRSEE R & U R A 2 U B AR IS 1S 2
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Figure 3. Seasonal changes in CPUE of mackerel scad for non-

C-type and C-type of the Kuroshio path. Horizontal lines in
the box indicate median values, and lower and upper box
levels indicate 25% and 75% quantiles, respectively. Vertical
bars indicate the minimum and maximum values. Left and
right sides of each month indicate non-C-type and C-type of
the Kuroshio path, respectively.

— 263 —



HEPRSEZ, SOt gt

Table 1. Explanatory variables and Akaike's information criterion (AIC) scores for alternative models explain the catches of mackerel
scad landing at the Hachijyo-jima Island Fishermen's Cooperative Association. Only ten models from the lowest AIC are presented.

No. Explanatory variables AIC AAIC
1 Year-+Month+Kuroshio+Month : Kuroshio+Log (Effort) 13975.5 0.0
2 Year+Month+Kuroshio+Month : Kuroshio+Offset (Log (Effort)) 13976.2 0.7
3 Year-+Month+Kuroshio+Log (Effort) 13981.0 5.5
4 Year+Month+Kuroshio+Offset (Log (Effort) ) 13981.3 5.8
5 Year+Month+Log (Effort) 14002.6 27.1
6 Year+Month+Offset (Log (Effort)) 14002.8 27.3
7 Year+Month+Kuroshio+Month : Kuroshio 14133.7 158.2
8 Year+Month+Kuroshio 14140.3 164.8
9 Year+Month 14159.6 184.1
10 Month+Kuroshio+Month : Kuroshio+Log (Effort) 14451.7 476.2
Table 2. Coefficients and standard errors for the lowest AIC
. g| ---- Non-C-type
model in Table 1. S Catch = exp(6.041 + (0.865 x Log (Effort)))
Variables Coefficient Std. Error C-type
> Catch = exp(6.041 + 0.050 +
Intercept 6.041  0.186 = g| (0865 xLog Eom)
Year (relative to 2003) -
2004 - 0.162 0.044 =
2005 0.297 0.069 B
2006 0.149 0.050 3 8-
2007 0.604 0.057 - -
2008 0.496 0.060
2009 0.550 0.055
2010 0.360 0.061 °r | | | | |
2011 0.287 0.060 0 2 4 6 8 10
2012 0.058 0.066 The number of fishing boats ( boats - day 1)
igii 832? 8?(9)2 Figure 4. Relationships between the number of fishing boats
2015 0.463 0.099 per day and predicted catches of mackerel sc.ad for August
2016 0.202 0.105 2003 for non-C-type and C-type of the Kuroshio path.
2017 —0.143 0.133
Month (relative to August) V2 W RO T % RSB L7z (Fig. 4).
September 0.325 0.041 - = NSRS - % I .
BIRENIZETNVOEL L OH OREE BB L 718
October 0.667 0.037 ] L - . B
November 0.673 0.036 % Fig. SITR L7z, A 0fR%132003 4 % ¥ (1=Exp (0))
December 0.626 0.040 L L7288, 20044 IS RAKME08S 2R L, ZO®HRIEIML
Kuroshio (relative to Non-C-type) T20074F121.83 L imifiiz7/n L7z (Fig. Sa). 2007 4FLAKE,
C-type 0.050 0.049 AE D ARBIFZ IR A T HE U T 20124E 12 1.06, 2013-2015 4F 12
Month: Kuroshio (relative to Non-C-type) 1.30-159 TR L, ZoHKA L T2017412087 %R L
september: C-pe 0103 0.059 7o BMEEEHIOH OB, FCMOSH 2K (1=
October: C-type 0.016 0.059 A - . ~
November: C-type 0.046 0.059 Exp (0)) & L72¥4, 9H121.38, 10 3121.95, 11 HI21.96
December: C-type 0.031 0.059 R L, 811 Bl 7 (Fig. 5b). ZDEd
Log (Effort) 0.865 0.086 WZER L, 12312187 &R L7z, CHIBFOfREUL 8 H121.05,

, BEEROBMIEWBERHBROREL T, 14
W) OEBERIFDT LI EIRENT. ESNAR
BE I, 2003458 H & kit L LA oL OTAL

9HIZ1.72, 10 H122.08, 11 HIZ2.16% /"L, 811 HIZH
FTHEMLUZ., Zo®%EAEE L, 12 HI1I22.03 %R L7
CDEHIZ, HPERIZIECH! - CHRIIIZ 811 H T T
mu, 1N-2 3T TP 3 52 RSz, B
BHCTHHOERZKT 5L, CRHOIAIECT LD
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Figure 5. Exponentials of coefficients of (a) year (relative to
2003) and (b) month (relative to August of non-C-type of
the Kuroshio path) for the selected GLM to explain catches
of mackerel scad landed at Hachijyo-jima Island FCA from
2003 to 2017. Vertical bars show 95% confidence intervals.

