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Abstract Two closely related, commercially important threadfin breams, Nemipterus
furcosus and N. peronii, are an essential coastal fishery resource in Okinawa Prefecture.
The age, growth, reproductive cycle, and stomach contents from 124 N. furcosus and 37 N.
peronii, obtained from November 2011 to December 2015, were examined, age being
assessed from sectioned otoliths and gonadal histology. Nemipterus furcosus and N. peronii
were the most abundant threadfin breams in Kin Bay and Nakagusuku Bay, Okinawa
Island, areas including many coastal tidal flats, where the two species comprised 98.1% of
the total number of Nemipterus individuals examined. Overall sex ratios of both species
were significantly sex-biased, the apparent lack of transitional gonads implying functional
gonochorism. The spawning seasons of both species were estimated as occurring between
spring and fall, no immature fishes having been obtained. Age validation using edge-type
analyses implied that opaque zones were formed once per year, being valid annual growth
increments. Although no intersex differences in maximum length, growth equation, and
age range were observed in N. furcosus, N. peronii females were larger and older than
males. The greatest ages observed were 4.3 and 7.0 years for N. furcosus and N. peronii,
respectively. Both species fed predominantly on crabs, which primarily occupied the inner
bays. Over the previous 27 years, the catch per unit effort of Nemipterus has declined in the
highly altered environments of Kin and Nakagusuku Bays, suggesting that the decline in
the populations of these species at Okinawa Island may be due to coastal fishery practices,
environmental decline, and the degradation of suitable habitats. The biological implications
for conservation are discussed.

*Corresponding author: Onna Village Fisheries Cooperative, 59 Maeganeku, Onna,
Okinawa 904-0414, Japan (e-mail: cladosiphon@lily.ocn.ne.jp)

k3 XA J& Nemipterus 1%, > K « PEAF

HEOIRA D S BRI T TR ART
HARFHA IV XAROMBT, BifE 25
MREEIN TS (Russell, 1990 ; Froese and Pauly,
2019). EAEICHERTZ A FIVEA)EIE, V3
A~ 3 Y N bathybius, ¥ ¥ )N A4 + 3 UN.
tambuloides, A 3V XA N. virgatus, £ 54 ~3

U N. aurora, €A b3V N. furcosus, > % InA
;3 N. peronii, ~>2F A =3 Y N. thosaporni,
AL RIY N zysron D TN SENTEHD (#
. LN, 2013), TOSBYIaA IV, Vv
NARIY, A FIFVRADO3IFZIRLS, SFD
IS S O JELAME THEE I N TV S CREED
2017b). TN5IE, R TR — A% &
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DEIEIC K D FIEE N BIKFERNRFET, RN
BTREHENT, “ LWL EA HENIE WL
TATDHEHTWORDNTVS.

AV R FRERRICB T 2 K EAFORIER
1&, 1950 40 5400 k> SEGhNMEAIZ /R L, 2014
i LLRE 600,000 b > BL ETHER LTV 3 (FAO,
2020). ZFODIkpE FDOETMEMNS, N. japonicus %P N.
randalli 720N, 2 < O T4 TG LB TH
FRMEICBHdT 2 AN ERBEN TS (HI X1,
Chakraborty, 1995 ; Erguden et al., 2010 ; Innal et al.,
2015 ; Farivar et al., 2017 ; Uyan et al., 2019). %I
I, BAENCHT A B FABDOETE LM77 <,
VA FIURA IV XA DRI DNT,
Hsv i E (Puentes et al., 2004a), HA#iE (Takahashi
et al,, 1989), B X UEINHHL AR (Puentes et
al, 2004b) DHALMICENTVZDHT, AffE
KT 2HRERV. TOXSHBEIROM, s
EIRREEICB T 2R EOMERIT R A O—i@Z il >
THED, EKHERICHE DT, AEE
BOERFOBEFKUED KAL), EIROEREmIE 75k
Dk EIh TSNS (CKHIED,
2017a), S OMEYIREHKPCMRERERGT 2
T, ABTEHREORIANEH L > TV 5.

Z T TAMZETIE, A M3V XA @ADL
B OE—H L UT, HEENRICHED E i
RIS B % A B FESHORM R & B L 72
FEMEICDWTHINT. E£iz, SN TES
TEHEEA IV ETY LA FIVIECDONVT, B
AEEY A 2 DT FmEE, RO
5%, HANBYOBIE 21TV, Wik e S &
FEOAEY IR 2508 L, JEEOMRISIC I
% BRBEZE D BLIRD & Wil O LR RIS DU Tt
L7z.

e & FE
BERAE MMHEUKEREERTE Y 2 —
&, 1989 FE X D IR N D FZE R HHO LY K
WMENEL, WEHGT—2X—=ZZBEL TV
% (A, 191). TOTFT—EZRX—=ZX%ZHNT,
MHERTEYICHIENE A FI Y XAEICD
W, R AR, B, e, AR, e
FHRNC R R G Uz, RO MR,
1989 FEM S 2015 FEETE LIz, A hIVEA)H
&, IRFRECCEIERSS — AR & OikIc K D
XN, MEEDGE LIS L TEET
LT iz (BEIED, KFEK). coTehb,

FRFU gL, X9 Wnnl, FrEilicizo o
O, LBEIED (2015) DG ZSEICEM L
fe. BB, WHHINICIROD DT —2D5 5, i
B A A E DR E NG, WEERRD
BHHBORREICH IO 2170, #HERN G
1) ORI Dz, LrL, TNTEHE
WSS N> G EE, RS & L THD
otz

