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Morphology and distribution of juveniles of three cynoglossid fishes

occurring in Osaka Bay from August to October

Hiroaki Omi' T, Masaki Sano' and Takayuki KusakaBE'

KB ITB\WT2012-20145ED 810 HICHB L7z ¥ 7 ¥ Z BHEMICOWTHREB X Oz #ifE L7z, AL TIEA 2
JVF, TAHYIEI X, Frao3flhpfEans. 4 X7 3713850, BEELH TR L # S h, BRI
BEZDLTHYIET AT Y FERE OOMNERMER, AR OBOEROGARIREIC L @A TETH - 7.
BN A N, A4 X Y& THE#ERE (BLF, SL) 9.6mm, 7Y% Y5 A72mmSL, ¥~ 2 11.0mmSLT, 7HI %
Y5 A 32 R LR 10 mmSL AR OB &5 £, RS A X33O P TR S /N E W 10 mmSL AR & g Shiz. 4
2 7Y FHEAIZTNCS, 9 AR E O KEE20-30 mIZ, T H Y F YT AMMIZTIC 10 JISEILEBOKEL10-20mIZ, &
¥ I MEFUZ T 10 BISE SO KRG 10-30 m IS5 A3 A BIAIA A S, I L ) 0L -7z,

F—T—RF vy vy R MM OBRE G, KBGE

Morphology and distribution of juveniles of cynoglossid fishes were investigated in Osaka Bay during August—October
in 2012-2014. Three cynoglossid (Cynoglossus robustus, C. joyneri and C. interruptus) juveniles were collected by a
sledge net. C. robustus were distinguished from the other two species by the number of dorsal and anal fin rays. C.
joyneri and C. interruptus have similar numbers of dorsal and anal fin rays, but could be distinguished by the relative
position of the left eye and the mouth, the pigmentation pattern of the ocular side, and left eye diameter. From the mini-
mum observed standard length at metamorphosis in each species, (C. robustus 9.6 mmSL, C. joyneri 7.2 mmSL, C. in-
terruptus 11.0 mmSL) it was inferred that C. joyneri completed metamorphosis at a smaller size (<10 mmSL) than
the other two species. Patterns of distribution of the three cynoglossid juveniles differed: C. robustus mainly at 20—
30 m depth in the middle of Osaka Bay in August and September, C. joyneri mainly at 10-20 m depth in the northern
part of Osaka Bay in October, C. interruptus widely distributed at 10-30 m depth in Osaka Bay mainly in October.
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TAYIEI A, ARV FO3IMEIRCE LI EB
WCHEBEN G L o> TV D (HTFES, 2011; HFHES -
ER, 2012). EMOKEREITIEX, v Yy HoOER
X T06® - gl ITE&EEN, 20144FEDOKBRAFICE
J5 (060 - ] fERI1Z257tTh o7z (hitp:/
www.maff.go.jp/kinki/toukei/toukeikikaku/nenpou/suisan_2015.
html, 201741 H 12 H). W FO EZH HO—21I BT %
20144E D7 v ) v Y HOWMERIEZS1tT, FURKETH
AT AD2t, AHTLAD5t, AL FZTLADA3t%
KREL EFSTED (K3E, KFEHR), (06D - v
DUERFOFHEEEZ EOTWE I LRI NS,

