RPEWEFEIFTE 83(4)  161-166, 2018

BREBICETRHYAO [FEFEEH] CAIT5HAERAHS LV

DR - BT — 2BEINIC K D HERRICED  BiRE

AEHBZ Y, B ARH B, THEFR SlER

Reconsideration of “seasonal cohorts” of skipjack tuna Katsuwonus
pelamis around Japanese waters, based on somatic growth estimated

with otolith daily increment and tag-recapture data analyses

Akihiko Yatsu' T, Daisuke Ocnui?, Osamu Honpa!, Hidetaka Kivorun® and Sadaaki Kayama®
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In order to explore relationships between fishing conditions of immature skipjack tuna around Japanese waters in the
fall of a given year and those in the next spring, we reconsidered the previously hypothesized somatic growths of “win-
ter- and summer-hatching groups” (i.e., body—length-groups) during wintering. We used 1) the reported von Berta-
lanffy growth curve that was estimated with combined analyses of otolith daily increment and the Japanese tag-recap-
ture data, and 2) somatic growth data of wintering immature fish that were estimated from the Japanese tag-recapture
surveys during 1978-1993 (adopted from the previous report) and 2000—2001. The results suggest a high possibility
of underestimation of the previously reported somatic growths during wintering that were estimated with tag-recapture
data, in which fish were released in the fall of 1992 and recaptured in the next year. Also, we proposed 1) plausible
connectivity of body—length-groups between the fall of a given year and the next spring, and 2) number of principal
hatching periods per year of immature fish migrating to Japanese waters. It is necessary to examine seasonal variability
in somatic growths, and re-estimate principal hatching periods of each body—length-group in future studies.
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H AL HET D A1V F Katsuwonus pelamis DN EF X, K& (2
LE) MR OE— FOBH, BERBOE - BT -7 B LV
BHEE O A HEROMIT IS XfEE SN TE
(Z3F, 1996; M, 2002; 3% 111122, 2003; Tanabe et al., 2003;
11, 2006; Ochi et al., 2016). —f#12, AR E— FOBEH
WD R EHEEIZOWTIE, E— FOHRIFE LEERLE
BT Z2LEVIRIEDRZVE V) REND L (BHE,
2016). F 7z, BEGRICR - T — 7 120w T, ik
DNV B 2 T RBRRITAT) BERDH D Lrb, REN
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EDOREPE T REME R S L Tw 2 (I, 1985).
B, BEFHEICLLH Y FOWRELERICHET 2050
WEH#E (2002) B X UL (2006,2016) 2L FLoHS
nTns,

Ochietal. (2016) 1%, & 1L (3 2> (2003) & Tanabe et al.
(2003) 12 & 2 HA HE WA ICHD < Hil - R LRBR
& BGRBURE - W7 — 8 A LT RSO &,
PR AR 4382 X5 5 4 von Bertalanfty i 202 @ L 72
(LLF, vBREWw9). T/, vBRUCBI BRI -
HF— 7 OFMIIYFZEVBRD/NS A —F O HHEEMEICIE
FEALEESTHEEEL N LSS ool eh
5, VBRIZBEM CROBEEIEH VD DL ART I LM
T&54. 7B, Ochietal (2016) 2 X 2B EOKER DK
BRI T, MR R % M L 72\ Schnute 2SR A b
EFNVELTCERSINZD, BXEOm D LTIZEAHH
JE T — & RELRBOR - Bl T — 7 234 % W H T Schunute
KT & 2 Hlf o R RS TR 2 2 7R L7z 7203k
B2y & % 2, Ochietal. (2016) B X O (2017) Ti
Shunute FLIZ R W TREET AR Z Y & SN2 VBIRAER &
nCTwsb.

T3 (1996) (3@ 1971-1993 4D 4-11 A (AL H#EE (5
- I D BT 55 20> © B B ML N B & 289N PLE, 160°E
D) B S84z v+ o A BMERHR OB A EBLG A~ D
SIRICIEDCE— FIBIRIC XY, SARN & AERDS R 5
ERONDLIRER (A-ER) L ZN L0 EZB L (Fig.
1), @K (D, ER) FHAEHE (FICB#Eo§EE
HEWE SND) Tl UBHE ST B RR 4 i 2 Tl
decde 35628, OREMRT— 7 BFHHTE Zho
oA OWT, BALHBE TI9924E Il s h (BILE
E— F43cem : DEAFE), BIEF TICHAAERETHIS
nfkomE (25 (1996) O Fig. 12, Z LI N-fig. 12
HELNZAMLTERLTS) TEDE, R24HORED
BZEIOPLDEBENZEZHE L T, EEGIED
DB (HAEFTheshr) IBEOBEIC, ERM (&4
Fhe sl BREOCHICERLE L (LT, K1
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Figure 1. Somatic growth of the groups A-E, estimated from
successions of modes of monthly fork length (FL) frequen-
cy data (redrawn from Nihira, 1996) .

