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Habitat shift with growth of larval and juvenile Nematalosa spp.:
Bay-dependent early life history

Masato Uenara? T and Katsunori TACHIHARA®

AREFFECI, MRS I SN D Fu 2 £ g 28 (Nematalosa japonica and N. come) (22T, fFHEf o MBI, HE,
BEROIE, EEEZHS 2L WEORLITFAIE, (T UDBEROMAEIHM L, RIS X 2 IHEMET) ORI v
Wbz 10H, REI1I0mm THRITHENCH R L, HREITE Lk, BETESERIRSN, FICHA 7 VHEHEMLT
B L, ZREFAICHYS T 2HMEE30H, 15Smm TRETENBE L. Zok &, RN 8ttt om 1
HRERBVIEXKENEAL, BEINICBEL TR EEx 0N BEIRD, R4 T VHAZEML, 2mm» 57 b
)y AEANEEZLE S Wi, RETE & EEOREE THREL B, LB IFETHI00mmIZELZ. 20
X9, WA L o TEEE, FICTEES, S WHMORESE LB TEETH ), EFEDO AN L TEBERE
OHRE, WHORELZHREELI LI beEZ oMz WEORERMEEZHERL T Z2ole, REEkE
BORENATRTH 5.

Two Nematalosa species, N. japonica and N. come, are valuable target species for local fisheries in the Okinawan re-
gion of Japan. We examined the occurrence patterns, growth, osteological development, and feeding habits of two
Nematalosa species collected from Nakagusuku Bay, Okinawa Island, Ryukyu Archipelago. Preflexion larvae first oc-
curred in offshore areas and thereafter recruited to sandy tidal flats as they developed swimming abilities. The timing
of recruitment to the sandy tidal flats occurred 10 days (10 mm) after the hatching of both species. Postflexion larvae
and juveniles occurred mainly at sandy tidal flats and tidal mudflats, respectively. Metamorphosing larvae occurred in
both habitats. These findings suggest that the larvae moved from sandy tidal flats to tidal mudflats during the metamor-
phosis phase. This phase is recognized as a semi-complete period in which swimming ability is attained, thus active
movement can be assumed. The timing of this directed movement occurred ca. 30 days (15 mm) after hatching. The
main food of larvae and juveniles (<22 mm) were calanoid copepods, and juveniles (>22 mm) began to feed on de-
tritus. Juveniles inhabited and grew up in the tidal mudflats and adjacent shallow areas, and reached to ca. 100 mm one
year after hatching. Shallow areas, especially tidal flats, are considered to be an important nursery area for larval and
juvenile stage of these two Nematalosa species. Recent artificial environmental changes in Okinawa Island could re-
duce potential nursery areas for these species. Therefore, shallow habitats should be conserved to preserve the popula-
tions of the two species.
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N 7 £ J& Nematalosa (%, 4 ¥ F « Vi KSR A0 §
L=y B ofT, HBETIX, NU 2 A N japonica Re-
gan, 1917 & V) =27 % 27 N 27 4 N. come (Richardson,
1846) A3l i & AT\ % (Whitehead, 1985; 7 i - Bl T,
2013). FIFEIZOPHBE DO R H A, BEIXEERE D
OIS oMm L (RES, 20152), WifiE b2 dH
LHA DN ELTRKRS NG MO SHETH 5
(%, 2005; FJE S, 2015a,2015b).

MAEICBE T 207 ClE, AR EBREE (RES,
2015a), 4EHN& K (Uehara et al., 2009), U, (Uehara
and Tachihara, 2012, 2015), #i3%92% (LJ55, 2015a,2015b)
WIE SN TS5, WAGRICE T A20F5Em13 4 %
<, RIS AL REA O B B3 123 2 F1
BRSNS Oy - BJE, 2015, B - 32, 2016). fH
DOWPETGRIE, BREAIHEELZ RS 59 2T, 72,
BRI OB R e T % 2 5 9 2 THid TEELRFIEH
BThHD (ZM5, 2015). MAREAKERFERM € 5 —
TlE, WM Z2TSRAESERINTB Y, RAEEARRE
B (virtual population analysis: VPA) 12 & % & F=EHEE 2
L MEOWEERHRIERIN TS, BRAEHECEITH
T, MAZROHNIATRZIEEDO1DOTH Y, EEH
P (BIZIX3E) OFHEE L2600 kw. Th
X, £ oMM TR LA R0, MARORY
WRE=ZFY Y IHPIT2T, BEWIIHIR§ 2602034 % <
HTWIEERBERT L. L) IEERERERHEEEIT) 7201
X, MABO#HNZE=5) V7T ENUHELRD
2%, WMEEOYE, Y~ b3 X VIEAmblygaster R I A ¥
Herklotsichthys quadrimaculatus £ (X 57 1), & OB
POHHIMARZEET A EPRETH L (LFES,
2015b).

