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Abstract The Indian mackerel Rastrelliger kanagurta is an important coastal fishery
resource for Okinawa Prefecture, southwestern Japan. However, much is still unknown
about its life history. The early development, occurrence, sexual maturation, and
reproductive cycle of the species was examined from specimens collected from the coastal
waters of Okinawa Island, and management of the fishery evaluated. Larvae [3.4 mm
notochord length—12.5 mm standard length (SL)] and juveniles (11.4-16.2 mm SL) of R.
kanagurta were distinguished from other mackerel species by: 1) numbers of myomeres,
2) absence of spines on the preopercle posterior margins, 3) positional relationship between
the upper and lower jaw tips, 4) melanophore pattern, and 5) distribution (allopatric). Both
larvae and juveniles occurred in the offshore epipelagic zone of Nakagusuku Bay in May,
June, and August, which coincided with the occurrence of high-gonadosomatic value
adults in coastal waters. However, specimens were not encountered in extremely shallow
coastal areas (e.g., tidal flats), although younger individuals may utilize such the offshore
epipelagic zone of the bay, attaining fork lengths (FL) of ca. 8 cm. Individuals mature at ca.
26 cm FL, one year after hatching. R. kanagurta are primarily caught by set net fishery near
Okinawa, small (immature) individuals accounting for > 45% of netted individuals in all
months, except May and June, during the period from April 1985 to April 1987, and for >
35% of the examined individuals in all months, except June and July, between April 2011
and March 2016. These results for both periods suggest growth overfishing. Accordingly,
immature individuals must be conserved to sustain the Okinawan population of R.
kanagurta.

*Corresponding author: Onna Village Fisheries Cooperative, 59 Maeganeku, Onna,
Okinawa 904-0414, Japan (e-mail: cladosiphon@lily.ocn.ne.jp)
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Fig. 1. Map of sampling sites. (A) Rastrelliger kanagurta measured and/or purchased (stars)

from fish markets on Okinawa Island. (B) Larval and juvenile fishes sampled monthly from

Nakagusuku Bay by small seine net (black dots) and shirasu trawl (gray circles).
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Fig. 2. Larval and juvenile stages of Rastrelliger kanagurta sampled from Nakagusuku Bay. (A)
Preflexion larva, 3.4 mm NL, URM-P 48920. (B) Flexion larva, 5.1 mm NL, URM-P 48921. (C)
Postflexion larva, 6.8 mm SL, URM-P 48922. (D) Postflexion larva, 9.1 mm SL, URM-P 48923. (E)

Juvenile, 16.2 mm SL, URM-P 48924,
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Fig. 3. Frequency of each developmental stage in different
body length classes of Rastrelliger kanagurta. Number of

specimens in each size class is shown above each bar.
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Fig. 6. Seasonal changes in horizontal distribution of larval and juvenile Rastrelliger kanagurta sampled by small

seine net and shirasu trawl from Nakagusuku Bay.
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=184) Th-o7= (Fig. 11).
19854 4 A -1987 4F 4 A (FilHRD) 2B 2K
HORYEMRIE, 7HIC14-15em FLICE—R
NRHLEN, TNHERAMICKEL TERFETH
IZi& 27-28 em FL ICZE L 7z (Fig. 12). FHIKKBL
T, GSI1.00 K TH > 7z 26 cm FL A DE AN
HE AL S 2 EEE, FERZELTREL
ZHL, 5-6 AZRWIZTXTDH T 45% L 7%
di & 7z (Table 1). 2011 44 A 201643 A (%
HE) B2 REXEMKIE, 8 AIC 13-14 cm
FLOE— RZHT 2/NMNIBENHBL, chbid
RAMICKEL, B4E8 HICZ30ecmFL & 33 cm
FLICZNZNE— FHRD LNz, 26 cm FL £
i O AR O A E, EE WD 0-93.9% (21K
47.0%), FIHEDN 0-50.0% (11.4%) T, FICEBE
WTIE, 67 AZBRWETXTDOHT35% M Ex
&7 (Table1). 51, 810 HIZ BT % 26
cm FL ARG OMEAKIE, AT T 2 BRI 2R L 72
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Fig. 12. Monthly changes in fork length frequencies of Rastrelliger kanagurta landed at fish markets

on Okinawa Island. Left side, measured individuals of R. kanagurta caught by set net fishery from April
1985 to April 1987. Right side, measured individuals of R. kanagurta caught by set net (black bars) and
gillnet (white bars) fisheries from April 2011 to March 2016. All individuals landed were measured in
principle. In instances of very large individual numbers, specimens corresponding to 30-50% per lot

(the smallest commercial auction unit used in the market) were randomly selected.

