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Abstract The species of Mugilogobius sp. (Japanese name: Izumi-haze) and M. chulae
are both common species, sympatrically inhabiting the estuaries and tidal flats of Okinawa-
jima Island. Some species of Mugilogobius has a urea cycle, and their processing ability is
higher, especially in northern distributed species, such as M. abei and Mugilogobius sp. It
is possible to differentiate their life history traits and habitats on the basis of urea processing
ability. However, because little is known in detail of their life history and habitat,
Mugilogobius sp. and M. chulae were investigated through monthly sampling conducted
on the southern part of the Sashiki Tidal flat and Manko Wetland on Okinawa-jima Island,
from January 2012 to January 2013. The spawning seasons of Mugilogobius sp. and M.
chulae are from January to October and April to October, respectively, with peaks in the
summer period (April to October), indicating that maturity in both species is closely related
to changes in water temperature. A comparison with the spawning season of M. abei, a
temperate region species, revealed the subtropical species to spawn over a longer period.
Estimates of daily age from otolith analyses indicated the possibility of recruitment from
other areas, since histological observations revealed mismatches of gonads and birth-
months between different spawning seasons, as estimated by back-calculations of daily
age. The longevity of Mugilogobius species was about six months. The study also revealed
the growth rate of Mugilogobius sp. to be similar to that of M. chulae. Mugilogobius chulae
locally inhabited mangrove habitats, whereas Mugilogobius sp. showed wide habitat use
and was less susceptible to decreasing habitat than the former. Accordingly, future
conservation of M. chulae is dependent upon suitable mud habitat associated with
mangroves.

*Corresponding author: Wakayama Prefectural Museum of Natural History, 370—1 Funo,
Kainan, Wakayama 642—0001, Japan (e-mail: taigakunishima@gmail.com)
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M, 2015), TELOCHBTHDHEEZLNTVS.
TANEEOFITIE, KNDT VBT ZIRHE
KLU THH T B IRARBZFF OB SN S
(Mukai et al., 2000). PRZZ[EIFEDOIEE )&, TR
DT ~NNE EHESBSEAEROA XINETH
<, W7 V7 2B CHERY EBLAMICIAL 5T
HMETENT &S, REfahits
LT, FESPWOEMOE Y 27 &M T
T BDICEEFLIZEEZSNTVS (Mukai
et al., 2000). 1 XY & F INE M. chulae 1Z,
MRS CEmEIcA DN, [FATCAERT 20, i
FEDORFZWERE ST ER S (Mukai et al., 2000).
— AN BB TE SRR, BREIC K > TAR
THIEMNHENTHBBD BIZAE, Goto, 1998),
R T & PREBRIFEDOHENIC K > TERMNEL S
MmE LNz, i, i, )T AT
NIRRT BH, £ XINERGRHFROM,
FINEDRT T O—THRRIK BRI Z WV &
TNTEL EARED, 2004), FHIEBSATE
B ZAREENHS. LHrL, A XINEELESI
NEOBFHERESY, WKE, EREREICET A
BHTZ UL, ZOEERITE AR LD Z .
Z TOARMIE T, MRS O T TR
WKHEBRTEZAXINELEFINBICDONT, KA
EHEm, RE, AR L Vo T AETE RO iR
HZHME LTz,

ME LA E
BADRELME 2012 41 H 2013 41 AIC
MRS A GBI, EETFS S Fig. ) T, T
KL TARINEEFINEEZREL, Thbd
OEAZ EFEIROBER &, Higs XTI H OHE
EICHW, W CTREMKRZHAEICFEBRD,
2E L AR (Standard length: SL ; LUF, 1AE£)
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Fig. 1. Maps showing the study sites at Manko Wetland
and Sashiki tidal flat in Okinawa-jima Island, Japan.