TIZBRAE 2011 F 4 H 2015F 12 A, &Y
MHRENTWS 11 AFrOfffaEselily (FEH,
i, i, Glll, B, SR, BEE, Yo
HREE, HI&, 1) BV, KRFENnA b
VXA BOERENE & FEHKOREZIT-> /2
(Fig. . &, MEENDOAER 5§ Mk EE L
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Fig. 1. Map showing sampling sites. (A) Ryukyu
Archipelago, line indicates 400-m depth contour. (B)
Locations of the 11 Okinawa Island fish markets where
threadfin breams were measured and/or purchased.
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B \NEIGEEN D, F%#EE, MBS
B (PR, PRAEBLUOCMLEZET)
DEEMNEFT D, ThbEEFE 11 HETRN
DFaEY D o BILL L2 582 QiR /K e
Fifit o 2—, RK¥E). #AEEHE 1, 20 GEX
1,353 [8]) OBE TITV, KEFAEOERENIEICIE,
HE A Z BN T2 ESZ VT 1 em [ TR
X E (fork length : FL) ZHlE LTz, 7z, &5
AEIZETS T, BEECHGHEGEENISA T
A AJROWIGICT 2 M E D & i17 L TIT-
7o, FHEIOFETE, FHAIE U THRO2E7ZE
RN REFE Ltk WEL. A FIVEA)E
DG, EFEIED (2015) ORI IFITHE
WEHL, #ELEBICOVTIRAKEDRIGX Y
CEHe s FEHR, SR, s, mis, b
v, AT, ACKE, mdiREE. NEILES,
AL

¥, mEOWEGHIHBE SOV TIE Al
ViEORE ", FHERXED X Welch O ¢ 13
EZITo Iz,

BREEROHTE HNMNBIEHILOWRESR
(catch per unit effort : CPUE) &, ¥z @ U Tt
BNRBBEENET—RTHY, —ikic, HiR
EHZNEEE CPUE & EWEZ/RL, WICE R
B UIEE, CPUELIKRT BT EAEZWn
e, BARBEOMEZHIN T 2ERICE2 LB A
5NB (BEAR, 1998). T T, 1989 FE 5 2015
FEoMiEES, PREBXOCSERBICEI 51
IV XA BOWIE R L fIES R GEKGTE
B ZHEEIL, CPUEZBEH Lz, TCT, il
RN OMEFRESETS T, A I VEXABIE W
COEA"HBINVIE WVWEEA DB TRANE
Nz ehs, CPUEDREHIIEREZE LD
THO - 7z,

BADRE FEAIX, 2011 4 11 H 2015 4 12
IS, MHEEINREICB W CIEER, —4A8, ¥
ek, filfE, NEEBEMECXDESN, 7 AT
ofifaEsetity (i, @R, A, S, 1
WL, R, HER) kB ENEEAFTY
124 Atk (12.8-304 ecm FL) BX T+ LA 3
U 37 flfk (13.6-29.8 em FL) Z W7z (Fig. 1).

TNH ORI, KL THRBICRELRD,
BXE & UK E (standard length © SL) 7 0.1
mm HATEHI, K8 (body weight : BW) Z 1 g
BN CHEEL, LU CTEMRBXOEZRE L
Teo $EH U725 &, ARRIC K 0 MR Z 70,
AHEIR B (gonad weight : GW) % 0.01 g HL{\1 T

PR, NSRS, #7277 VKK
THEE - R1F L. EHERTEE (gonadosomatic
index : GSI) X, GSI=100 X GW/(BW - GW) IT &
DRDTz. BB ZIENT 5729, fEHLEE
MENEYZIO L, WH, 10% RV 2T
FE - SRIELTz. 5, SEEROEREZEET
5729, BEH»SHA (wFa) ZHH U, Kk
%, WlRRIELTC.

¥, WMEOMEIICDOWTIE, /e ERE%E
Tolz. £, MEORIELIERGEE, WL
BLUIEXE(KE L DOMIIC, ZNEFNEREG
BRNRH NI e D, HOBUHTIE (analysis
of covariance : ANCOVA) 72 F\\ C M HE 5 o bl #
Ziro T,

LIERDOBMFEMERR  EIEIRO M 2 BI%E
F, EEASALIV 124 AKRBRTT Y LA T
37 R Z Wz, BE L EEBREARE, Eik
WKHEW 7 um DINT T ¢ VY &2 Fid1%, Mayer
DAY FFY AT B RAREL T
fRdE U 7c. WA A TEAR O B FAEL P 1E, Brown-
Peterson et al. (2011) IZHEV, MERE & & I KRR
# (immature), ¥3EH (developing), FESNTIHES
(spawning capable), 1BATHI (regressing), #4410
(regenerating) @ 5 HHIC X7 U, F&52 M LU o
R DWW Ti&, B 1% € (postovulatory
follicle : POF) DAL FINTz.

TB, KAWL TIE, MEHEE & ICFEGEALEEOM
KRERAL LT o 7.