D LI-12f5EWC EATRE N,
BHREANDAKEENDEHEL
TR o R E B OFHIZAL % Fig. 6 IR L7z, JEC
RO MARE RO R ILMEIZ 7 A12136.1 g% L7224
L, SHIZHEMED119.0 g% R L7z, EOBMAAKEROH
JAEIZBEIICEE U, 11 B CmEE2200g %R L7z, CHY
oM ARERO P YAEIL 7 HICREE301.2 g 2R L7241
WAL, S HICIRIEAE1933 g% /R L7z, ZORMAKERED
RO IICER U, 11 BCREME273.6 g% R L7z, 4%
HofifkEROPIRMEIE, $TXTOHTIECHED b CHl
DI DENMETHER L 72,
GLM I &k 2 B AEEDHFEIER
GLM (K3) 22V C, IBBEDH D MESE 54 & W EUE
B L LA L0 b v~ 54 OB4A2 AIC AMEME
ERL7clzD, Hry=inhixRA L GHBOER i
66740.8, H <54 1 65030.7). MM EICLD, KE
TERHHOAZ ELET IV EBRWIZEFI0E T VRER S
7z (Table 4). EFVEROMRE, 4, H, Bl H
&R O HAE R 2 A TR S N2 E T VD
RS N7,
BIRENT2ETIVDIEB X O H OREE B L 72
% Fig. 7R L7z, AEOFREIZ 2009 4 % ##E (1=Exp (0))
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Figure 6. Scasonal changes in body weight of mackerel scad
for non-C-type and C-type of the Kuroshio path. Horizontal
lines in the box indicate the median values, and lower and
upper box levels indicate 25% and 75% quantiles, respec-
tively. Vertical bars indicate the minimum and maximum val-
ues. Left and right sides of each month indicate non-C-type
and C-type of the Kuroshio path, respectively.

Table 3. Explanatory variables and AIC scores for alternative
models explain body weights of mackerel scad landing at the
Hachijyo-jima Island Fishermen's Cooperative Association.

No. Explanatory variables AIC  AAIC
1 Year+Month+Kuroshio+Month: Kuroshio 65030.7 0.0
2 Year+Month+Kuroshio 65167.7 137.0
3 Month+Kuroshio+Month : Kuroshio 65313.6 2829
4 Month+Kuroshio 65388.7 358.0
5 Year+Month 65892.5 861.8
6 Year+Kuroshio 65988.6  957.9
7 Kuroshio 66195.6 1164.9
8 Month 66455.1 14244
9 Year 66582.5 1551.8

10 Null model 67083.7 2053.0

E L7286, 20094 DRSS N L T 20134212130 278 L
ZDHBIMA L T20154E121.00 27 L7 (Fig. 7a). D
BEINCEE UC20174E 13172 2R L7z, BEEERL-B
W O A ofRE0E, JECEID T H % HKi#E (1=Exp (0))
LL728E, sAIKEA LCoR2x "L, ZOHIAIC
0.85, 10 H121.22, 11 AIZ1.51Z7R L, 811 BIZHhiFCH
L7z (Fig. 7b). CHIBEOMREIE 7 HIZ1.48, 8 HIZ1.53,
9HIZ1.94% R L 79 HIZHF T L7z, ZokiEd
B, 10312192, 11 HIZ1.50 7% L 9-11 A2 T
L7 ZoXHi, MARERIIIECH TIZ7-8 Hichy
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Table 4. Coefficients and standard errors for the lowest AIC
model in Table 3.