ZEHAIL 7z, NEREJETIE, EMEEORIRD
HEOD S MEREERIDRRETH B L E W (B2
X, =Y dt o, 1958). ARICBWTD,
MDA FEZE LG R S A A Z T, BTz < S
BRoTWzZ s, EFHIGOEIRD 5 HEME
ZHRI LTz, &k, ARWZETIE, AJEIROMEY
MR E1T> T2 LT, AR DTERED 2= B
HEDFIRNCIEM TE 5 L RMR L. D1,
S & R 2 Ul U, Witk & AR 2 10% R
WV YTHEELR. AT, EEH»SEL (R
) EED L. Fiz, BHITEEA 1 E,
73— )UK IV TKIEEIIE Uz,
HTERRDERE  [EE Lk E 7 )V a— VR
THIKL, NS T ¢ >Tcalliftg, 70 b—LIKK
KOEE 6-15 um OB UI A Z/ERK L7z, <A
V=D FY VeI VIC kB 2 EBERG
YUY LTzt AS9A4 RATRICEAL
Te. JCPUAMEE N CYIR %2 40-400 5 THIZEL 2.
F 7z, SHERINOFEEELRE L, Kuno and Takita (1997)
BRUILEIEH (2003) ZBFIC LT, SR (A
I, SPEERa, 55 1 RONEEERI, B2 KON
BRI, 5 3 ROMBEERIV], RRBEENIL, AP, K
B ICXor L7z, ARWFETIE, 553 RONEERI]
DA D SN RER G 72 R D A 2 i EME A, 2 nLLst
D RGBS DA RGMEA E LTz, T3, &
WFZE TR IR B DERNAIIC & - TUNHII D FEEIT 74 F
BRWT ENERI NS, BAIChhb5T
HEREONR ZITo /2. T, KERH Q
mm HA) TEDORAB GO I RAT 1w TR
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T XNtk o, 5 10, 15, 20, 25, 30, 35,
40 HOREAR, ZhZn 2 ikh 5, FEMKLE
FEREDFIET, BAOMMERE 7z L 7z
FINBIZBV T, 20124F9 HICBH T8
B TRE LB MR Z VT, BAM
s DO HEMEOMRZITo /2. RESINTF I
NE (N=6) IZDWVWTIE, EhLIEEMER
Kb -o . Z20%, SIXF v IBORH (E
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243) °C, N 23 DFM T THEBE L. SER
BRICEREMAZ 2 HIEBIE S ¥ ztk, fEKk2L
KR L7 VY vary Ly (e EED 0.2
g BIAD UTo/KIAR T, 24 BRfE Lz, 2D
%, 10 HEFKICIR L THh 5, HUKEBKRHT T
{4 WEHMEF L. &k, 77UV oy LF
Y VB X Hernaman et al. (2000) % S & I HRIE
Uiz, #OE L zEA0E, SOCEMBE R THE
L, 7U¥)yary 7L+ iR n
R NITIE R & NIz bz dH L 1=
BILBDO#E HAamMimszitid 5729,
PEALIE D (2018) ICHt> CHAYIN ZER L 7.
9, MBI FCROMBEZERL 2%, A
FART I ADCEAZEE, 71 AZ)KRY
R (ZUZXZIVERY R 509, hksttAd—7 v 78
THEEL. TOR, BAO—HNATA RIS
Z DI BIMINZEZ L, D OBLOBN AT
A RTIZA RIS XS LTz, BRI (FA
A A R—=78—=S8C1500 ¥ & T 2000, KOVAX %)
EHWT, A54 RTIANSREHHBIOF
G &S BT E THIHI S X OB L 2.
By b TL—bTHEAL TV XA Z)IVKRY RETR
ML, —EASARTSANSHAEZRDIEZT L
721, BEOOWERZ FIcLT, A4 RKT5A
FHEEICET A KD, HEIZY XA Z)VRY R CHE
E LTz, USRI O ZAVT, HERIC
X U CHEAT /NS B A ORI % THFHI 3 K T
B L%, BERTEHA (3000 WA 8T VR,
SOFT99 a—RKL— g V&) ¢, BEAEREDOM
INZM YRR LTz, DLEOFIETER L IzBEA
YK zZBEHEY=F27 DLy 7=k MA,
MRSt KAIERERD) Ta L. z7ZL, 10
mm SL L FOEAKROE A, #EHEYZFa7
TATA KT T ACEL, T b LRI
JERIT R ZWIE Uz, R EEAZ R LT
LA TH > 256, 7 U XAZIVAKRV R
BHEIMEA, S=Fa7R@3Y2FaT7HRER (A
WU L—3—, BRRESHERBIPERESD) a7z
Whil, 82 —AO0HAHZ FIcUTHUE LKL
%, MU Lo THEfEZIT>7. wWih
OEAMBEAE, HEEMBI T (53 © 40-400
) TR ORISR LR T2, fRbTICIE,
JFRIIC ARl B A Z L. b 5 HaDkk
A E TOMMERBEZ Hilm & E L, DM
BAhECEE 20 o . LEDOFIEIC K > THE
EINTHBEREADLS, BEHZHELTZ.
EERAE WL RERE L AR N

Sashiki
tidal flat 13

Fig. 2. Location of 42 quadrats (black dots) on Sashiki
tidal flat, Nakagusuku Bay, Okinawa-jima Island, Japan.
Mangrove forests indicated by gray shading, water at low
tide by dark shading; drains indicated by *.