Ly, T (2010) THHE I TWS).

ZAzxF L, F I (2016) 132001 4E DR S
EOFR-FFITHM S N REA ORI - 7T — 5
EARE B LG L, DERIZRAED AT, EFIIRED
BHREIC¥DYS L L7z (Fig.2) (BUF, @i2Ew9). 72
VB % Fig. 10K MO E (SHE72E8H) 1248 T
72%E, BEPSI0HSAFTEMHRITIZT—K LD,
LW OB RIEMRH2 L) S HITR L, EFIEBYED AT
WA d A Z EAVE &N (Figs.3,4) (BUF, W3 &
V).
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726 FT 2 END, KRBIZETIE, BMWHAPEMEE LT —
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BV ERETAEEZHNE L.
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Figure 2. Comparison of somatic growth between the groups
A-E (thick lines) and tag-recapture data obtained from the
Japanese waters from autumn to the next summer (thin lines,
see Table 1) (modified from Kayama, 2016). Top and bot-
tom panel indicates lower and higher tag-recapture growth
rate data, respectively. Each thin line is identified by serial
number in Table 1.
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Ochi etal. (2016) 12 & %, H A HIEBFHTA R & 1997 4E 2L
R D BERR I - PR R 2t & L CHEE L 72 von Bertalanffy
K&z (Figs. 3,4, (DR).

L=L, l1—exp (=k (1)) (1)
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Figure 3. Scatter plot of age-length relationships by capture
area (north or south of 30°N) based on the otolith research
and estimated growth curve calculated from von Bertalanfty
(VB) model integrated with tag-recapture data. Curve shows
prediction from integrated VB model. Shaded area indicates
95% Bayesian credible interval from the integrated VB
model (modified from Ochi et al., 2016).

CIT, KIIEERE (023), LIZMEMS BT LRI
E (em), L dMBEELE (6844 cm), 3B L E=0L7%
LG LDt (-0.68) TH 5.

AZER L& DR - T T — 2 1230 RO
EizowTix, i (2016) 2MEM L7257 — % (2000 4F
R L, AKEERTTE - 208 B RS K BT FE T 2948 2L
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Figure 4. Comparison of growth curves of the groups A—E be-
tween Nihira (1996; dotted) and Ochi et al. (2016; solid)
von Bertalanffy curve fitted to FL at the earliest month of
each group.

Table 1. Long-term (218-338 days including winter) tag-recapture data obtained from Japanese waters and estimated monthly growth of
groups D, E, and possibly an unnamed group whose FL is considerably smaller than those of group E (#10, also see Fig. 2) at the

time of release.

