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Abstract Accurate descriptions of distribution and habitat are important for effective
conservation. We examined the distribution patterns and habitat preferences of two
closely related gizzard shads, Nematalosa japonica and N. come, based on specimens,
published reports and fish market research in the Ryukyu Archipelago. Both species are
distributed in southwestern Japan, N. japonica to the north of Okinawa-jima Island, and
N. come in waters off Amami-ohshima Island and the Okinawa Islands, thereby being
sympatrically distributed at Amami-oshima Island and Okinawa-jima Island. Natural
hybrids between the two species, found only at Okinawa-jima Island indicated that
later is a natural hybrid zone. Analysis using a random forest method and fish market
research indicated that the occurrence of N. japonica was most affected by tidal flat type
(coastal tidal flats), the species being dominant in restricted fishing grounds (Nakagusuku
Bay and Haneji coastal waters) that include many coastal tidal flats. However, N. come
occurrence was most affected by bottom sediment type, the species being dominant in a
range of fishing grounds (Kin and Nago Bays, and Nanbu-higashi, Nago-higashi, Nakijin
and Shioya coastal waters). Thus, the distribution pattern of the two species at Okinawa-
jima Island was affected by environmental factors, such as tidal flat type, and area and
bottom sediments. Our findings indicated a clear discontinuity in home range between the
two species in little-altered environments, whereas the home range overlapped in highly
altered environments. Furthermore, the catch per unit effort (CPUE) of the two species has
stabilized over a period of 25 years in little-altered environments, compared with a decline
in highly altered environments. These findings indicated that the diminution of suitable
sites was a possible factor in the recent appearance of natural hybrids and the decline in
the Okinawan populations of both species. Accordingly, the two Nematalosa species are
suggested as being of good indicators of the health and conservation of shallow areas,
requirements such as tidal flats. Shallow habitats should be conserved to preserve healthy
populations of the two species.

*Corresponding author: Okinawa Prefectural Fisheries and Extension Center, 1528
Kiyan, Itoman, Okinawa 901-0354, Japan (e-mail: ueharmst@pref-okinawa.lg.jp)
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]\\‘ O 7 A J& Nematalosa &, 2 F « WHRFETE
DIRFED 5B IS T TILL 3T %
= ¥~ H Clupeiformes, = >~ &} Clupeidae D &
BT, HENFEIRE SN TWS (Whitehead,
1985 ; Nelson and Macarthy, 1995). FXAVE I 4 R
95 Fa A8, RO Y A N japonica Regan,
1917 £V 29U F 2 a2 A N. come (Richardson,
1846) D2 FAVHIL N, Wifl & &I EICAER
5. miAEIE, EIEECO R I TR S N E E
M K DT NS KEN G T, JBERNEE
LTWaZ ehoMiiROTE TIEKAIENT,
HIC"HBLBATOAEHTWMODODNT VS
(Uehara et al., 2009).

MEDSB Ry 7k, BERER (Sakai et al,
2001 ; M« AK, 2011, =R CE#, 201D
JUNAESES (PEEIE 2, 2004), @R (BRAIE D,
2009 ; Tmai et al., 2009) MSEFERDH S WVIXARIC
MBI 2EMMMESNTOEHN, HARLICE D
BARMDMERFIENZ 7R L, R EHIIR = IR IR
OfEARE TR, ERERBEOELFICIZEEEHD
WODERHENTWE (FA, 2002; & #H,
2011). TOXIICARMEIZ, HEBMEDORNGRE
o TWVBMFRRZRRE, N EE E- @k
BEREZRENTEDLT, BREEDOLYRYALTH
WAEIBHEICIEEINTWS (RS, 2013).
AROMHSEMIZ, SHREMEEREANICE
HBIEZMNICEEVWHED SN (Imai et al,, 2009,
2013), W DOEEREOHEMICHMITEIEND,
Y FE oS THEETHS (FHE, 2005 ;
JEHE, 2008 ; KATHT - JEEE, 2012). X7z, MHE
AT, WO RN R I N T
% (Imai et al., 2009 ; Uehara et al., 2011). TfHED
MR CHEREES 1 A0 BREMNRL, e
BOLNTVWAD, WML LXTNE DD
T, H2 HROBEEAE IO ThINTENDS
(Imai et al., 2009 ; Uehara et al., 2011), ZDHERIC
BULTIE, HFULWAEEEOE AR ZE 0L HEH]
INB. FRC, MRS OWREERO XSS, ik
BED LB, LD RHMHEA TH 53K (Uehara et al.,
2011) TiE, SHLMENEDIX, EAREDO T
LEHEIND. ZDkD, WEBFROEMH - ff4
DOHMDOAHIRDT, LR EEFEIRRTFD
Bl D, WEOETE LR B KO0 R
BOMROERNBRADORETHS.

KA ENCH T B MO BTG R, MRS
EWREICOWTHE DD, I R 1
(Uehara and Tachihara, 2012, 2015) IZhiz, KE-®