BEAONEB L FHEFE mMMEOFIRECE, K
Ale LTHMOBAZHY, EEA NIV 124
RBEXTY v LA bI V37 HKICOVTHAH
YR (BHE - 5&E, 2003) Z{EHL Tfro k.
H1x, #E&E (otolith weight : OW) % 1 mg D H
TR, RUI X7 )VREEICEEL, il
% Y7 Wr 8% (Isomet Low-speed jewelry saw - Buehler
8D ZHWT, Bz &S BERERICH
UCEEICYIR L, EIH 500 um OEEY 72
FR U7, Bafmf o isid, EsEms (EsM-
31-P2 : Nikon tL %) Z H W TEH I T TV,
TERHTEZF LT, U, —HROHHFID H
M—EBAMZRT T 2 [ T 7h, 2ET—H LK
ol A, THIK3BIHDFHBZITY, D
HLEE 2B E—BUIAARZ Wz, O,
PBEHE OFHEEEIE, PS5 —2540 (index
of average percent error : IAPE ; Beamish and Fournier,

1981) ZLITFDORIC K RO TEHM LTz,
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IAPE (%) = %i(wo Z —% |>

T T TRIEHIRIAE, NIFHEAR, X, &) %&%H
DIEARD i B HOANEHEE, X &) &FHOEA
D RBE R Z N EIURT. BABUNE
MBI ZHH L, BaldW &R TH 2
fEthDBIGZ HRCRE L. £z, Hamadn
REHTH 2 BAD ARBHEICDWT, Z=HiC X
59 I BT 2 A O WRHE & F2ER 0O B E
) MEEREIC K DR L, FHIWRED O
Azt Uiz (Zar, 1984).

FROBEWIRY EREMBRT HRADLBD, W
FEDPEINIE 4-10 HICHERE S N, BT DL K
H G8H) Wia—®, Lk ZFIT, LR
BOhREEWEERLIZ4 HEEREEH &L,
HHEIZAD (2003) OFEEE] DR D IEIC K D Bk
DOREH &L NEHFHOT— 25, SEKDE
Wz fEE LTz,

HEFAEHNT Y 7 b R version 3.6.1 (R Core Team,
2019) D/8wr— “FSA” 3K U “nlstools” I X D,
EWtIcNT2REIXEL OBEBRICDVT, von
Bertalanffy D K 7{ (von Bertalanffy, 1938) % L, =
Lo{l-exp[-K(@t-t)}lcKDRDI. cTTLIZ
i (ICBIRHERYE, L, IRKIEREXE,
KIZHRERE, 1 3BXEZO0 L Lz DM
WixERE L, 7—FA Ty EICKD, &8
TA—2—D 5% [FHEX M ZHEE LTz, MERER
DR E &4 i O ikl Welch O ¢ BUE
Z#, MERDHEZ Chenetal. (1992) * Ratkowsky
(1986) IV, BRETFAMDOLBIC KD FHE%Z
11o7e. Fie, mfOFR & HAERE L ORI
EREFEGRIED SN & D5, ANCOVA
7 D T HERERS O Lok 217 - Tz

BABYDERE HARYOBIZIE, WIEKIC
HRNKIEL Tk ZlRE, EEARTY
77 @4k (12.8-304 cm FL) & ¥ v LA 3V 32
ik (144298 em FL) Z W7z, HNAMIE,
WHEDH % W I FARBEMEE (MZ APO : Leica t18)
T CARER R VAR DR L THIE LT21%, £
ORER (w) Z0.01 g A THEL, HORHN
J& (stomach content index : SCI ; Watanabe et al.,
2003) 7 SCI=100 X w/(BW-w)Ic X b HEH L.
AWFFE T, BEEMLNE, ERICHEbEnze
DERHEL, HANRME LTlbEahol. Fiz,
WA LB 0 e, b 5ERV 7z,
WRED HNAME, WHARINTEHEME 2L,

AR OGHED R EETH > 12728, FHEYOHBI
$E (WP CERE (W) ZL ORIk D
BH L.

%F = (3 % 8HEY 2B U T 7o iRE/ 2k
Y72 F5EH L T WO I EAED < 100

%W=3 [(BHAREEVOBEROER/ E2TD
ﬁHéE%@( PEEO TR * 100] /FHEMAD S B

H T kD%

TB, MEOHNAYE L THE L 8L D
k%é@ﬁ’“l@d@f% %F X %W & BT HT
ICHWIZGE, EHEYORKREZIICKBREONED
Sk RAVAL:) %F & %W 73 UC Ranking Index (R ;
Hobson, 1974) ZEHL, ZOEDHFE (%RD Z3K
STV EEEORANRIEIEE LTHV .

L R

BRIGHAEE EWRST—&205, A3V
ZA @, MHERES, EEEE, \EILEEEOS
JE0 M TR X, 1989-2015 £E D FR/KG T &
13940 > THo 7z (Table 1). KBITEDIEHED
Z o HIBIE S RE T, 2hD 57.7% GERT
o0 b)) e, ROTHIE (39.8%, 4F
M 14 FY) DIETH-7. Thb B2
LIRS AOKBTRD 97.5% & iz, il
G COWBEYIRE THEEE NI F IV X AR,
EEAIY, ¥ LA I, FFAT
U, eI VD4ETHD, INH 45 (525
k) o558/ FIVETYY LA FIVUD2
T, FRAARMEALD 98.1% Z 5Tz,