Ser.  Release . FL (cm) Recapture . FL (cm) at  Elapsed = Mean monthly
Release location Recapture location
No date at release date recapture days growth (cm)
#1 2000/10/14 38°41'N  145°30'E 38.0 2001/7/10  32°05'N  134°05'E 45.0 269 0.8
#2 2000/9/13  40°46'N  149°56’E 38.0 2001/6/27  36°30'N  145°00'E 48.0 287 1.0
#3 2000/10/15 28°21'N  127°16’E 38.0 2001/8/11  38°30'N  146°11'E 47.5 300 1.0
#4 2000/10/16 28°38'N  128°15'E 42.0 2001/8/21  38°30'N  143°30’E 51.8 309 1.0
#5 2000/10/7  39°21'N  147°06’E 35.0 2001/5/13  34°15'N  140°05'E 455 218 1.4
#6 2000/9/10  40°29'N  145°44'E 36.0 2001/6/13  34°44'N  143°19'E 46.3 276 1.1
#7 2000/10/13  39229'N  146°41'E 38.0 2001/6/20  33°00'N  144°40'E 459 250 0.9
#8 2000/10/5 35°09'N  139°25'E 34.0 2001/6/29  38°20'N  152°05'E 48.2 267 1.6
#9 2000/10/11  34°05'N  139°34'E 35.0 2001/6/29  35°07'N  143°51'E 54.4 261 22
#10 2000/10/12  39°12'N  143°25'E 32.0 2001/7/11  38°40'N  144°56'E 50.0 272 2.0
#11 2000/10/31  31°37'N  129°27'E 40.0 2001/6/12  37°29'N  145°46'E 51.0 224 1.5
#12 2000/9/14 35°10'N  139°26'E 34.0 2001/8/18  39°40'N  144°32'E 58.0 338 2.1
#13 2000/9/25  38°44'N 145°34'E 44.0 2001/7/20  38°44'N  145°54'E 55.0 298 1.1
#14 2000/9/25  38°44'N 145°34'E 43.0 2001/7/20  37°23'N  152°15'E 60.7 298 1.8
#15 2000/9/25  38°44'N 145°34'E 43.0 2001/8/23  39°02'N  154°54'E 55.6 332 1.1
Mean elapsed days and mean monthly growth (cm) 279.9 1.4
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TR SN2 16 (Fig. 2D #10) 23H 0, Zoffkix, E
BEX/DROEBENLREE (DT, FlEET2) 21R0ET 5
WREME2SH 5. 2B, EERKEGRDIZET ISR K
B s N7z + ORLEME 2 BHRHE L Tw 578,
KFIZE—F3 ecmDIUPRED NS H S (20174F9
RllET—% (R¥#HE)).

B2, ERICE BREEDOWRE 2T 5720, K31
WA & 72 19781993 SE DFEFRIHE - FHli#s R (N-tables
2-4 & Nigs. 11, 12) % Tables 2,312F & /2. T2 T, DI
DIEFIEIN-fig. 12 DMBUZHED & L7z, T DRTIZHR
147 B U Tl S 7z i B LR 56 em & 39 em DR AHS
WL, 21513 N-table 4 DR B L EHMPH (41-51 cm)
EWLNICFBE LTV RS, it (1985) 12X
LIaMAEET 5L, RO RSP AIEHETH >
ToREMEASE V. F 72, N-table 30 B 5 3% H o fkix
iR ORI EA 42,5 cm, FEH30kgLilSNTED,
hYFORAE (L em) EEE (W, kg) OBIFR (W=5.5293
1070 L33%; i K, 2016) 2> 53 L AN T 2 72 D IFHT 2
5EAL L 72

Table 2. Estimated FL at recapture and monthly growth rate of
group D with a mode at 43 cm FL at the time of release
(September 20-21, 1992, at 38°23'N-39°44'N, 143°31-35'E),
based on a growth curve of Fig. 12 in Nihira (1996). Elapsed
days after release corresponding to minimum, mean, and
maximum values of those in Table 1.

Estimated FL (cm) Mean monthly

El
apsed days at recapture growth (cm)
218 46.6 0.5
280 49.7 0.7
338 52.8 0.9
Table 3.

AW A5, EREFSEL SELER

BREEE

BIRH DS

T (1996) DEREMEOE— FOBH (Fig. 1) XESF
HOELTEBY, FHOBEIZ VB L IZIZT—H L2,
AFEORRIIKRE LSRR 57 (Fig.4). = (1996) 7%
FOREOWRPE U7z DEEOLT % F 72 R ik
B (N-fig.6) 2B L FHHMKERE, FiiE ok
WBHEICE D EZ D, Table l DFEBHFBHETH 5280 H
TI30.7ecmTH -7 (Table 2).

K212k 5 &, D,E, FREDAF%E T 72 CREERRIGT - F
Wr—22X 5 AMREROYIYME & H#HPHIZ1.4cm & 0.8-
22ecmTdh o7z (Table 1). O X S ITHEERTGH - FHET—
ZIHEo M, W (1985) 25164 L 7245 B o [
bHYHPANIELND DD, D,E FlEEAbELATx2 P
ET A A MM ER (Table 1) (3R 1 ORI E Sz
fii (Table2) O2METH - 7.