i (Uehara et al., 2009) HIHSHICEN TV 3.
cnblickniE, WO MRS EAREE, EITH
MEETZHIEND, HRFMN FTTERMNELS
AlEEMEIEH B DY (Uehara and Tachihara, 2012, 2015),
MFEDOMMEBICB IR FREONEE, MM
ARDOHBLU S DR NIF U TS ATREMED R
BENTWS G5B, 2005 ; Imai et al., 2009 ; Uehara
etal,2011). LA LU, FEPFTAICHOAEL, MEINHMNE
I MRS TORM G M E BERRICET 5
BHRIFIFEALRV. Tz, WMHETE, BHED
TR MR R SR OWENEITLTNS T
END, TOEMBEMREROEMRZE DD
ICh, FMAEs A ERREOERMN 2 TH 5.
IHIC, BHAEICBFZMEDSMICE T 2HA
&, WA A EREERDER (JEAE - 800K, 1980 ARiZ
M, 1981 3E Hi, 1995, 1997, 1999, 2000 ; Sakai et al.,
2001 ; Tachihara et al., 2003 ; ¥4 FH I A, 2004 ; {E Ik,
2005 ; i [ - 37 B, 2005, & 45, 2007 #fHIE D,
2009 ; M« AKS, 201D HHBICHEE T, KUy
FavRalAOAARARLTOSMIEHSHMICEN
TWARW. WO AR ERERREZHSMNCTS
TEiF, RMOHEREZ T TRL, BHimsicER
THRMBUERFDONMNE—2 2 REd 5 LT
OO THEHERERERS. FTTAPETE, F
07 A& 2 D4 & A BIBREEICO W TS MICT
5TERHEMEL, EEOIMBEICBITZERNENE
DOBURMNS, i fH D M R D H BTER & R AR
DWW LTz,

MEE A E
EAXREE 2003 4£9 A 2004 4 6 Hlc, HERY]
50 3 Bl 4 i (PRRES @ )RR - I
o, JOKE D EBUIRA I, PRRE BB
T, ¥ (781, 21 8, 268 == &4
i, N18HD ZHWTRAZA)E 204 fHEEFRELE
(Fig. 1A). F7z, [FHAMICH RS O, 1)
AR, iR s X CEERETKkBIEN
7o 716 K, B - thiEEm RS (EBD B
KU E G RIS (R, &R
FRE GEHED IS S 2 R SEHE D D i Bl
ALlZerars g 1A EEALLTHWE
(Fig. 1A). TNHDEARZ, WD WIEHEHL
THRBICRBIRD, WiE, I O H50»
A ZERELL, Imaietal. (2009) TrL7ziE(G
W FEZ A OTHEEBZITo 7. 51T, 2004
7 IS, BERBERINTCOTHRM (26 i) 1
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A. Sampling sites
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Fig. 1. Map of sampling sites. (A) Nematalosa species purchased from fishermen (open circles) or

captured using trammel or casting nets (solid circles); (B) Fishing grounds for two Nematalosa species.
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flif& (URM-P 02921, 05985, 20003, 21171-21174, 21186-
21189, 30305, 30578, 32571-32576, 33593-33595,
41645-41655), VawFawRar 1 75 fi{k (URM
-P 01702-01703, 01821-01827, 01834-01848, 02922,
03022, 06051-06056, 06085, 06185, 08654, 19455-

19457, 21190-21193, 21642, 21800, 22202-22204,
28440, 28795, 32070, 32246-32247, 32282-32283,
32399-32400, 32417, 32479, 32568, 32592-32595,
33226, 33790, 39550-39554, 40425, 40456, 40517,
41007-41008) HAEARLLTHWEZ &, hb
1220 fE{AD S5 116 fE{AIE Imai et al. (2009), 995
fE{&lZ Ueharaetal. (2011) THWZFEATHS.
BIERSRAE  MRIKPERER N2 2 —T
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Table 1. Literature records of Nematalosa japonica and N. come in Japan. Availability or otherwise of specimens and pho-

tographs indicated by + or —, respectively

Species Literature Locality Specimens Photographs
Nematalosa japonica Regan (1917) Inland Sea (Seto-naikai) + -
Nelson and Rothman (1973)  Urado + +
Sakai et al. (2001) Amami-oshima + -
Okamura (2002) Kochi Prefecture - +
Nishida et al. (2004) Tsuyazaki + —
Hanazaki (2005) Okinawa-jima (Haneji Inlet) + -
Sakamoto et al. (2009) Urado Bay, Nada, Nishinada + +
Iwatsuki (2011) Kadokawa Bay - +
Hata and Motomura (2011) Kagoshima Bay (Off Chiringa-shima) + +
Nematalosa come Nelson and Rothman (1973)  Okinawa Prefecture +
Senou and Suzuki (1980) Iriomote-jima — +
Uyeno and Sato (1984) Okinawa-jima - +
Sakai et al. (2001) Yaeyama Group + -
Tachihara et al. (2003) Okdnawaj igﬁ}gﬁiﬁiﬁg,ﬁlﬁi’)mote—j ima -
Yoshigo (2007) Kume-jima + +

W&, 1989 FEXDIMFEIR N D EE RO ) MEH
FINEL, MEHET—2X—ZAEBELTS
(A, 1991). TOT—=ZRX—=ZA%HWVT, i
BIRTtEVIcHIsnsFar g2 fHicoOnT,
Rl AR B, e, prlERl, R RN
o REZER Uz, HEitOX SR, 1989 Fh
5213 FEFETELE. CTT, FarAEik, Fic
O/ NAEEMICKDIE SN TED, WES
WG ZLHICEE L THRETICEE RV
(FEED, KFELK). cockhd, HilLki
¥, 9w, gD, WEIR
(1988) DX 73 = i 45 T D[ & HY D F £ 72 S
IZ, UTFOMBGXDICEMUT ; R, P, 5
A=, %, vhEE, mERTE, EEEAW, £
W, e, hEeE, M, 2CKE, J\HEL,
Zofth (Fig. 1B). &3, MANCIRO 27—
2056, frlEM ARG S D RSN A,
ATREZR PR O Sl O BIRE ICH O 2170, #
R Gkt ORIcssHiz. LA,
FNTEHEMOESNGT - TGEE, NHES
ELTEOF-T=.