% < O S TIEZIND S HEFRUZ AT T oW AE ]
WCKEOWFEDIEL, BHOKEEZRESEATL L%
AONTBY, WWERNZ R L Ltk x BRII5EA 7 h
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NCTwb (M - FEEN, 1994; 2RI, 2015). F72,
Ty VIRBEEECREEOS I, EoMNIEG
2BV TR 2 SR TOEBRA~BIT (BIK) T 58
2, FRIOIRDRD BOHRANE BT 2 & v o 72802 R g
RS IR ERE#ME o TWwDS (I, 2005). H
ROFHEICBI 57 ¥ 7 ¥ 5 BHHO M AEGRICET %
WFFEIEHERB R HWHHETITbh, a4 T AT I ES
X, THYIESI X, FURILYFYTXC lighti, 71
Y ) Y F OFENFAB X OEEEOHE A OILRER 5
fi, EEIZOWTHEINTWS (H, 1982, 1983; Yagi et
al., 2009; Kume et al., 2015). KRB IZBVWTHT7H 5
T ARA X Ty OFREMFR OS54 (LA, 2003) 122
WTHREDND 5, BEDFEOABIWASMCEhTnE
W, AR T FIZOWTIIATIBIZ L 20055 0fF T
BoNZHAOBEEZLR L 2RE»H L GLARIZ D,
2013) DD, FKIRMFHIZ BV TIZHEELEOH A 05T
HEDTOERBICH LRI RO HLE LRI TWS
F, AFTIET A, YRR OTRER A REIC
B L Cidfiiiisi b SOl MC3h T v, 43418
T A TR AL H 5 2 & Tl > ) 7 Ff
LIS REE o T D. —TJF, Fr afaidio
ko fFmIcE )y rawy ) vy b, BEBIZXDA X
VH, aAUSGATAHYIET X EHBPIE N, BEEETIER
MTELZWTHTIETALIZUBORE (THYFES
A 3R, YA 2K X DAEDHITHRANDPTETDH S
(IH - #F, 2013). L2 L, HEBER D 2 ERTIZM
DAL TIE R <, FMRIDEE & LT T & vl hgtk
b, PTHT Y TIKBEISBT 2 A AW AT
B S o TBY (KB, RFEHR), HADLZER
EEXNDURUENH LI EDND, THAVIET it D
W A WREIC T 5 72 D IHIFR DA ORI - & ME T %
YU b.

ZFI T, EHESIT2012-2014FED3ER, sH»SH10H
WRBE T o 22 RICBWTIRE L 72w ¥ ) ¥ ¥ Rl
HEFUZDWT, FAE D720 DT RE DR % W] & A2
L, FEOBEBIICOWTHRE %217 7.

M EFE

HMAOKRES JUREAE
FAAIE2012-2014 4E DFAE 810 A\, HH T PHEH ER IS AL E
T 5 KB O KRER 1030 mDRIER & RSB IEIC 14
HMOMAER 2R T TT- 72 (Fig. 1).

YY) Y AR OREICIINE60 cm, FX40em, HAE
WE2mm DY Y4y b (HFEZA, 2002) 2R L7
(Fig.2). KENTIE, VIHAy PEEERIEAL, £
NSRS AE WD B R L 71k, ABERMARIC X 0 R
LB RBROKIBEORESou -T2 0 HL, u—7
MR o A SHER 2kt TL ORI ORMEIT 72, R

34° 40

34°20'

135°00' 135°20

Figure 1. Location of stations where cynoglossid juveniles
were collected in Osaka Bay. Solid circles (N1-N9, S1-S5)
indicate the sampling stations.

mesh size:2 mm

blidle: 1.4 m chain
) sinker: 6.4 kg

Figure 2. Specification of the sledge net used in this study.

HEEE L2 1E N ¥ 7 4 GPS (GARMIN 1 %, eTrex Vista HCx)
2 &) BB AG R & R TR OB 2Lk L, iE T —
o WS L. RiERME Lo TRy M E
it Bl & B, Ry MCAMLZ2Y Y F V2B TH
10% DMK AN <) ¥ CTRE L7z Y TVITFERZEIH
Llgo THHIZE Dy ) v ¥ B fa & L 72,

H R MCIEIARES, 20144E 8 H LRI o Fi 4 Tl dbEi
RKEICE DIKE (EEESm) 2 5RKET, Kil
ZHYCHBERKRFNCL DML, HaEY) ) xA—F—
(FE RASH S TS 7 V4 — F MODEL3-G) T, B
WMEEIA 7 5—TIbF P T AEFICIDHEL
72. 201449 A LB TIZCTD JFET KNV F v 7
#L#L, RINKO-Profiler ASTD102) Zi#EEEF CTFAL, K
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PRRAR L W USR0S mlZ BT AKIR, e, BaEmE
W (mg-17") ZHlE L7

MADAE
MM DRI 2 A3 5 720, 20124R ICRE L 72y
TV IRME O L, BEAR (BERHT A S AN A

¥ C, standard length LT, SL, Munroe, 1998) 8.0—42.3 mmSL
D 80 AR DV TREM 2 AR O BIR B L O 2 &
OWMEZAT - 7=, FERINITEFIEINT L3254 7
Y IET A (FR, 1992) ZEBRLSHEOY Y vy FHR
FOMAMDSIMBLT 2B H B 2 L0 b, FLHERE A

Figure 3. Measurements made on the heads of cynoglossid ju-
veniles to distinguish between C. joyneri and C. interruptus.
ED: the diameter (long axis) of the left eye, LHE: length
from tip of head to posterior margin of the left eye, LHM:
length from tip of head to posterior margin of the mouth.