WU, BRI O R L BIIIATHEEEDIRKE VDD,
IhZEIELWERE LT Table 1 © 15RO E % Fig. 1 &
EAFig 2 THIELZ. 22T, 15RO 7= —
ZEBILR T LT B2, EHIEE R ER/N
EWVWF—F L REVWF—F I TR L. IKEE1ICIEE
—HTHH0L LTI, 10AFHICBIT2DHORLED
L D F3 em/N S WA DEEE BbN B EEIEEDB
BRI L7 LIEIR (14) BXOEBED SBIEDCREICIE
ELE U 7 4MEARATIRD BTz (#1,#3, #7, #15) . IRFL212
FIZEHT 5 DD, DEHAFED AT L 72 184k
(#13) & EREATRAE D BRI KL L 7z 44K (#2, #5, #6, #8)
Thotz. WHIIWEATLHDIE, DEFIBEDAR X
D237 D KREZRRIRIGEL 2 1R (#14), EFEDSRIED
AREIIZIT G L 72 3R (%9, #11,#12) B X O FH#ED S
BAE O BREIZ L L 72 TIEAR (#10) ThH o7z BLEICED,
Table 1 D 15D 9 HZNZRORFICEHT 5 B DIE
KSR TH o7z, LEOBERIEOREDREEIZOWTO
MBI NEETH 525, HRICE D REDSD L RER LS

Long-term (including winter) tag-recapture data released from the Tohoku region, off northern Japan, recaptured from various

locations and estimated monthly growth of larger individuals, adopted from Nihira (1996)’s Tables 2 and 3.

Ser. Release . FL (cm)  Recapture . FL (cm) at  Elapsed  Mean monthly
Release location Recapture location

No. date at release date recapture days growth (cm)

#N1 1978/9/23  41°01'N  161°02'E 52.9 1979/6/20  21°15'N  164°52'E 58.0 270 0.6

#N2  1978/9/23  41°01'N  161°02'E 52.9 1979/9/27  17°36'N  170°48'E 70.0 369 1.4

#N3  1978/10/2  40°20'N  159°28'E 55.9 1979/6/23  19°16'N  165°07'E 58.0 264 0.2

#N4  1979/9/5 43°01'N  156°14'E 57.0 1980/4/19  30°39'N  140°36'E 66.5 227 1.3

#N5  1980/9/18  40°02'N  167°50'E 50.0 1981/6/11 5°14'N  143°02'E 57.9 266 0.9

#N6  1981/8/25  39°45'N  146°11'E 47.0 1982/3/20 2°11'N  148°17'E 55.1 207 1.2
Mean elapsed days and mean monthly growth (cm) 267.2 0.9
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i, HolcEz oAb, L7225 T, Table | ORI
EaRELEE, K2V R ZLURIDER D,

VBRIZE B E, I0ATHODE L EHORIE (451 cm
&£39.1cm) 7594 H# (Table 1 O T £ TOFEIMI IS
IFIEMHYTS) ORIE (59.1ecm & 56.7em) 2 HHEEL
72 EH B ER (1.0ecm & 1.2 cm) (& Table 1 OFEPHPIIC
Holz. 72721, HAHMAEOKREILVBRO bk e
OEPAIZIES D&, VBRD 95% B IEX T TH 67 cm
TH-7z (Fig.3). T, VBR% Fig. 10&HEORL 5H
72138 H) IEbEYE (Fig 4, IKH3) M1 &
T 2, Lo X ) ISR MR L7z 7— % 04
RBELDIZH DT, 59 IIBWTHIXITIZ—
L7225, 10-11 HOC, D, EH O EIXIRG 1 TIXEITH
ERBEANCH Y, WHIOBEXRI )RR /NS0T
(Fig. 4). COHEITHOEKHE LT, Th5DHIZEREOH
LT B B BRI Y T 5720, HRFEFTOTF—
IREENTVWARWITRENEZ OIS, Thbh, HB
KINIE A @ CHRALEEE D S B Y BT A0
ME SN L7720, BIEDH O - 7254, BEoE
XD/ RSN D TREMEDTE V.

Pbko k95, Bk g, vBaAL b wiians s
FNTVE—T. ERICE D RESRE 2 2 L, &S
LIRENR LD LR ENOYREEZEZONL. Lizh o
T, 32OMGHROBENCIE, kT okEr Hwboid
BYTIR%L, FHEEFHT 200588 L Bbhs.
BIREAER L -7 — 2 DERZEDHRE
INGIRHDELTE T2 CRENRRLFKNE LT, K
P61 ORI E 72 > 7= BEFRIBCH FHRAS S I8 & W 23R
DBL OB E BB EZOND. Thabb, K
B DT — I HALIEIE T 1978-19924F, KF 2D F— ¥
W HR IR & A e H AT T 2000-2001 4, ARG 3 13k vy
HRFEFEERITH L1997 SELIR D 7 — # 123D T v B,
ZZTC, RSO N T =712 L64F 2T W
Moo H M R % Tables 2, 312 F & 7.