TMIZAESLUXEAZE 2011 4 4 A 2013 4F
7 A, BUBBEREINTVS 9 riTOEfaEFe T
5 (i, &I, A, 508, B, T,
T, HE, 1) KBV, K EhikzRa
JAHOKREWMEBLUCHMHAKOREEZITo

(Fig. 1A). HFATHEIMNEENDO AR5 T M
R N\NEILFEENS, FlfAEaTGIEA
BILEEE (PPERE, PRAEBXUINLEZ
B8) OREMHETD, TNSEZLITELET
RN ORREIEYI D 9 HILL 72 s Qi IRIKPE
WPERN 2 > 2 — MG . A, HAlE LT
# 1A GENX 31 [E) OBEETITY, REOHRIE
IiE, WIERZ BN TZHESZ VT 1 em [HHE
TREXEZREL, &R0 1 BT DEHZE
HLUTHADEBZRNT, £, BB VUMHT
&, fEHEDHGHEBENMS RO AR 2 o4
BB GR¥E0nE, /KiE KE) 1T 5ME
DEMTTL T I o7z, FEIOFHETE, FHAELT
0 G2 D A KU AR BN R 6] 3 U7z s e L7z 3,
AR 2 28IE DR L EICE, &
VDER/NENTHS 1 110D 3-5 ENH 2 32 i 4
ZIAEAICHIEL, FRARDHETE2X51C8D
7z. dimcofEEEE, FEHAIE LT Aonuma (2002)
*® Imai et al. (2009) IZHE> TIEREZANICIAIE LTz
M, FENHETEEWEEKICDONTE, Frya
BABAKE LT -7z, TcnbelifTLT, Bk
DAL DN TEBAELEEDFAX (Table
D, Fonfznfadikz s &I imifl o o) i X & F
Uz sl ic Vi sgikid, Bl LTkl
ARORIERE BT S DR TE 5 WD 50 IEE
BICKOFEOHER D AT RER SR D A2, FEAR
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BB XOTIGREIC K ORI Nzl EjE SHRIC
HOGEEHO 2 DICXR D U TRLE.
HIRNZ—VEREBHYE DAV EHEET S
BIZBWT, WEOHBENZ—ZH5EMNMCT 2
febic, HGRE CHMARIGNE DR TE
HEE O 35 HipHICDOWT, i 1 bz DB
S HBE R UTHEANCEHL, SR
BERE 2 A AR KONz, B IcB 5T
BORMBIUmMIZ, RETHRKERER
(19942), REEAARREREMZHEE LY 22—
(2007) BXUREE A AREE R L LR
(2013) ic, HiEADHZWIFEAKICBIFE<T
O—7BXUELGOAMEIEHHEE - NG
(1976), PRI (1998) XU EREDT AR IRE )
(1994b) 1T, WAFIDEMITIZE (2003) T4
U, KEIE, HMEMOAEOEREZREZ, B
RZFRATD 5 570 1 iEIEX (FEH 60 4
FATHGE, BRI 62 EFITTONLE, WA 63 41
TR, FEROTERITAF ) 285Uk,
Fiz, SN OKE IR FRL T KEEHAIITO S
D1 IREOEOERK (i LIREZT, 1985,
1987, 1988), IR (1998), IREIITHAMRER
(19942) BRUREABARREREMZRELY
Z— (2007) Z=H&EIlc, Y4, W, Wik, ik
ZOMICK 7 Uiz, ZD%, WMBIUERBERNCH
Hom#HE GAE 1 mblzoomBAKE) 28
Wl &5ic, W, NEBETHNEEKT
BTEMNHSENTWVS (Aonuma, 2002). Z T,
HNHRICHEORODNH 2D ERRS 20, ifd
DN T 3% 1-5 H (Uehara and Tachihara,
2012, 2015) 12, RO RO A HEHOKE T D
UL b7 58 % s &P g EIC BT, 1
WKKkFEhskars @2 @os>s, Fas4n
L2 GZHNIRERELTER L.
BERERZEOFME oF, HREEREONZEIR
MERTIFEE LT, HIZIC KB FRIBE O
KL HEREROAN T LOEERHENTVS
GEBH - /s, 1997 5 ()i, 2009).  WifE DM
SARRREE, O BRI S PEUTRE S D Ik
PR O HBIOREEN R ENTNETE
A5 (&, 2005 ; Imai et al., 2009 ; Uehara et al.,
2011 ; Uehara and Tachihara, 2012, 2015), AHW{ZET
&, TEERER O mEA R REICE D SR
BWAEOEEE L. 2T, MEORayA
W&, FRIRTA &R b A O I AR BE RS T LB AR I IC B
BBTEMNHASMICIEDDDHH (Imaiet al., 2013),
AABEDREMIC DWW TIE, HREN TS TeN

WY THBEEZLNTZ. ZDizd, ZHMEIAD
HBIRE, @R FEZHCTRELEZRRY
A8 1111 ik (FaZo 524 ik, VawFaoR
074 459 fEfk, HERE 128 {E{K) & Fu TR g
CHHa s> BN, KIS (%R O
5B K E A ¢ Fig. 1A D 14), |k,
e (R B B 00 5 BB I Fig. 1A ©
3) OWMMNTHM U, Y%k o118 ik & 1
SEM AR, PPREIE (1989), BRBEE ERIRE
(2007) BETII (2009) ICHETTA, FiEHOME
VLR DS AT 5 72 K A OREZ LT
RBITOWTIE, 1972 4 5 H —2009 4 3 HICHHRER
NI I NIz Tz E Tk, 2009 4F 4
H 2013 4F 12 ISR amicigiikeaniz T0f
KN Lo A TEEV] ) Z25& L, HilBEIcH
% AT AR NE U U R N A
3R & 7z (http://www.archives.pref.okinawa.jp/kensaku/
cat8/catl/ : B8 2014-5-19). 7535, YZiEEHKOT
BEMO> S, N SNZEBEOE S TENK
RELTHH L.