Variables Coefficient Std. Error
Intercept 4.955 0.027
Year (relative to 2009)
2010 0.121 0.028
2011 0.173 0.026
2012 0.196 0.029
2013 0.260 0.029
2014 0.124 0.032
2015 0.000 0.030
2016 0.251 0.029
2017 0.542 0.047
Month (relative to July)
August —0.204 0.020
September - 0.157 0.021
October 0.195 0.025
November 0411 0.026
Kuroshio (relative to Non-C-type)
C-type 0393  0.028
Month: Kuroshio (relative to Non-C-type)
August: C-type 0.239 0.048
September: C-type 0.428 0.055
October: C-type 0.065 0.060
November: C-type —0.396 0.063
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Figure 7. Exponentials of coefficients of (a) year (relative to
2009) and (b) month (relative to July of non-C-type of the
Kuroshio path) for the selected GLM to explain body
weights of mackerel scad caught by survey fishing from
2009 to 2017. Vertical bars show 95% confidence intervals.

THA LTSI HIZHFTHImy 20125 L, ¢TI
7-9 B TEIML CTo-11 BT T35 2 LAVR
Sh7e. fafkEE 2 DB IICHET S L, 1%k
WCCHDOSAIECER LD B 15 23/R VW EAREN
7z

ERAREINDOEXRDZHZEL

5784 RO fKINE T —F D9 b, BERE 07— %
BudIECMT4,589 8, CHITILI195)BE o7z, BRI
MR EHME D H 2L % Fig. 812, RAIER 5% 4T
3O EMFH B DOHERE /ST X —F & Table 5128 L7z, B
W DR LM S, CHRICBATT 5 & R X EMK
MHREULT % 2 LR SNz, RLRMRIE 3 BRI 0 S
1, Shiraishi et al. (2010) 2 & 2 W EM D 5 1-3 M2
BT L LR SN 2FMIETRTOH TR S 7z
M, FECHDI0 AR X O CRlO9 A LD 1M &
CHD 11 HO 3R SN h o 7.

B o R L EMEE ABCHKT 5 L, FFCRT
37 A 13 ST S5 F3919.3 em, 21.3 em, 28.3 cm
D3 HEFR I 72 (Fig. 8, Table 5). 1-3KADRLED
SEEEE T AR L, A9 A 199 em, 2 - 3
LN HICENZEN23em,307cm & % o 72, —h,
CHRITIETHIC 13 L e S5 T118.6 cm, 22.2 cm,
30.0 cm D3 BRI N7z, 13K ADRLEDEHMHIZ
7TRUBERIML, 1@AUE8 Hi2203 cm, 25X 11 HIC
269 cm, 3MMAIZ10H12328cmE o7z, HHICBITS
[ AR 40 0 B AL I DT, HE IR T i i) g
it 117 —% (Table5) ZfEMT L7A5R, THO 1A%
BRWTIECHID B CROLIREL, CRITBITT AL
BRENAHZICHINT 5 2 EARENT (p=0.008).

EHRLR 2 R A3 5 &, 79 BICIECHIT
1 25 AATT6-99% % Ed Dz L, CERITIX2 - 3%
FA386-100% % 5 ®, FRHIEA S L7z, $72, JEC
HCIX10-11 HiZ2 - 3o A & e 7225, CHITIX11H
W22 DRE T o7z,

z =

1E47-V) ORESISHEFIENG 5 2 2 HE

GLM (X1,2) OEFINVENORER, BEEK L MERIZ
W2 e BIRIAR 121372 < (Table 1), #EEER OB PE
WIESERI R D8 2 203 T, 1Y% 72 ) o R AR
b ZEPRENT: (Fig 4). BEEROWIMItE- T14#
W7z OUERE DA T HERE LT, Wi ieE % B
LCHRETHIEIHYS) OWBERIRIEZ SN 5
20032012 4E12 BV TIE, 1 HIZ 5108 A58 L <l
O TEFEE CHERIE (141 124729 £400-1,400 kg) 2%
FEhis sz, UL, 20134ELIRIZEREE K3 E F T
AL, 2017 T BIRAK O ER 61 t ZFEEk L 727200
FERIRO RT3 HBREICE T, FEEZ 5
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Figure 8. Seasonal changes in the fork length of mackerel scad from July to November. Left and right sides of each month indicate non-
C-type and C-type of the Kuroshio path, respectively. Dotted red and blue curves, and solid green curves indicate normal distributions

of estimated ages 1, 2, and 3, respectively.

W7z ¥ h o7z, 1990 4EMRLIKE 27 Y £ a o FEE I
L7200, FEETIZZOWD L-THEE TI2i72 97
BEEDXTHIERIN TR, 20700, HERRZED
7o OVIIBUE DBSEE R HERE - BMS €2 LB 5 72
59.