FE2ARBICBIZBEMB I UTERRER T
LGTORBYAEICIOHER LA NIV X A)E
OMBIEIGE, FE2HEBTREIALD 4l
SMPEDRRE, ¥ =137, P<001), @RETITE
EANIUD, FHETEI Y LA FIUDNZEN
ZnE 5L (Fig. 2). @RBICBITS 3V
AA)E 2 MO PRI EICEHBEREANRD LN
TEA NIV [HPH 1831 cm, Y + FEUEF=
(SD) :23.6+27cm, n=154] », ¥¥ LA +3
U (HipH : 1528 cm, P +SD :22.7+25cm, n
=223) KDL HBEICKEN S (Welch D ¢ BiE,
t=-3.543, P<0.001; Fig.3). FETE, &K
B, TEAMIVU (HIP: 12-30 com,
+SD:228+4.1cm, n=89) BN¥ ¥ LA +IV (i
PH : 1029 cm, F¥J £SD:192+45cm, n=97)
SO EHFRICKED> T2 (t=-5705, P<0.001;
Fig. 3). €A I VX, FERIGHCHEERE
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Table 1. Catchweight of threadfin breams in Okinawan fishing grounds from 1989 to 2015
Fishing grounds Total (kg) % Yearly average (kg/y)  Annual catch range (kg)
Okinawa Islands 93,577.0 99.39 3,465.8 174.3-9,540.7
Kunigami-higashi 1.5 <0.01 - -
Kin Bay 54,358.0 57.73 2,0133 95.6-5,185.6
Nakagusuku Bay 37,425.0 39.75 1,386.1 10.9-4,266.6
Nanbu-higashi 7.0 0.01 - -
Chubu-nishi 343.7 0.37 14.3 0.3-59.8
Nanbu-nishi 925.5 0.98 37.0 0.2-193.8
Kume-jima (including Tonaki-jima) 516.3 0.55 39.7 2.6-112.4
Miyako Islands 1.9 <0.01 - -
Yaeyama Islands 144.3 0.15 9.0 1.1-34.7
unknown (Okinawan waters) 432.9 0.46 24.1 0.6-188.4
Total 94,156.0 100.00 3,487.0 175.6-9,697.4

Fishing grounds were matched with those described by Uehara et al. (2015).

Frequency (%)

Fig. 2. Percentages of threadfin breams caught in
Okinawan waters (O), Kin Bay (K), and Nakagusuku Bay
).

NRHH5NT (¢=1.781, P=0.077; Fig.3), ¥ %
LARIVE, G@RBTHRICKEN 2 (1=
7.116, P<0.001).

BRESLERERBOBEZLL I VXA
EOWERL, MEHEABIUTTE 2 @G
1T, 1989-2003 I T THB 2R DK LaH
Sk U, 2005 FELLBERE 1 B LURTHERB L 72
(Fig. 4). MRS I T EE 2 |IGICBT
% CPUE &, N&HAMZE U A Em 2R LTk
(Fig. 4).

EXxAOGRERH MLESLIUHR-FHEBR
EADRY ERfMM (K9 +SD) &, EEA IV
DIt 12.8-29.3 cm FL (243 +34cmFL ; n=42), i
16.0-304 cm FL (25037 cm FL ; n=82), ¥¥ /L
A4 FIVAME 192298 cm FL (25.1+2.6cmFL ; n=

40
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Fig. 3. Fork length frequencies of Nemipterus furcosus

and N. peronii obtained from fish markets in Kin Bay and
Nakagusuku Bay, Okinawa Island.
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Fig. 4. Annual changes in catch per unit effort (CPUE) and catchweight of threadfin breams from 1989 to 2015.

27), 1 13.6-23.6 cm FL (19.5+3.6 cm FL ; n = 10)
Thol. MO TR ER, EEAFIVUT
BEEADPBDENED > Th (Welch D ¢ FE,
t=0.764, P=0447), % LA IV TIIMEHD X
DEEBEICKEN T (t=-4576, P<0001). M
HORGZ B UHEE, EEA NIV TEER
ICHE OF WEEMIE, =129, P<0.001) A%, —77,
Yy LA MIVTIEAERICH (F=78 P<00D
NEhol-.

Wi &, BXREIEEAE & EORIEERGR
Z, AELEZ 70X M) —MFRZZENFTIURL,
MEHEAENRDSENZh > (WTHE P>0.05).
Dz, BRI MELEZ XS I HEE L,
DTFoTcERINT.

TEA FIY SL=0891 X FL+0304 (n=124, ¥=0983)
BW = 1.199 x 10 x FL** (n =124, /=
0.980)
v I R 3V 1SL=0885xFL- 1.350 (1=37, ¥ =0988)
BW = 1249 x 10> x FL*'” (n=37, =
0973)

RNBAKRS KUENER LW O ZH
BREITH>EEA NI 124 HRBXUTY ¥ L
A4 R 3V 37T EIKICDOVT, WPENREE 2 RS
ZAEFERRE R S N o 7z (Fig. 5). HELE
FHEERMZ, TEA NIV TR, HENFIELIE,
HEDFESIATREHILIRE TH O (Fig. 6), X TOH
B L Tz, —F, Y LA 3V, M
T PEIN R REWILIRE, it TILXBITHI & A O