—75, IR O BRI REREIEEIE, HERO—&EE Mo
TV b, WAL 20m RO &S CHEIN L (Uehara and
Tachihara, 2012, 2015; FJ 5, 2015a), fFHEAS S 4 7D
R 2MBOTE WEERE) AT &5
NTWB25 Ol - 1R, 2015), SEMZ 0030 A B 1A
Thb. LW, FHEROEELTIVERD 556, RAaH
BRI KE S HIML T LA E R & 2% 3
T B (Becketal, 2001; Dahlgren et al., 2006), Hi.1Z H I
DHEWDHZGHL LD TR R L, ElFREEEICANE
HERRBEOBRMEEZMETLZ ko oN 5. T2, o
MR ORI & T a2 A4 EERETlE, BRe
R EP R L2 ZEPPALPICENTED (Imaietal.,
2013), {EIHAL O BRBEREDEARRE ORI R TH
52 LRSI TS Ol - BJE, 2015 RJE S,
2015a). TOXHIZ, Fu s A JE2HEO G A L O fFH
X, BREHOE MBI L MARLE B L ORERED
WED S DIRERRNOHEAIC L 5T, BERLEHE

boLEZLNA.

ARBEFETIE, WHETIRE TR LN Fu s £ BIFHER
ZoWT, AW - LI, Bafeilisic ko CH
WA E, BEROIEL LVOEREZHN, £ TEOFE
KEWONICL, TEOKFERE L TOBRemm L. X
7o BB DU DMERTE ST T BIC DV TG L 7.

MEEFE

FHAEDRE

A, MMETPREHORE (26°15'N, 127°72'E) (Zf7E
TAHHIREOTESHLL & A 7HL R TIT - 72 (Fig. 1).
JAHIPH R FE BB OEARZ /5 7212, MFREMOIRE
&, NRIRHE, M, VT Aoy T MEfR v PR
7o, TETOREE, 200544 H-2006 44 H 124 H 110,
WETE2 7B e - i) SRETE3 ~ A
HHo-a - k% < ABEHE (F4m, Lim HA
Imm) %H\7z. B & BEREEE O KGR 2 TH & 364712
S0mEAL, FHETIRAET L2230 ELA. K
WIFE B 5 TEOREE, - LE (2015) O
Peo7z. F72, 20034E9 H-20064E4 H (2004 4F 10 2005
FEIHERRC) 1, JNHTHEEE (785, 218, 268) (2
EHELPH L7z, REWE, WL TELRD, #5)
%, 70%TF VT N2 — )V TRAELT.

METORER, Y525y FH (WHEERH6Sm, Hl
MWOLK 21 m, EWORITIEE XL 3.8m, EHOH
£033mm) EHADORZ L 2MEOMMa ARy b [4 7
1:0f13m, E4m, HA3ImmE 1mmORES ¥4
T2 0813 m, fE4m HE1mm] 2HwWA (RE,
2015). BIHIC X BERM4EIE, 2006 4F 1-12 H 124 118, &
NOME4AR LT, HEEREE20MT-72. /2, #
FHIT X BRI, 20104F 12 H20114E8 A2 H 1], i
H3T, PRELKBOKEREZ{2/7 v FOfE
TI10 AT o 72, BREWIE, M ETHEBIZS%EAKFLV
) CREE, MIREICHBED, X KRELAEE, 70% T
FIUT N I— VI L 7.

RIS NZBRIEW IR HERI L, Fa s 181,167 1k
2L, AE RN HERE, %ML
HAAR) #WE L7 &b, B LMEEADH 51,1611
ik, I - B (2015) B X OTEJE - 7B (2016) TH
VO NZERTH Y, WO EIE EE - 5 (2016)
Wt - 72,

Eams ;e

BHONE LT 2 HAIRK S N A BES0E, HIE
WTHDIENLL OMFETHERIN TS (Tsuji and
Aoyama, 1982; Tsukamoto and Kajihara, 1987; Lou and
Moltschaniwsky, 1992). ARH#FZETix, Fu sz f &Y a2
Fay FusfOHEEREOMBREHSPICTE720,
Hhmillimsce Him & LCEHL, £—max Wbl & e
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Figure 1. Map showing the sampling sites where larval and juvenile Nematalosa spp. were collected by small seine net (Kawata, Awase,
Kita-nakagusuku, Nakagusuku-tomari, and Sashiki), cast nets (Kawata), larva nets (L1-L3), and shirasu trawl (St. 1-St. 4). Solid
and open circles represent tidal mud flats and sandy tidal flats, respectively.