18, EHTEICBWT, 2012410 431 H
-12 H 2 HICEB&NEABEREZITo 7. HiED
5KICBNT, BEOT ML 4 K LA
W2 MEOaRI—F (St.142; 1m’) Z#EED
&L REOPICRIEL, AR ETT/R-o 7z (Fig. 2).
Meager et al. (2005) & Kunishima and Tachihara (2018)
ZBHEIC, HHE1LOmm L FTOFMEZHNT, O
RI— b RICHFEET 2R TOHKEZ 5 DRIREL
AXINEEF INECOMEEEZF B LTz, A
T H BB TR OKEEN, REN, JLHES
DK DI IEY T a—T /Y (Ae)bF
Kandelia candel), FEENEIRICITHEANH SN,
T ZREMPEE TH > 72 (Fig. 2).

5 xR

MKEDRBAZEN FAEHEPOEMICET 5K
R, 8 HickEE (28.5°C) &L, 2, 3HIC
R (21.0°0) THolz (Fig. 3). Fiz, Kildi,
4 A5 EF UMRY, 9 AL R L.

HRMER AETIMTIC A X I NEE 410 fEk
(6.2-36.7 mm SL), 7 /U3t 354 fiil{k (6.3-32.4
mm SL) ZfEL. REGZIINCHAZ L, 41X
INEIE, BT ns Ak, e 297 ik,
INEZ, 18T 165 R, 8T 181 ik TH >
fo. WMEHERNICH D L, £ XYL, B 99 ik
(12.4-349 mm SL), M 235 {4 (6.4-36.7 mm SL),
P B ARSI A 76 E A (6.2-20.5mm SL) TdH D,
DA EDK 2 5l LTz, —F, F I
Y e, 59 A (9.1-32.4 mm SL), I 205
& (7.0-25.9 mm SL), PERIRBAME A 90 {i{k (6.3-
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Fig. 3. Monthly changes in water temperature at Manko
Wetland, Okinawa-jima Island, Japan.
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Fig. 4. Monthly changes in size frequency of
Mugilogobius sp. (A) and M. chulae (B) from Okinawa-
jima Island from January 2012 to January 2013. * Birth
months estimated from otolith daily increments.

17.8 mm SL) TH O, A AINE L FRIBRICHEDZ >
. A X2 NEIE, 47, 10 HIZ 6-8 mm SL D/
RIERD B U 72 (Fig. 4A). F I NEIE, 7-11
HIZ 7-8 mm SL O/NEAKD B L 72 (Fig. 4B).

SPEHIRRDRARREE AU TEHEE NIZINR
MR OO FEEER RS, A, SPEEfai, 251X
SPEEERHA, 5 3 RONBEERI, MBEH, REUHO
6 BB CTH o7z, Fiz, M TONREMIE D FEE
ICRERER T oz, URICHKERRBE DR 7%
R (1) I H (peri-nucleus stage) - il fd &
BN FF2U i REE N, BRI
bniz (Fig. SA). IRk, £ X3INE 5374224
um CEEfE + BIHER ), F 2 \E 67.1 £24.7 um
Thotz. (2) IEMI (yolk vesicle stage) : I
JIEEANS FF2 ) VICmEn g s, 1eamtti
ARY—ThH-o7 (Fig. 5B). fEkE, 1 X3INE
83.8+14.1 um, S I\ 101.7+15.0 um THo 7z.
(3) 551 XIPEEERHA (primary yolk globule stage) :
T TG 2 N ER D IR B I HERE & Nkh
® iz (Fig. 50). BRI, 41 XA3INE118.7+213
pum, F3INE 1682318 um TH-o7z. (4) 53
RYNEEBRIA (tertiary yolk globule stage) : SNEHERD
BRDHER, NI FFT) HRT ZHIaE D
AR Uizh, F3 RNk
7z (Fig. 5D). BIf%IE, 4 X I \E281.7+493
um, 7 INE2838+462um ThHo . 5) &%
BE)H (migratory nucleus stage) : JFEEH D HL
WCH o T EYmICBE L. £z, JHWERE,
BoBE Tm e Al TRES Lz (Fig. SE). A&
FEERBE ORI, 7 INED 1 {HKDART
HE 5N, JIFEN 2140 um TH o 7. (6) AW
(maturation stage) : REDTEA L, SNEBRDES
U7z (Fig. 5F). BI#RIE, £ X3 /\E 3449 +276
pm, F I 3622+285um Tho /.