L7z, W (1993) 12X 237 >a, THAYIET A,
ARV 8, I IET A, 20T T8 OEMDIG
¥, BHEOEEB LU (2014) 12X BT Y ZRHT
MEMOEICHET e SE RS T 7. £
T, EREMETCTraY Y v s ORMTH B O0KIR
WaMEREL, HORIRYAEE S Nk h o 7 EKIZOWT
RSB OFBREIT Y, 47T 2 (REEESK
AL L) EZ2hnDAofE (REHERBI0AKLT) ¥
Wiziro7z. zawi v %, +F3 55 DA E A
ENTERIZOCTHED X OB EESBOFREITY,
AR5 (EIEEESREE120 R LD B %S 100 A
DLE) 2487z 8513, 4 X Y5 PATH D LI
SNEICoOnTE, ARORE (DUF, IRFF), FHIB
A S AL MREN E THORE (length from tip of head to
posterior margin of the left eye LT, LHE), ¥Rl 5 11
%0 E TORE (length from tip of head to posterior mar-
gin of the mouth AN, LHM) OWEZFT\v (Fig. 3), AR
i & 1A ¥ & OAEAR 2R § 72, LHE/LHM 2 5
WL 512, HHEB L OAFIRANCBT 2B aRiRo
AN OWTHB T 72, b, WEHROMELIZ
(ZAEREHEST Y 7 P R3.3.2 (R Core Team, 2016) %/ L 7z.

LREOMERRE R, RELLTRTOY Y v 5H
FHEUIOWTHH G 27, FEARZIEL. ML
CHREEMAR B ZRTL, SENICBT 2 ML £ v b
W7 5100 m* 24572 ) OEABEEZFM L. SHoE
OFRERFIL 1 LE L7

% 2

MAaOREE

FHll 2 1T 5 723 RCTOMATHIROBENIE T LT,
7, 7uv i VY ONMTHAHOBIKRMIETAL R
T, RBHESABEITXTOMAEITIORTHY, £+ %
Yo ADOFEIBEICY T3 T 2 REEESE 11 AL EoH
IFHER SN Lo 7z, TiEb X OBBERKE L7
LA, BE128ARY L0 100 KL Lofiks, ¥
BE 115 ARLT S0 E 9 AR LLT ORI 2, RiEEA
X H EFE L7 (Table1). 16 mmSLA{HD A X J ¥

Table 1. Morphological comparison of juveniles of three cynoglossid fishes collected in Osaka Bay in 2012.

%
Identified Examined Standard Number of rays Number of LHE/LHM
Species number length (mm) Caudal Dorsal Anal lateral lines Mean.+S.E. Range
C. robustus 9 12.6-26.3 10 128-134 100-104 — — —
C. joyneri 36 8.0-43.9 10 108-115 85-89 3% 0.99+0.005 0.90-1.03
C. interruptus 35 11.7-42.3 10 103-111 80-88 Qe 0.85+0.006 0.75-0.92

* LHE: length from tip of head to posterior margin of the left eye, LHM: length from tip of head to posterior margin of the mouth

** >25 mmSL; *** >30 mmSL
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a. Cynoglossus robustus

b. C. joyneri

8.8mmSL

15.7mmSL

c. C. interruptus

11.6mmSL

16.0mmSL

Figure 4. Photographic images of the ocular side of juveniles of three cynoglossid fishes collected in Osaka Bay in 2012.