L7z BEARER, THEBCTRESNZ Fo 2 1 1234k
(129247mm) &V avF2v Faz A 11k 9.7-
25.5mm) A, RPAZE) L%, #Z¥~x=aF
TTATA FHZ AR T, JeHisE T T 400-1000
RHCIER LTI L7z, B d, (FHEDOBEMATIZOWT
1, BRI 2 RE0 70y 2 IO E R R
8% )% H\, von Bertalanffy @) 3\ (von Bertalanffy,
1938) %@ L 7-.

BRRORE

R OHEAEZ BT 5720, RO ICmhE TRE
SNz 4 (7.1-10.0 mm) (ZHNZ, 20094F5, 6 B (X H3
HE AT/ X R L 72 98 MR (9.8-24.5 mm)
HEARELTIMAZ. ThoofEARIZ, FHE R ER%
TR X ) B E Lz, EWIREARL, a8
JOTEHBETRESINRZ Fa 2 £ 4964k (9.8-24.5 mm)
EVavFay Fas A3k (7.1-21.5mm) & v,
Digerkus and Uhler (1977), Pottoff (1984) 3 X O i # 5
(2006) #2212, TV Y % ¥ 7 —8GX (Merck 4t HL)
ETVHY YLy NS (MR o2@Egfe M)
Ty (FHAITAT AR X HERERL, #Eik
FEREIC BT A2 I OB 21T - 72,

HILENEYOHE

AL NAWRE 2 S 22T 5720, Lk oI ERE
SN2k (8.9-27.5mm) ZHIZ, 20144FES5, 6 HI12{d
/NI X0 PREE Sz 134K (18.2-30.6 mm) b
TSN Z 72, Th s oKL, FEBT11:00-15:00 D
BICERE SN2 Fa 27 4 514 (122-30.6 mm) B L O

VavFay FarzAelfifk (89-272mm) THY, &
B S ER; E TOWFLENEWHL Z TRz HLE OB
#2213, JUKS (2006) 2BFIC, AR (HRILEAR)
TEWLZRL, HILEPrONEWZI) L7z KIS,
BONTNEY % FEAREMEE T CElgE L, MAwEREL
7o, ZOLE, AT VHIEHE (1984) 12, £ofoT
Iy TR B (1997) ISREVREZEL, 7T XA
H 7 4 7 ¥ (calanoid copepod), Z DA 4 7 >4 (other
copepod), MEEHEENW DIN (invertebrate egg), < DAHLENH)
75~ 27 b v (other zooplankton), 7 N1 % A (detritus),
HAEAHE (digested food) X4 L7z, WA, #HAEDS
HEAZLDRT M) FABRZTENL TV Ens, A
AR AR (1997) (2fEw, MBUHEELEZ 7z, $4b
5, bHAHHAMEOMBIEE (%F,) &, &2 EKERKHE
WCHBLL 723 X CTOMAY o MBI KT % & % S A4
OWBMEFOH AL L, HEICHES EHoZ(LE TS 7
DITHRE 2 mm T L IZRATRD 7.

t
%F, =100X —*

n

2
k=1

CIT, %EFED D RRERESE R O A ko MBUHE (%)
%, 35 L EERETOEA AW ko MBI ERT. &
B, WAMEDS L, HILENICNERDBD bz o
TR OB A & 2 HLER E LTHEB L7
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RESN-FHAORBERE EARER

AIFFE TR SN7FEFERE, N oo 4 236w il DO,
Yooy Faz A paiailbEOEERTH 72,
EIGFTROREMEK A A5 & (Fig.2), Faz L1364 (St
1-4B X OLI3) TIERESHT, BETETHRENL2-
23.4mm (n=323), RETE T.8-1582mm (n=525) D1
RS, TohRE, RETEISDETEIDOHE
FIZK & Do 72 (Welch D t#i5E, =—-13.69, df=534.78 p<
0.001). —7, VawFay Fay A EaET43-12.3 mm
(n=28), W& T T89-224mm (n=113), ET#H T
9.3-110.7 mm (n=260) OEMKAIHBIL, WME&X D WEH
TETHBEICKE 2 572 ((=-11.33, df=42.23, p<0.001).
Foru s AR RETEICHHL2ARIEZ, ETE
I BHEEICKED 72 (1=-8.54, df=283.91, p<0.001).
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Figure 2. Body length frequency of larval and juvenile Nemata-
losa spp. collected at offshore and tidal flat of Nakagusuku
Bay, Okinawa Island, Ryukyu Archipelago.