HAIB 1 EHIz0 DO R (CPUE ! catch per
unit effort) &, MHEZBECTHRNAESICELSN
57 —RTHY, —Ri, BEENZ VA
CPUE & B W HZ/RL, WMICEREDRD LG
B CPUERK R BTN L Vi, HFEDH
WaEHM T ZIEMICEZEEZLBND (REAK,
1998). ZC T, BREINZEZIIES AR OBUKZ A
BT B8, 1989-2013 4E D FRIHRE & ) kh ifg 12§
KB Ra /B2 MOERLRES &
GEAIKIGFEL) ZHEEIL, HAIBTIEDIDD
fEsE (CPUE) ZH ML, T, MHIEND
M TIE, Fasqs@ 2B HLbA " HBVIiE
CHLEATDHMTRAIL TN RN E DD,
CPUE DEMHIZ 2 EZELDTHOH -T2, iz,
TR O HALE, REZLOHIBENNEETH -
felehn, 197245 A 2009 4F 3 IS HEIR 28
Wit NIz THifzicE Tz, 2009 4 4 A
—2013 4F 12 AR NHiciB i E N TRFK
MmN L A TERA] | K0, Wi Ok IC
UREN B FNFNMBL, REEN mEs
3R & 7z (http://www.archives.pref.okinawa.jp/kensaku/
cat8/catl/ : 2 2014-5-19).

TR Fos/ @2 MoHBICH TS
Wzt 2728, 3s ot HEZS VX LT+
L A b (RF : Random Forest) % (Breiman, 2001)
ICKOMNT LTz, RF :1E, ZROEEERFET
LTENHRETHD (&, 2009), AFZFETIETIE
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ORI, FROmE KE vr/u—70f K,
HIGOEE, WIIOFEKD 6 BRZZKRELU TR
ELT. COR, TEOmME, 4 BEOIEFRE
(0 ha, 1-50 ha, 51-100 ha, 101 ha LA E) T#EL,
EFE A 50000 A& U7z, BN 4 MOBERANDLE
T DWW T IE, Welch D t 8 € 8 & U Tukey D
HSD MUEZ 1o 7. HIE & P B 1) 5
Bl KU HBOHBIEIEITOWTIE X D
Mg, WifEDREXE®DLEKIE Welch O ¢ # €
1ol &6, AR OHBIREFIHDOHEE
KEDOMBIZTDWT, Spearman D JIE A7 FH B (R %X
(r) WICKOFHMEL7z. PLEDMRHTICIE, R ver. 3.0.2
(R Core Team, 2013) &\ 7z,

5 R

FOuA/B2EDDH/INEZ— RarA g
FNWE, JUNIEPEES, @mAlRB LU EIRROR
FE, VLSS, BRERVIE CHERRE M7z (Table 1,
Fig. 2). fRNICHBEROr A1, W7 NG, &
VLAY IR, SRR e Gl W D,
ERMIE, EREE GOmr B, &EK
5, MHETHRINE. UL, AEOBXE
HTHBWANETIE, TEOHBRIERZE AL,
HER, PIIRE, BEREBICOVTEEER A
EAICEDGHERTHD, ZOMHRMERDZ VI
BAEBE Dotz —F, VavFavRarAa

WFAREKRE, MRS M MRS, ZOKE, =il
B, AHEE, WHEE) KHBLE 2ok,
WO NMHIE, ABERKSBIUMMBETHEEL,
S TORLZHEAN RSNz, EEENT
BT KO AGE LT M AR, DI S C O AR
SN, TOHBEREKE 42%, FIKE 4.8%,
Bk 66.9% T, PHEH I B LEN .

BIZROREESIUEHER 19892013 1
BUsrasAE 2 OB KE T &id 4647 b
T, 1992-2002 41T 20.1-26.7 F > (CF¥ 235 R2)
TEH U1, 2003 FLIERA L, 20082013 4F
IR ORPEBLL T CEE 113 h) THER LI
(Table 2). KIFFEHDIREZ D > TG IEHIE
T, 2D 402% CEE 75 ) B, ROT
P CEYE33 Y, 17.9%), mEErE CFY
23 b, 123%) BRO/E LR CEE 2.3 b,

122%), @&®XE CEH20R, 105%) DJET
Hotz. ThS AL s s TR A O KBS

HD 93.1% Z 58, Pz RO 4 fG O
EElx, 22OMBZR0RUENLE AN
Znlie (Table2). WifEDOHBIEIGIX, #ifadnT
KELHEZY OO M HEOMIE, x¥=7599.652, df=
20, P <0.001; Fig. 3), FHIE PG TIER
oA, RS, SR A, SR
BBIUAERBETII)aYFavRaranz
NZENENL Uz, FRCmEm, AkE, ELO
3 TRV avFavRasADHNHEL, M

® Nematalosa japonica O Nematalosacome @ Both species

* Natural hybrids

A 130° E B 130° E
o
o ;
%
7|
w
OO
East china sea =
<
L}
. 0. . a5
Taiwan : Taiwan o .
- o./ -0 - QO *
Pacificlocean Pacific jocean
Fig. 2. Geographic distribution of Nematalosa japonica and N. come around southern Japan.

(A) Based on published research; (B) Based on present study.