DICH U, BRI TIEHIERNZ R U, I
TeRoMERE, BTIRIAY 8 em FL, 2 BIRAY 10

cmFL ThH o7z

Z 2

FHABORE AW TIE, O IVI<)E?2

FEE ARV LR OIS T TRE ST N

T AFHEFRD IR ITHE S TR REFE B 2Rl d L 7c
(Figs. 2-5). AFE{FADEEICDOVWTIE, 1V K
MR - 5 1T ¢ T (Silas, 1974), L
A 5 Ik p£  (Richards and Jenkins, 2004), X A 4 -
T yAEE N, 2014) O RIREKICED

Cid#Ld 5. s AR THELNI %
g2 e, EBSmAILAZETEZ L, OH
MERA NS W &, wiflEEmsicizr< C
&, MEBN31-32 THBH &, FRIFAZETCT
HOKNICBRAERAHE LEWn & HEL
. UL, BaRomsigklicontid, [
CHEBEMBICBWTEHENZED BN, T4
B, MRSETE, EIlALEIC RBWE T, ®E
HRHALIRR IC B 255 T, TN 2N RaR[HIRED 5
nih, A4 REEEE - 5 v h 7« TETIE
BN T (Silas, 1974). Fiz, #%mhil]
DWW, MRS TR O RaRAah 2 14
Tdh-o7zh (Fig.2C,D), L RAHgkpETIE 1A,
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Table 1. Numbers of total individuals and individuals < 26 cm fork length (FL) measured each month at Okinawa Island

fish markets

Set net (April 1985 to April 1987)  Set net (April 2011 to March 2016)  Gillnet (April 2011 to March 2016)

Months Ind. measured <26 cm FL IR (%) Ind. measured <26 cm FL IR (%) Ind. measured <26 cm FL IR (%)
January 201 197  98.0 65 36 55.4 4 0 0.0
February 26 14 538 23 21 91.3 29 0 0.0
March 27 21 77.8 66 60 90.9 1 0 0.0
April 542 390 72.0 23 9 39.1 49 1 2.0
May 870 199 229 90 38 422 18 1 5.6
June 1,443 30 2.1 243 23 9.5 7 0 0.0
July 661 327 495 118 0 0.0 0 0.0
August 817 733 89.7 85 40 47.1 10 0 0.0
September 1,529 1,468  96.0 148 131 88.5 0 0 -
October 1,212 1,172 96.7 231 137 59.3 29 3 10.3
November 1,232 1,209  98.1 33 31 93.9 5 1 20.0
December 698 590 845 22 13 59.1 30 15 50.0
Total 9,258 6,350  68.6 1,147 539 47.0 184 21 11.4

Immature fish ratio (IR) - number of individuals < 26 cm FL divided by total number of individuals measured in each month.

AT VEAIVBETIZI2MTH > 2
(Richards and Jenkins, 2004 ; /\FH, 2014). & 51,
RAV - 7 YA VigE O, 2014) TR, 2
RRESLASMC & Wi b gisetm o o7 e
RHLN, MREECPIRICR o7z, FAENT
& EARER OB IR A FUIC K 0 iR Ao HBIEk
RAPERZZEMREETNTVEEDD (L -
Vi, 2016), ARWFFLZBRNT, FlEEADEREE
SN, FIVI<EIEOHNEET S
C & (Collette and Nauen, 1983 ; Collette, 2001 ; Froese
and Pauly, 2020) Z&Ed 5 &, TOHRMBDOH
Bk DOZEREZ, MHOBENZRML TWAHAHE
PR <R E NS, Muto et al. (2016) &, Z L
7@ 3 FEDBIRH - JRREM AR ZH S ML T
BY, NS 3IMOMEFEEDEICIE, A& DR
MEICHEINETH S Lztimi i Tuns.
LhL, #51E, 10 cm FL DL EOfEAKIC DWW T
BRME 2T TW0a T eh b, TORENRED
10 em FL R{fi O EARIC & 3 H AT REN MR G 72 H T
Ok, BHKRTE, JIV7<EEEED
WEET B CTRE S NIATHEAIC DOV T,
JERERRF DA TIRIE T 5T EWREEEEZ BN S.