HIRE B L UKEDH

B IS BT 2 M Z B < T RTOREMREIZ L 5 1 R4
B 72 OMAREE Fig. 312, TERBICT/NIRMEIC X ) $RE
Ehzru s A)E2Eo Al MBlE & KR EFBRREOLBIE
A %Fig 41" F. Pz 3REL2 LB LTS TRE
ST, 1-6 G4 7)) (IS TFEBUSHBIL 72 (Figs. 3,4).
AFEORF0A1E, A & AREC BN 2 15 1 255880
b7z (Fig.3). 1-4 A EICERBY DT 0% F B k25 i
WL, 4 ICITfEM S I L 72 (Fig. 4). fifiodEl&ixH
ofEEIBTIIML, 6 HidffoArTRHK I —77,
JayFay Farz A, 6,7 A Tl LG o
A HBLL 72 (Figs.3,4). T#EETIX, ZIZH4E %
Wa,7R) by B L7 (Figs. 3,4). F2TEBTIX
BB DB OR BB HBIL, 5,6 Hidff, hll
Lo B3 tE I i & 2RI O T S 7z
BRRICHE D £ BB OBE

AR DR RR A O MBI % Fig. 51373, Faz 11,
HRERE 1 mm THETEICHE LA 15mmilhs &8
HTEICH B LIED, 16 mm TIZZOE GBI E &
%Y, 24mmMBEERETEICORMBLE. —F, Va
X2y Fa s 4, 4mm TEWMSICHBE L. §mmil
B EWETEC, 9mmASIERETEICH BB LK,
10-14 mm 2%, R 2 MR OE & H350% &
Bz 7z 15 mm A S RETEICHBLT 2 HEkoE &2
BocHm L, 23 mm R TIZRETEICOABB L. I
BIL7-BEBRIE L, SHRELBIITRE CRRY (2
DME, FaZ 4 :y42=610.5,df=8, p<0.001 ; V) =7 ¥ =2
v RO s A y2=62836, df=2, p<0.001), WX L WET
¥ CERE MRS, RETE CARIIF-ar T h g
H L7z (Fig.6). 72, MACHBELZY 27 F2y N
7 A0, WA L.

MM ERMERK ERE

AT S B RO TR & S I CTH - 72 (Fig.
7). $REH & HAWRED S SEEOBLH 2 e T 5 &
(Fig.8), TO#pHIZ Fa 7 4 TI3H, VavFay
A4 TI-I0HTH o720 WIS, FRELITH O H LK % &
%¢& (Fig.9), FuzAf3WETETIU-81H (n=78), J&
BT#ET42-90H (n=45) OREIHEHL, BETETO
HEAWETE LD DARICHETD > 72 (Welch D 1R
5, 1=—9.98, df=117.20, p<0.001). —J5, Va7 ¥z K
a7 A IEMETETI41H (=113), RETHET797H
(n=260) T, FuZ Ak RETEI BETEIILE
HEIZEMTH o7 (1=—5.72,df=92.99, p<0.001). &5i2, H
e REOMBRE AL E (Fig 10), Koz A TIEAZOR
e L HITAREDSEIML, H#EE30THI1Smm, H#60 T
F120mm 2 L7z, REEO 0l & AEOMBRITKRATE
a7,
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Figure 3. Seasonal changes in horizontal distributions of larval and juvenile Nematalosa spp. collected by small
seine net, larva nets, and shirasu trawl in Nakagusuku Bay, Okinawa Island, Ryukyu Archipelago. Sampling gears
correspond to those in Fig. 1. Data in different sampling years are pooled for analyses.

L,=22.7{1—exp[— 0.023( +22.8)]} (n=123, >=0.838)

VawFdawy Far 4Tk, HEHABPIEWZ &5, K
MOFMEIIC L 2 HEEEROLTHZEEL, 140
FoREHICAEFhO S o (KRR 510714 Fh
Db O (FEAKEE) S0 TFREEICE ) EREFE %
W L7255, MoK EMBICECSEBD O (F=
5.684, df=3, 111, p<0.01), ZhZhRATEINT.