HWHAHE L (Fig. 7), €A FIVURKE, TXXT
DA AL Tz,
EEARIVDGSIIE, WS BIC4 AhSHY
mutae, 6-8 HiCmW i Z /RS EARDN IR L 72
%, 9 ALKV ETHR Lz (Fig. 6). Aff
Mecuk, FEEOMEAED 34 A, PFEINATRERI D
fEtAD 49 HicENZNHBIL, HikElRzE
T 5AEIE, 67 H (GHofElik) ICHR SNk,
M, FEOINATREHI O MEAD 3-9 HICHBIL /z.
—%, ¥y LA RIVUDGSIIE, HEH 410 AiC,
e 4, 6, 7 HliC@EWEZ R T AEDZNZE N
BlL7z (Fig. 7). AT, FEINATREH O MEA
47 HE 10 HICHEL, PHIl%EREZET S
fE@kH 4, 5, 9 A Gt 10 A ICHERI N
ERGOBME €T b3V 24 kB X
Uy LA 3V 37RO E AEEY A 285
U7, Wi &ICd X TOMRT, RBEH
DR AIHETH o 7z (Fig. 8). 2 [MIDFHET—
BUTEARE, T RI Y 93 flk (75.0%), ¥ ¥
LA k3 26 Ak (703%) T, BELAARBHEO
IAPE &, EEA IV 6.9%, ¥ LA 3V 5.7%
ThHol (Table2). BEHEE LHiE I NIzFEik
Lo, WREE IR ENT (»
INE P>0.05), IEORIERGZRNFED 57z (Table
2). AU AREHTELH 5 HkE, EEAF
JVUTWE3-8HIC, ¥Y¥Y LA IVUTI, 4, 5,
7TRHICEVEIEGTHE LU (Fig.9). TOXIIC,
it 75 D H A AN AR O IS = ET R 72 0@ O VR
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Fig. 5. Histological sections of mature gonads of Nemipterus furcosus (A, ovary; B, testis) and N. peronii (C, ovary; D,
testis). Hy, hydrated oocyte; OC, ovarian cavity; POF, postovulatory follicle; SS, sperm sinus filled with spermatozoa; St,

spermatid; Vtg3, tertiary vitellogenic oocyte.
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Fig. 6. Monthly changes in gonadal condition (left: females; right: males) of Nemipterus furcosus collected around
Okinawa Island. Asterisk, not collected; circles, individual data; number on bars, sample size; number in parentheses,

number of ovaries with postovulatory follicles.
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Fig. 7. Monthly changes in gonadal condition (left: females; right: males) of Nemipterus peronii collected around
Okinawa Island. Asterisk, not collected; circles, individual data; number on bars, sample size; number in parentheses,

number of ovaries with postovulatory follicles.

Fig. 8.
indicated by white plots. (A) Nemipterus furcosus, 5-year-
old female [27.2 cm fork length (FL)]; (B) N. peronii,
6-year-old female (27.3 cm FL). Scale bars indicate 1 mm.

Transverse sections of sagittal otolith - annuli

5N (F MEERE, WINE P<0.001 ; Table 3),

PESHRTREH DA D BT H & i —3 L 7z
FEWMERE HOWEURICXOEEINEE

WnEip CE¥+SD) &, TEA IV D04

% (24£0.7 5% n=42), H1-45% 23£0.65% ;
n=82), ¥ LA MIUNME 17 G3£1.25%;
n=27), ME1-5m Q4x11% n=10) TH-o/z.
MERE D ERE, TTA IV TRAEFEANE
H»H5NT (Welch D ¢t #i7E, 1=-0.066, P=0.948),
Yy LA IV TRMDHELDEEREICKED S
fz (t=-2.122, P<0.05). WMfEDOZAEDERE
HWEDF—ZIZHDE, von Bertalanfly D i £ X
EMEHERNCH Tz T3, UTFORTEIN
7z (Table 3).
EEANIVUM L, =271 {1 - exp[-1.323 (¢- 0.324)]}
(n=42, r=0.664)
B L,=302 {1 - exp [-0.830 (¢ - 0.068)]}
(n=82, *=0.483)
Tr LA NIVME D L=307 {1-exp[-0.297 (¢t +2.654)]}
(n=27, ¥=0397)
D L,=233 {1 -exp [-1.177 (¢ - 0.389)]}
(n=10, ¥=0.610)
EEA IV TR TRDOENT (FRE,



A ~AVEAE2EDERE 101

Table 2. Sample sizes, statistics, and parameters used to evaluate accuracy and validity of age assessments for two threadfin
breams collected around Okinawa Island

Contents Nemipterus furcosus (n = 124)  Nemipterus peronii (n = 37)
Age determination
N,: number of age-determined specimens 124 37
N,: the first two counts coincided 93 26
N;,: two out of three counts coincided 31 11
N,/N, (%) 75.0 70.3
N/N, (%) 25.0 29.7
IAPE (index of average percent error) 6.9 5.7
Increment formation annual cycle
Goodness-of-fit test for circular distributions, ¥ 285.0 (P <0.001) 33.2 (P <0.001)
Linear relationship between otolith weight (OW, g) and presumed age (Age, year); Age =a OW + b
a (SE, standard error) 23.2(2.1) 57.8 (8.5)
b (SE) 0.87 (0.14) 0.36 (0.44)
7 0.511 0.625
P <0.001 <0.001
n 122 30

Nemipterus furcosus

F=0384, P>005), WkEE EIC 2 LARRRKEDHE

ek iz-oTz (Fig 10). BSESNcimminid, 43

i, WE40mTH-o=. —FH, Y LA IV TE

AR S ERICER D (F=17677, P<0001), W

NHEX DB RKREVEY A X 2R LT (Fig 10). #

RINEEmE, 70K HEs3KThol.

W fEOMEREAH DK ENIE, KA TRSI N,

EEA IV 1 L=287 {1 -exp[-1.025 (- 0212)]}
(n=124, r=0.529)

XY LARIY L =272 {1 -exp [-0.890 (¢ - 0.286)]}
MJJASOND (n=37, ¥=0.580)
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55, AFAHZ RO %RIDEREE L (49.3%),
ROTHEENH (D=8 :1214%), Y MH
(202%) DL %D (Table 4), TN 5 3 75 HiHE
T90% U b=z, —7, vy LA 3 VYT,
AL REERD S B, 2HEMEKIEE KD
62.5% (20 filf&) T, “FHIFTGE £ SD A% 0.26 £ 0.49
(0.00-1.92) THo7. AEDOHENEDZE, A=
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Fig. 9. Edge-type analysis of sectioned otoliths from (6.8%) DIITHH, N5 4 77KWET 90% LLE
Nemipterus furcosus and N. peronii, demonstrating percentage iz (Tabled).
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of otolith edge condition. Asterisk, not collected; numbers on
bars, sample sizes.