BRI LVAREEORELL

GLM (X2) ICX 2T ORE, 79V ECOfM=IZIE
E, H, BRSBTS LR SNz (Table 1).
BAE, WY FilICBT 507 VEHOGHEMEM IS - 5

MEHB SN T2 (Bl - KH, 2019), EimiEE
fliCiZ Y EODA oL 0T VEIFESEETNTEY
BIRREZ AW T 27— 13Z L. A, Bk, 5
ER OB EZE L g S N EOREA LB FE 2 i
WZBT A ERBME T 5 EE 2 5L, 20032017 4F
ORIHIRE B KL, 2015 FE DIBEIZ RIS 5 &
LR SNz (Fig. 5a). Db, 2015 4E Do g
wEOWPVOERE LT, BEEHOWD ML TERFRD
WY EZSENE. 72, GLM (R3) 12 X BT OREH
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Table 5. Estimated age compositions, fork length (FL), and standard deviation (SD) of mackerel scad.

July August

September October November

Age 1l Age2 Age3 Age 1 Age2 Age3 Agel Age2 Age3 Agel Age2 Age3 Age 1 Age2 Age3

Non-C-type Composition (%) 29 47 24 57 34 9 36 63 1 — 8 18 — 9 9
FL (cm) 193 218 283 19.6 226 294 199 228 306 — 237 295 — 253 307
SD 1.1 10 13 13 13 23 13 14 21 — 13 33 — 13 13
C-type Composition (%) 14 31 55 16 55 28 — 75 25 — 8 15 — 100 —
FL (cm) 18.6 222 30 203 239 296 — 26 308 — 264 328 — 269 —
SD 11 10 17 12 13 13 — 12 11 — 10 21 — 12 —

7YX EuOMEKERIITE, H, BREREIEETSZ
EARENTz (Table3). AB L OERMTEHKORELY ZE
L CHEE S N7 AE DR ARE R ORAF LA 2 W3 %
EEZLE, BN - MAETIEAR SN 2w 0o,
2015 4E LIRSS IME AN B 5 2 & 2R S/ (Fig. 7a).
20154 DARE, EIHB)IAI B X MR R ICZENERBY -
BMEmASH SN2 Eh s, SkoiasEs)m e Akl
T R HHT 2 LEN D 5.
BEARBIDAEES SUAKY A XOZHETLOEHE
53]
GLM (K2) ICX 2T OFEE, 7 ¥ Y EuoiffEidd
CHI - CHRIE BIT8- 11 AT T L 7214, 11-12 A1
P TWAT B Z LAURE SN (Fig. 5b). £72, GLM
(R3) WX 2T oRR, Mo ffhEROFEZE
OEMNIIIECH - CHRO BT TcRE Y, FFECRTIZ
8—11 HIC2F TN %A%, CHIEFICIZ8-9 HITHh T T
mu, 9-11 A Td 352 LAsRE Nz (Fig. 7b).
MHEREOFHEILIEET L ENE LT, S RELD
13 RAORED L CEMBEOZEEIC X 2 AKREREDE
L3 Ez N5,

SRR I R SRR % R D IE B AT BE VS0l L 7o
R, 811 BT 13 kR L CRILESEMT 52 &8
RENT (Fig. 8, Table 5). FECHFEEE TIX 8 I Ligkfa s
57% % 57275, 9 HI1336% F THRA L, 10 A LLRERERE
ENBeholz 811 I CAKRERIBEMT 5 ZER
ELT I3RMAOEEIMAT, 1AM E G D
PHREZLENSL. ZOXHIITLTS11 AIZh) THHEE
WA A2 LT, ERSHMTLIEEZONS.

—75, CHIFEHTIE8 HIZ1/SMmAT16% & 5725, 9H
DIBEMER S N o 72, 89 HIC ) CHKER SIS
LEMNELT, 1 3FAOREICMAT, 1k OHEHE
BOWMPBEZONDL. ZOHBI0HIZ15% % 723
fiud, 11 AERR SN R o7z 10-11 BiZ2 - 37%f
PEET 212 00b b T AKRERIHDTLHENE L
T, 3RMOHMEHEOWIVEZOLND. ZDLHITL
T 8-9 HIZ 1A OMBE G DWW & o THARE = H3HY

mu, F7210-11 23 A OMEE G DOWAIT X - TH
HREEWIPTLEEZONSL. DEokHiz, fAfkEE
DFEFEAIIZ 13 RMOREITIMNZ T, FERHIEOZEH)
PEBETLEEZONL L L, CHREHZIZ10-11 HIZ
HERESEINT 52— TRAEAERWAL, F2UHD
fARERIICH I Y QIECHD B ENW I EARE T
(Fig. 7b).  Z 0> [ > L it 36 ) e e it & i AR T | B e
BRONGWI LMD, AHOREL Mo BN ) R

BUHEVEDSDH 205, WA Z L FEIEAHTH 5.