AR © L,=28.2{1—exp [0.011 (t+46.3)]}
(n=44, 1 =0.805)

FKIREE © L,=29.2{1—exp [-0.019 (t+19.6)]}
(n=67,1=0.838)

B, AFTNHPR o Fas 4 (13H4Fh) &)=
vERaw Fary 4 (KM 14 A4 Th) olElRIC
1, AEAZED SN h o7z (F=0210, df=3, 166, p>0.05).
LURBADHRER

FIEICB VT, HEORERETH O W -2RKOKE

MK AR L% Fig. 11129, Faz A4 Tid, 14HI
RE11.8-23.7 mm OEEAIBL L 72, TSI H ISR
EL, 7HICH50mm, 12 12390 mmIE L. —7,
YJayday Fas A Tid, 1-4H1210.1-20.7 mm Ok
A5, 6-10 H 1243224 mm DA B L7z 14 A1
BL72MEAEIETBEAMICREL, 8 1213860 mm, 12 12
3 80mMmIZELZ. L L, 610 HICHB L7zak—
M, ZDE— FOHBRPIAHKTH - 72,
BRROHE

B2 %47 5 7230 D F B O kFAL B X RS L o #@ AR
% Figs. 12, 1313789, N0 27 4 ORER#H9 mm Tid (Fig.
12), g BEEB X OREO SRS, RO R i 5 b
Hefhps Bl LR, HER, W< RE oG o a s
ATV, 15mm il 2 L IEEECFE 2SI, fhkoii=
MR OREE AL A HEA,  AREERR M4 O B 22 S LA SRR
HoNTz. F, ZOBUICHAOEEILIEBE Bt RAE T
L7z, 20 mm 2> S IZEEBOHEEE D T S Nfi®, 24 mm T
3% K DML CTREFALASE T Lz, —J, e TRESh
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Figure 4. Monthly changes in occurrence (number of individu-
als per haul) and frequency of each developmental stage of
Nematalosa spp. collected by small seine net at tidal flats of
Nakagusuku Bay, Okinawa Island, Ryukyu Archipelago.
Numbers on bars indicate sample size. Data in different sam-
pling years are pooled for analyses.

ZZavFary Far 4 O7-10mm Tl (Fig. 13), g,
g, MBI OrDREEEIRD LN, #RHE T
FTTICHBARET LT BETETRESN
Nmmlil% 5 &, ¥ HiEL L OREOFE, Hifkas
M LD, MR, MigRe RiEOZHig omig{bastEA T
W7z, 15 mm TR SRR 2SI BL, AR i Bl oo 1
FALDSHE A, AR ML B O B 72 52 R ATRRD B 7z
T, CoOBMICHEAOBEIEIBBLRAE T L.
19 mm 2 5 OB D K S UG, 20mm Tl Mo
7 A Tkk, % O TILE AT

HIEENE YR

WO LENEWZ (Fig. 14), 747 VH (5 X AH
NIRRT FAH, FrusAH), BEEM (FFFLYF
AR, STV voF<A<AR), THWHE, IV aH,
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100 7 B2 A B2 B
50
S
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Figure 5. Frequency of the offshore and the tidal flat in different
body length class for Nematalosa spp. collected from Naka-
gusuku Bay, Okinawa Island, Ryukyu Archipelago. Numbers
on bars indicate sample sizes.

34 FaxxkH, SEHEE oI, &) 7 28 L7z,
MiFE AR 2mm T T, FWCATXAHZRLET
ZAATVHEBEBHELTBY, £ OBHET0%% B2
7o (Fig. 14). ThUKE, F MY & 20EE2HML 7.
—7, 2RI, Fe2Z A4 12-18mm, Y ¥a
7 Fa 7 4 14-18 mm DR REREHRTHBLL 72 (Fig. 14).

A

FIREICH (T 5 HBERER

AWFE LD, WX I0H THETEICHERT LI L8
S & %72 (Figs. 5,10). T ORET TOHEZ 3l
WMEEz 2L, MEOFENZ, WHREBIINHT LT
TE P AT HE £ o % % #] (1457 H : Ishihara and Tachihara,
2011) EHNRTHFECREHEA LTV, $4bb, Wk
T O BEIH 2 5k, Bl O & LI MAT 5 2
&, MEREEZHERT A RIEEZ D LE L LN ZDX
9 7 “self-recruitment” O ¥EWN& X, BRI O HERFHERE R & 5
OEMEANZ AT S5 Z TEETH Y (Kingsford et al.,
2002; Swearer et al., 2002; Sponaugle et al., 2002; Almany et al.,
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Figure 6. Frequency of the sandy tidal flat and tidal mud flat in
different stage for Nematalosa spp. collected from Nakagu-
suku Bay, Okinawa Island, Ryukyu Archipelago. Numbers
on bars indicate sample sizes.

Figure 7. Sagittal otoliths of Nematalosa spp. collected from
tidal flats of Nakagusuku Bay, Okinawa Island, Ryukyu Ar-
chipelago. A: N. japonica, 24 rings are counted for an indi-
vidual of 15.4 mm standard length (SL); B: N. come, 46
rings are counted for an individual of 17.4 mm SL. Scale
bars indicate 100 gm.