102 EREAED

Table 3. Summary of life history parameters of threadfin breams, including information from previous studies, based on
age determination using sectioned otoliths and/or gonadal histology

Species / Location Sexuality Sex L. L, L, K 7 A Reference
Nemipterus aurifilum
Queensland - Female - - 22.8% 0.36 -1.4 - 1,2
Male - - 68.3* 0.08 -1.8 -
Combined  <23.0*% — - - - 4
Nemipterus bathybius
Suruga Bay RH Combined  23.0% - - - - - 3
Kagoshima Bay G Female - - 23.1 0.161 -4.405 10 4,5
Male - - 27.5 0.341 -0.762 8
Nemipterus furcosus
Okinawa Island FG Female 293 - 27.1 1.323 0.324 43 6
(25.7-29.1) (0.845-2.025)
Male 304 - 30.2 0.830 0.068 4.0
(27.7-40.4) (0.268-1.480)
Combined 304 - 28.7 1.025 0212 43
(27.1-31.2) (0.672—1.486)
Nemipterus japonicus
Gulf of Oman - Female 258 - - - - 5 7
- Male 256 - - - - 5
Nemipterus peronii
Okinawa Island FG Female 29.8 - 30.7 0.297 -2.654 7.0 6
(26.1-47.3) (0.065-1.196)
Male 236 - 232 1.177 0389 53
(20.6-33.4) (0.209-4.107)
Combined 29.8 - 27.2 0.890 0.286 7.0
(25.2-30.1) (0.459-1.845)
Southwestern Taiwan —— Female 27.4 17.0 — - - - 8
Male 223 17.5 - - - -
Northwestern Australia H Female <33.0 15.0 314 0.55 -0.03 - 9,10
Male <33.0 - 30.5 0.72 026 -
Combined <33.0 - 419 0.25 0.74 5
Nemipterus theodorei
Queensland - Female - - 54.1%* 0.1 -1.9 — 1,2
Male - - 61.5* 0.1 -1.7 -
Combined  <29.0% - - - - 6

Nemipterus virgatus
Suruga Bay RH Combined  38.5*% — — — — - 3

L.oLyL,,K, t,and 4 are observed maximum length, length at 50% sexual maturity, asymptotic length, growth coefficient, theoretical
age at which length = 0, and observed maximum age, respectively. Where appropriate, 95% confidence intervals included in parentheses. FG,
functionally gonochoristic; G, gonochoristic; H, hermaphroditism; RH, rudimentary hermaphroditism; * standard length (Non-asterisked body
length indicates fork length).

!Campbell et al. (2007); *Green and Krusic-Golub (2002); 3Takahashi et al. (1989); “Puentes et al. (2004a); Puentes et al. (2004b); Present

study; "Afshari et al. (2013); *Wu et al. (2008); °Sainsbury and Whitelaw (1984); '°Young and Martin (1985).

= - WIS L, Filce®As a3V EY Y LA T
N VD HED, MEICZVWT ERHEN EE S

HEEICBIIZI IV IZIBORHEE &K 7z (Table 1 ; Fig. 2). ARWFFETIE, A IV XA
WgEk 0, £ IV XA BIEMHEHES LSS J& 4 ORI N, TNFE T, il
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Fig. 10.

von Bertalanffy growth curves fitted for observed fork lengths; female age (open circles) and

male age (closed circles) of Nemipterus furcosus and N. peronii.

BEBOROWHIC BN TIE AL IV OKGITFE
WRENn<Tko, PrFrA4bI3URLIA T
VU EFAEEOHBISEHETHZ T EARBEIN T,
% CKHIED, 2017b). Thbid, MBI DK
e s5EDA NIV XABMERL, EEA L
GVEeYYy LA MIUNMBELETHS & ERE
LTW3 (Fig.2). EEA IV EYY LA T
U DRI DN TIE, JUWNLLE O 2 - 72
INKZIE D (2018), Nakae et al. (2018), AAFIEH
(2019) THLABHBH O, TEA IV TIEEF
FEE O THEEINT, Yy LA IV TIZR
R OILTE DI hIChER S NIz, A -
fe (2012) &, HEEEREZHLE LTcEHARDR
FEAHO ML 5, B D fREEREREIC DWW T L,
B RO faiE D, BRI O M MNC A< 21T %
TEREMLTVS. TOXIIC, BEHETH D
ik, B OFEERLEE (MR - #ine, 2012) %
KWL FepfikkA 7z R L7z
ArIAVEAB2HEOEMFEHNHIR -3V
A A @O L, 3 I DWW CHERFRIBIZIC
O HEMNDH % (Table 3). BEWMBFEDY 2 A
FIVEA NIV RATIE, FHHRICOM M