3R DOMBE G OF AL & BRI KT 5
&, THIZIECHITIE24%, CHRITIES55% % b 7205k
WAL, 11 HICEENRENIY%, 0% ERo72. TDEH
W3 A DOMEE G237 HUBERA T 22K & LT, B
155 D 72 D1 /L B RS 2 BN D 2 L B EZ b b,
X EQISEHFOETIIONT, FH (1986) 13HHH
A A3 LI TR SN A Z L2 HELTHBY, 72
M3 A (1982) 3T B 31 2 B LMK
B IO (R E R x10° (B E)3) @
AL S, FEINIEE O 72812 Y i 2 B A T REE
ZEELTwa. it (2009) 1V E RIS BT
1981-1989 4R (ZifiE S 7= 7 Y Eu DR A EML D A%
b2, BRE30cm LD LD 58 E8056-10 A2
THIEEWMELTBY, TOERE L T/OLEE i
A S S O FEI L 2 23T b. 7Y EOOREN
BEIE 56 HT, B#100% ) X EiE33em & ST
WBH (HAIED, 2010), TOKE SORKIZLER
BHFFN B WTHEMZE L TEAD 1ERMTH S GE
2009). F7z, X KEOMAKIHICIRREOKAEZ R L
L7ZJEM— ARG EETRESN LD (FEAX, 2005), B
PR BIN 2 o 7o S S hvTw vy (GE, 2009).
—Ji, WY FHIIBIT A 7Y ld)LE B AR LD
LRATRAEDBcm LB ERO3EHREZ O (H
I - Ak I, 2019), PEUIMIC I 2 Hr o (B 413 2
2010). PL b2 S, NLERBHIEHRIZBVWTIME TRE
L7227 Y0 ZEE~RBIT L2k, HEIO-OIZHY F
WSROI 5 LRI NS, F, 1ALk
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CEIBFDOH LB X O CHIED 8 H LIRRICTERE S N7z
Motz TOBERE LTk A {082 Mg 5E o #
L ) BINRFICBATT AR R EEZ SN DD,
MADPZ UL IR TH L. FEHERE L X BHKER
H vy —TlE, 7YV EUOERNFKFAELIT-> TV D
OO, WS 8-19 H I /AL B E B gk TR S h
LM E DR ERSTWE (RFEER). 72, 168
XU 12 H o B s o R LB K O FHiZ2 L S 5
TiE e\, & 512, 20154 LR o AR E & 1 B g i A3
RS Nn7z7% (Fig. 7a), B IEBLAi B o5 L 72 HL3)
B OR X EMBIIRFEEHZZE L T v, 5%
I Rk TS 7 A R0 BABR R 3E & R AR AR LT, |l 2R g K0 T
TEHE ) DAl B X BB R E e S I L
V5.

BEESLVRKY A XIIEPRBRI 52 5 HE

GLM (X2) I X 2N MR, CRRB~NORITIZL 5
TRAICBT BRI 11122 2 L 29RSh
72 (Fig.5b). CHENCRBATT % LR HIMT 5 2N &
LT, £AIIBT2MHERKAEOREE X O89FIIBIT

AKER O (Fig. 7b) "% 25N 5.

GLM (X3) I X 2T OKER, CHURIKICBITT 5 &,
HHZBWTH] oMAKERI 1523 INL (Fig.
7b), 8-11 BIZB ) % F4EkA O R L EDSAZICHNT %
ZEDURENT: (Table5). CRUIEBATY % & FEHAD
RBAESKILT 2N E LT, EREROBEANALE
JEBISER S N5 Z & THEBRESWE L, mlkE %o
72AAEREATIAT 5 2 L E 2 6N 5. BiEiI) (2012)
1L B IS B T C RIS AT L TR o
WL 5 L, BRI O 7Y Gelidium elegans H3 )5 & &
BHIEEWELTCWS, sHYERIRTST V7 b AN
THbIehs CRRUHEKEREY, 1984), CEIZHEAT
5 LR L o 7 FAR RS S R L i A
LUHEEA D B, L LA TR L RAR O EBL5 4
SR K o TR ZEE LT\ Ab 720, SHRFERMATE
AT, SRR [F]4F i i 0 SR I 1 O W R B 0 7 5L
RS T A DD 5.