19

RERIE

FOVAB2EDDIEE

00°001 €€l €00 €0l §To 8¢€°0 90°C €501 0T 0oy S0 9Tt [140) 0L0 €60 68°LI y€0 oney
98681 8¥C 9 €LTT Ly 0L 8¢ LS61 CLYL ¥8 6LCC 9L 0¢l CL1 9Tee 9 PAY
999y 8819 139 £C89¢ G8II 6SLI1 0556 €e6e8y  $6L981 c01¢ 9L69¢ 0061 12743 10194 (483 091 [e10L
76856 6'S8 0 €1L6 8'LE Y SovC 9968 14333 oL 6°'1CL €619 9¢CC 1'96¢ LISC 6'vv €10¢
€TLETT Y 0 €18 oy I'vl |WA74 To6LS L 606Y L 0T 8791 [°6€C 6'86 6°SS 1€9¢ 818 (41014
CI9¢T 1'0C 0 0611 1A 44 4! 9¢¢ L6L 14214 4! evsl 94 (14 0LT 12444 96 1roc
(43011 0 0 1961 0 0¢ 6C¢ S601 8I6¢ 61 el 4 Ic 99 £90¢ SL 010C
61611 € 0 €91 0 6 01¢ 9L8 (1534 [4 €CLl 16 [4Y 9¢ ¥08¢ 4% 600¢
€CLTl 0 0 0€Cl L6 0 (44 8001 19¢¢ 0s OITT 611 ¥9 €Cl 6£C¢E 0L 800C
90091 [43 0 8881 0 I [4%3 90¢G1 1L9% €l 99¥C 9¢ S9 IL1 6LLY 9¢ L00T
91191 0 6 L191 [4% 8¢ 1424 141 86¢€L 194 850C 0T 1€ Scl 10LT 88 900C
00v81 0 8 1091 123 6l 6¢ 01vC SY69 6T L€9T I 99 9 SSlv 89 $00¢
esle6l (439 8 8761 9 133 (433 661C 0L6S 6 [ £394 0 96 901 8861 133 00T
L6€61 0 0 Y091 S Ll 8V¢ 10€¢ 0Svs 8L 9LSY 6y 901 yec 615y OrtT €00T
91L9C (43! 4 090¢ 0 L9 y0S 9LCS 9108 SOl sy L9 Y01 Iy L8CY eCl 200¢
0780C 0L 14 59T 0 69 ¥8L LELT 1€SL 081 6€8¢ 0 (44! 81 I8LE 33 1002
1L1ST 861 [4 0€€e 8¢ 651 L68 690C LSETT 801 SO¢e ! LTI oy 9443 IT1 000T
60S1¢C 8¢ L 124! 0 v6 L88 LyTT 06LT1 97 6vCe SI 98 YL €6SC 0T 6661
129944 LL 6 LEST 89 L0T CLOT 65€T €90¢I S9 £90¢ 01 9Tl 10T 9740113 49 8661
LTLST ¥8¢ S 060¢ oLy LL 865 ¥80¢C 9L0V1 81 174Y4 € 99 8y 89LT 01 L661
S11¢ce 60¢ 4 GCLT oy 0L 1444 evic 90501 Ly 0L0¢ 01 S6 19¢ L8VE 144 9661
L69€T 901 € C8LE €C 9¢¢ €ee (434 LTL8 68 Ivie I 05¢ S0¢C LETY CL S661
6€LTT OrT ! €L8¢ 6 (44! 6¢l 0S¢ 9¢0L 09 1L0¢ 0¢ 86¢C VLE 150S 1974 Y661
P¥10¢ 686 L ClLE 194 911 123 Y961 61¢€L LS £50C Ly €9¢ 0¢l 08L¢€ 8¢ €661
G8SYT 894 L1 96v¢ cl 66 ovl1 1CLT 8606 8I¢ 89¢¢ 6C1 CLE CIL L9TE S8l 661
C8ILI 6L8 S 08€T S6 €L 89 3y4¢4 8¢9L 9C¢ 19¢1 8¢ 8S1 €ll 0SLIT 194 1661
G98¢SI 1,61 S so6ce 0 199 $9 9trl SeoL Scl LLT 86 80¢ 611 431! 144 0661
69791 9¢1 Ly 189¢C S €El 96 00v1 Sv86 181 81T CLI 1454 6L LL6 Sy 6861
[e10l  umouyun  SIdYO 110:¢ 1IX IX X XI A IIA IA A Al 1 II I Tea)

Surysy 03 sjqeorjdde ([[X—]) stoqunN €10 03 6861 WOIJ 9I1N309Jo1d EMBUDQ UI JY3ned sa10ads nsoppinuiaN om) Jo punoid Jurysy yoed Aq (33) 3yS1om yojed ul saSueyd [enuuy

g1 2m31,] ur 9soy} 0} puodsa110o spunoi3d

‘¢31q98L



20

EREAED

B N. japonica [ N.come [ unknown

66 3765 209 111 802 110 4812 724 293

31 1843

100

Frequency (%)
3

IV VI VIEVIE X X XI X
Fishing ground

Fig. 3. Percentage compositions of Nematalosa japonica
and N. come obtained at each fishing ground in Okinawan
waters. Numbers on bars indicate sample size. Numbers (I-
XIII) applicable to each fishing ground correspond to those
in Figure 1B.

Evh I O RO HBLE S IE M RFESE TH o7z
(Fig. 3).

PHEEBRBENFEOBR MMMECEIZFas A
&2 FDWTEE, WINEIKE 20 m LUXRDIRE
I E N7z (Table 3). RFIEICKZEROE
FERGHALZER, FarssomBiRICEEr

FIFIEEIE [FROM ] THY, wiEFRTH

. Nematalosa japonica
Tidal flat type

Tidal flat area
Bottom sediment |- O e
Mangrove Qe

River Dt

Seagrass

0 1000 2000 3000

. Nematalosa come
Bottom sediment |- o

Variable

Mangrove
Tidal flat type e Qe
Tidal flat area O

Seagrass

River

0 400 800
Variable importance
(Mean decrease Gini)

Fig. 4. Importance score plots for Nematalosa japonica
(A) and N. come (B) ranked by random forest analysis.
Mean decrease Gini estimated from 50000 trees.