AR DRBAZIL & H TORAERZH %
&, ARINETIE, 53 RIVEERDARE O B
Ah 1-10 HICHBI U7z (Fig. 6A). BEEAKD H
BB, 4, 8 HIm < (75-80%), Z DAt H
X 1644% THHo Tz, —F, FTINEIE, HRAM
i a-10 HIcHE L, 5, 7, 8 I 70-91% & &
WEIEER LU, 9, 10 HITid 5-11% &KW E
% & o7z (Fig. 6B).

BAEERE 1 XINEHEOKREAKIE, KEHR
FH A 19.0-36.7mmSLTH D, s HICHEHL 7z
19.0 mm SL /N TdH o> 7z (Fig. 7A). £z, F
SNCHEO AR, REHIFAD 15.6-25.9 mm
SLTHH, 8§ HICHE Lz 15.6 mm BN TH -
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7z (Fig. 71B). 1Y A7 1 v 7 gk, 4 X3
B Py =1/(1+ e(-9A2959-0.3669SL)), FINEH Py =
1 /(1 +e (-1L5492-0.647SSL)) @Eﬁﬁ%iﬁf“i@é’h, *&ié
N7z 50% WRHAKER, A X 2/NE T 253 mm SL,
FINET17.8mmSL TH -7 (Fig. 7).

WHRSROBREYE 1 X I NEOR Lo
B HEE Mdm AL, 3 —% Lz (Fig 8,
SELIERR © Y = 093X + 1.23, B2 = 0.99). WHLAFHA
DODELEBELEECT A, T TIIHMMERSD 1 A

EREN TV, RIST7 VY VKRR N TOf
BIC & o THOER O E NIz S NEOE LM R
W Fig. 9A 1TRT. F 2B, 6 fEftk (15.1-21.8
mm SL) T, 7 VUV VRO X N ik ioEy
R 9.5 RTH O, hEICHHIDET, 10H
MOFBIC K > TARERE N2 ki 10 AL
IFIF—8 L7z (Fig. 9B).

LB DWE B HmsE 7z L T & i
iz, 4 X I NEH Hw20-150 (6.4-32.4 mm

Fig. 5. Photographs in of maturation stages in Mugilogoius chulae. A: Perinucleolus stage, B: Yolk
vesicle stage, C: Early yolk stage, D: Late yolk stage, E : Migratory nucleus stage, F: Maturation stage.

Black bars show 50 um.
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Fig. 6. Monthly frequency of maturation stages in
Mugilogobius sp. (A) and M. chulae (B) on Okinawa-jima
Island from January 2012 to January 2013. Developmental
stages indicated as follows: white, peri-nucleus stage; weak
dots, yolk vesicle stage; grey, primary yolk globule stage;
slashed line, tertiary yolk globule stage; strong dots,
migratory nucleus stage; black, maturation stage. * : Birth
months estimated from otolith day increments.
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Fig. 8. Relationship between day after hatching and
number of daily increments in Mugilogobius sp. Dotted
line is approximation curve (y = x+1). Triangles indicate
average points.

SL), F D H s 22-137 (7.0-21.2 mm SL)
Thoiz (Fig. 10). 7z, Hiah oHiE Iz
LA, CX3INEDTL, 3, 4, 7, 9, 10 A (3-11
AR, FINED 1-11 A G, 4, 6-12 AERE)

A Mugilogobius sp.
100 ¢

N=127

50 f
2
>
[$]
5]
§_ 0
T B Mugilogobius chulae
100 [ 0 ono-
N=132
:" o]
of
P
50 | of
ob
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Standard length (mm)

Fig. 7. Cumulative histograms of size (standard length)
of Mugilogobius sp. (A: 25.3 mm at 50 % of maturity size)
and M. chulae (B: 17.8 mm). Values indicate size at which
50% of sampled fish were mature. Black and white points
indicate frequency of mature individuals in each size class
(at 1 mm standard length intervals).