FECHRTESIOARIZKADEDLEEGRENEN
36-57%, 34-63%, 1-9% T 1 « 2BV ELRTH HDITH L
CHEITIZZNEN0-16%, 55-75%, 25-28% T2 - 3k A3+
k&b Z EhRE N7z (Fig 8, Table5). F 7z, i
D89 HITMAT, MHi 07 HOFERHKICOWTS C
BUIRATT 5 & L fadsid L, 2 - 3ifasigns 562 &
WIRENTZ, 7Y ETIZI3MMTENZINL60 g, 220 g,
390 g EFTCTHRET LI &5 (B - KHE, 2019), C
BNCBATT 5 & RO L 2 - 3O X b ffk
EEPENT 22505, 20X CHIFROER
WS 7-9 H\ZE LS A EINE LT, CREE~OBATIC

P EBOKBOIETAEZ 5N 5. HEIEAL (2019) &
CHURATY 5 LIRB IO % X 5 A DKM DURED
FRLT, B PERATAIEZRBL TS, SOLEE
WEBIZB VT, BELE20-30cm @ 7 ¥ € 03
WETHBESND A, £ KEIOMEKRITGE O KR Z 5
ELEA APV IETRESNDEZ D (BA,
2005), BRI THBIREIENT 2 EE 2 oM 5.
Pilhs, CEHICBATT L, REIamd b KE0 7
Y E UK ISBAT L CAEEmAUR S E L3 2 W RETED B
. Gk, BURITHE D WHREE O ZAL R T AT R
FEIZH 2 5 BEREZWSDICT2LEDND .

$ED
AWFgel, SCLEEEEEIC BT A 7 Y 0GB
BIOHIISHEET ZENICOWTHO THELZZH DT
H5. NLBRLERICBWT, TRETICHYFRTH
5 A 72 & ® CPUE I 255 2 2 B ShTn
505 CRIRIZA, 2004, 2006), @EET4EOWMT— 5
% % & TCPUE % Bl B AN EEa s U CHR - Wt
LCTWwA7:®, CPUEDIEETR CPUE ICHREE KN 2
LB EEB LTV R TIZGLM B L YR
BIERGHONRT A= HfEr HNT, 7y Y EOD1£
MW7) ORI CEREE NG 2 oL, 4, B, B
AR X AR ERICH 2 2 HEBIIOVTRE L
72, AR TH W2 GLM IS X 2 f##T T 3213 il o £ fi %2 i
WIZH IR HEMATRETH ), ERRLARERIEET 5
BEOBERIZOWT, Bl CHRBII NSRS 72 5.
KFFeDfER, 7Y EOo 1EY7-0) O TR
ROt TP L, ZOERE LTENOTES
B L CREET HIERIR2SE 2 oz, F72, LB
BRI BT B ERE B L MR EREOKELH L
2003-2017 4F \Z B Z2 38 - WA AR S v o
D, 2015FELREIZZNZIEA - BT h 5 2 & H°
REN, AEOHBEBPOERE LT, HEEROWRD
WA CTEIFEEOWDARE Sz R OFHZAL
X, 1 3RAOREDS X OERHOEE) & 3 5 2 &
AR E N 510, CHRIREICBATS % &g h
LI-12F53Md 5 2 LAUREN, TOERE L CTHRER
DOHHNAE ) BEEBRBE O W X o TEKE & % o 72[H4E
WD AL X UF8-9 HIZ BT A AL R O & bl X 5
fAREROWENSE Z SRz 7y YvEiZifiignoons
HiZ [hava] oFE»E L, 20% [Kaa] oFER
s 52 &hs, #lmdIcIECcHTEDB IR
T BMEHSWERE LET L wEEZ LS. 5
AR E R RIS b X OV AR AT 2 kol - R L
HIUCRIT 2 MAAERT 5 2 LT, HEEREDOLEND
B Wfrsh 5.
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AEE L LDBIIHZY, HHHRE L X BHKERE
¥ = ANLHETRAHFSRICIARZ ZHEZ W72
Wiz F7z, EBII ORI, RERE L X BAOKER
ft vy — NCHSEIT R AR A (72 R Al O
KA EMEZ X CORME OFRIC TR EH 2 6L
LTEHOEERT 5.
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