Table 112X 2 D#, E#t, FHOMHE TOHKDFY
fifi & FEPHIZ 280 & 218-338 Td o 72728, Table2i2 X ) D
TR Ram % 218, 280, 338 H H F To A MK EREOHEE
filiZ b L7z, ZOfEH, Table 2 TIEFE HBATK & WIZ
EHEEIIAEZ WA, Table 1 O FHfE14em I LTEL
C/NE Do 72, Table 31 HAL A & 1978-1981 4E D Jiii
RIS CHELL Lo KRBV OB - ik Th Y, LF2Hk
T 207-369 H &Il S 7z 6 ko H B &7 o FE il
CHIPHIZ09ecm & 02-1.4cm TH o 72, B EIIH~4 T
B BN, #NADOERIIME— AR CH SN, €oHH
WEEIZI3ecm THo 7.

A RERII - BRICEALENIREIVWIETIENNSSRLIE
(Bl : Fig. 3) # %89 % &, Table 3 DI ERIZ, Table 1
DENLD/NSWITITFELEWD, Table2DEN L D R

RRKEVETFIET S, Lad, NAfig 20KAEL %72
BRI - T 7 — 7 12 BT 2R H & A 1348 T
L, EHWZLr i b ORmMEREARTIENTE
% (Table2). ZEBE, N-fig. 12bZD X HITMEL TRESE
HEELTWAD, INHICLY, Nfig RAIELWE LTYH,
DHOAZFZHLETLHEL LTOREMICITKE 25
M2d 5. F72, ZF (1996) (21X ERE ORI 1%
RoNnwn, Zhsiamz, Lido X9 I12Fig 318w T
59 AARF ERFH3 OB ESIFIF—FH L2 L L EE
T5E, FARMREIRI ERKF 2B L OIEH3 &
DIER & 7o 72 REEIZR VW L b s,
BIREAER U -7 — 2 D= DR

VBRI ARSI T2 b0 THh Y, FHillds
(2003) 12X B HAH#AEOMETIE, BXE20-40cm
TIEHALBEDO VBB EL VRENREVWE IhD, %
K%, Fig. 318 L7 HiAER R Tld, B3LE20-40 cm (2
B THRIHEED 30N AL D OO D D L 0 i E
PR WEHIDFED S 7278, B E40-60 cm TIXZ D &
IRMEMIR SN Lo, TDEHIZ, 3ODRIETIZ
Zreuh e T LM OBRENSRL 725, ZoMIcBIT5
RBAEIZVWTNORFETDH 40-55ecmDOHFPHICE I NS 2
En (Fig 4), s (M) otz s e
EZbNb.

I LR EER

BT A Y A EEAEIC 72 ) FEYE L (http://kokushi. fra.
g0.jp/H28/H28 30.pdf, 201745 H8 H), Z D —&A H AN
WIZFWET 5 Z & (Arai et al, 2005; 7 H 132>, 2016; Aoki
etal,2017), B L O REIH S Rl s Bl Bmg s
BT A oY oS ERIZOA255AT
HBHIEVPHSLNT WD (FEI, 2006). VB2 HHEE S
N2 RO RELE (451 cm) EHEO 1EMIZB
#fE, CHE, DI, EFFICEDEEEINS Z L& (Fig.4) 25,
IREL3IZHED & HATIG RS % > 4 O F 7% FEHE R
4B A LIl D, b, KH3TIEFRIEIEFEDOB
PR TBEEZONBZENS (Fig2), ThEEE
LCDBFRAERIZ4ME 22, MM, KFEH125ELW
L35 E, CHEDBHOAD 4 cm % BRT 57205
AEREINE 2, IRFE2TIEBHRE (F7-I1XEHR), CREL DR
2451 emZ BT 457203 R 5.

FRLO XD ICHAREMR RS B A Y OFAEH I %
CLBIOADPLSADINPHTH Y, FHFEITHI5THE
HHE. L o>T, A-EDSEHOIAREA R &
LIE - AT FFOIMICbEbEE2 N5, £EHD
SR A AT L ERICHRE LRI, Zom»5d
HESNIZEEZOND. Thbb, FRHEMOZEZ, H
WCAFOREEDAL LT, HRISEET A Y F03k
BRI OIS BE L T 5.

Dk, K1 TRAFOREITBIHEE ST
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