TdH o7z (Figs. 4,6).

EERAE WM, 23 R5— b, o
MBHERITMNT Tz 14 2 F5— h TRE SNz (Fig.
1D. ¥z, AXINEBRER R2IRT—Hh5EF
35fEfk, 0.8+ 1.6tk (£ RF—FTOFEME
B+ R, FINER7aRI—r05
BEF 8L, 1.9+s56 AN REET N, 71X
SNBSS HEIC U TR TR TIA L &
ENfe—7, FINBRER~yFu—THREZLOR
JED AT HBIL 7z,

Z 2

RMEAEFEIE 1 A3 NB e F I NP OREIN
&, BRAVER &NEEA D HBIREIAN 5, 4 X2
NEW1-10 H, FINEN4-10HEEZ SN
(Figs. 4,6). 7 INE T, KEDFERETZ4H
WO RAEARDHELIL, L9, 10 AT
fHthDEIGN D LIz eh b, AFEOKIUTIE
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Fig. 9. Otolith rings stained with Alizarin Complexone
(A), and relationship between number of rings between
two stained rings of otolith and standard length. (B) in
Mugilogobius chulae. White bars indicate 50 pm. Arrows
indicate treatment marks.

KRN EE A RE ZHEDOEEZBNS. —F, A
AINETE, FHTKEPREEN2,3 HICE
REEAD R E Nz, A X I N OEINIEF
INEEXDEED oD, REBEIEGD 50% &
Z12HIZ, 4, SAHDARTH -1z, FFCAFED K
HEHIE, KIEDOED -T2 1-3 A 20% LR
EE Tz e D, KED EFRTZEZ (4-8 H)
MESVEIAIZ L EZ 5N%. WEDS M, 41X
SNENETFENONEES, TINEIBEERE
ETHD (HZIEh, 2013). 5T, TN
V@I AN B, A XAINEET AN
Y&, A= F VR ZER TS5 LT, afik
dtEFzcencEZEVS (Mukai et al., 2000).
PEoz s, FINEBORHEOFLEA R
INEDZENEODBEHICHD, MBSO HED
JEBRICE W 28, F INBIRIKIEE RO 2R A
AINEEXDEZTRTVONE LN,

Wi & [FJE TH D7 NNCOEIIE, R
BEEMICEBWTS 6 HD K D48 H
(Kanabashira et al., 1980), &R Z 4 BJIICB WV
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Fig. 10. Relationships between standard length and daily

age of Mugilogobius sp. and M. chulae collected at Manko
Wetland and Sashiki tidal flat, Okinawa-jima Island.

areas

Number of individuals

9 14 15 16 17 18 21 25 28 29 39 40 41 42
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Fig. 11. Number of individuals of Mugilogobius sp.
(solid) and M. chulae (open) at 14 stations on Sashiki tidal
flat. Quadrat numbers as in Fig. 1. Broken lines indicate
quadrats in mangrove areas.

T5-8 H GEHE, 20100 THYH, A XINERS
SNBEERZ LEEZIEY. BITHIRICB VT,
7 NN g R D FESI A & K IR OB R i L 7z
& DR, IREFHOTFBICERT ZN\ERA
B, SRR EINT 2605 NS (B
ZE, Y dE o aEE, 1958 - i,
2007). F iz, HERO@ED T ANNLEIEEE HEIC
MAEEN DML TED, REILEUZENT NN
YizeEZLNTWVS (Mukai et al., 2000). L7z
MoT, 7 NEIX, HARTTKEMES &S
- ZXFRICEINTET, A XINERFINEL
FERTEIVADNE L Ro AlGEMED B 5.
AZXINEET ANV, TINEEOHTHE
BRENICREEBEETH D, A OkRHE I
Th DT> LHE, BRI T M E AR D
TN TW 3B (mFE, 2001, 2010 5 & ¥ 1 D,
2015). — MRS SR RBEDO N T /A 2 T
XOEWTZTeNHO, HIRRTIE, ZOME
A X INEDNFENE O TRMEZ L Ul rlaEMEM R
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fiEnTHo (FhEEh, 2015), HEoOEEz
I AHMHIHTE, AREOBENECEEEZD
N5, WEOEIANEKEICERETS LR
e TEAS L, NARZRPKLHERERE O
RLIc K-> T, BNGHEBREINTA XINEDRE
YITTREA AR E 25 T & T, RRHHEIRDHE 2
e H 5. DX D%, WiEMTORHER
VDU T H B 0 H BRI oD 8l [v) 72 Ak Ao A L i
BITHT LT, K LAVAFEANEGZ 208D —
IS MM TS REELNH 5.