i, P<0.05; Figs. 4, 5A). RIHENKEN->
FeERE TFEomE], TEE], vvr/o—7

DOFEE] THoH (Fig. 4), TNZFNOERKN
TOEREZEDLNE D >z (Tukey D HSD MEH

HENZLAZENDERDENTZ (Tukey D HSD XU Welch D 1 #i5E, W3 & P>0.05; Fig. 5B-
*
= ]
AT B 1 c "' D |
60 | - - .
40 ’ : Q -
o 20 - - —
o - 5
o O_J_QE E :E EQDﬁ_ . —
g c E N 150 51100 1015 Mu SM without with
S Tidal flat type Tldal flat area Bottom sedlment Vegetation (Mangrove)
o
S0 r 0 e 5 - 5
S st - -
3
T 60 F [
o
W 40+ F L
20 % :_ ° A ° — S : —" T
=B || [ e | i = E;‘T—_‘E
Mu SM S Co O without with C E N 0 1-50 51-100 101=

Bottom sediment  Vegetation (Mangrove) Tidal flat type Tidal flat area

Fig. 5. Frequency of occurrence (number of individuals / survey) relative to environmental factors
affecting Nematalosa japonica (A-D) and N. come (E-H), extracted from random forest analysis.
Boxes, central lines, interval lines above and below each box, and circles indicate 25%—75" quartiles,
median, max and min distribution values, and outlier values, respectively. C, coastal tidal flat; E,
estuarine tidal flat; N, non-tidal flat; Co, coral; Mu, mud; O, other; S, sand; SM, sandy-mud. *Tukey’s
HSD test; P <0.05.
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continued

Table 3.

Frequency of occurrence
Seagrass N. japonica N.come unknown

Vegetation

Mangrove

Type

Tidal flat

Area (ha)

River

Bottom sediment

Fishing ground & locality Depth (m)

0.0

0.7

1.0
1.6

17.5

1.9
2.0
0.7

34
27.0

8.4
8.1

1.5
0.4
0.0
19.0

92.0
265.0

0.2
0.0

+

1.0
23.0

0.7

1.0

0.0

10.5

0.0
0.1

1.6
0.0
2.1

9.9
2.0

6.8

22.0

0.0

18.0

1.5

63.5

+

Sandy-muddy

— e e e e e e e e =

XI Kin

Ishikawa

Tengan

Gushikawa-Teruma

Yakena-Henaza

Hamahiga

Tkemi

Heshikiya
X Oura Bay

Henoko

Kushi-Fukuchi

D). —7, VavFavRkarA Tk, TEE »
HEBRICRBEELE MIZL, XWT Rk o—
TOARE], [TEHOM ), THEOMmE] Nini
(Fig. 4. BSENNTOEEZTRDONEN >
(Tukey D HSD #iE 3 & U Welch O 1 7€, W9
N P>0.05 ; Fig. 5).
FE2RBICEIZHREMRSLIUCEEAR T
WBicBIs s/ @ 2 oY ER, Farg
M1524 em CEYEEHERZE © 194 £ 13 em, n
=2232), YavuFauRayAH 1531 cm (19.8 £
24 cm, n=2858) THYD, VavUFaryFalANnr
O7A4KDEEEICKED ST (Welch D ¢ Fi3E, ¢
=4.69, df=1063, P<0.001 ; Fig. 6). JIHifgis ¢,
o245 10-25em (17.6 £ 2.7 cm, n=3153), Uz
TFxaRar A 1528 cm (213 £2.7cm, n=
33D THO, HIEBLFERIC, VavFarFay
ADPAEICKED > (1=23.78, df=401, P<
0.001 ; Fig. 6). WG RI T, Foridhs
T, VavFauRral L MiEs ca Zickx<
HAHRMEMMDES SN (FaYA 1 =33.09, df=
4869, P<0.001 ; VawFau ROy t=1348, df
=367, P<0.000). HRDOWMBHE G, WG
EICTRTOATRa A BB L Lz O Hartko
g, WL x’=220.064, df=22, P<0.00];
Pt - x’=185.60, df=22, P<0.001 ; Fig. 7).
ULhL, WGl 3 AMnG, YavyFayrkay
ADHEGEMWEMLUED, HIKETE7H
(40.4%), PIHINHETIE 6 H (20.1%) &b EW
dZzRUiztg, WA L. EMERKE, Farzan
12-5 A, VavFavuRarZ b 11-8 AicZEnzh
HMBIL (Fig. 7), ATk 4 AR, P
TiE 2 HAM, IMHRFRANEERL .
FE2RABICBIIZENEERORBENL B
NIRFERE, THETE 13 AET04 KL 07
PLET, EE5hOMICHAEImZRUIZH, 4-5
HITIRHEER 0.5 D/KGF D 161, 0.5 1LV D 4
Bl RS Nz (Fig. 8A). — /5, P T,
RAEHR 0.5 OKFFH 3 AIC 1 flfEZREINTZED
O, WMEZE U TRIERN 0.4 KL 0.7 LL L&
B TdHoiz (Fig. 8B).
BAREREOUELHBEEMFBEOIRIK M
ROHBIREFREOHAROBGKRIZ, ARBD
wHHN (Spearman DJENAHBFREL @ r, = 1.00, P
=0.083), ARHEMEADHIBIRIE, TEHOWEREN
REWVWEFEBWEZRLUE (Fig. 9). RiEEOH
VL AEE CPUE OBIfRIE, mE ik, FRicTm i
DEEINAE L7z 2005 £ % TIZ CPUE DA
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WAL (Fig. 10). —77, P, H7mE
RO PIREIC LN T/NEL, BN
NS 2B UC, CPUE X 4-7 kg / £ D[]

Nakagusuku Bay Haneji coastal waters
800 - 600 —
N. japonica I N.japonica
_‘_: [ N=2232 I N=3153
3 400 300
=] 3 A
.2 : I I I I
2 ,L _ull - oL ~ANEm | (-
o= | SN W S N N S N N (N Y O W S I Y Y N e
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Fork Iength (cm)

Fig. 6. Fork length frequencies of Nematalosa japonica and N. come landed in Nakagusuku Bay
and Haneji coastal waters, Okinawa-jima Island.
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Fig. 7. Monthly changes in the species composition and number of mature individuals of
Nematalosa japonica and N. come landed in Nakagusuku Bay and Haneji coastal waters, Okinawa-
jima Island. Numbers on bars indicate sample sizes.
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Fig. 8. Monthly changes in school mixing rate of two
Nematalosa species landed in Nakagusuku Bay and Haneji
coastal waters, Okinawa-jima Island.
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Fig. 9. Relationship between Nematalosa japonica X
N. come hybrid incidence and ratio of tidal flat extinction
on Okinawa-jima Island. H, Haneji; M, Makiminato; N,
Nakagusuku Bay; O, Oura Bay.
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Fig. 10. Annual changes in catch per unit effort (CPUE)
of two Nematalosa species and reclamation area in
Nakagusuku Bay and Haneji coastal waters, Okinawa-jima
Island, from 1989 to 2013.