29 2 IHP I MEMER /K (Takahashi et al., 1989),
EREBEY I 3V Tid, MR (Puentes
etal, 2004b) LENTWVB. —J5, F—A TV
THY Y LA N3V T, WS RS S
ROHBIN S MEHEFRABIS O RN S R ENT
W% (Young and Martin, 1985 ; Table 3). AL T
X, EEA NIV Y LA NI UDMELIE,
FFDOMWITR - T2 hy, BIRE Nz F il MR
TN L, WENEZE T 2RI HERES N
otz (Fig.5). TOT &, WEOMHED,
BEREMNCMEIE SRR TH B T LB RB LTS, L
MU, 10em FL UROREADN IR, B L EA
BELznaehnd, mifEOVEREEE, RECEAME
K7z T DT REARDRE & R ENBISR 21T, R
ETBRHEND 5.

i fE It D FESH R REFA DAL, DR &b 4 H
Mo 10 Al LIz eh b, MEELETO
FEIIDNENSMTH B T EHRENT (Figs. 6,7).
T OWFAICIE, BEABAD RSB Td 5 [EkH
HEL, ZOFHiINZME A, BEI NE
e HOEE0MKRE, EOMEZER LK. (Table
25 Fig.9). TNbid, KFEORNEHED, i



104

EREAED

Table 4. Occurrence frequency (F), total weight (W), and ranking index (RI) of prey items found in stomach samples taken

from two threadfin breams collected around Okinawa Island

Nemipterus furcosus (n = 50)

Nemipterus peronii (n=12)

Food items
F % W(g) % RI % F % W(g) % RI %
Sipuncula  Sipunculidea spp. 2 400 652 227 9.1 031 1 833 096 440 36.7 1.49
Annelida  Polychaeta spp. - - - - - - 1 833 022 1.75 146 059
Mollusca  Gastropoda sp. 1 200 0.03 <0.01 0.0 0.00 - - - - - -
Octopoda spp. 3 6.00 6.03 3.66 220 0.76 - - - - - -
unknown Cephalopoda 1 2.00 0.76 0.70 1.4 005 1 833 022 1.02 85 0.35
Crustacea Ocypodoidea spp. 23 46.00 63.11 31.11 1,431.1 49.29 2 16.67 591 997 1662 6.76
Portunus sanguinolentus 1 2.00 0.85 0.24 0.5 0.02 - - - - - -
Thalamita sp. - - - - - - 1 833 034 002 02 0.01
Portunidae spp. 5 10.00 4.69 3.78 30.2 1.04 2 16.67 2.17 14.07 2345 9.54
Cosmonotus sp. - - - - - - 1 833 0.07 0.56 4.7 0.19
Raninidae spp. 1 200 093 097 39 013 - - - - - -
Xanthidae spp. 1 200 119 131 26 009 - - - - — —
Brachyura spp. 15 30.00 37.70 20.72 621.6 2141 5 41.67 4.80 38.09 1,587.1 64.57
Alpheidae sp. 1 200 051 200 4.0 014 - - - - - -
Caridea spp. 16 32.00 18.33 17.23 585.8 20.18 1 833 188 4.18 348 1.42
Stomatopoda spp. 5 10.00 12.77 2.94 294 1.01 - - - - - -
Mysida spp. 2 400 227 040 1.6 006 1 833 1.87 416 347 1.41
unknown Crustacean 1 200 047 2.00 4.0 0.14 - - - - - -
Echinodermata Ophiuroidea spp. 1 200 073 154 62 021 1 833 0.10 833 694 282
Teleostei  Clupeiformes sp. 1 200 019 045 09 003 - - - - - -
Synodontidae sp. 1 200 100 0.12 0.2 0.01 - - - - - -
Callionymidae sp. - - - - - - 1 833 039 001 <01 <0.01
Tetraodontidae sp. 1 200 427 123 25 0.08 - - - - - -
unknown Teleostei 10 20.00 13.58 7.33 146.6 5.05 3 2500 5.67 10.66 266.5 10.84

BEEELTRYTHS T L, FBIMHICERE N,
EERAZRT CEERBL TN,
AEAFHOER & REIC DOV T, BFMRD
Z < WMAEMBICHE D S HEE B 5 W IdE/ NG A
BT N2 XM A E (BEH - 5, 2003)
KX BHEETH O, HiRE) A2 T3 5 BRI EE
BTISGA—R = a5 HEmzHENCT 57D
&, BEAEEYRICR D IERBETIHEIEINT
W5, Ok, BUFMREE ORI, Aifste
M CFikz Aoz M&EICRE L (Table 3). €
EA PRIV ETY LA I OB E NI
FEEIT 0L R THD, oA 3V X A8
& 5@ U 7z (Sainsbury and Whitelaw, 1984 ; Green
and Krusic-Golub, 2002 ; Puentes et al., 2004a). F7z,
A4 +3VVRAFFY R L ED Pentapodus vitta,
JAVREIAVIBOL NAI RV Z
Scolopsis monogramma ¥ S. taeniatus & 10 KLU N T
» o 7z (Mant et al., 2006 ; Grandcourt et al., 2010 ;
Akita and Tachihara, 2014). WifED & #RIC DT

&, EABOBEIMIENERE NS EEEH S
A, LEEE SR ARG, 4 IV X ARHTA
SHGET BRHMENE LR,

A THEEI N EHEOR KX E E HER
X, BEA IV TRMEHEENTEDONT, v
LA IV TEMENHEXID ERELED (Table 3 ;
Fig. 10), HEAVHE X O & K& < 71X % N. aurifilum,
VA +3 VY, N. theodorei & ¥z 5 %2~ Uiz
(Puentes et al., 2004a ; Campbell et al., 2007). € &
4 b IV OBAHEEYIAICED S REMITIE, &
MNP E L %%, Yy LA IV TR, 4—
ATV TR OV TREADHEE SN TE
D, MHEMOEEZZENZRDOLNTLAEL
(Sainsbury and Whitelaw, 1984). — /5, HiEEAEE
T, KEFFTZfTbhTViEREVEDD, RARE
X ECHERER OBEE IRZE VA ERH 51 (Wu et al,,
2008), AWFEE K —H L. —#kic, ik
Z LRWARETE, REAIGMERE OB & BE
WL eMEfEN TS GEH, 2003). &
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WIS RIE, MMEILFERICAER TS 3
XA JEODTH% 2 FlfiE T BAHENKIS DY 7% B T REME 2
RBL T3,