A OBORUIAHIRUAEN TIPS FIESTH -7
A3, FHEE A ORI TIEEICH M LTz (Fig 4a).
—H, A4 X7y UsE k& 7z Rk Tlx, LHE/LHM
BLOHFBWOMMBEBIZL D 200 7 )V — T2 07z
—7J71&, LHE/LHM 750.90-1.03 (°*F350.99) <437
FER #4013 IZW UALEICH D, 22225 mmSL L o1
KB TH IR OMBAST 7> 7 €5 A EH L3R
BligE s N7z, %3, LHE/LHM 2SR/ D 0.90 TdH - 72tk
1329.4 mmSL CHIFIZIABILZE SN, ZoMlEERTIE
LHE/LHM (£ 0.94-1.03 D#iPITH ~72. 95— DTN —
7%, LHE/LHM 250.75-0.92 (*F350.85) Tl & IX /A
Mt & D RNCALE L, MIRRAT3 ARBIZE S 2 ki e
<, 30mmSL YL EDEARTY v afa b M L2 AR S
72, 22007 )V — 7R TIELHE/LHM ICE BEA b7z
(Mann-Whitney's U test, p<0.01) (Table 1). LL Lk 2 &,
LHE/LHMAAKE WIS V=T % TAh T A, NEWT
N—=TF%FvatFELE THAYIET A LREELLM
f& (Fig. 4b) Ti%, 16 mmSL Kl DA CTHIRM O B3
B3t 2 f & PO R HHEE 7, g F1C% oA L

1.6

y =0.0277x +0.153
R2=0.951

14 | ' i N=
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Figure 5. Relationships between standard length and eye diam-
eter observed in juvenile C. joyneri and C. interruptus col-
lected in Osaka Bay in 2012.
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RIS, eBPHEE, 1Mz

TWwiz, Fra ki@ LR (Fig 4c) Tl RMAM
OBMERL, Al RIS EHT 5072 F D hY2 ~ 3 BIsE
ENBHBETA X vy AA R, HigEHLo Bk
JlZA4 X7 7 IchkRBEDHFVEETTICFES THo
7. ZO2FIZoOWTE#AR (SL) LRFE (ED) O
frae Al 25, RoWEXzE#7 (Fig. 5).

TAHYH YT X ED=0.0171XSL+0.197 (1)
A3 1 ED=0.0277XSL+0.153 (2)

ME OB E IS 2O THEENA LN (Ftest,
2<0.01), 8mmSLLLEOMBERTIET AT F T XADFE»T
VAR S MRS L, REARELS 2B E

BFRERS SUBEEHADS T

3 AEDOTATRE SN & DA S X Ok EHPH
Z4 X7 7 T2k, 9.6-141.9mmSL, 7TH ¥ YT
A T 157K, 7.2-982 mmSL, # ¥ 2 T243f4K, 11.0-
1121 mmSLCHho72. HHOKREMEZ AL E, 41X/
¥ #1320 mmSL K O AT RTOH THRE SN2,
20 mmSL 2L EOERIGIRENHZB LTI bT 2Ly
BEING Do THAYIET AE, 8H, 911320 mmSL
Kot D ARAFEIZERE S, 10 H 121320 mmSL A5 O
iz, TN LOKESOMEL L RESN. F
2, MEBIPERD S o710 TIE, B2k~
10 mmSL i DR O E G r-72. Fraik, SAD
R % A % & 30 mmSL A O i & & 40 mmSL DL 1o

M DHREED DK E < 72 BEIIAH STz ARICRE < 3h i, BTE IR oMM, BEd s &
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Figure 6. Comparison of monthly size distributions of juveniles of three cynoglossid fishes collected in Osaka Bay from August to October
in 2012-2014. “N” indicates the number of fish measured. Vertical dotted lines mark 10 and 20 mmSL for interspecific comparison.
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Figure 7. Variability in the density of juveniles of three cynoglossid fishes (<20 mmSL) in Osaka Bay from August to October in 2012—

2014.
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Figure 8. Monthly distribution of juveniles of three cynoglossid fishes (<20 mmSL) in Osaka Bay from August to October in 2012—
2014. The density of juveniles is indicated by size of circles. “N” indicates the number of juveniles collected in monthly sampling.

ENn7z (B, 1959). 07 f 1% 8 H 12 20 mmSL A O
RS FNTEREE &, 9 H 121320 mmSL A% i o M 4K 12 2.
20-30 mmSL D EAR, 10 A 1212 & 5 12 30-40 mmSL D i {4
PHRESND XHITRY, AZEH WAREDOKR X 218
R2SEREE S 7z (Fig. 6).