mE, AWZETIE, 552 5E L BB R
SN, NELUES IV ML (7.8cmFL) T
&, ARBEERE, 552 EhE & B EICMAD TR S N
TWw2 (R 5, AR F). Matsui (1967)
%> Collette and Nauen (1983) (&, 7 IV 7 < EDIE
PR EEERICDOVWTER LTV AN, 32 K

I OWVWTIRER LTV, E20E, BEN
K et U7z miE» (2015), Muto etal. (2016),
M - &K (2016) TETNSEDFICDOWTE R
ARV, KPR TIE, TNSEDRICOWVWT, »
TNENHRDNRDENGEN > &b,
T - SH (FTRIAF) 285U, RS & Hll L7z,
S1%, FEMEMENEENS.

EIRE L HRER REXEL GSIOMERD
5, MOR/NKAKEF26cmFL TH B &EZ
S5hiz (Fig.10). 7%, GSIVmRbEN -7z 6 A
EHAEA ERET S E, 6 AT b UIARIX 12
AICH#I 20 em FL, 4E 5 HICIE# 25 cm FL IC 7%
D (Fig. 12), ¥ 1 ETR/NINAKEICET 5 &
EZ BNz, REORAT A DOV TE, 1
Fx>7 OfkRETE2E19.6cm (Arrafi et al.,
2016), A >~ ROfEA#E CTIRE 18.3-21.7 cm (Rao,
1967 ; Ghosh et al., 2016), T > ¥ — 7 OEATRE
T 20-21 cm (Sousa and Gislason, 1985) &€& T\
3. REVEXER EMEREDERNREINT
WEVWRELEENTED, HligltiE Ttk
WE DD, (KSR O FEAREORAER,
S OMARICLERT, MEH 2 WITNNITH S
ATREMEDVRIEE Nz,

MRS O 7V 7<%, METI 5-7 HIT GSI 10.00
DIED, HETEPiE< & 5-7 HIT GSI5.00 L L
DEEDZFNZFNHR SN (Fig. 9), &V GSIE
9 2 AR BRI Mg T X <~ L b
MEE T, WmEowERm (0m) OFHEKIER
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Z 13 HET2°CHTHEHRL, 4 A5 LA
&, SHICIE25°C 2l A, 7-8 AlCid 28°C BICE
L7z, 2HICH» T THA T % (Uehara et al,,
2018). JxbB, BWGSIZEHT B EADOH B
i, ko EAIICHS L, FHER O 1B
RefH & & 40— L 7z (Figs. 6, 7). Renjima et
al. (2016) &, > FEvbiBEIC BV TARD
JUEE A EREZTT, BRI EEREE T —
Rzl LTV BN, AMEEZ SNSRI
LERIEESNIzm N OME (6 H) OilgKiRi 25.0-
204°C THoTe. THHMD, AT MG
BRI, KA 25 Cc 2 A, KIRD EAMTH
%57H GrH) IKRGEIMNEREES LD
RMEE N, KK OME RIS L TR o R
(49 7 H : Sousa and Gislason, 1985 ; Yohannan and
Abdurahiman, 1998 ; Arrafi et al., 2016 ; Ghosh et al.,
2016 ; Sivadas et al., 2016) D [[AHEH H VIR %D
fHAMFED b Nz,

AEEOFHESRIE, 5, 6, 8 HICBANOMAEICH
LU, BAOFRTERES NG >z (Figs. 6,
7. TNXTICE, AFOFHERIE, RO
NrEEZ IR T, v ra—TJ, i, Yo d
MM TIE MR ENTH 59 (Tachihara et al., 2003 ;
A, 20125 BPHE - Vi, ORFER), REKBANO
MEEMTEE33.8mm & 380mm D7 I3 &
HEREINDZHERDREIN TS QPREIRKER
B, 1979). Fiz, A ¥ FrEMEEEORFERE
TLABEEEZAONDZFADPREINTED
(Renjima et al., 2016), 7 >~ REERTIE, 1V H
XD EE6cm M OHEINITHB L
AE TN TS (Abdussamad et al., 2010). A
FICBNTEH, A 8 cm FL 1 SRR O E E
MIic AL, KiBFENT (Fig 12). AFED KK
ik, 7o o EEREBRETIZZEND
(Noble, 1962 ; Rao, 1962), T'Z 7 D& &%
BREEREIEGEREE TN % (Bay of Bengal
Large Marine Ecosystem Project, 2012 ; 1 « - /&
W, 2013). TN5ORERIE, AEDMCE, K
L HECIREEREEKICIMAL, ZOWKTHRET
BT LZRBLTVS.