PR IEMICE D LTI, EAIE
) EahgE CGRHED OfMIZEEMICE RS T
EMHSMICENTVS (Imai et al,, 2009). N5
&, HEOREEREEE (W - #BiaE, 2012) Z &K<
MU R TH B EF 2 XD,

RF EIC KBt e iAo/ RS, Fay
AOMBRE, METRSRBEENDD, Ak
T2 2 <A 9 2 RIS S0 T it PN g Y kR IR PN O
BHELHGER->TWE iz, VavdauRay
AOHMBEIZ, EHERLEHEIHD, Fur X
DEZloMy; (RE, SR, #%HiEE, R,
SR, HEHR) TELELE ok, M
BB FO AE 2 ORI MIE T EIAN K
iz, MEEICBISHMEDSMHZ—21E,
TOEWEMKMLTWREEZONTZ. —F, A
ZeCiE, WO MBI B I T BRI 2
ETBHIEWNTERN, FiVavFaryRursAT
ZOBERNTOENBRDLNT, FHEMETHSH
BN TEEMo7. UL, Farrkog
VavFavRarsLOHBEEDZ N> 22 Hikic
HHTBE, EELLECHEE RMETIYY
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O—7HWEELTWE, cockld, YauFauR
O7AARaYAEDES T T—T NDBELF A
FWTEEBORLTWSOhE LR, AW T
&, FEUTHEBRICHED VTR ZITo TS
fesh, Sk, b IHE L AR O B4V 72 S e
LCHEANCRGT T 20BN H A5, S, BEK
BEROZAMN 1 ARMEFEEN, Sakaietal. (2001)
X, BERENMSYaYFauRaI/ERELTY
5. AFEKRELMHOLSEHIE, BEOPFHERR
L OREREFRRE D DL B AT REME D HESE S N
THD KK, 2012), AERETHEDNDMLT
WABABEER o EZBNS. LHL, BEKE
R IR TRHE TR OB AR BRET
EURRFE R, 1994a), T&BSI, R, A,
W OXS AR i, HEERZZ50
DOV U—T 2 H I35 TEPEETIEND,
rRar4kos)aryFayRasA W &9 200hHE
MENRBEND. 5%, BFERKETOFMZHE
MWEENS.

SEREBEOWELBARMOBEER Wi
i, BERKEBEMBETEELLED, HIAHAE
HFMEETORMEHLIzcENE, Dixledif
S IE MR ChH M ENz. REICHT
MR CHEREES 1 10 1, EDHEL, K’
AEAREEDENTVSH, Wi AT/
hOHEMTHETENHENERS>T WS (Uehara
etal,2011). F7z, BEEDEBEOEE T, M
IR E Y2 Fay ROy AL DR LR E K
MR INTD, TOHEBEIMD TR, >
(K% 1.4%, T 0.1% ; Imai et al., 2009). F D7z
B, TORRICBOLTE, FLWEEEOEK T
FCHEDOLHEREND. DK, WiFHED
flE A D3 IS B AR S, MEDNVAE U T B o i
LR 2 RIEHER SN Tnd eE 2N T,

HAGEHEIC I 515 D HIRRZHEIC DV TIE,
A 77LA Kareius bicoloratus £ X 7J1 A Platichthys
stellatus O J@& [ HEFE D K5 N 5D (Hubbs and
Kuronuma, 1942), 771 F AJ& Hexagrammos (Crow et
al, 2003), 1> %A1 J& Oplegnathus (F&RIEH, 1973 ;
B - miE,198D, FavFav A g Chaetodon (Sano
et al,, 1984), Y37 J& Lagocephalus (Masuda et al.,
1987), W5 77 |& Takifugu (Masuda et al., 1991 ; #§)1] «
{il, 2000) AEMO N FEBF ORI MEE HE IO
TWa. 055, ZHERDOHBIRNRENTY
574+ AE (6.6%, 19.7% : Crow et al., 2007),
INT )@ (0.3% : Masuda et al., 1987), T 778
(0.4% : Masuda et al., 1991 ; 0.05% : /I « 3/ (L1,