T & QBRI YT 2 i3 5720, 3L b7
RTOH THRE SN 7220 mmSL ARG O R 2 B &M D
uwfiifke LT (DUF, FERMA), HREM R8s
BIRIZETAH, A4 XY FTIE2012,20144E T8 H, 2013
ETIOADPRDE o2 THYFZET XIVTNOED
1A ERDEL, SANS 10 HI2Hh i THREZ L

o, Fradb T hyy T AR AN R o 7208
SANS I AT TIA L, 9A25 10 B3 THm
L7z (Fig. 7). 7z, HEMAHOANFERNEE LY A D
L, AR Y I1E8,9 HITE R IR D K 20-30 m D {5
TERIIRESN, BVOEE TP e o7. —FH, 7
BT EET AF2014EEFEE9, 10 HIZEIRORRVO
KEFE1020 m D L TEHWEHEDEA SN, 7 v 2 IZEILE
LFTBOKIE 10-30 m DL WEIPATHILL 72 (Fig. 8)
TS B T B O Kl 3 £ T22.8-27.4°C, His
1328.3-33.5CTdH - 72. WA ITOWTIZ20134EDS A IZE
BICALE S 5 NI1-N3 T30 % F [l 72 PIAHE 30 DL THER
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Table 2. Dissolved oxygen concentrations (mg-/™!) of bottom water observed at each sampling station in Osaka Bay from August to
October in 2012-2014. Concentrations lower than 3.0 mg* /™" are shaded.

Year 2012 2013 2014
St.

Month Aug. Sep. Oct. Aug. Sep. Oct. Aug. Sep. Oct.
N1 0.6 0.0 4.4 4.8 3.7 29 2.8 2.6 5.6
N2 0.6 0.1 4.5 6.5 3.5 4.1 33 3.8 5.7
N3 0.2 3.7 4.6 7.1 3.7 43 3.5 4.5 6.0
N4 4.1 44 5.4 5.4 43 5.7 5.0 5.0 6.1
N5 2.1 39 5.3 5.3 42 5.0 4.1 4.6 6.1
Né6 0.4 1.0 5.2 42 4.0 3.8 4.0 4.0 5.7
N7 1.9 0.2 4.5 2.7 35 2.7 4.9 3.1 5.4
N8 0.6 2.7 5.1 4.2 4.4 4.8 4.2 42 5.9
N9 0.7 0.0 4.8 0.0 2.9 34 4.2 35 5.7
S1 3.9 1.9 6.7 3.1 4.0 43 5.7 3.8 5.7
S2 44 4.1 4.7 42 43 5.4 52 4.9 6.1
S3 4.5 4.6 5.1 4.7 4.4 5.5 53 5.1 6.0
S4 5.5 5.0 5.6 4.7 4.4 52 52 52 5.6
S5 5.6 5.1 5.5 5.1 4.5 5.7 5.8 53 6.0

L7z KB OBAERFEREIZ0-6.7mg 7' T, 20124F8,9
I B OIL WHIPH T3 mg ' % Flal - 7245, 201
PIZDOWTIE3mg- 1 &2 T 5 i3 h o7 (Table 2).

zZ =

AEFZETIE, KIRBIZBWTEEREN ST THIL
ey ) VI RHERICOWTIREREREL, 1 XV %,
TAYIET A, FryaoBErEsmEsHs 2Lz A
R 7 ¥ Z DRI D W T R IRIBIRIC B 1) 5 M FI
DS, N TZHREIC X 29020 6 fF L 72RO w T ok
& (BARIZ 2y, 2013) Tid, HEEEHLEBIBIT 5 REHE
FaDBED L LTBIE SN TB Y, RIFEoEE (Fig.
4a) E—HLTWAE. THIYZETATIIRESNHK
DIREAIEL % A 5 & A2 A2 X 10 mmSL A O i {4 > 51
GWE o7z (Fig. 6). HRBETITb N MR TIIRES
NT=TH T 5T AMERDOR/NT A XHEE14.15mm T
HollEPOLHFEITENLY ISV ITRI S E
RSN TwD (B, 1983). 2512, M (1983) Tlxh
RO BLE L TV R AR 10 mm DL R o535 7 fas
RESN TV LD, RFEOHERENSLRKETCETH TS
YT XZBW TR O IRAEEFE ORI GFIK) 28
A& DI/ A R (1983) OS2 SHER S b4
ZX DD ESITNEVI0mmSL R TH 5 Z & HURIE S
N7z, KWz HAREY ¥ ) ¥ & BHUBEIC BT 55K
A ZZOWTOWEEHR L E, 4 X727 D10 mmEj
%, AUSATAHVIES A, Fra, ravy ) YEHN
10mm%#z % (F, 1982, 1983; Yagi et al., 2009) D%t L,
HWHFICOREBT 57 R H YT ATl 10 mm A
THhHIEPMEINTWS (Yagietal,2009). 7 ¥ NLT