HWEHEI AN S WEO AR ZHET %
&, AXINERE 410 HEH, FINEE7-11 H
LHTHO, WiEOHDEN - (Fig. 4. THIE,
WEDOEINHOERE Z R L ISR zoME LN
TV, —f, HEINEHEBL) SAEAZHEE L
7RSSR, BEAMims o H B R S Nk E
HPAOMEATH > TH, WfEE EITARIIZE TN
SIS I N7zl Nz (Fig. 4). Maeda
and Tachihara (2005) &, M#EEO AT 7 F dF
BEIHETRROEMZRE L, XOmMALLE
IC K> TIMADECZRERZHmETWS. 1
XINEEFINEE, XOmA, &LUIIEMHE
BN THEMEILN T PEIDTRDbN, Z
THOSMALTWAARESN D 5.

BiEsEME HafmliimiodEm®ER, I3t
AN Favonigobius reichei 247\t Amblygobius
phalaena 73 L, ONERFAHTEHEREIN TS
(Hernaman et al.,, 2000). [GlIFRICANIZETIE, B4
HERAWEERBRED, FINEOHAIKKEN
DAL O HEM R R TE. £z, A X3IN
YTiE, WhSEELMENE, DEEEHER
40 FCHJEMEZ R TE Tz,

HimaE O H, miffld, 7 X318 150 H,
FINETRB7THE, D L PFa g
5T Lhbhoiz (Fig. 10). —75, AHIFETIE,
ifd & & RKAUE A Tl H A O R IHIE T
Ho, AHBHORETH -T2, ZF Dk ZH
BMCTERN oz, KAV N Istigobius
decoratus O KFUEKRT &, Tai O FHECH K #Eic
70, MWNGHEICERD S BT DRI N TV S
(Kritzer, 2002). A T, A XAINE T, Him
40 XTULMEAMMERKOHEMEZHEZE TR
motzlzdh, N LOAKRTIE, HEREEICAH
WEFMENES. L L, RS TIE, mEOKE
AR T, & SEFICTRKEEENED LTz
EhS, BT 1EUEEEFET IR RVE
EZoNiz. FAEMEOFMGEMIFALMCE

NTWEWD, HAKRLICIKS T 257 "NE
&, WIFEEEbNTED GEB, 20100, X
SINVBLFINBREENEERNZ LEMIZEEZ
bEns.

e, BN LREEICAREL, RS,
HLIRKO/INDO RS (K 40 mm SL AR
CHimZET 2L, T Y dETERT I
INEED A H XARZINY Trimma benjamini (& K 20
mm SL A, Hiis 140) = T. nasa (#% K 18 mm SL
K, 87), A INEYJED Eviota sigillata (& K 20
mm TL A&, 59), HARDFEZA R T —)LTELH
WIS B~ Y O\ Pseudogobius masago (K
30 mm SL K, 1AM &, A XINERFIN
Y L[| BRIC14E K i T H > 7z (Depezynski and
Bellwood, 2005 ; % - M1, 2007 ; Winterbottom and
Southcott, 2008 ; Winterbottom et al., 2011 ; P4 AL E &,
2018). —/5, AMXOKENCRBHTIE, K AY
UNE (KK 85 mm TL, Hilii 266) D K 5 &4}
LWVBM, IR Rt /K
69 mm TL, 457 ; & XA VUINY Istigobius goldmanni
A 64 mm TL, 375 ; Amblygobius bynoensis : iz K 98
mm TL, 377; ¥ Z ¥/ 1 KK 102 mm TL, 400 ;
Valenciennea muralis © 5 K 116 mm TL, 345) “R757K
MNERfEEE (IFIT7vant A 545 mm
SL, # 14F) THIBN B K, ZIM1ENS 14
< AEFT S (Kritzer, 2002 ; Hernaman and Mundy,
2005 ; Kunishima et al,, 2019). /NEONNCRHFEFEATIE,
VRV AZICE S ENBTDICEWVIEC R 2R
FTENREZTNTIHEY (Hernaman and Mundy, 2005 ;
Winterbottom et al,, 2011), Z 9 U7zE38E N ClE, Hm
e DBUAEDRIMEDNET B &S (Privitera,
2002). FEATHgEE bR TEA DL, NUFELNE
UCNEREEEORTE, KO/ BRI
BIEmMNDZDMNE LIIEL.