2003; Fisher, 2005; Buston et al., 2014), K17 4 OENER
DS, MMHMEBOWESRMcR22LEb IL—%T2
(Imai etal., 2013). F 72, WL H#E30 THETE» SR
BT®EICBHL, 14 TH100mmIZEL 72 (Figs. S, 10,
11). Z0O, 2ICHYET 2 150 mm THE S i T
Fe, BAO20mDEoEER L2 ERERREE LTw
(Uehara et al., 2009; EJ5 &5, 2015a). T X 912, MWiAEA
“self-recruitment” D )W AEG LRI 2 A L, (ZITTXTOH
RHEBEPBEMNICHIT 22 EHL N E R 57,
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Figure 8. Estimated hatching date calculated by otolith incre-
ment counts of Nematalosa spp. occurring in Nakagusuku
Bay, Okinawa Island, Ryukyu Archipelago.
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Figure 9. Age frequency of larval and juvenile Nematalosa spp.
collected at sandy tidal flat and tidal mud flat of Nakagusuku
Bay, Okinawa Island, Ryukyu Archipelago.

KRR TIX, Fa 2 A OFRDE OFAR>RE S L
» o7z (Figs.2,4,5). HF (2009) &, EILEIIHBWT,
FfkOfEA Ay PEHWERELZITY, RESNZT 2
Plecoglossus altivelis altvelis T OMEDS, MYE MR &M
RRTIIRECELLZLEZHME LTS, RUFZETIT,
fEf Ay PORMIITXTIE2HIToTWV5H25, A7
Ja—0RBL KT 570, REKEZ100mEHYHLT
WEEZRRYMELSE ST TRME T2, Vv day
PO 7 A12DoWTIE, FEO ) ETHEER OMARHIRE S
NTHBY, EREEBICHG T LIEITIATETD - 7 (Figs.
2,4,5.13). F72, WILED 3 7 2 O Konosirus punctatus T
b, FEBUCHERET 2 DHTofEEE, mEIcsmilTtsh,
WEREREDAISETH S 2 epME ST 5 (M - 4
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Figure 10. Relationship between age in days and body length of
Nematalosa spp. occurring in tidal flats of Nakagusuku Bay,
Okinawa Island, Ryukyu Archipelago.

Ik 2006). Pz A @AHERIL, B L THEBICIE
BEAEHB LRV LML TWS 20 (HFH - 57
B, RFEE; A, 2012), AHO H v 10 LN OAF AR
s ehro/zZ LiZ, HT (2009) 2316 H A7 ) 22—
IS L 2RERIRTORELID D, LA, Shlfids
AT TEDVTE TV WTEIE L WG %/ SERBECHA0

LCWBWEEEDH B, 20X 9 RBEECTOFHEMIRE R
ENTBLT, SHROFMERENELENS.

—J, VavFay Far A TiE EINgEcHL
6HUBEICIMA LT R — 12BN TERNP- T2
(Fig. 11). COHHE LT, FIFMPHEBIIRET 2 HEIC
LDHBNEZ LML, WEXAIT-722005%FE136-10 H IS
S PRI ICHEE LCB Y, B\ 204EH (1981-20104F)
DO HRTH, ZoMEIZ0.6-220 H OMEE CHT
L T v % (http://www.jma-net.go.jp/okinawa/menu/syokai/