VEIEIGREITAYIETADY ) Z A ThHbHEDERD
Y (Menon, 1977), FEEY A 2 OFEBII T H O LR %
W29 2 THHREW, HEREY ¥ ¥ &R0

) LA OB T 2 MM H 501X, 3754 TH
YEET A, FavkyFyAC gracilis, XFTIThY
Y Y5 RXCitinus, THYIETRA, FUyRILYIVET R,
412235, ruavy )y, TAIH VA Symphurus
orientalis D 8FEC (g, 2014), 7 v 2 iFEPTFM, HIK
e DB D W T O A <, RIFFEIZB VT
7 A EMEM OB A S I Lz, 5T
WM TELWTATYIET AL, Y aOBMATIEAR
HOMBMOAFIZ L o> TES NSNS (LH - BT
2013) 2%, ARSI 2 2RI OMEMICOVWT D, £
i & AR OMERER (Table 1), R FEKO 51k
K (Fig. 4) RHREE (Fig. 5) 2 EZ IR HETH - 72
—77, RESNTBEROKREMEE A% & (Fig. 6), HIE
R D I/ A ZIZET AT T ET A EERRLN, Th
YHVE I AFT72mmSL, 7Y 21X 11.0mmSLTH Y, 7
YADHPRENZEIIRBENL, THYIET AT
OB E > TR WiFETAoRKAER EIROE
FIHHET LB OR/MERICIZE A L EN NI L
MWRBEENTWS (F, 1983) ZLb, WfTALN
BIEFIRDE/NT 4 AT v a3 ENF R ZFEET 5
BO—DODIRIEII R D EEZOND.

7 A (20 mmSL Kl D HK) 1IZonWTiE, 1 X/
Ty OMBEENIZEICS,OATHY, 100AICEZVTAHTS
YT X005 2R THRNCH BT 2 Him 2k 5z
(Fig. 7). KIR#E BT B4 X 5 ORENTIZ6-8H,
THYHZETAOEINHIEZT-10HTH 2 Z &2 592
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ENTHBY (HTFE, 2011 HFHE - &&, 2012), £ X/
TEET AT ET AHAREIRE SR . F 7, KR
BIXBT B FENF RO MBI OE -7 122o0nwTHh 1 X
JYHIE8H, THIYFZETAZIIATHY (LA, 2003),
A X OFBRRN, Ko TIERRBIZBIT %
FEIRHIEIA & 22 STV \As, M) PR o 5 B
TWE7-10H, ¥—=21Z8 ] (Bill, 1959) TH Y, 3fHD
HEHEA OB O Z I IR O &2 L 7-b D &
EZbNb.
HEMADOSMIE, 4 X7 ¥ F 3 FEISE PR KGE
2030 m DR, TH Y E S AFEIEILIBORBVO
KEE10-20 m DI, 7 > 2132 5 12 H B A3 R R
W SN 2T TKEE 10-30 m D HEC )5 < 204§ A 1)
A SN, FEIZE )BTz (Fig. 8). &k, K&
PRECIKEI0mM & ) HRVKER TEHEMER L2V
DAy PR L7ZREITOIL TV S, £ 2 TIEAR
R THRES N3O Y ¥ 7 ¥ ¥ RIS EMEAIRE SR
T (K3E1E 2, 2001, 2003). 7 P R B oo 5 UL &
W OKE1.0-5.7m) TirbhZzgifk<cd, 12/ 7%,
THYZET A, Frao3fidmBiL vy (LA -
/NG, 2016) T EREDD, BBV ORERNTHZSE
BT HYHET ARSIV, ERBEBTIE
10mPRTH B EAHMSI NGB, 2013 4F KB DJE
Haeff LR, BIEBoKE20m X 1 #w ik
213 clayey silt DAL HY), EHFREFOKE20m LD
TR R, B ER O BV O A 1 sandy silt O A
ALNTWAD (Ml - £, 2015). REFEIZBIT 5 HE)E
MDA LS LADLES E, TICE B IRERDKEE20-
30 m DHEIRIZ 54T L7z A X J ¥ % idsandy silt, EILEBA
BVORFELIO20mDEEHICHAH LT AT FET AU
clayey silt, &)L < oA L7247 ¥ TILR B S HIIE
e & 3TEO ARG OB D H SN B W REEDS
b A XTI TIIBEBRREVEIRNGTE R>TBY
(HF#, £%£), FEIMTAIEET TS W L5
ENTWB 2 (AR, 2003), HFEMEHOSMGD ZN5IC
ENWDDTHoTz. —F, THYZET XOEINGEHTNZN
LATIE R WA, FHFRIEA X7 ¥ 7 kL, BERT
LV EPMEEINTBY (LA, 2003), REFEICHIT
% B JEMESR D 53 ATNZIF T FL D53 AT IR B L BT
MICTFR TV, FRETIE, TH Y7 ET A FENTA
BRI & BEAL 7SS 0 A L, A R DR IS D
ORI DDA SN DL (F, 1983) T E&H5
T H T E YT ANTBTHE MO G AT R0
SATRE D RGBT S 2 L IZAMORTH B 1]
FetEATE . HHERE T, a4 T7h I T A
LT URIY I ET ADERMAOGAITENDR AR DN,
TSNS BT B MABR L TV 5D Z ERIE S
T2 (Yagietal,2009). H2>HFKOIZIZFEIREDIZ KR