A XINEE, 4, s HIcZ L OmAMEKE (10
mm SL Kiifi) DAL N, REE—FA7, 8 Al
20 mm SL F2E T L7272, #44 H T 10 mm
FERET B LEZ N (Fig 4A). 4 X 3IN
PLRERICFTFINETE, 1-S HOM 41 AT
BEE—FN10mm BEEMLZED, HiED
BEREICIERKEZENZTDNONE LRV, &
72U, A XINEELEHRT, REMEEZFFDT A
B, T UEZTVIREDNEWVIRE TRENEE
ENBZTENHSNTED (Iwataetal., 2005), 1
AINELT VEZTREICK > TRENRE S
AlREMEN D 2. ABINT, 7V EZT 9REESID
AR3EBHEOMEZILKT S LICE->T,
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DN TREEAODICHEIG Lz, HEMCKS
AREMEDNH O, SHO X VMR AN EENS.
EEMERE ERFREOHRE, EBTHNT
DNEZy IRGHEINE—VIdHfETHE > T
7z (Fig. 11). A AINVIREEIEVE DD,
B2 TN B~ v a— 7 MANE TOENN
kv McESNE—), FINnBid~vrro—
T IRJE A DY E D B @B DR AR L
TWiz., WSO FRRE CRIFTICAERT 2 <
P dNEEXFINEIR, KEREGREE VS
TEHEREIC K > T, HTDTHDLFZIT>T
HAEEMENRENTE D (HEED, 2014), 1
ZINEEFINETHFRBICYHEBREEDE VIS
Ko TAERMAEZ > T=OhE LAV,
FINEIE, Bhr5% (10 AR -12 AR OF—
ATy ITa—TIDREICH-> THIELZT
LiIThnZ2 T, HEBEROBR, AFICE- TV
Ju—7H5rA0FREICHEL TV (]S,
KFER). LULEXY, KX, ZoOEEROHRT
VT A—T MM 2REZHREE LTS
ATHEMEDYE V. LEeo> T, A XINE LT
L, xVJU—TJRETRMMNCERT 5
NEIE, 27 a—THRORRDRERI bR & DB
RERICH U TERGEEEZZTRTVEEZD
N%. Ab¥T, A XINERIFINEXDEPE
U IMA I E W C &, IREMBOUIREE D
AWV T & (Mukai et al., 2000) ZEET 3 &, 514,
VT a—THOBDRKEEBENECS T EIC
XoT, FINEBOERMMNHDTZRDDICA
ZXINEOLERBHNEINT 28NN H 5. R
B HERT T INEOLERMEREET 51T,
VT a—THOMN S BRI TR 2T 2 C
ENEEELTD. AT, ERTETE, BEEPR
A SDANTHIKICE ST, FIEBOT VEZT i
ENLEHLTWBREHEINTED GHiEED,
2010), T L7eRBRBEN SO ALK
ANzZBi< BN H 5.

| 3

KR ZED BICHTD, HOCHMBEZBEL
THO 72 B — i GRERRZZBAR), Ak
e, RELFBEOWZTAVZHH ikt
GURERFARARR AR, B AL Gonk
R BRI ER 2 2 2 — R, Sk
IR (SHEMGE SR, PRI (X
PRELKPERR), BRBRRZABEZEEN TSR B D X >

IN—ICRLS L Z R L B 5. 18K - gttt
VE—AEOMMNIEIK, EEITHK, A %
KRicik, HEOBICZKRESHhZIHW.
Rocktim Ramen Das F& (BREKA 22 By 4= Wy (8 T 7%
L E—=) IKRBEXZRB LTIV, e,
RHELAETHICE, REARTZIRAY PZIHE,
JFRROSEIC DR 5Tz, D& D HELEEHH L L
F%.
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