HNAYIfRNT K D, WA HZ ERDT X
VAR5 EH =D %RI D 70% UL E&E STz
(Table 4). $$i1C, EEA I VTR, A=fEoHp
THERATHZ ER DO %RIDF LB E Eo iz, —
7, Y LA IV TEEEA I VICEHXRT
%RIFZMENE DD, HUL AFHZ ERDE 7%
o, X2V )@ Thalamita 7% &35 X V)
HZRHHI 10% 2”3 Uiz (Table 4). ® ¥ FH#ED
TEA FIVEAEBETIR, Tl AR E
fHT 2 eHAMEINTVS (Paul et al,, 2018).
£, Y LA NIVDA—AMT V) T EKRET
&, HBELUZHEANEMD 70% W =8, TCH,
Dy O, TIFEEHBHETHEILIIREN
TV % (Sainsbury and Whitelaw, 1984). Z DD
A4 FIVXAETIE, HRBIEPEIHD 2 8RN
DIKFMEDNRE N, HRBEICKFET 2 (V.
Jjaponicus), R & ISk FE T S M (V.
hexodon), FAFHICKTES B (N. tambuloides) 1T
KA E N7 (Afshari et al., 2013 ; Rao et al., 2017 ;
Paul et al., 2018). TD X iC, RKELFEOEMNIE
FESOHUIEKIC K O B DRIFE N IR D, I
DEEAS IV EYY LA IV IE, FBIADH
TE, RICAhZBIKEFET S LhRENT.

HEESREGHOFRRKERE AEHBE, D
H7% &% < OFEIC I T I A3 T
INTEY CFRhE, 1976 : Sainsbury and Whitelaw,
1984 ; Campbell et al., 2007 ; Wu et al., 2008 ; Afshari
etal., 2013 ; ElHaweet, 2013), Z Dt EORMEN 5,
SRR DM I LR T N, D
R EONRICHET SN ED SN TN D
(H E1F », 1997 ; Dineshbabu and Radhakrishnan,
2009). JKHMEMEN R ORI T, ANEAH
BRI E T S N, BB
REDOWES RS mAMEZ Rl TS OKH
ZA, 2017a). LA L, ARFFETIE, FEEMT
B % RE IS T, WD CPUE MW E MM
WAERZR L, [FEOIMEE RS Ko Tz (Fig.
4). ToOT X, AEHEOWDD, HELNOE
RIC & LIRS % AlREtEZ " LT 5.

AWFFE T, WEOMEEYE L THZHOER
MDA R E N, SAEME L THE LI AT H
ZERRST ZUH RO A ZHIE (Table 4),
ICNBOMERRE D FIEEKICERT S (Ono,
1965 ; Henmi, 1984 ; Zimmer-Faust, 1987 ; fliA - H]

M, 2004). X7k, MWEEBRERDS B,
WE I E O TR E N5 @ K5 s
(EEIED, 2015) TEZHEEH (Table2), TN XK
TICA b I3V XA RMFRNFREEOMET, Vv
LA FIVHANSNOTETZENETNREI N
TWa (EJFE, 2015; Vi, K¥HEK). Thbi,
MRS NTBICIRIZE LT BTS2 H % T & &<
RELTWA. BT, BED TEHES
I EEIBH OB HETL, FRCRRE S HIE
&, BNTE 2 FHE 3 FHICHEIIENKEL,
RBIR O AR T 1E IR LIRS, A7 AR X 2005 E X C
WhnfEm 2R U, MidEmznR U (B,
2015 ; EJED, 20155 BB, REH). ok
9 R NTE O BRI 5 A RaEsh o -0 AL
& EAEEO A BB H 20 E LNz,
AFFE T, BRI 2T 52 EEA T
ey LA RIVIKDWVT, DL H Tz
Z IS EARE OB 2N R 2 5l Uiz, i
BOA NIV XA 2 M FKENEANL & HI W
INTHH CKEIED, 2017a), FEEKICHREO R
APERIC BN TEHRIKIND > Tz, fulic iz <
75 o TR AFEABE D A 2 75 E B R R R 2R 2 Miat
T2 LETH, 5IEHE, WEOEY AR
HEMICHET A OERZMEIT 2L LI,
MNERBRBICOWTERAERITO TENAKT
H%.

&t ¥

A EITSICHiz0, 4k &K, Gl 5
AOYIT, Wi, el - v, RO
HAEOHE B X UHBRED T LZITIE, FEARMAS
TGHED I DICKRL BEEZX > CHVWE., £
T, MHBIROKPEEMECERT 2 > 2 — (4D DN
AR, REFERK, AXHEEZER, HHELK,
B ARG, MMRHERE, MG ER, #FiEsTr
K, BERIARICEAEYHE SAAE R 1% ) TE
Wie, TF @ ESRBZE - Tz, RitgEo—
EiE, NERFP IR B HEE LT B HED S B
[P R O A IIRITE FHEE R OB =2
2. TTICRHLTHEZELTS.

5 B X B
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