BICHBT 27 ¥ 7 V5 B3ICB W COFIRSGITIEW D
A ONT=DIE, ISR TGN B 5 508 - ik
MEOENEELEZON, HARDOKEE OMKRDL EDS
BIASPZT BLEND 5.

20124E8, 9 HICB W THEILTON TIESHON4 % [ &
THIYIET AL VAR RESN LD o720, T O
B TRIEWHIP CIEE OBRFBEREN3me 1 %
Tl % EEEEIRFEICH D (Table 2), 7 ECHE D 545 235
FoNRLWREND DB, 72750, REMMZE L TERED
BMRFALDH T D A SN D-722013,20144ETH 8,9 H
(2B B WHE O 7 EAHE R O ST 10 HIZHARE W 2
EhS, BEMAOBHE—-271Z10H £ 2 57 (Fig. 8),
C ORISR OB IRED N T 2B (3R, 1989)
WZH725. KBBACERHE Tl R 2 FUICE IR E
PEGFREL 20, KEEYO ALK - A EE
ZRIZLTWS (CFINEA, 1997a; K3E1T A, 2001). 4
XY MERIES, O HICHEBLL 7225, VARSI
3mg /T XD E LR T W E R A S ST E LT w
7. —H, THAYZET ALY Y AIELIEAATS D
OO, HERMOE -2 X100 LEZ LN, BFEZEKLO
AR EFN TV b2 end, KRBICES
POMEICHBIT 27 ¥ 7 ¥ ¥ BHCEO BB BRI
TLEMEOWBIRELL VLD LIEREINS.

O VR ZAION U VEEE Vit 3 Y TS
TWwa (ATFHE, 2011) 25, ABFFE Tl M2 fEiZ R4
TABDS D THhTH o7z (Fig. 6). ik o X 5 IZFEIIAS
M2 FEICHARB N 7280, RIFFEOFRARASA X 7 ¥ 5 fiE
BOMBY — 7 1THRED o 220 FetkER, FHFKIEL D D
IRV IO LT WL Z A 60, £ X/
T F OMPIEREE IS LT B TR R HPH & JL K
LCHEZRIT) LEDSD 5.

E i
HEmREREICH 2o T, FERBERFRMAEB X ORI
HEWGFMEDO T A WCRKREBIFEIC R ) T LA T2, H
TR AT B N K BRE 7. BR85E BE AR K 7 48 A5 F 28 T 7K B Al
try— AR EEIEE B X ORI E 0N 4,
JeiipE R AFE KRB RE B L & A0 - FidEfiok i+
WIEBISE AR Y TVIEIZDOWT, RESH W2
&% L7z, KENOAA DTTHIZEH - John S. Burke f1:, &
HMRFREWIEL v ¥ — P MR ECE fiRk - R TIR#
BRI BRI L ONFIC OV TH RGN, S %
WeREEFE LA, SCWKWEEFLPL R E T ARt F
LODLIIHIVAEIEIAY P RTHW 24D HER X
O YRR B R#ER L 7.
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