toukei/toukei.html, 201548 H 7 H). ¥ E RS 5 mifd
I2& 5T, ZORMICAEFNFAIEERENRNZLL,
T, 2HBOTEEEZRBET 270 (i), HEOE
IR LRI R E 2BELERO 1D LRI, TR0
MR ENDL. I, 545 O LSBT IR B 5 AR LS
& 5 Tlx (Whitehead, 1985), Wl & D42 DOALKIR 13 ik
L<, LML CLE) WML PRSI NG, FEE
WHIE T TIE 1, 2 HOZ2WM e A T T, iAotk
BTHRICHb Lo ePNmenTns, Tk X,
FaszA4BdbhifeonTtsy, ToEEAEN ) 2y
FavrarzAfThsb (LE - FJHE RIEE). B, Ja
v E a2 a2z A4 oERgEE T o, KEAET
FTAHMHNCTERTHRET A L5720, WHEISEL
WITFEMED D 5. ARFZED X ) 1RO 3 & — FSHET
LZEMIIEMAFE T ME SN TE Y (Bl - 88, 2015),
BRI AT A BZE B RIT T B B TE 2w 2P
Aikshoodh s (EHS, 2010). FD0, BHfho#
FEAEE % B R A AL 7 B A 5 SR F SR 0 JE B 28R
CZFhsd (Bl - #, 2015).
PEABBEDRE E R ICHE D £ RGNS ED
Afge X, AEBERTmmDOY) 27 F 27 Ka v {4 Tli,
Mg %Lz A EHEOKRMIL, EHREREICHFSGTL2HED
SN RBETH 722 Hh 5 (Fig. 13), A ICHAT
LEEOWEKENIELEZ L EEZ bRz BETEIC
W 210mmic% 5L, WiffsbICiEE BB LD
g O SRR, AR MR, MEIRASIBL LR, HER,
Jifo % %0 )2 g 0 T HFE TR E (LA A (Figs. 12,13), %
COEARTHRERmD LES%E T L Twie (B - 7,
2016). 2O L) RFFRmO LE L RIEDISE, RiE
WX AHEE OB AKEZRL TS E# 2 5N (Kohno et
al., 1983; B - &k, 2006), WifEOFAS, WL E
WA L, REOHEAE)) 2 ST AR 10 mm THE T
ISR LGOS Z VWL E -7 (Figs. 5,12, 13).
W OREARE, BETEERETE CARICRS
D, RETETKE»o7 (Fig.2). 72, MBTLHE
BeBs X, W TECRIEMY E ZRBM oA, RETET
ERUMTFA LAl ENEN 0% UL E B EA R L2
(Fig. 6). & 512, MMIZAER 1S mm, HE30Z5EIC, ©
HTEERETH CORBHEGTIKE {EL (Figs. s,
8), BETETT b ¥ 2AaA~NANEELS 7 (Fig
14). W& b HE30 I MR EILd BBL A% T
(Figs. 12, 13), F#ERER MO B 2 52 R ATERD S L7z,
T/, ZORMICIIEELBED BWIZERL, MigEeE
fEd ey (LE - 2E, 2016). 20729, W,
THEE OFEIAE D ZFEMN 2 HEAETT (Gosline, 1971; Omori
etal, 1996) g HigE L OBEBOFRE I AN
O HIH R RAEE O 1) L OBERE % S5 L (Omori et al., 1996;
WEF - 59, 2006), #EIKEEN VLD ELTWwD Lz
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Bay, Okinawa Island, Ryukyu Archipelago.

Lz, Ulko k)i, W 2BEoTEE2FMAL, ¥
TKEENI S X D 1A B A RIS, WS TR SR E
FEA~BET W REEAVRIR SN, 20 k) BRilEikiED
Ol R WA BB BB L2601, o o
THHONTEY, WKk DOFEEA D S REENY 2 B H)
ThbLEZOLNTWS (¥ - 49, 2006). AKWFZET
b, WOZEREYITAzT ) ¥ aoBE)k & [E%o0# ki
NEHELTVS EHB SN2 L0, REBNEBETSH
HEEZLNT.
— S, BRI HME O VBRI ORNTSH S
(M, 2001). T bbb, AERLHIBICAMAREILELD
REED) 272Nz, BEICLAV A7 HHELLLT L
ﬁ%ﬁéh,ﬁ@ﬁ@ﬁ?é%%f%%t%i%ﬂé.ﬁ
WETFoh LA HEFETIE, BB EREZREZS
$Wﬁ%;énfﬁb ﬁ@fﬁu®h% I—RET T
Ewv (F, 2001). AFFZETH, ZREMICHYT S
Bmmﬁ%ilﬁmm@@WW&ﬁbﬂﬁﬂﬂv%%%
RBOZLWE O ON-Z &ns (BE - 7, 2016),
W@f%ﬂﬁ@ﬁ%ﬁ@:ofwééma%%éna
Ji, BEIZOWTE, ZoHHEARFIUERVWIZEHAESR
D) R 7B EL b ERHELEEINDL. Leisetal

Monthly changes in body length frequency of Nematalosa spp. collected by all sampling gears in Nakagusuku