BB EARBEOIRIR AN M S AR,
WALIRA) 1| 4E CREDNATREMEAA D B U, ikl o
RN EINDNEFR & Ao Tz (Figs. 9,10, 12). K
I TIRIE LI L EZ SN2 7R, BROME
ZKEBICHHL (Fig. 6), MAEXREEKTHREZ K
F721%, 8 cm FL %2238 & /zHA 5 FITEEM T
BEhigsHiz (Fig 12).

EEME, RilERBEO AMZ > THIEZTTS
ZEEETH O (F, 1979), e L THhHEfz
E/NEIfa e KEICHIE L CLE S MELND S, A
WFRICBNTE, bi - B e, NEAOERE
ML, B MARICET 5 TS
EENTWBETHEL T/ (Table 1 ; Fig.
12). KEEH (017) &, @ 27 F RO
AHERICHE D X, AR O R & fIEE5TE N T
KDL TWED, ZOmADIEIZHELSS IEXD
LR TRENT NS, BIROEMHEME [
Dl EBLTWS., TOXSIT, READLIHE
JeHEI, PhEEEEAREC 350 B B EIREED LoD
—KIC7E > TV A AREMEZ /R L, MHBIRODERE
MHEEIC BT, HMO H G O— kA0 il
7253\ F % 1o D5y Bl OTE F 75 £ 5E V) 75 B
DREFTHAHTEERLTNS.

—J7, ARWFETIE, A & %I T, R
DGO AFFHASD 8-10 A 1) % /N D
RBYEMKICENEED SN (Fig. 12). <Y
INTUE, FESRIIR O B R 2RI DWW TG E
NTHO, 1990 FRLIEE, 1970 FAC L LLNTHE
Pimo ¥ —2r BN, FEINOFEZENKE A
LEICIZ>TWVWD T ehHEINTWS (52,
2010). ARHETEH, DA, wifAIICE LT
B OMARH N 17y HER TV &h b
AN FEANTREIN DO BRI S 72> T % A
REMEND 5. iz, AW THRD 5Nz O
8-10 AIC A 5N/ ORYEMKDENIT,
FESNEA S % WG A DN EN 2R T % & DX
OME LNz, FBEORRZA - FEINCIE, KD
HEZR EDORBEERMNEZEL TS T EAH
SEMCENTWVABN (K, 2006), A OEGH
KRR IN A B E BN MIF T HEERMEATE RN T
& CGEHIED, 2010) REPFHOBAITHES iFH
K28 EEB T 208N H S T & (Murawski
etal,2001) LILSFBIENDODH 3. 5%, K
FEDILHER A TE S MR IC B 9 2 BE R R WSS 217 S
Lltic, MEICHT HMENRE=2Y VTN
YHENS.

| 3

AWFEZ2IT IS H Iz, — R EENIHRESE S
SR At > 2 —OE B H LU R U
ST RTZE A NIKEERT ST « A B T i XK
e Nl RIE LI VI <EBICBET 2
WA EHRZW STz, ICRS s EREOR=IHER
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KicidhiE o EEic B 2 EWmE, i - h
W E i RIRE & O BRI IEAE IS IS EM O &
Bz, WTHHRASHOMAH—K, HifEEK
K, BEEERK, R, MBS Ak
2tk K, BRSEEEORHEITRIC
&, I ARy FHOMLHOMEE &RED 7%
THW 7z, ERE R R EBE R A O S+
& — I EE N IPHESE S B TR S si > 2 —
DO E—ERE LIRS R OME 2, FiEkK
¥ CYIE) DAFEABIK, fUkERK, FHEZE
K, gk B, A/IFESRICIEFEDRE O
V=T 4 VI EFLE- THWZ., %, HioH,
e, Il SHREKHT, PR, MR, (AE-
W, HISOR MBSO E B X UBGKRED
FRITIE, BARRASSTGIAED DIk & 758
HZEK-> THW:., THIFISAR =B - 7.
¥, AWIEO %, HEAEBEUEA (B
IS A NP RRR A R N IR B > 2 —) SZEEE
R, BEMOKEEO TEFEHEARHERE B
KU AR R R HEE R AT B HED S B
MR R O A IR FITE FHEE F 3 DR
22T, TG L THEZERT %.
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