2000) LIt R E, APFHOKIR (42-66.9%)
BRSO TEWVETH- 2. TNSDOHEDIH, H
(L« W (2000) W&, F> 77 Takifugu vermicularis &
JFE 75 T poecilonotus D RINAHEN AL Ul BK &
LSO EE DA REEZRB LT WA, S
EARBEDEINHIX, Farah 24 AZEAET3
1-5 A (Uehara and Tachihara, 2012), YawFaw R
Oy AMN3-6 HZz L3 % 1-8 H (Uehara and
Tachihara, 2015) Td b, HIHE&EOREHZ(LIL,
RHGE B X O e B, WSO NI O
2l X—H LTz %z, FHE 2 MG TORNE
FRIE, ML ODRVPIHEE T, —F ORI
BIEMMDHBETH -7, L OZVWHIEE T,
FHIC 4-5 HICRIARE 557z, E5IC, TGk
FENZPEINE GO AR E, B T4 AH
(12, 3-5 H), P <c2HH @3 H) EHEL
ey, ZHEEERIEHIE TOAERE SN, Thb
X, REEMEOEOHIBIRD, EIVE O EE LS
DEKICEFEZZ T TV ZRL TV 5.
BHEYOHTIE, RJMEEAREICBOTREEL
(Campton, 1987), —MICHERE D RIHERRIZ, %
IKEUCHARTHD THIR e S (5, 1971).
HHEADRHENECDITKWVEBELT, FH
(1971) 13, IR LT BR B M 38 > 1 1Y 73 B
BENZELTVWAZEEHITTEY, FAPMMETH->
TLELDGH, RMEFEISTVD, /KT
EERADELL TV R HEITIFREIDET, Lr
LHERTE KIS BB D BN R ENTLZIBNT
Wb, KR, RHEECERholz2  H, £
REOHEELICKD, MM ZFNTIIFIENT
D (Hubbs, 1955), AWI7ETE, HAZICKS TE
HERREMBEOHERICX, BEERNSRDS
N, Frc, ERBBEOKIMS NS THNZK
HTE, HEOMHRNREEN >/, TDEKS
I, PEONAEREMIERICEELT Bl 2 M T,
HARZMN T TCERMEND LB TREM I A F I B
T&%H (Uehara and Tachihara, 2012, 2015), &L
A, SEAFEORMFE O M ES B BRI O D
A, MEOTHEICEGZECEY, KMiciE
T TOWBAREEN B EINTE. 5%, WO
ITEIERRICEE T 2RI GAE N EENS.
HESEFBEORRKEMRE MWHIRRKOMS
THAHPIEE, P LEARNTREZ 5 T%
B OB MENKEL, ZOMBEOEIEN
CPUE &, WA EmZRUTz. —J5, RO
SV TR o TP G TS, CPUE 13 1 %2 @
LTHIE W TH-oTe. RO EAEMIE, LFET
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BIEEALHBESNZVIZERFERIDMBLTE
D, ZOERELTFHOMIMERINTNS
(JEBE, 2008). ARWFIHICHBWNT, WmfaEAVLTH
LRV A OEGTHHBETHD, FICARREDHBI
DR TEEEEND > b, PIHED
CPUE MAD LIz MHELT, mMiETEZZE
W OHNI BN EZ SN, LEOHEND, R
17 A & HRITE & 2P g s oD £ [ R C B AR A IS 22
MEOHENEENHLMITHEDDDHY (Imai et
al., 2013), BN THIEHZ 5259 % Al REME ViR <
RBEND. £, HIBOWFTHEETOFHER
BREND, WX, WITBERZHLET %
BNEZERGTHATENHALIICEDDDH S
(Uehara et al., 2013). CTO XS IcmifilE, EiGED
HIHH D BB I SR s AKAE LT H D, Wi
EoTRBOMRE, ERBREOWRITDED
HTEEREW®TS. TbD, WEIEETBES
TR E MRS TORMER O 22 R I fe i
ThiHEEALD.

INE TR R, BRERINE 1AV INE W ek
BE/NEEDRTL, REOZREEL LD T
{55728, ARG NET 2 XA KEL
BHTEMNERENTVS BA - KJE, 199).
Ko, BEEMZRIEOK NICTHES T BB O N
EfEHEND (Franklin et al., 2007). HRIEOEE
Wom T, FRCHREEE, FELVRBIZIEMT
BY ORI EETD, DDA S I
DILTHENZTEDNDS, TNETHEONSGEZ S
Tz, LhL, mifEO@ES AR ziERLT
Wdicld, FREBZIECHE T BINFERIEBEO
REZ, BH20IEEHEMATER - f2LTWV
{TEMRAHETHD, SHBEMHEMEAREOE =X
VTR RTHDEEZBNS.

1 3

KRR ZATICHTD, FRERAKZE A OH &
HXFEHBEBRRICZ OB S ZTHN Tz, BRIk
PEBNHE Tt > 2 — SR 7K P Al B O 41 117 R
BRI HIA D IR AN § 2 A4k B 5 Lt iR
Wi 2458 %2, MhRRIR/KE R > 2 —
CHRE) OEREEM LICZE RIS ZHW .
DI AR & OB RIS, Jhs Ik, b
HIEEIG, PHgEIEG, W SR AR & O Tl
2N, TWEBUR, BRI, e i i
BOEEEIER, ZEMBIK, GG EHS
DFRIFFI, PRSI, AR 8 o [H]

FH A OIHENGAL,  W5E i S 7 [RIAH & O B2 AR Y 5
K, wmfEmRHSOE LMK, &)
K, EaeER, ez, SldhnerK, k&
B hRER A O#M A E BT K, #HEE
B, /NEESERK, BEREMEK, WK - 258
WEERIRH & O B — 1K, IS8 DX 3 B AT HH
BOBIEFHE—IK, IChSsEREHD =HES
fERICE, FarqjE 2 o4 B BREICE
TREESERERMULTHEN . T2, #iEi
A e, SREEREHE, AR
B, GBI e S o IR, I e S b [
MR T CE R A S, e - ThIRRRERRE S, A
SHERAEHES, MATOREBXURZAD
FRIE, HRHEEDDICHER EEHZX->T
Wz, — i ERE AN SE S B IR S i 5E
VA —DE—BEREFEARERICE, EARMHERD
FEHZK>THWz. AMAZORORAE LE
B OB 2 20, AT E R RE O SGE IS 1T
DEREACEREZEWVE. AFEO—EBIE, CEB
Blgaflemoe g (oeafd® = 1 22580206,
FREH V), DREFEIFEMNE AR
WFZEBl AR, PN PRI o R Ik B T A Ao < T 3
Do TIHEIN D & BRI 15 F #E o 952,
BEMKEED [ERERTHEERE) ORIz
2. TTUCRLUTHEZRT 5.
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