(2007) (&, TRHOMEDFHICDOVT, BRI hE D ko 1
O EESZFEBRWICHS NI L2, TOIMoHhIZIX
WAk & [ U2 7 AR % b D4\ — Chanos chanos
BEEINTEY, KR L HEKEREIIZER 2R3 H 5
TEDRENT VS, 2T, 3 —0ilEikiE)) & 3
KRBT M2 HAE T 5L, AR 1S mmOEAKT
i, #18km - H'EWIHRRIC R -7, AREICEY, i
KPR DTS BARNT T 2 2 7200 AT LT & v s,
CORETIE, HHETO Fu sy A4 BirfaoBEns, 4k
CEHLTHUNTH WML RIR S NS, T2, K
DY) HIFHEF O AT AT B O W CREM 22 iR
27N T2 (Ohataetal, 2011a,2011b). 45 OHF
JETIE, WY OLEMELELSE, YIAM (TABIY
N5 7 F A4 7Y Engraulis japonicas) L IET T AR (w54
Pagrus major) D%, M &H (% 7 ¥ Trachurus
Japonicus) &M AR (I X7 5 7 Aurelia sp.) 1288
S, TOEBRELZHRLL. TOHE, #HYTWTho
PRI E > TOBBEIMAEZTICL 2 BEZERT 5 012x
L, H#dEAE L 2HEIITEEL RIS RVEWVT.
WHETEIZ i%(@%ﬁ%#ﬁﬁ?% EAHILENTEY
(Noichi etal., 1993; J5— 5, 1993), HRHETH, RETE
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Figure 12. Osteological development of vertebral column, fin-supports and rays, ventral scutes with body length in
Nematalosa japonica collected from tidal flats of Nakagusuku Bay, Okinawa Island, Ryukyu Archipelago. X: unformed;
O: cartilage formation; ©: full complement of cartilage and initial ossification; @: ossification.

TX VAT VR Caranx, < 3T F & Platycephalus P 1 1,
7 ¥ T U ¥ F Trichiurus sp., 71X AJg Sphyraena 7z £ O
BRI N TwD (LK, 2015). ToXHiZ, Far
AIEE, BEIEWED) X 2 Rm/NRICHZ 570, ik
FREEICH G T ARENBBOARK L7137 T, X
DED OBNRETENESLHICBE L TnwbEEzoh
7.

FREDODKREZE L TDESR

WA ClE, WETRICWLHT 2 MoMBAE L 28 L
T, WEHE LTOBRIIOVWTER SN TVS, HlZE
AT AW TIE, RIS, 10 H ARG O 2K
BHENOBITEZITIBITH D LiEmINTnd (KT,
1993). —75, #Ve =TI TEBIIKOEKE B~ i
M& &1 (Moriokaetal., 1993), ¥ O ¥ X Sillago japonica
TIRAEGROKRTE 2 T3S L mTiTonTns
Gl 2006). 2O X9, FMHIC L) BETENOERE
BRELRL D0, WHAETELROH TURIISFIHET % 5K
TS 5. WAEOHEAIZFICTEICMBIL, kg
o LI E TR 2 S RE TR ~REEI I8 L 7-
(Figs. 5,12,13). $72, WfZRE TE~SHk ZEr
BT SRR T AL LIS, FMY ¥ ABEICEN

FEALSETHEERIT 2 (Figs. 5,14). ThbbH, MWl
W& oT, WETEIER~OHEMEZITH Y, RETEI
EREMDBEDEN O & X4 81, Becketal. (2001) %
Dahlgren et al. (2006) D EFHIZHED &, FFICRE TEIE
BERRER L EmESNL. LaL, PIZENHTHoTD,
AT, MEXETHETEICERETLILE2EET
b, TNOH2MEOTEIEEL L LTAITRTHS L
Zzbhiz.

MREEE, BUE D S AT R M R O BT ASHEAT L
TWa, HIChwE T, FarzfBRoGRB I GEHE S
NTBY, ZOERAEL L TTFEER & ERIEE O K6
ENTws (EES, 2015a). AFZETHL MR-/ &
I, Farz 4 g2, BETERTRE TR I KL
L7222 s, 20X R AENLTE
WEBOWEEE, Far 4Bl s TORFLONEEE
e b, 20k, WHEOE=5Y ¥ 7%, HEOEMD
AL 5T, TEHREOHICE > CHEELEFEHREZ L
LEZOND, WETE, WEITTEROREEZ RS
HEMTHL EBF 2 (M- B, 2015), 5#%b, W
FEDMREE 2 S - AL TWL 72002, TEsEA A
HOE=F) Y7 efkind 52 EWEINS.
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Figure 13. Osteological development of vertebral column, fin-supports and rays, ventral scutes with body length in

Nematalosa come collected from offshore and tidal flats of Nakagusuku Bay, Okinawa Island, Ryukyu Archipelago.
x: unformed; O: cartilage formation; O: full complement of cartilage and initial ossification; @: ossification.
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position with its growth of larval and juvenile Nematalosa spp. collected from tidal flats of Nakagusuku Bay, Oki-
nawa Island, Ryukyu Archipelago. Numbers on bars indicate sample sizes.
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